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x i  

PREFACE 

Readers w i l l  f ind again t h i s  year a de l ibe ra t e  attempt t o  intro-  
duce new and timely top ic s  on a one-time o r  i n t e rmi t t en t  basis .  
Volume 8, f i f t e e n  of t h e  thirty-four chapter topics  were not discussed i n  
the previous volume. 

In  

The number of medical f i e l d s  i n  which it  is becoming possible  t o  
discuss mechanisms a t  the molecular o r  enzymatic l e v e l  i s  increasing at  
an accelerat ing rate. I n  the  present volume, a t  least nine chapters (3, 
9, 10, 11, 18, 23, 27, 28, 29) include a s ign i f i can t  discussion of cyc l i c  
AMP, a t  least four  (9, 11, 18, 22) discuss  involvement of endogenous 
prostaglandins and a t  least th ree  (16, 17,  29) discuss  t h e  r o l e  of inter- 
feron i n  r e s i s t ance  t o  infect ion.  
viruses  i n  the  development of neoplasms v i a  molecular b io log ica l  mech- 
anisms continues t o  unfold and i s  discussed i n  several chapters. 

The s t o r y  of apparent involvement of 

The in t e r r e l a t ionsh ip  of diseases  through comnon o r  s imi l a r  
mechanisms causes redundancy problems f o r  chapter authors and ed i to r s .  
On the  other  hand, t h i s  redundancy 8erves t o  emphasize the commonality of 
many so-called d i s t i n c t  diseases  and teaches the  medicinal chemist t ha t  
he must follow the  l i t e r a t u r e  i n  r e l a t ed  f i e l d s  as w e l l  as h i s  own. To 
t h i s  end Annual Reports may be ab le  t o  serve an increasingly use fu l  
purpose. 

Kalamazoo, Michigan 
June, 1973 

Richard V. Heinzelman 



Section I - CNS Agents 

Editor: Edward L. Engelhardt 
Merck Sharp and Do- Research Laboratories, West Point, Pa. 19486 

Chapter 1. Antipsychotic and Antianxiety Agents 

Charles L. Zirkle and C a r l  K a i s e r  
Smith Kline & French Laboratories, Philadelphia, Pa, 19101 

Introduction - TWO drugs belonging t o  these classes  w e r e  marketed i n  the 
United States  i n  1972; these are fluphenazine decanoate, a new ester of 
fluphenadne with u t i l i t y  i n  antipsychotic maintenance therapy, and clor- 
azepate dipotasdum,' an antianxiety drug of the benzodiaze&ne type. 
Structum-activi t y  relationships ( SARI among antipsychotic and psychotropic 
agents,l their mechanism of action,'-e c l in i ca l  u t i l i t y , g  " phannacolog- 
ical actions' ' and methods f o r  t h e i r  pharmacological evaluation' w e r e  sub- 
jects of recent reviews. Most research on the actions of antipsychotics 
still  centers on the dopaminergic (DA) blocking effects of these drugs.13 
A most interest ing report  describes a DA-sensitive adenylate cyclase i n  the  
neostriatum that i s  suggested to be a DA receptor." 

~ m c l i c  antiDsv chotics - The use of long-acting f1uphenazineqs i n  the 
management of schizophrenia and i t s  comparison w i t h  conventional therapy 
was reviewed.16 Studies of other 6-6-6 t r i cyc l i c s  have included several 
new phenothiaaine derivatives, A diazabicyclononane analog & of chlor- 
promazine ( C P Z ) ,  one of a series, presented a typical  neuroleptic profile!' 
The sulfone derived from thioridazine, i.e., inofa l  (21, caused improve- 
ment i n  two-thirds of a group of chronic schizophrenic females.'* A V a l -  
eroylphenothiazine, S B  18,706 (&), w a s  a selective and mope potent fusi-  
motor depressant than CPZ." In SAR studies of phenothiazines A, [X=H, 
2- o r  3x1,  2-CF3, 2-C1-5+0; R=(% ) ,N(% 12] a high o i l :  water par t i t ion  
coefficient (which has been associated w i t h  neuroleptic potency) w a s  relat- 
ed to toxic i ty  i n  a goldfish teseo and t o  serum albumin binding.2' 
Numerous t r i cyc l i c  compounds w e r e  examined f o r  their a b i l i t y  t o  inhibit  
glutamate dehydrogenase; however, a c learcut  correlation wi th  antipsychotic 

C) X=CO(Cl+ )3CH3 ; R = % C H ( a f  )Cl+N(m3 12 
d) X-C1; R=(W) N H ( q )  Nl& 
e )  X=CF3 ; R = ( q I 3 N H ( C % 5 2 N H 2  
f )  X a 3 ;  R = C & C H ( q ) C & W  
g) X-4CH3; 590; R = U $ C H ( q ) q N ( Q 4 ) 2  
h) X=OH, 3 0 ;  R q C H ( C H 3  )WN(a$)2 

b) X = S q %  ; R s ( q  1 2  i) X--ocH,, 590; R = C 3 & C H ( C H 3 ) ~ N H C 4  l? 
Metabolic studies of piperazine-bearing phenothiazine antipsychotics 

i n  rats and dogs demonstrated the fonnation of ethylenediamine derivatives - Id and & from prochlorperazine and trifluoperazine, respectively?J Levo- 
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mepromazine metabolites isolated f r o m  human urine were RF' 16584 (If), 
RP 19609 (a) , RP 21682 (glz4 and the demethyl sulfoxide g.z5 
types of CPZ metabolites w e r e  i solated from red blood cells. 
found here as a mixture of N-hydroxynorchlorpromazine and i ts  sulfoxide. 
Additional amounts of these metabolites were present a s  conjugated 

Some new 
The drug was 

O t h e r  6-6-6 compoundsincluded a series of aminoalkyl- and amino- 
alkylidene-substituted xanthene s ,  thioxanthene s ,  and related compounds. 
The aminopropyl derivatives 3 and 
several neurophannacological tests, whereas the 
analogs 3= and 2 were even more potent.27 

w e r e  nearly e q u i p t e n t  with CPZ i n  
(2) -aminopropylidene 

- 2 a>  X=O. b) X=S 4 %  
Among antipsychotic 6-7-6 compounds considerable in t e re s t  has 

focused on clozapine which does not cause catalepsy o r  antagonize apomor- 
pfiine-induced emesis.13 
antagonized prochlorperazine-induced c a t a l e p g  and was reported to be a 
c l inical ly-effect ive antipsychotic.2 * 3  A benzothiazepine, metiapine (3) 
compared favorably with t r i f  luoperazine i n  a double blind evaluation i n  
chronic  schizophrenic^.^^ Continuin SAR studies i n  the 10-(kmethyl- 
piperazinyl)-lO, ll-dihydrodibenzo[b,$ thiepin (perathiapine) series w e r e  
described i n  1972. The neurophamacological properties of the racemic 
8-Cl derivative, octoclothepine, and i t s  enantiomers were 
Methiothepin (&I, a q S  congener of perathiepine, had neuroleptic activ- 
ity.l 
of a series of esters of alcoholic perathiepine  derivative^,^^ had a 
duration of neuroleptic potency comparable to  tha t  of fluphenazine enanth- 
ate i n  dogs, r a t s  and rabbits.35 
long-lasting neuroleptic ac t iv i ty  i n  dogs and rats.36 
Lacetamido (z) substi tuent markedly reduced perathiepine * s neuroleptic 
potency i n  rotating rod and motor ac t iv i ty  (MA) tests i n  mice and i n  a 
catalepsy test i n  rats; however, similar q S e  (2) substi tution s ignif i -  
cantly increased potency. 
the q S  counterpart 
potent i n  the catalepsy assay. 
very potent (4-32 CPZ) i n  the various neurophamacological tests.37 
8-(- I2 NSQ derivative, sulfamothepin 
gzeater than, t ha t  of perphenazine i n  these tests f o r  neuroleptic ac t iv i ty  
i n  mice and ratsO3* I n  the same phannacological systems several perathie- 

It increased ceebral turnover of DA i n  rats, 

Oxyprothepin enanthate (21,  the most extensively studied member 

The d e c a n o a t e 2  (WFB 9977) also had 
Introduction of an 

Although it w a s  only about half as potent as 

The unsaturated congener 6 w a s  a lso 
i n  the rotating rod test, 5e was 4 times more 

A n  
had potency equal to, o r  

the 10-piperazinyl substi tuent i s  
octyl  system, were considerably less replaced by a 

potent than and CH3 S - ( a )  counterparts. The 
congeners 2 and z w e r e  about half a s  potent a s  t h e i r  piperazinyl parents 
whereas their isomers 51 and 2 w e r e  even less e f f e ~ t i v e . ~ ~  
antiemetic and antisemtonin ac t iv i ty  were claimed f o r  the piperidinyl- 
substi tuted dibenzocycloheptane 2;'' however, s o m e  *ring-opened* 

Neumleptic, 
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congeners, e.g, '7, caused only w e a k  depression of MA and potentiation of 
thiopental-induccd sleep i n  mice ." 
(3)42 caused a taming effect i n  aggressive rats a t  doses w e l l  below those 

Another t r i cyc l i c  relative, AY-22,214 

ButvrODhenones. 8-aminoketones. aralkvlamines and related ccinuounds - SAR, 
syntheses, receptor binding, m e t a b o l i s m  and clinical u t i l i t y  of the butym- 
phenone-type antipsychotic agents have been reviewed." r45 

15 years clinical experience w i t h  haloperidol was ~ r e s e n t e d . ' ~  The d i s t r i -  
bution and metabolism of azaperone (21, a neuroleptic w h i c h  induces rapid 
sedation," w a s  studied i n  rats and pigs.48 
analogs of antipsychotic butyrophenones greatest  potency w a s  demonstrated 
by a, which was equipotent w i t h  t r i f luper idol  (1OX CPZ) i n  a test f o r  
depression of MA i n  mice.49 
tives, 
( loss  of righting reflex,  t ract ion,  chimney, pedestal and nicotine 
antagonist) tests i n  mice.50 
the t rans  derivative was one of the most potent compounds, based on 
overt end points and i n  blocking uptake of NE and 5-HT by the heart and 
spleen. It was more potent than the &-isomer ( >lox), a, and i n  
most t e ~ t s . 5 ~  '5 '  
related 8-azaspiro r4.3 decane-7,g-diones w e r e  lla-llc, which induced CAR 
blockade ( >CPZ) i n  rats and caused tranquilization i n  monkeys.32 
particular i n t e re s t  was (NJ 9022-1) which, despite i ts  potent neum- 
lept ic  ac t iv i ty ,  caused only mild sedation and hypothermia and was almost 
devoid of analcretic and u-adrenergic  action^.^' 

A sunmazy of 

In a series of cyclopropyl 

S o m e  secondary 4-aminobutymphenone deriva- 
and g, w e r e  considerably m o r e  potent than CPZ i n  behavioral 

I n  a re la ted saturated (cyclohexyl) series, 

The most effect ive members of a series of butyrophenone- 

of 

a) 
b) 
C )  

R=2-pyridyl 
R=2-pyrimidyl 
R=4-CH3 -2-pyrimidyl 

In a series of 2,)-dihydm-4(1H)carbazolones the most potent member 
was l2, a s t ructural  re la t ive  of molindone. It decreased MA i n  mice 
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(MED=~ mgkg, i.p.1.54 
ketones, the piperazines lJ, caused neuroleptic effects (=. 0 . 1 X  CPZ) i n  
several mouse tests.15 
YG 191256 (14)Js which was c l in i ca l ly  effect ive in aggressive oligo- 
p h r e n i ~ s . ~ ~ A n o t h e r  p-dnoketone 
(0.3-0.5X CPZ) i n  tests for decreased MA, inh ib i t ion  of mouse f ight ing 
behavior and in a CAR test i n  rats.le 
t ives  2 and 
ketonic precursors. 
although i t s  overall  pharmacological prof i le  was more akin to that of 
chlordiazepoxide. The alcohol 
rats. lB Another piperazine derivative, mepiprazol (16) , produced improve- 
ment i n  64% of chronic schizophrenics, but placebo was effect ive in 48% of 
the gr0up.5~ 

Several members of another series of @-amino- 

Antl-aggressive ac t iv i ty  i n  mice was produced by 

shwed a Ngh degree of ac t iv i ty  

In general the alcoholic deriva- 
were more potent depressants of MA i n  mice than their 

Thus a was equipotent with CPZ i n  this test, 

was equipotent with 8 2  i n  a CAR test i n  

\ 
a 3  0 

0 

To determine if the cisoid o r  transoid phenethylamine moieties are 
responsible f o r  the catalepsy and EEG changes induced by bulbocapnines0 i n  
animals, transoid t r i cyc l i c  phenethyldnes  2 and l8, as w e l l  a s  two 
cisaid relat ives  w e r e  studied. 
the transoid compounds, but not f o r  their d s o i d  relatives.  Also the 
transoid derivatives w e r e  much more effect ive i n  blocking the response of 
rat vas deferens t o  DA.61 
most potent of a series of s i x ,  presented a neuroleptic- and, to a lesser 
extent, a morphine-like pharmacological profile.  Although considerably 
less potent than CPZ, it blocked a CAR, prevented the convulsant effects 
of tryptamine, and protected against  amphetamine-induced l e tha l i t y  i n  rats!2 

Potent catalept ic  ac t iv i ty  was noted f o r  

(-)-Nuciferine, (-)-5,6-dimethoxyaporphine, the  

Benzodi aze D i n  es and related comwunds - Recent reviews have treated the 
pharmacological , biochemical, metabolic,' c l i n i ca l  aspectd and SA# "' 
of benzodiazepines w i t h  antianxiety act ivi ty .  Clorazepate dipotassium,' 
marketed 

ical examination of a 5-(2,6-dif luorophenyl) derivative indicated it  
was more potent than diaze am [6x diazepam i n  a pentylenetetrazol (PTZ)- 
antagonism test i n  S-1530 w a s  effect ive a s  a depressant of 

n the United States in 1972, was studied additionally in the 
6T11 i n  animalsT2 and was Extensive phannacolog- 
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spontaneous MA, i n  inclined plane, fighting and rotarod tests i n  mice 
(5-lOX diazepam). 
but was less active i n  a CAR test  i n  r a t s  ( 0 . 3 ~  diazepaml.75 
of a cyan0 group (& Ro 5-4528) f o r  diazepam's 7 x 1  resulted i n  reten- 
tion o r  enhancement of potency i n  various behavioral tests; however, & 
w a s  only half a s  potent as the parent i n  a mouse anti-PTZ test.76 In a 
series of l-carbamoylbenzodiazepines, was the most potent compound. 
It was equipotent w i t h ,  or  more potent than, diazepam i n  a battery of 
tests for  antianxiety activity,  but it was not a s  effective as an antagon- 
ist  of PTZ-induced clonic convulsions i n  mice.76 
act ivi ty  (s. O.3X diazepam) was also shown by 
anticonvulsant end points.76 An N-cyclopropyl relative,  ciprazepm (a) 
had antianxiety properties similar to those of chlordiazepoxide; however, 
a 5-cyclohexenyl derivative, nortetrazepam (-1, w a s  m o r e  sedating than 
i t s  phenyl analog.65 The D- i somer  of oxazepam hemisuccinate (l& was 
much more potent than the L-fonn i n  anticonvulsive, narcosis-potentiating, 
and muscle relaxant tests; however, the tisomer was more effective i n  
depressing spontaneous  MA.'^ 

It was also effective i n  an anti-PTZ assay (2X diazepad 
Substitution 

Potent CNS depressant 
i n  t e s t s  measuring 

f )  l-H, 
9) l-H, 
h) l-H, 

In metabolism studies,  two metabolites, a and 141, of demoxepm 
we= characterized by Biotransfonnations of oxazepam i n  man, 
pigs and rats gave 6-chloro-bphenyl-2( lH)quinazolinone, three ring-opened 

and a, and various metabolites, two 5-phenyl hydroxylated products, 

included two major ring-opened products, 2-amino-5-bromobenzo lpyridine, 
and a glucuronide of the corresponding 3-hydraxyl derivative. 

effective antianxiety agent," and CS-370 (a), whose pharmacological 
pmfile suggested somewhat greater potency than diazepam.82 

accomplished by l,j-dipolar cycloaddition of appropriate nitrile oxides to 
l , b n ~ ~ d i a ~ e p i n e s . ' ~  In a study of a of thienodiazepinones i n  
various tests f o r  antianxiety potential, one of the most effective was 
Y-6047 (a 2-3X diazepam in an anti-pTz test i n  

if* 
conjugates.79 Urinary metabolites of bromazepam in several species 

Other new 1,4-benzodiazepines included ketazolm (a, said to  be an 

a related series of 1,2 ,~a~au>lo(4 ,5a) -1 ,4-diazepines  

Another thieno- 
none, QM-6008 (24) also was active i n  this test (0 .15~  chlordiazep 

but it increased Mh to a greater extent.86 

1 1,5-benzodiazepinones, e.g. a,87 and related N-aryl 
(and heteroaryl 2,kdiones, e.g. have significant antianxiety-like 
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pharmacological actions. 
B,%diazepin-lhone, egg. 26, d i f f e r  f r o m  the 1,kbenzodiazepine ant i -  
anxiety drugs. A t  doses above 250 mghg, P.o., & caused sedation and 
ptosis  i n  mice.89 
antianxiety and phosphodiesterase-inhibitory ac t iv i t ies .  
conf l ic t  procedure i n  monkeys, c a t s  and rats i t  was more potent than 
chlordf azepoxide .90 ' ' 

Conversely, derivatives of 3,5-dihydro-k-benzo- 

SQ 20,009 (a) was studied i n  an attempt t o  correlate 
I n  a punishment 

H O  7 3  x 

rx" N O  

I 
OH a 

Other structures with antianxietv o r  antibsvchotic ac t iv i tv  - Several 
miscellaneous s t r u c t u r e s  have antianxiety-like act ivi ty .  
pine GP 41299 (3) was an effect ive antianxiety agent, with mild side 
effects, i n  neurotic pat ients  receiving an average dose of 200 mg per 
day.92 
quiliaation a t  6 mg/kg, i.v., i n  m i c e .  It also decreased MA, but  unlike 
conventional neuroleptics, had l i t t l e  effect on the toxici ty  of ampheta- 
mine i n  aggregated mice.93 
5-HT, administered together wi th  a peripheral decarbox lase inhibi tor ,  
produced improvement i n  6 of 7 schizophrenic patients." This combination 
also suppressed muriddal behavior i n  rats.95 
effect ive i n  schizophrenic children who generally became less withdrawn 
and more responsive.96 

A dibenzothie- 

The pyrrolidone HA-966 (2) caused f laccid catalepsy and tran- 

54iydroxytryptophan, the precursor of central 

Triiodothymnine was 

p-Adrenergic blocking agents, such as propramlo1 which w a s  effec- 
t ive  i n  8 of 12 s c h i ~ o p h r e n i c s ~ ~  and i n  patients wi th  various other 
psychiatric disorders,9* have useful antianxiety properties. 
action of these drugs has been reviewed.99 
their antianxiety actions via  a peripheral mechanism. 
which does not enter the CNS i n  significant amounts, produces notable 

The central 
It appears that they produce 

Thus practolol, 
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Depression of spontaneous MA has improvement i n  pat ients  w i t h  anxiety.' O 0  

been noted i n  mice t reated w i t h  alprenolol, INPEA, DCI and propranolol, but 
not with pronethalol.' ' 
Bioloqical observations and hypotheses - Reviews'o2ro7 and reports  con- 
tinue t o  emphasize the "dopamine" hypothesis f o r  schizophrenia and the 
a n t i - D A  actions of the antipsychotic drugs. 
ac t iv i ty  may be part of the inherited vulnerabili ty t o  schizophrenia.'02 
This postulate links many observations from the clinical level down t o  the 
neuronal level and, perhaps, even t o  the molecular level i f  the suggestion 
tha t  an aden late cyclase may be the DA receptor i n  the neostriatwn proves 
t o  be true.'' Many schizophrenic pat ients  appear t o  be i n  a s t a t e  of over- 
arousal and neuroanatomical studies indicate  that CA pathways" are 
important components of arousal systems. The n igros t r ia ta l  DA pathway is 
viewed a s  a behavioral arousal and locomotor system without which practi- 
cal ly  no forms of behavior can occur. 
dorsal noradrenergic (NA) pathway is a par t  of the r e t i cu la r  activating 
system mediating tonic  arousal of the cortex and that the ventral  NA path- 
way const i tutes  a second arousal system involved i n  reinforcement o r  reward 
mechanisms.' However, t o  the considerable evidence t h a t  brain self- 
stimulation, which i s  readi ly  antagonized by the neuroleptics, i s  mediated 
by a NA system has been added recent observations that DA pathways to  the 
limbic forebrain and neostriatum may be involved i n  this behavior.' 
The neostriatum seems t o  be an important si te of action of the anti- 
psychotics, a t  l ea s t  for the production of extrapyramidal and 
K l a w a n s  e t  al."' have marshalled arguments that the DA system i n  this 
center may be involved i n  the pathophysiology of the behavioral manifesta- 
t ions  of schizophrenia. Although the functional roles of the mesolimbic 
DA system are not known, the regions of the limbic system innervated by 
t h i s  pathway would also s e e m  to be l i ke ly  targets f o r  the actions of the 
antipsychotics.' O 7  

DA (as indicated by increased levels  of homovanillic acid) i n  both the 
limbic system and neostriatum of rabbits,  but  anticholinergic treatment 
attenuated this effect only i n  the striaturn'" T h i s  finding, taken with 
clinical experience tha t  antipsychotic-induced EPS can usually be allevi- 
ated without compromising the therapeutic effects, suggests t ha t  parts of 
the limbic system may be sites of drug action f o r  ant ips  chotic act ivi ty .  

arousal levels,  induces stereotyped behavior, and causes psychosis 
resembling paranoid schizophrenia; i t s  effects are select ively antagonized 
by the antipsychotics. 
and the implications of amphetamine psychosis as a model of schizophrenia 
have been extensively reviewed.' *' ' Additional s tudies  suggest that 
neuronal systems other than the usually cited n igros t r ia ta l  DA p a t b a y  may 
be involved i n  the production of dry-induced stereotyped behavior and i n  
i ts  antagonism by neuroleptics."2 *' The interrelat ionship of DA and 
cholinergic systems has also been studied further' '' *' " and a "choliner- 
gic-adrenergic" hypothesis of psychiatric disorders has been advanced.' ' 

An abnormal dopaminergic 

It has been suggested tha t  the 

" ' 

It w a s  observed t h a t  haloperidol increased turnover of 

Amphetamine, thought to be an ind i rec t  acting DA (and NA Y agent, increases 

The possible mechanisms of action of amphetamine 

In recent years clinicians have been concerned w i t h  tardive dyskines- 
i a s  which sometimes develop i n  pat ients  on long-tern neuroleptic therapy. 
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Paradoxically, tNs  syndrome, prominent features of which are lingual- 
facial-buccal dyskinesias, produced by drugs thought t o  block b P d n e W f c  
ac t iv i ty  resembles the dyskinesias produced by the dopaminergic agent 
Mops. 
or counteract DA activity.  
a functional denervation of DA receptors and thus receptor h y p e r w n d t i d t Y  
develops leading t o  DA overactivity.' O 5  " ' Amphetamine-induced stereo- 
typed behavior, which bears s o m e  resemblance to the tardive dysklnesias, 
has been proposed as a model f o r  the clinical disorder.'os 

Both types of dyskinesia are reduced by agents which deplete DA 
It is  suggested tha t  the antipsychoUcs cause 

Concerning the actions of antipsychotics a t  the neuronal and 
molecular levels, the most interest ing developnent was a mpoe on an 
adenylate cyclase ident i f ied i n  homogenates of the caudate nucleus of r a t  
brain that i s  activated selectively by low concentrations of DA o r  
apomorphine." The stimulatory effect of DA w a s  blocked by low concentra- 
t ions of CPZ or  haloperidol. FUrther research stemming from this provoca- 
t ive finding w i l l  be followed w i t h  great  in te res t ,  
Seeman' '' again points out the similarities between neuroleptics and local 
anesthetics suggesting tha t  they have a common mode of action a t  neuronal 
membranes. However, York found that iontophoretically applied CPZ i n  the 
pltamen antagonized DA actions even after its local  anesthetic effect had 

I n  a thorough &view 

worn off."B 
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Chapter 2. Antidepressives and Stimulants 

C a r l  K a i s e r  and Charles L. Zirkle 
Smith K l i n e  & French Laboratories, Philadelphia, Pa. 19101 

Introduction - No new type of drug with c lear ly  demonstrated u t i l i t y  i n  
the treatment of depressive disorders emerged i n  1972. Hawever, reports  
that  thyrotropin-releasing hormone (TRH) produced rapid improvement i n  a 
few depressed pat ients  have generated considerable in t e re s t  and publicity. 
Although research on the t r i cyc l i c  antidepressives and amphetamine-like 
stimulants continues a t  a brisk pace, no major advances i n  the understand- 
ing of the actions of these drugs materialized. 
of some animal tests f o r  predicting antidepressive ac t iv i ty  i n  man,’ it is 
d i f f i cu l t  t o  decide w h a t  experimental drugs, other than modifications of 
the standard t r icyc l ics ,  should be included i n  the review. 
sometimes d i f f i c u l t  t o  tell f r o m  the limited data reported whether an 
agent i s  a potential  antidepressive o r  is an amphetamine-like drug. So it 
i s  possible tha t  w e  have e i the r  excluded some noteworthy compounds o r  have 
mislabeled others  that have been included. 
tropic drugs summarizes advances i n  antidepressive research.2 

Tricvclic comwunds w i t h  antidemessive act ivi tv  - GC-94 (la), GC-46 (&I, 
and GB-94 (lc, mianserin), which lack the pharmacological properties of 
antidepressives i n  animals, were selected f o r  clinical study on the basis 
of their EEG e f f ec t s  i n  normal volunteers.’ 
had antidepressive efficacy equivalent t o  that of amitriptyline. 
sedation was a side effecL5 
endogenous d e p r e s s i ~ n . ~  A phenanthridine, 01-77 (21, also selected on the 
basis  of quantitative EEG studies, w a s  of benefi t  t o  acutely depressed 
patients.6 I n  a series of tetrahydrofurfurylarnines, a re la t ive  (2) of 
amitriptyline showed potency similar t o  that of desipramine (DMI) i n  tests 
f o r  prevention of reserpine-induced p tos i s  i n  mice and tetrabenazine- 
induced depression i n  rats, but it w a s  less effect ive i n  preventing 
axotremorine-induced hypothermia i n  mice.’ In  a quantitative study of the 
anticholinergic action of several t r i cyc l i c  antide ressives  on an isolated 
rat  fundal s t r ip ,  8 45437 (4) w a s  the most potent. 

With the uncertain value 

It is also 

A recent review on psycho- 

In depressed pat ients  GC-94 
Slight  

Mianserin (&) was especially effect ive in 

I: 

- 1 a >  X 4 ;  R+ 
b) X=O; R=H 
c)  X q ;  R=H 

2 - 4 - 

The potency of tricyclics as antidepressives and as inhib i tors  of 
catecholamine (CAI uptake by rabbi t  aortic’ and r a t  cerebral  co r t i ca l  
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s t r ips lo  has been related to molecular confonnational similarities t o  
pheneth lamines.' ' 
BS-7715 (61, inhibited uptake of CA by r a t  brain synaptosomes. 
carbazole 2 was highly specific a s  an inh ib i tor  of dopamine (DA) uptake.'' 
A tr icyclic-side chain bridged compound (2) inhibited norepinephrine (NE) 
uptake by rat vas deferens. A l s o ,  it caused increased motor ac t iv i ty  (MA), 
but it did not prevent tetrabenazine-induced catalepsy i n  mice.' 

Like many antidepressives, two carbazoles 60-389a (2) 
and 61- 1 25 (2). a s  w e l l  as several tricyclic tropanyl e thers ,  e.g. 

The 

cH3 (%)3NHCH1 

8 a )  X=O. b) X=€& 2 - 6 2 - 
a) R=H. b) R=C% 

with  other drugs'$ have been reviewed. A gas chromatographic method 
enabled accurate and specific quantitative determination of nortr iptyl ine 
and some of its metabolites i n  human plasma and urine.'( 

The metabolism' ' of t r i cyc l i c  antidepressives and the i r  interact ions 

Certain phenyl-substituted indolines, phthalans, phthalides and 
related bicyclics,  which can be looked upon a s  ring-opened analogs of the 
t r icyc l ic  antidepressives, demonstrate antidepressive-like pharmacological 
activity.  Amedalin and daledalin (&I were the most t en t  of a 
series studied fo r  potentiation of adrenergic mechanisms.'' The phthalan 
2 was the most effective (4X amitriptyline) of a series of s tyry l  deriva- 
t ives  i n  a mouse test for  tetrabenazine antagonism." Antidepressive 
properties w e r e  also suggested f o r  I C I  53,165 (10) which increased turn- 
over of brain NE, but  not DA o r  serotonin (5-HTT i n  rats.' Several 
1,5-benzothiazepines related t o  the antidepressive thiazesim produced 
muropharmacological actions similar to those of the parent. In  rats, one 
of these (11) had selective an t imur ic ida l  ac t iv i ty  (1.5X thiazesim) .?O 

O t h e r  compounds with antidewessive activitv - Several heterocyclic 
compounds have notable antidepressive-like phamacological properties. 
Wy-23409 (12) reversed reserpine-induced hypothermia i n  mice and enhanced 
weight l o s s  caused by methamphetamine i n  mice, yet it had litLle iz f lu-  
ence on MA and was not anticholinergic.2' 
quinoline , AW-15 '1129 (a) had typical antidepressive pharmacology with 
strong adrenergic and anti-REM effects. 
the duration of non-REM sleep.22 A Y - c a r b o l i n e ,  carbidin (141, i s  said 
to have both antidepressive- and neuroleptic-like properties i n  man and 
animals.23 Mpramine-like ac t iv i ty ,  along with sedative and analgetic 

A related imidazo&,2-cJ- 

In c l in i ca l  s t u d i e s  i t  increased 
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effects, was noted f o r  a series of pyridyl-substituted carbolines, e.g., 
PK 8 (1 1, which potentiated the action of dopa i n  pargyline-pretreated 
mice.2' Related pentacyclic B-carboline derivatives, & and a, w e r e  
equivalent to imipramine i n  this test, but were less effective i n  a mouse 
anti-reserpine test.2s 
pyrazine ring-reduced analog, also displayed antidepressive-like pharma- 
c01cgy.~~ 
antihistamine phenindamine, had an antidepressive prof i le  similar t o  that 
of DMI i n  r a t s  and mice - a finding which contradicts a postulate that a 
relationship between antidepressive and antihistaminic activities depends 
on the proximity of the basic and aromatic centers.27 

Tkre te t racycl ic  carbazole x, a s  w e l l  as i ts  

Both epimeric hexahydroindenopyridines l8, analogs of the 

Several newly reported antidepressives are aralkylamines. 
(S 4 CH(W CH=cIJI presented a general pharmacological prof i le  
similar t o  that of the t r i cyc l i c  antidepressives. 
imipramine i n  an anti-reserpine test and decreased spontaneous MA i n  
mice.28 In a study of ring- and side chain-substituted phenethylamines, 
khlorophenethylamine was among the most potent; it i a b i t e d  uptake of 
NE and 5-HT by brain tissues (Go =6.2-6.4p).29 Inhibition of NE uptake 
i n  r a t  vas deferns was examined f o r  s o m e  conformationally-restricted 
phenethylamines. "he (phenyl-CH, )azir idine (2) was 7 times more 
potent than i t s  geometrical isomer. 
(tranylcypmmine) w a s  600 times more effective than i t s  &-isomer, These 
resu l t s  suggest an an t ic l ina l  conformation of phenethylamines may be 
preferred f o r  inhibi t ion of NE uptake by both peripheral and QJS tissue,30 
Tetrahydropaveroline, a possible DA metabolite, antagonized reserpine and 
motremorine effects, b u t  unlike many antidepressives it d i d  not potenti- 
ate amphetamine responses i n  animals.3' 
2, one of a series, w a s  equivalent t o  imipramine i n  preventing reserpine- 
induced ptosis  i n  mice.) 

Aletamine 

It was more potent than 

A l s o  trans-2-phenylcyclopropylamine 

Mother tetrahydroisoquinoline 

Among a series of 2-phenethylpiperidinecarboxamides m a x i m u m  potency 
i n  a modified dopa-potentiation test i n  mice was produced by 2 (z. 
equipotent with amitriptyline).33 
propanolamines was & it counteracted various reserpine-induced effects 

The most potent of a series of aryloxy- 
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a t  5-10 mg/kg, i.p., and potentiated amphetamine-induced hyperactivity and 
pyrexia i n  mice and rats.)' The  most effect ive of a series of tropane- 
2p,3p-diol acetals  w a s  a w h i c h  prevented (10 mghg, i.p.1 and reversed 
(1 mghg, i.p.1 reserpine-induced p tos i s  i n  rats.3s Other aryloxyalkyl- 
amines with potential  antidepressive ac t iv i ty  included some basic ethers 
of 2-anilinobenzothiazoles, e.g, &, and benzoxazoles, e.g. &, which 
w e r e  potent (2X imipramine) reversers of reserpine-induced h thermia i n  
mice.36 Antidepressive properties w e r e  a lso noted f o r  I C I  5534 (3). 
In mice t h i s  morpholine had anti-reserpine and anti-tetrabenadne effects 
comparable t o  those of DMI a t  0.3-1.0 mghg, P.O.,~' and it caused a rapid 
onset of antidepressive action i n  depressed patients.3B 

Several groups? -' ' presented clinical evidence tha t  thyrotropin 
releasing hormone (TRH) may be useful i n  the treatment of depression. I n  
mall controlled studies a single inject ion of TRH produced prompt, but 
br ief ,  improvement i n  depressed pat ients  without causing undesirable side 
effects. 
understood, it potentiated the e f f ec t s  of dopa i n  both normal and hypo- 
physectomized pargyline-pretreated mice. Thus, the potentiation i s  
independent of the release of thyroid stimulating hormone from the 
p i t u i t a r y  gland.' ' 
greater behavioral responses t o  L-dopa than either drug alone. 
combination, but nei ther  compound alone, decreased adrenal tyrosine 
hydroxylase levels  and caused marked hyperthermia i n  rats.'3 

Although the mechanism of TRH's antidepressive action is not 

An imipramine-triiodothyronine combination caused 
Also, the 

Rubidium and cesium s a l t s  produce antidepressive-like actions i n  
animals. 
caused increased MA when given S.C. f o r  7 days." 
5-HT turnover without producing major NE and DA changes. 
main effect of W was a 300% increase i n  NE turnover. 
increased shock-induced aggression i n  rats, but Cs did not.'5 
clinical study Rb (0.5-1.5 g/day fo r  20-86 days) improved 5 depressed 
patients. 
days) of Rb may present safety problems i n  i t s  clinical use.46 

(MA01 having different  substrate specificities, t i s sue  dis t r ibut ion and 

Unlike l i t h ium sa l t s ,  which decreased MA in mice, Rb and Cs 
In  rats, C s  increased 

In contrast ,  the 
Additionally, Rb 

In a 

Although no serious toxici ty  was noted, the half-l ife (50-60 

With the discovery of several different  forms of monoamine oxidase 
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varied responses t o  inhibi tors ,  i n t e r e s t  has been rekindled i n  antidepres- 
sive drugs acting by a M40-inhibitory mechanism. Such agents might be 
therapeutically-useful i f  peripheral and CNS actions can be separated. O f  
course, knowledge of the structure,  function, kinet ics ,  and mutual inter-  
actions of MAO's i s  important t o  progress i n  this area. 
present understanding has been s~mmarized.'"~ 
;rrtports describe new MAO-inhibitors, these are largely ones related t o  
previously described chemical classes w i t h  this type of ac t iv i ty ,  and w i l l  
not be reviewed here. 
compounds with MA0 suggested that the f l av in  moiety of the enzyme is the 
target of the propynylamine-type of  inhibitor^.^' In s tudies  of tranyl- 
cypromine, the more potent MAO-inhibitory (+)-isomer was shown to have the 
absolute 1S:2R configuration. Thus, (+)-amphetamine and (+)-tranylcypm- 
mine have the same stereochemistry a t  the chiral center a t o  the amino 

I' 

??knylcypromine are the more potent inh ib i tors  of NE reuptake i n  the 

Wch of the 
Although a number of 

The mode of interact ion of pargyline and related 

This is i n  contrast  to  the finding t h a t  (+)-amphetamine and 

CNS.52 

Central stimulants - Pharmacological and stereochemical s tudies  indicating 
tha t  the effects of amphetamines on DA and NE may account for the major 
symptoms of amphetamine psychosis w e r e  reviewed.)' 
poss ib i l i ty  t h a t  amphetamine might induce i t s  diverse pharmacological 
effects by reacting with with various receptor sites i n  d i f fe ren t  confor- 
mations, the phenethylamine nucleus w a s  incorporated i n t o  r ig id  and semi- 
r igid structures. 
aminobutanes, e.g. S%CH(CH, )CH(CH3 )NH2, and confonnationally-related - cis-2-phenylcyclohexylamine, su gested such an or ientat ion might be 
required t o  cause this effect;s' -ever, i n  a related trans decalin 
series even the isomers having this orientat ion w e r e  i n e f f e ~ t i v e . ~ ~  

Numerous new amphetamine der ivat ives  have been reported; however, 
only those with novel s t ructural  differences from the prototype are 
reviewed here. Bridging of the u-methyl and amino groups, i.e. 2-benzyl- 
aziridine, resulted i n  loss of MA stimulating ac t iv i ty  and a marked 
decrease (0.lX amphetamine) i n  anti-reserpine ac t iv i ty  in mice.56 
benzylamine 26 caused marked MA stimulation and shortened thiopental- 
induced sleeping time i n  mice.s ' Some 3-amino-2-phenylpropiophenones 
produced marked stimulant ac t iv i ty  i n  mice; e,g., 27, caused this effect 
at  10 mg/kg, i .~.~* O t h e r  CNS stimulants included the pemoline re la t ive  
28, which was ef fec t ive  i n  a mouse dopa-potentiating test,59 and the 
sulfamide SaH 41-178 (zn> which showed potent pentylenetetrazol-like 
properties i n  mice and cats,60 

To invest igate  the 

The increased MA induced i n  mice by@hrQ-2-phenyl-3- 

A 

- 26 22 - 28 22 
Holoaical  observations and hvw theses - Various aspects of depressive 
i l lnesses  and the putative neurotranmnitters possibly involved i n  these 
disorders' have been reviewed and a modified "amhe" hypothesis f o r  
affective illness has been advanced.6' It is suggested t h a t  changes i n  
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the balance between transmitter ava i lab i l i ty  and receptor sens i t iv i ty  are 
involved i n  depressions. Another pos tu lab  considers central  cholinergic- 
adrenergic imbalances i n  depression and mania.12 In a study of depressed 
patients, those who excreted the lesser quantities of J-methaxy-khydroxy- 
phenylglycol (MHPG) prior  to antidepressive treatment had the best  response 
to medication and excreted greater quant i t ies  of nomtanephrine and W G ,  
e l a t i v e  t o  the predrug period. Those pat ients  who responded least w e l l  
had a decrement i n  the excretion of these two metabolites of NEO6’ 
Clinical depressions which occurred following withdrawal of amphetamines 
after prolonged abuse w e r e  temporally associated with a decrease in 
excretion of MHPG; a s  the depressions subsided, MHPG excreuon in~reased .~ ‘  
Clinical pharmacological and biochemical data have been reported supporting 
the postulate tha t  neurotransmitter CA are functionally increased pr ior  to 
the switch from depression to mania.65 
appear t o  have much effect on NE uptake of turnover i n  animals, a bio- 
chemical study i n  depressed pat ients  indicated that it d id  cause changes 
i n  the metabolism of this amine.16 Decreases i n  MHPG and vanillylmandelic 
acid (VMA) excretion w e r e  observed during amitriptyline treatment suggest- 
ing a decreased synthesis of NE i n  the brain as well a s  i n  peripheral 
sympathetic nerves. Increases w e r e  observed i n  the normetanephrine:WG 
and nomtanephr1ne:VMA ra t io s  suggesting the decrease i n  NE synthesis i s  
accompanied by, possibly even caused by, a decrease i n  deamination of NE. 
In a t r i a l  las t ing 4 weeks,17 patients with primary depression responded 
equally w e l l  to imipramine (150 mg daily) or to L-tryptophan (9 g daily) 
Triiodothyronine enhanced the therapeutic response to imipramine but not 
to  L-tryptophan. 
triiodothyronine also enhanced the therapeutic response to amitriptyline. 
Another s t u d 9  f a i l ed  to shcrw an e f fec t  of triiodothyronine on the anti- 
depressive ac t iv i ty  of imipramine; t h e  design of this study has been 
criticized (ref. 69, p. 55).  

Although amitriptyline does not 

In cases of depression seen i n  general practice,68 

In rats, imipramine potentiated the increase i n  MA, but  not the 
stereotyped behavior (SB) , induced by -pa i n  combination with a 
decarboxylase inhibi tor ,  an observation consistent with the fact tha t  the 
antidepressant i nh ib i t s  NE uptake but not DA uptake and the belief that 
SB i s  mediated by DA. 
mine and chlorimipramine obviated the L-dopa-induced5-HTdepletion. It 
is suggested tha t  these t r i cyc l i c  drugs may be useful i n  eliminating 5-HT 
mediated L-dopa effects.’’ Chlorimipramine was 6-10 times more potent i n  
inhibit ing 5-HT uptake than i n  inhibi t ing NE uptake i n  mouse brain & - vitro ernd i n  vivo. 
than expected f r o m  i t s  inhibi t ion of NE uptake,” 
depressant iprindole,‘ unlike DMI, altered neither the i n i t i a l  accumula- 
t ion nor the metabolism of tritiated NE i n  brain or heart  of the rat. 
Like the other t r icycl ics ,  iprindole increased brain leve ls  of amphetamine 
(A) i n  the ra t  by inhibi t ing i t s  p h y d r a x y l a t i ~ n . ~ ~  

be mediated by DA, the roles of DA and NE i n  mediating the increase i n  
locomotor ac t iv i ty  (LA) induced by A are not yet c lear ly  defined.‘ 
and Snyder” found t h a t  (+)-A was 10 t i m e s  more potent than (-)-A i n  

Pretreatment, but not posttreatment, w i t h  imipra- 

Potentiation of Gdopa by the drug i n  mice was greater 
The t r i cyc l i c  a n t i -  

Although the SB induced by amphetamine (A) i s  generally believed to 

Coyle 
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inhibit ing uptake of NE by telencephalic tissue of rats but that the two 
isomers w e r e  equipotent i n  inhibi t ing DA uptake by striatal  tissue. 
data have been used as bases f o r  the interpretat ion of various experimental 
and c l in ica l  findings. 
i n  r a t s  is mediated by NE and A-induced SB i s  mediated by DA, based dn 
respective 1O:l and 2:l potency r a t io s  of (+I- t o  (-)-A i n  e l i c i t i n g  these 
behaviors;74 A-induced psychosis i s  DA-med ia t ed  since (+I- and (-)-A w e r e  
about e q u i p t e n t  i n  e l i c i t i ng  psychosis;75 i n  the hyperkinetic syndrome i n  
children, aggression and hos t i l i t y  may be D A - r e l a t e d  phenomena since (+I- 
and (-)-A w e r e  about equipotent i n  attenuating t h e m ,  and anxiety and over- 
ac t iv i ty  may be NE-related since (+)-A was much more effective than (-)-A 
i n  a l leviat ing these ~ymptams.'~ In a study of intracerebral  self- 
stimulation (ICSS) i n  rats, (+)- and (-)-A w e r e  about  e q u i p t e n t  i n  
enhancing ICSS when the stimulating electrodes w e r e  placed i n  the substan- 
t i a  nigra bu t  (+)-A was much more potent than (-)-A when the electrodes 
w e r e  positioned i n  the medial forebrain bundle. 
A-enhanced ICSS i n  the l a t t e r  s i tuat ion was mediated to a large extent by 
N F L ~ ~  
Coyle and Snyder. I n  one study,7s the A isomers w e r e  found t o  be equi- 
potent i n  inhibi t ing uptake of NE by telencephalic t i s sue  w h e r e a s  (+)-A 
was 5 times more potent than (-)-A i n  inhibi t ing DA uptake by striatal 
tissue. Certain details of other pharmacological and biochemical compar- 
isons of the two also do not support the hypothesis t ha t  the 
*lative potencies of (+I- and (-)-A i n  e l i c i t i ng  a behavioral effect may 
be an indication of the nature of the CA pathway involved. 
should be exercised i n  the application of t h i s  concept. The possible 
involvement of CA pathways i n  m i n i m a l  brain dysfunction (hyperkinetic 
syndrome) and the possible mechanism of action of A-like drugs i n  a l levi-  
ating the symptoms of t h i s  disorder w e r e  discussed i n  a recent 

8 3  *a4 

These 

Thus it has been proposed that :  A-stimulated LA 

It was suggested tha t  

However, other  worker^^^*'^ have not duplicated the r e su l t s  of 

Thus caution 

symposium. 
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Chapter 3. Narcotic Antagonists and Analgesics 

Robert A. Herdy, Jr. 

River, New York lo965 
Iederle Iaboratories, A Division of American Cyanamid Compny, bar1 

The 1972 literature is noteworthy for the lack of new analgesic 
agents being brought to advanced investigations including clinical trials. 
Iiowever, the possibility that improved narcotic antagonists may find bet- 
ter acceptance in treating post-addicts has sparked a marked resurgence 
of interest. Additional investigations ofclassical structures as well as 
etudies of several interesting new system are evident. 
of new antagonists are in progrese. New methods of delivery and new 
combinations are being studied. h r e  detailed examination of the mode of 
action of known agents, including pharmacokinetics and metabolism, is 8160 
evident. 

Narcotic Antagonists - m e  reeurgence in antagonist research was marked 
by the symposium on Narcotic Addiction and Drug Abuse,2 and the First 
International Conference on Mcotic Antagonists .3  bgiehtion was en- 
acted giving the Special Action QPfice for Drug Abuse Prevention special 
powers to coordinate resources on national problem of drug abuse, in- 
cluding research. This hae also included government contracts for pre- 
clinical and clinical testing of promising candidates. 

Cllnical trials 

1 

Current structure-activity information on comgaunde with "N-antago- 
nist " substituents does not permit accurate prediction of predominant 
antagonist or agonist actions; structural differences are, at times, very 
subtle indeed. Consequently, both anwonists and analgesics are discus- 
aed together in  the Structure-Activity Section. 

'Ihe major disadvantages of present antagonists tried for supportive 
treatment of post-addicts are relatively short duration (e.g. nalaxone), 
poor oral activity (compared to parenterd) and, at times, dysphoric 
effects when the doses are raised to gain greater duration or increased 
blocking effects (e.g. cyclazocine). An interesting approach to in- 
creasing the duration comprises incorporating the antagonist (ca 20$ by 
wgt) homogeneously into a biodegradable ply-lactic acid polymer ma rix 
and then insert- the blend into the body by surgery or inje~tion.~,5 
hJ+mrs containing cyclaeocine, nalaxone and (-)-BC-2605 (IIIa) are 
being studied. An alterna ive method is the use of insoluble salts for 
austained-release actions. g 

Another interesting direction in current antagonirpt; research has 
been fhe incorpor tion of a emall (upoullt of naloxone with an oraUy active 
nercotic agent.7J -one done is extremely potent in precipitating 
abstinence when given parenterally, but is 100-1000 times less potent 
orally. lhus, nalaxone does not block an agonist When the mixture is 
given oral ly  but prevents the euMoric effect of the mixed drug when 
subjected to parenteral abuse. 
methadone and oxycodone have shown promising results in animals. 

Mixtures of naloxone w i t h  morphine, 
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New Clinical Studies - Current reports do not include any new structures. 
Nalmexone (EN-l620A, N-dlmethallyl-noroxymorphone ), a mixed antagonlet- 
analgesic, was compared to morphine for post-operative win;9 the equi- 
valent dose was rather high, 70-90 ~pg intrarmscularly. lvaltrexone (EN- 
1639, &cyclopropyhrethyl-noroxymorphone ) in daily doses o f  50-100 ng 
produced the ame degree of antagonism as 4-8 ~pg of cyclazocine without 
side tffects,lo and is therefore a candidate as an antiabuse agent. 
Similar studies with (- )- 13x605 have been initiated, lo hvomethadyl 
acetate, a metha e ike agonist, was studied as a substitute for metha- 
done maintenance; %td its longer duration permitted 3 times per week 
administration instead of daily doslng. 

continuing trial of propirsm (ca 1/9 morphine i m ) . i 5  w i t h  the previously 
reported hompyrimida le derivative m-144 (Probon) 300 mg orally equal- 

of co*ine;g the chemistry of tbis series was also reported in z?: .g  Etorphine (R8ps gg-M), the high potency agonist in the 6,149- 
ethenooripavine series, has been introduced in veterinary mdicine for the 
inrmobilization of large animals; anagonist diprenorphine (R&S 5050-M, 
IB) i e  then used as the antidote.1 

Additional trials with tilidine were reported as well as a 

Structure-Activity; Auents under Investigation 

miate Derivatives - 
remain of special (R&s 5050-~, k) is a pure 
antagonist more potent thao naloxone and somewhat longer acting,20 and is 
therefore a candidate for a non-addicting drug to block the euphoric 
effects of opiates.1 Ihe closely related bugrenorphine ( ~ 8 0 8  6029-~, ~ b )  
is a mixed agonist (E 70-90 x morphine )-antagonist with pemtazocine-like 
physical dependence capacity in animals. In man it a a r s  to have anal- 

chemistry of this series was published,= as well as additional agonist- 
antagonist data on newer compounds (eep. 7-Ox0 colapauaa 1.22 

de of the 6,14-e~-ethanooripine series 

geeic actions at low doses without dysphoric effects. ?!? Additional 

I1 

B e  new codeinone-6-axirane (11) and the new 6-methylisocodeine 
obtained by reduction were synthesized; both had analgesic activity in 
the codeine range (muse hot-~late).~3 
mrphine-3-ethereaJ. sulfate, its inactivity as an analgesic and its iso- 
Lation fr the urine of rats following administration of morphine was 

IJlhe chemical synthesis of 

reported. 8 
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brphinans - The N-s~bstituted-3,14-dibydroxymorphinans~~r~~ are a new, 
fully synthetic series which pardel the 14-hydroxymorphinone series in 
their varied antagonist v~ agonist properties. 
found in the (-)-isomers, as with other 3-hydroxymor&inans. 
(III~) is a potent antagonist (equiv to ndoxone) with weak agonist 
properties. 
about 1/10 naloxone. 
each being more potent than morphine (mouse writhing); 111d is also an 
antagonist but III~ is weak or inactive as an antagonist.25 

The principal activity is 
(-)-BC-2605 

IIIb is a weaker antagonist (like cyclazocine), and IIIc is 
W i t h  IIId and IIIe agonist properties predominate, 

H 4 
I11 

U 
N, (+)-isomer 

The (+)-2-hydroxy derivative (IV) unexpectedly had antagonist 
properties, and represents an absolute configuration unique for an anta- 
gonist .27 It did not suppress abstinence in morphine-dependent monkeys, 
and toxicity studies toward a possible clinical trial in man have been 
initiated. This aeries includes new mrphinans oxygenated in the 1, 2, 
3, or 4 position and with allyl, dimethallyl and cyclopropylmethyl N-sub- 
stituenta. 

The N-furf’uryl copspound (V) is a weak antagonist (E 1/4 n a p p h i n e )  
with agoniat properties also (E 2/3 codeine, muse hot-plate).;2 
represents a new series of N-substitutions which providesawide range of 
antagonist to agoniet properties (see ~1).~9~30 

rgSirie 

V, (-)-isomer VI 

6,7-~enzomorphans - A new gradation of antagonist to agonist properties 
has been obtained by various N-furylmethyl eubstituents with both 
morphinans and ben~omorphans.~9,3~ V I a  is a pure antagonist (E 1/2 
nalorphine). VIb is a mixed antagonist and weak agonist, and VIc is a 
strong agonist (ca 1/2 morphine, muse hot-plate ) with weak antagonist 
actions. VI is a pure agonist (E 1/2 morphine), but does not suppress 
abstinence. 28 

Other new benzomrphans (VII) have included 9,g-dialkyl derivatives. 32 
Introduction of a second methyl group in the gwnonomethyl series (such 
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as phenazocine, cycbzocine, pentazocine, eta. ) leads to compounds that 
are pharmacologically similar but more potent and longer acting. Direct 
introduction of oxygen on the benzylic carbon (VII, %) produces another 
subseries with a varied mix of agonist-antagonist properties.33 Ihe 
8-0x0 analog of cyclazocine (Rpyclopropylmethyl) is a potent agonist 

VII VIII 

and weak antagonist. 
2'-hydroxyl have also been prepared.3' A modified synthesis of pentazo- 
cine has been described. 35 'Ihe N-methyl-homobenzomrphans with marked 
agonist activity have been extended to the N-substituted compounds VIII 
with antagmiat activity.36 

'Ibe 8- and 9-ac tamido derivatives lacking the 

Bridged-aminotetrslins, Benzazepines and Benzazocines - Several addi- 
tional modifications of the rigid enalgetic benzomrphans are providing 
interesting new leads. 'Ihe common theme in these families is modifica- 
tion (or elimination) of the piperidine riag but maintaining a 2-carb01.1 
unit between the arolpatic ring and the basic nitrogen together with bulk 

b, I$.= H, R L Me, n L: 2 
c, R1= H, R L Ek, n I 2 
d, R1m bk, R L hi?, n P 3 

M e , + H , R = M e , n - 3  X 

and/or favorable eteric factors provided by bridged rings or by 7- and 8- 
membered rings conta the nitrogen. Some of the new l,3-bridged-2- 
aminotetralins (IX)3eiywere m r e  potent than mormne (rat tail-flick ) 
and also possessed antagonist actions. 
hydmxy substitution gave greater activity than meth0xy on the aromatic 
ring, and ethyl at the bridgehead carbon gave greater analgesic potency 
than methyl. 
(im), respectively 

potent of its series.40 
did not suppress abstinence in morphine-dependent m ~ n k e y e . ~ ~  An inde- 
pendent study of this series as analogs of profadol (see X V )  was also 
reported.41 'Ihe 1- (2-tetralyl)-hpiropiperidine XI was a potent adreno- 
lytic, but also was an analgesic ca 8-10 times codeine (writhing; best of 

A 5-carbon bridge was optimal, 

's of IXc and Me were 0.25 and 0.47 mg/bg 

W-404 (X) ahowe e i m i l a r  elements of structure and was the m s t  
It wa8 about 1/3 morphine (mouse hot-plate) and 
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series).k !he adrenolytic act ivi ty  appeared t o  be equal t o  or greater 
than the analgesic activity; t h i s  coqpound was selected for  c l in ica l  
trials. Synthesis of simple tetrehydro-2-naphthyl&nes for analgesic 
purposes has also continued. t 3  

X I  X I 1  

me  t e t r d ~ o - ~ ~ - 3 + e n z a z e p i n e s *  repreeent another modification of 
the t r icyc l ic  benzomorphans. 
aethaxy derivatives were examined for  analgesic and antagonist act i0ns;~5 
compounds w i t h  hydrogen, methyl, ethyl, propyl or  cyclopropylmthyl groups 
on nitrogen were weak or inactive. Basever, X I I S  and X I I b  had antagonist 
actions i n  the nalorphine range depending on the test method and route of 
administration. 
sembled the pure antagonist actions of nalaxone. Similarly, an extension 
of previous work on 3-benzazocines which had poor analgesic ac t iv i ty  has 
given a new class of 6-substituted derivatives X I 1 1  as potent analgesics46 

A large number of 7-hydroxy (XII) and 7- 

'Ihey did not show analgesic ac t iv i ty  and, thus, re- 

X I 1 1  

I 
R 

X I V  

Plperidines and Pyrrolidines - Previous conclusions that antagonists are 
not readily found by N-substitution i n  the bphenylpiperidlne ser ies  are 
being modified. Antagoniets are now be obtrriaed w i t h  a phenolic 
a-hydroxyl and suitable N-substituents.@ XIVa was a weak analgesic (s 
i/3 codeine, muse hot-plate) that did not euppress abstinence, while 
x m  was a potent egonist (ca 1/2 morphine) w i t h  complete suppreasion.28 

Zn the pyrrolidine ser ies  which includes the mixed agonist-antego- 
n i s t  profadol (XV; R Me, R =n-&, %-OH) additional 
3-alkyls and longer &lkyla CovideE no ia1provement.~8~9 !0e N-ally1 
and N-cyclopropylnethyl derivatives (R3-&, %=OH) are now being explored 
as selective antag0niats.5~ A ser ies  of pyraZol id ine~5~ was modeled 
a f t e r  the pyrrolidine analgesics, and XVI, the best compaund, was an 
analgesic (E 2/3 codeine, m e e  hot-plate ). 
analogs appeared to be weak or inactive.% 

u lea with branche& 

Six-membered piperidazine 
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Miscellaneous Co ds - Stereochemical studies and the absolute confi- 
guration of the r a n d  (-)-isomers of tilidine were reported.52 m e  
piperazlne derivative AP-237 (XVII) was more effective than morphine or 
pentazocine in the rat Inflamed-paw pressure test.53 AP-237 was found to 
be clinically effective In Japan (1970).53 !Isbe (S)-optical isomer of 1- 
cyclohexyl-4- (1,2-diphe lethyl )piperwine was reported to have morphine- 
like analgetic activity% 

XVIII 
A series of imidazoh-benzimidazole derivatives55 was studied as an 

extension of the older 2-benzyl-1- (dislkylaminoalkyl )benzimidazoles. 
XVIII w a s  the most effective compound; analgesic 90's (po) were 6.0 
(mouse writhing) and 9.0 w/kg (mouse hot-plate). 

gynine (SKF-E,~U, XM), isolated from the leaves of the ~ y a n  tree 
Mtrwyna speciosa, showed oral 
codeine with minimal side e f f e c t 2  &or subcutaneous activity sug- 
gested the oral activity might be due to a metabolite. 

A detailed pharmacological evaluation of the indole alkaloid mitra- 

esic activity slightly less that of 

&.,! €I& H A 25 q@~-c%c50x 
C~OCH ,  -COOC% 

XM xx 
Antiinflammatory Analg esics - 'Ibis class of compounde is discussed in 
Chapter 22. 
inflammatory compounds. l? iaramide(~~~- l#,  xx) w a s  about 1/2-1/5 the 
potency of codeine in 3 analgesic procedures (rat tail-flick, rat tail- 
pinch muse writhing) and w a s  a stronger antipyretic than phenylbuta- 

Details of analgesic testing were reported for several anti- 

eone.37 
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?be recent interest in analgesic k-quinazolinone~~~ has continued, 
but current eqphasis appears o.be on 2-quinazolinones which are pre- 
dominantly anti inflnmma+ory. 5tj , 59 1 - Cyclopropylme thy1 - 6 -metha yquln- 
azolin-2(lH)-one (SL 573) had 2-4 times the analgesic activity of mefen- 
amic acid q d  was about equal to phenylbutazone (mouse writhing, rat 
paw-pain ). 5 

phasmacology, Btochemistry and Metabolism - A variety of present studies 
are being directed toward a better understanding of both analgesic and 
antagonist actions; the following selected exanplee are illustrative. 

?be Nilsen method (mouse, electrical stimulation to the tail) ap- 
pears to be equal or superior to present tests, including mouse writhing, 
for dete ting analgesia in compounds having dual agonist-antagonist 
actione.b Niloxone applied to discrete brain regions of morphine- 
dependent rats showed marked differences in ability to precipitate severe 
8bSti.1~nCe suggesting that e sites of adaptation to morphine have 
neuroaaatomical specificity% Cyclic AMP antagonized the effects of 
morphine in naive mice, and repeated administration increased the rate 
of development of tolerance and appeared t enhance the withdrawal re- 
sponse (jumping) precipitated by naloxone.' Competition for specific 
binding of tritiated naloxone to rat brain homogenates by various agonists 
and antagonists, which r duced the binding, closely paralleled their 
phsrmacological potency. 83 

ferential metabolism of (+)- and (-)-methedone ( 3 H) suggested the forma- 
from the (+)-isomer.& a-(-)-Methado1 and a-(-)-N-deme 

Several new aspects of methadone metabolism and phasmacokinetlcs were 
reported. m e  N-oxide was found in the urine from addicts on methadone 
treatment.64 'Ihe time course of methadone in the plasma of subjects re- 
ceiving methadone maintenance was ~tudied.~5 St reoselectivity and dif - 
tion of an active me bolite in rat brain from the (-)-isomer but not 

metabolites of (+)-methadone , and are potent analgeeics 
II-pro- 

dines were investigated in mice; the results suggested the large potency 

at the CNS receptors and not to differences in metabolism. 
logic disposition of 3H-alphaprodine was also studied in dogs. 

3 Metabolism and distribution of racemic and optically active 

differences between ieomere were primarily due to stereose 
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Chapter 4. Seda t ives ,  Hypnotics ,  Anticonvulsants  and General  Anes the t i c s  

A .  D.  Rudzik and W .  F r i i s  
The Upjohn Company, Kalamazoo, Michigan 49001 

In t roduc t ion  - During the  l a s t  year  t h e r e  has  been a p r o l i f e r a t i o n  of re- 
por t s  of compounds possessing depressant  a c t i v i t y .  Some of t h e  compounds 
w i l l  be considered i n  o t h e r  chap te r s ,  bu t  because of r e p o r t s  of s eda t ive -  
hypnot ic  and an t iconvulsant  a c t i v i t y  i n  c e r t a i n  compounds, they  may a l s o  
be covered i n  t h i s  s e c t i o n .  
benzodiazepines where it is  d i f f i c u l t  t o  s e p a r a t e  a n t i a n x i e t y  from seda- 
t ive-hypnot ic  a c t i v i t y .  
where more than  pre l iminary  screening  da ta  i s  a v a i l a b l e  o r  where novel  
s t r u c t u r a l  types  of  compounds were presented.  

Sedat ives  and Hypnotics - Insomnia i s  among the  most common d i s o r d e r s  
d e a l t  wi th  i n  medical p r a c t i c e  and d e s p i t e  much r e sea rch  work i n  r ecen t  
yea r s ,  s l e e p  and insomnia a r e  no t  w e l l  understood. The causes  of insom- 
n i a  and i t s  management have r e c e n t l y  been reviewed by Johns.' 
view, he desc r ibes  both t h e  i n t r i n s i c  and e x t r i n s i c  f a c t o r s  which can 
cause insomnia and t h e  p r a c t i c a l  a spec t s  of i t s  t rea tment .  

This i s  e s p e c i a l l y  t r u e  i n  t h e  case of  t h e  

An at tempt  was made t o  cover  those  compounds 

I n  h i s  re- 

I n  an  e f f o r t  t o  b e t t e r  understand s l e e p  and t h e  e f f e c t s  of hypnot ic  
drugs on sleep p a t t e r n s ,  numerous s t u d i e s  have been undertaken t o  evalu-  
a t e  t h e  e f f e c t  of drugs on polygraphica l ly  monitored sleep i n  man. These 
s t u d i e s  have been eva lua ted  c r i t i c a l l y  by Freemon.2 He desc r ibes  t h e  way 
t h a t  s l e e p  l abora to ry  s t u d i e s  a r e  done, t h e  d i v i s i o n  of sleep i n t o  i t s  
va r ious  s t a g e s ,  and t h e  numerous p i t f a l l s  i n  t h i s  kind of r e sea rch .  The 
review by Freemon inc ludes  a summary of t h e  r e s u l t s  ob ta ined  i n  65 d i f -  
f e r e n t  s t u d i e s  wi th  both  new experimental  compounds and c u r r e n t l y  a v a i l -  
a b l e  hypnot ic  and c e n t r a l  nervous system drugs.  

The c l i n i c a l  choice of seda t ive-hypnot ic  drugs f o r  t h e  management of  
insomnia has  a l s o  been reviewed r e c e n t l y  by Greenbla t t  and Shader.3 The 
au tho r s  review the  c l i n i c a l  condi t ions  i n  which hypnot ics  should be used 
a s  w e l l  a s  t h e  advantages and disadvantages of c u r r e n t l y  a v a i l a b l e  hypno- 
t i c  agen t s .  They conclude t h a t  c u r r e n t  evidence favors  benzodiazepine 
d e r i v a t i v e s  s i n c e  s u i c i d e  i s  v i r t u a l l y  impossible  wi th  them and they  do 
not  i n t e r a c t  w i th  o r a l  an t i coagu lan t s .  

A c h a r a c t e r i s t i c  of most benzodiazepines i s  t h e i r  p ropens i ty  t o  pro- 
duce seda t ion  and hypnosis i n  both animals and man. Numerous papers have 
appeared i n  t h e  l a s t  year  desc r ib ing  the  hypnot ic  a c t i v i t y  of flurazepam 
(I) i n  man.4y6,6 
lance ,  eye-hand coord ina t ion ,  cogn i t ive -a s soc ia t ion  and d e c i s i o n  making) 
was r epor t ed  by Bixler et  a1' who found t h a t  i n  genera l  s e c o b a r b i t a l  pro- 
duced a more c o n s i s t e n t  and g r e a t e r  decrement i n  performance than  
flurazepam. 

The e f f e c t  of va r ious  hypnot ics  on performance (v ig i -  
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c1 

I I1 I11 - X=H 
1v - x-c1 

S leep  labora tory  s t u d i e s  on lorazepam (WY 4036, 11) have shown t h a t  
t h i s  compound depresses  R E M  sleep but  t h e r e  i s  no rebound inc rease  i n  REM 
dur ing  t h e  post-drug n i g h t s .  
Pam.' 
examinations.  

Stage 4 sleep was not  decreased by loraze-  
No changes were seen i n  c l i n i c a l  l abo ra to ry  s t u d i e s  o r  phys ica l  

The potent  a c t i v i t y  of t h e  t r iazolobenzodiazepines  (U-31,889, 111 
and U-33,030, IV) has been summarized.' 
v a t i v e s ,  compound (111) i n  sleep labora tory  s t u d i e s  has  been repor ted  by 
Itil e t  al' who conclude t h a t  compound I11 could be use fu l  i n  chronic  
sleep d is turbances  and i n  p a t i e n t s  wi th  nightmares,  somnambulance and 
n i g h t  t e r r o r s .  

The e f f e c t  of one of t h e s e  d e r i -  

cH3 

NO2 a- ' - 

H cl€Jj 
' C l  

V VI 

Compound V (S -1530) ,  t h e  1-methyl d e r i v a t i v e  of nitrazepam, a mar- 
keted hypnot ic  agent ,  has  been shown t o  have both a n t i a n x i e t y  and hypno- 
t i c  a c t i v i t y  c l in i ca l ly .1o  
potent  t han  e i t h e r  nitrazepam o r  diazepam a s  a muscle r e l a x a n t ,  an t icon-  
vulsant  and I ts  leep inducer" . l  

I n  animals compound V was found t o  be more 

Compound VI (CS-370) was found i n  t h e  process of  sc reening  der iva-  
t ives of t h e  benzodiazepine d e r i v a t i v e ,  oxazolam. This  compound is more 
poten t  t han  oxazolam i n  labora tory  tests and has a lower t o x i c i t y  than  
does diazepam. 

The animal pharmacology of  per lap ine  (VII) has r e c e n t l y  been re- 

Moreover, t h e  compound 
viewed and t h e  compound has been pos tu la ted  t o  d i f f e r  i n  mechanism of 
a c t i o n  from o t h e r  sleep promoting agents  .13 
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differs pharmacologically from potent neuroleptics and also from the 
benzodiazepines . 

VII VIII 

In sleep laboratory studies in man, compound VII caused a reduction 
in REM sleep but did not reduce stage 3 or 4 ~1eep.l~ 
preted as advantageous since stage 3 and 4 sleep can be linked to the re- 
storative properties of sleep. 

This was inter- 

The 2-monofluoromethyl analog of methaqualone (VIII - HQ-355) has 
been reported to be a more potent hypnotic agent than methaqualone with a 
lower toxicity .I6 
activity. 

Compound VIII also possessed more potent anticonvulsant 

K. Nagarajan et alle have reported the CNS depressant activity of a 
One of the derivatives, com- 

The compounds 
series of derivatives of benzodiazepinones. 
pound IX, showed dose related sedation, ptosis and ataxia. 
had low toxicity. 

xooc C€13 'HNO, 

IX x - x a 3  

XI - X=CBH~ 
The methylimidazole derivatives (X, XI) resemble general anesthe- 

At non-hypnotic doses, the compounds (X, 
tics, as doses causing loss of righting reflex lie close to those affect- 
ing loss of other reflexes.'? 
XI) potentiated the hypnotic effect of sodium phenobarbital. 



32 - Sect. I - CNS Agents 

0 

Engelhardt, Ed. 

H 
XI1 Xs2-Naphthyl XIV X=GHS 
XI11 X=l-Naphthyl Y=4-Phenyl-1- 

p iper,a z iny 1 xv 

Two oxazolinone derivatives (XII, XIII) were found to exhibit seda- 
tion and muscle relaxation.’* Compound XI1 was also found to potentiate 
the hypnotic effect of alcohol. This was surprising for this series of 
compounds because most other derivatives antagonized barbiturate-induced 
sleep . 

The most interesting series of compounds possessing CNS depressant 
activity are the bicyclononanot derivatives .19 Compound XIV, the most 
active of the series, is equivalent in activity to chlordiazepoxide on 
all endpoints except antagonism of pentylenetetrazol-induced clonic con- 
vulsions. The compound is also much less toxic than chlordiazepoxide. 

Finally, pharmacological studies with a new indole alkaloid, rugulo- 
vasine (XV), have shown that the alkaloid depressed spontaneous motor 
activity, prolonged the duration of loss of righting reflex caused by bar- 
biturate, and enhanced the similar potentiating effect of reserpine in 
mice .ao 

Anticonvulsants - Although primidone has been in clinical use since 1952, 
little work has been done on its metabolism in man. Baumel et alal found 
that after a single oral dose of primidone in man, PEW (phenylethyl- 
malonamide) appeared in the serum, whereas phenobarbital was not detected. 
This finding differs from previous studies in animals where administration 
of primidone results in the production of PEMA as well as phenobarbital. 
In epileptic subjects receiving primidone chronically, however, both PEMA 
and phenobarbital accumulated in the serum. PEW was found t o  have anti- 
convulsant activity in rats and also potentiated the anticonvulsant acti- 
vity of phenobarbital. 
from animal studies that the total anticonvulsant action of primidone ex- 
ceeds that attributable to phenobarbital alone. 

These results correlate with the recent evidence 

One of the properties of many central nervous system depressant 
drugs is their ability to antagonize seizures produced by convulsant 
agents or electroshock. 
active in this regard with pronounced activity against chemically induced 

The benzodiazepine derivatives are especially 



33 Rudzik, Friis - Chap. 4 Depress ants 

seizures in animals but with less activity against electroshock seizures. 

!??I v 
C-N-CHZ CH=C& 

c1 

XVI XVII X=F;Y=P XIX 
XVIII X=F ;Y=H 

P3 

The 1-allylcarbamoyl benzodiazepine (XVI) is equipotent to diazepam 
in antagonizing convulsions induced by nicotine, thiosemicarbazide, 
strychnine and pentylenetetrazol and electroshock.21 
antagonize the chemically induced convulsions is significantly lower than 
that required to antagonize maximal electroshock-induced seizures. 

The ED50 value to 

The 2,6-dif luorobenzodiazepinone (XVII) also possesses potent anti- 
convulsant activity against chemically induced convulsions ." 
approximately four to ten times as active as diazepam in this regard. 
The monofluoro derivative (XVIII) is at least as active as the difluoro 
derivative (XVII) as an anticonvulsant. 

It is 

The pharmacological properties of prazepam (XIX) have previously 
been published,a3 however, a more extensive study by Boissier et alZ4 
shows that the compound has potent anticonvulsant activity with low seda- 
tive action, a wide margin of safety, and a long duration of activity. 

A thienodiazepine derivative (XX) is two to three times more active 
than diazepam and six to nine times more active than chlordiazepoxide in 
antagonizing pentylenetetrazol and bemegride induced convulsions in 
miceSa6 
disturbances and found to be very effective.=' 

The compound has been tested clinically in preoperative sleep 
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XXI XXII 

2-Cyclohexylamino-1-phenylethanol (XXI) has been found to poten- 
tiate the hypnotic effect of pentobarbital and to markedly antagonize 
convulsions produced by pentylenetetrazol but not electroshock or strych- 
nine.a7 Cyclic compounds (XXII) derived from XXI showed less activity 
under the same test conditions. 

XXIII X=H 
XXIV x=c1 

XXV X=H 
XXVI x=c1 
XXVII X=NOa 

The stereo structure-activity relationships of a series of acetyl- 
D(R) and L(S)-N- succinimides (XXIII, XXIV) and glutarimides (XXV, XXVI, 
XXVII) were studied.28 
configuration exhibit activity equal to or greater than the activity ex- 
hibited with the L(S) anticonvulsants. Compounds XXIII, XXIV, XXV, XXVI 
and XXVII have activity which compares favorably with the activity of 
drugs of clinical significance. 

Succinimides and glutarimides having the D(R) 
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Ferndndez-Tom4 et alas have reported on the synthesis of a series 

of 2,5 dihydro-1,2,4 benzothiadiazepine 1,l-dioxides of which compound 
XXVIII is representative. Compound XXVIII antagonizes maximal electro- 
shock seizures in mice but has weaker activity against pentylenetetrazole 
and strychnine induced convulsions. The toxicity of this compound is ex- 
tremely low (LD50 >2000 mg/kg, i.p.). 

Compound XXIX produces the same degree of CNS depression as pheno- 
barbital or chlordiazepoxide and possesses anticonvulsant activity against 
maximal electroshock induced convulsions .30 

General Anesthetics - The pharmacological properties of CT 1341 (Althe- 
sin) , a steroidal anesthetic agent which contains alphaxalone and alpha- 
lolone acetate, have recently been described.=l 
venous anesthetic in animals which produces rapid induction of anesthesia 
without vascular irritation. 
substantiate the finding in animals In further anesthetic , cardio-' 
vascular and respiratory studies in animals, it was found that CT 1341 
has a wider therapeutic latitude, produces less respiratory depression, 
and has greater efficacy than currently used intravenous anesthetics .33 

It is a potent intra- 

Initial trials of CT 1341 in man appear to 

Thirty-four halogenated methyl ethyl ethers were evaluated as vola- 
Twelve of the compounds had 

Compounds XXX and XXXI are currently 
tile general anesthetics by Terrell et al9* 
good anesthetic properties in mice. 
undergoing clinical trial. 

Fa HCOCHClCF, FaHCOCFaCHClF 

MM XXXI 

An additional seriee of methyl pentahaloethyl and methyl heptahalo- 
isopropyl ethers were evaluated as anesthetic agents .36 Both sedation 
and anesthesia were observed but the potency in general was diminished 
when compared to the halogenated methyl ethyl ethers. 
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Chapter 5. Skeletal Muscle Relaxants* 

Robert C. Landes, Roger J. Stopkie, ICI America Inc., 
Wilmington, Delaware, and Vincent T. Spaziano, Dept. of 

Chemistry, St. Louis University, St. Louis, Missouri 

This report covers what were judged to be the more 
significant contributions to the field during the period 
1968-1972. Three reviews of general interest in this area 
appeared.''3 The skeletal muscle relaxant (SMR) activity 
of 1,4-benzodiazepines was recently summarized.' 

The distinction between centrally and peripherally 
acting SMR agents has become blurred with the discovery that 
several of the classical "centrally acting" drugs have 
demonstrable, perhaps clinically significant effects on 
peripheral structures. For example, mephenesin and chlor- 
mezanone frolong the refractory period of the neuromuscular 
junction. 

The 1,4-benzodiazepine, prazepam (I), in a double- 
blind clinical trial, was found orally effective in reducing 
skeletal muscle hypertonia in 9 of 14 multiple sclerosis 
patients.' 

R 1  

'I 

Clinical studies relating to the use of tetrazepam 
(4261 CB, 11) report varying degrees of effectiveness in 
relieving spasticity. 
muscle hypertonia benefited from 50-300 mg/day of the drug, 
while in a double-blind clinical trial with children having 
spastic cerebral palsy, the drug was ineffective.' 

SMR activity of diazepam.gr'O 
its depressant effects on spinal reflexes by enhancing pre- 
synaptic inhibition."f" 
independent of any effects on supraspinal structures. 

*Dedicated to the memory of the late Dr. Hugh B. Donahoe, 

In one study,' patients with skeletal 

Recent studies have examined further the nature of the 
In cats, diazepam may exert 

The action appears to be 
1 3  

Professor of Chemistry, St. Louis University, who was one 
of the original authors. 



- 38 Sect. I - CNS Agents Engelhardt, Ed. 

Baclofen (Ciba 34647-Ba, 1111, a 
H2N-CH2CH-CH2CO2H derivative of the inhibitory CNS amino 

acid y-aminobutyric acid (GABA) has 
been shown, in double-blind controlled 
studies, to be an effective anti- 
spasticity agent in the oral dose range 
30-100 mg/day .’ 4-1 
reported to include nausea and muscular 
weakness. The site of action may be 

Side effects are 0 c 1  

I11 localized in the area of the spinal 
cord made up of afferent nerves going from muscle spindles 
to a-motoneurons.” 

1-Hydroxy-3-aminopyrrolidone-2 
(HA-966, IV) which structurally resembles 
the cyclic form of GABA, elevates the 
threshold to strychnine convulsions in 
mice. It abolishes the polysynaptic 
flexor reflex in cats possibly by a dep- 
ression of central interneurons. The 
delayed action of HA-966 is consistent 
with the proposal that it undergoes 
metabolic conversion to an active form, IV 
possibly GABA or y-hydroxybutyric acid. 

a: 
bH 

Nefopam (Riker 7 3 8 ,  V) , 
a cyclic analog of diphen- 
hydramine, has significantly 
less antihistamine and anti- 
cholinergic activity than the 
parent molecule. In cats, 

1 nefopam blocked patellar 
CH 3 reflex facilitation induced 

by stimulation of the reti- 
cular formation. A double- 
blind study of 24  patients 
showed nefopam to be superior 

to placebo in relieving pain, tenderness, and muscle spasm.20 

$3 
v 

HzNHCHzCHzOCH2CHzOCHs 

VI 

Ambenoxan (VI) reduces decerebrate rigidity in 
rabbits.21 It also produces skeletal muscle flaccidity with- 
out loss of the righting reflex when administered orally or 
parenterally to rats, rabbits, dogs, and monkeys. The authors 
indicate that in preliminary human studies, a muscle relaxant 
effect was observed with intravenous or oral doses. 
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It has been reported 
that cyclobenzaprine (MK-130, 
VII), a tricyclic amine 
related to amitriptyline is 
effective orally in the 
treatment of s asticity at 
30-70 mg/day. 29 However, 
in a double-blind crossover 
trial, it was ineffective at 
60 m g / d a ~ . ~ ~  

QJ==JJ 
CHCHaCH2N(CHs)Z 

VI I 

RJ-64 (VIII) , an oxadiazole, 
acts in a manner similar to chlor- 
zoxazone in animal studies.24 
In rats, RJ-64 proved to be 
seven times more potent than 
chlorzoxazone with regard to 
antistrychnine activity. In a 
subsequent structure-activity 
study involving thirty-five 

found substantially more effec- 
tive than V I I I .  

N G q , - , T  

N\o/C- 

1,2,4-0xadiazoles,~~ none was VIII 

AHR-2666 (IX), exhibits both central and peripheral 

In spite of these combined 
effects, blocking cat spinal interneurons, and directly 
depressing skeletal muscle.26 
actions, no impairment of respiration was seen. 

O = C  
‘NHCH 
IX 

O=C 
‘NHC 2H5 
X 

A structurally related compound, AHR-2776 (XI, 
selectively blocked cat polysynaptic reflexes, indicating no 
direct depressant effects on muscle.27 
inhibited the effects of reticular formation stimulation 
on the patellar reflex. 

AHR-2776 also 
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The a-adrenergic blocker thymoxamine, 5-(2-dimethyl- 
aminoethoxy)carvacrol acetate, was reported to produce a 
transient reduction in spasticity in a group of patients with 
lower limb spasticity." 
double-blind technique, this drug reduced the ankle jerk 
approximately 34% at an intravenous dose of 0.1 mg/kg. It 
was suggested that thymoxamine depresses fusimotor activity 
as a result of action at nor-adrenergic receptors in the 
spinal cord. ' 

trolene sodium (XI), originally 

the CNS3' has subsequently been 

peripherally, possibly on the oe 
excitation-contraction couplin 

3 Y  Na.xHaO mechanism of skeletal muscle. 
Double-blind clinical studies 
have demonstrated the effective- 
ness of dantrolene in relieving 
human spasti~ity.~',~~ Side effects were minimal and 
included drowsiness, weakness, and "drunk" feelings. Most 
of these effects disappeared during the first week of 
treatment. 

In normal volunteers, using a 

The amino-hydantoin dan- 

suggested as acting mainly via 
N-N= C H - C J O  I I  0 * 

found to exert its major action cj*o - 

XI 

While drug treatment of spasticity remains a difficult 
problem, this report indicates several new, interesting and 
promising approaches to the development of more effective 
muscle relaxants. 
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Chapter 6. Agents Affecting Appetite 

George C. Heil and Stephen T. Ross 
Smith Kline & French Laboratories, Philadelphia, PA 19101 

Introduction - The changes in the area of anorectic drugs and the treat- 
ment of obesity in the past three years, although of major importance, 
have centered around medical opinion and legislative activities rather 
than in breakthroughs in research. 
tite suppressant drugs has emerged from government and medical sources1 
and tight regulation of the manufacture, sale and promotion of the amphet- 
amine type anorectics has resulted.2 The Food and Drug Administration has 
placed the amphetamines into BNDD's Schedule 11 (the most closely regu- 
lated category other than narcotics) because of their abuse potential. 
Medical opinion about the usefulness of appetite suppressants varies from 
negative3 to strongly positive.4,S 
been a critical assessment of the treatment of obesity and the use of 
anorectics in that treatment. 
weight6 brought together a number of experts in the field and resulted in 
the development of an authoritative medical position on the topic. 
clinical efficacy of anorectics as adjunctive agents in the treatment of 
overweight was supported by these experts.' 
the agents were useful but more rational short term use of anorectics was 
indicated and that drugs have a place in the treatment of overweight. 
They should not, however, be used as the sole means of treatment. 

during the past three years, fenfluramine (I), clortermine (II)8 and maz- 
indol (III).g,~o,~~ 
drugs are expected to be approved shortly.2,12 Fenfluramine will be 
placed in BNDD Schedule IV (least restrictive category) and clortermine 
and mazindol will probably join diethylpropion, chlorphentennine and 
benzphetamine in Schedule 111 .I2 

Severe criticism of the use of appe- 

The result of all this controversy has 

A meeting on Drugs and the Control of Over- 

The 

The general overview was that 

Three new drugs for the treatment of obesity in the U . S .  have emerged 

Although used abroad for some time, NDA's for these 

OH n 

N- 

I I1 111 

Fenfluramine - The anorectic that received the most attention in the past 
three years was fenfluramine. 
ities were presented at an International Symposium on Amphetamines and 
Related Compounds at Milan and were subsequently published in a single 
volume,13 This volume represents the "state of the art" with respect to 
amphetamine and related substances and will surely be a source of refer- 
ence for some time to come. 

Several reviews of fenfluramine's activ- 
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In animals, fenfluramine has been shown t o  be s l i g h t l y  less pote 

Its e f f e c t  on the  CNS has been studied and its a c t i v i t i e s  include de- 
creased confinement motor a c t i v i t y  i n  rat& and decreased spontaneous 
motor a c t i v i t y  i n  m i c d 4 ,  prolongation of pentobarb i ta l  s leep  t i m e  i n  
mice17 and diminution of hyperac t iv i ty  caused by amphetamine , I 7  Fenflur- 
amine has been reported t o  antagonize the  t o x i c i t y  of amphetamine i n  
aggregated mice but not i n  i so l a t ed  m i ~ e l 3 ~  and is a l s o  capable of reduc- 
ing isolation-induced aggressive behavior. l8 
monkeys ind ica ted  t h a t  fenfluramine produces ac t iva t ion  of t he  ventromedi- 
a1 hypothalamus ( s a t i e t y  center )  and deac t iva t ion  of the  lateral hypothal- 
amus (feeding cen te r )  along with a general  slowing of c o r t i c a l  waves.19 
Fenfluramine's s l i g h t  hypotensive e f f e c t  i n  anesthetized animals has been 
documented.20p21 A study of the e f f e c t s  of fenfluramine on the  autonomic 
nervous system reported that, depending on dose and prepara t ion  used, fen- 
fluramine both f a c i l i t a t e d  and inh ib i t ed  the  responses e l i c i t e d  by sympa- 
t h e t i c  etimulation of i so l a t ed  and i n t a c t  animal preparations.22 Fenflur- 
m i n e  has a l s o  been shown i n  animals t o  produce c e r t a i n  pharmacological 
e f f e c t s  resembling i m i ~ r a m i n e , ~ ~  
s iderably  reduce the  para-hydroxylation of amphetamine and accelerate 
amphetamine's s i d e  chain me tab01 i sm.~~  

an anorec t ic  than d-amphetamine but with a longer dura t ion  of ac t ion .  ft-ft 

E .E.G. s tud ie s  i n  Rhesus 

In  rats, fenfluramine was found t o  con- 

Biochemical s tud ie s  revealed that fenfluramine decreased the  content 
of norepinephrine and dopamine i n  mouse and ra t  b ra in  and pretreatment 
with a monoamine oxidase i n h i b i t o r  reversed the  e f f e c t  of fenfluramine 
from decreasing to  increasing motor ac t iv i ty .25  
cate t h a t  fenfluramine and amphetamine d i f f e r  i n  the  mechanism by which 
they release norepinephrine from the  bra in  .26 
reported t h a t  fenfluramine caused deple t ion  of 5-hydroxytryptamine i n  rat 
brain.27*28 
t ransmi t te rs  and an tagonis t s  led  t o  the suggestions tha t  the  anorec t ic  
e f f e c t  of fenfluramine might be due t o  release of bra in  serotoni1?9,30 or 
t o  st imulation of tryptaminergic neurons directly.28 

Additional r e p o r t s  ind i -  

Several i nves t iga to r s  

Pharmacological s tud ie s  with synthes is  i n h i b i t o r s  of neuro- 

Fenfluramine was a l s o  shown to  i n h i b i t  the  l i p o l y t i c  response induced 
by pancreatic l i p a s e  i n  v i t ro31  and t o  produce a d i f fe rence  i n  ketone body 
metabolism during treatment compared to  the  e f f e c t  of s t a rva t ion  suggest- 
ing an e f f e c t  upon enzymes involved i n  ketone-body metabolism.32 
s tud ie s  i n  rats reported i n h i b i t i o n  of the  uptake of o r a l  14C-glucose by 
adipose t i s s u e ,  decreased epididymal f a t  pad weight and plasma t r ig lyce r -  
i des  produced by f e n f l ~ r a m i n e . ~ ~  In  s tud ie s  with high f a t  d i e t  fed rats,  
however, the  loss i n  body weight produced over 5 days with fenfluramine 
and d-amphetamine could be a t t r i b u t e d  t o  the  degree of anorexia pro- 
duced.34 C l in i ca l  r e s u l t s  with fenfluramine indicated i ts  e f f i c a c  as a 
treatment f o r  r e f r ac to ry  obes i ty  even without d i e t a r y  r e s t r i c t i o n 3 1  and 
in general  that it is an e f f e c t i v e  and s a f e  drug f o r  use i n  a weight l o s s  
program.138,b 

Other 

It has been reported,  however, t o  produce de ress ion  of 
mood i n  some p a t i e n t s  a f t e r  abrupt cessa t ion  of treatment. 3% 

Research Compounds - Research on new an t iobes i ty  agents  may be divided in- 
t o  three  ca tegor ies :  (1) those compounds d i s t i n c t l y  outs ide  t h e  amphet- 
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m i n e  s t r u c t u r a l  c l a s s i f i c a t i o n ,  (2) compounds containing the amphetamine 
s t r u c t u r a l  skeleton, and (3) N-substituted de r iva t ives  of amphetamine it- 
self. The l i a b i l i t y  of amphetamine and many of i t s  congeners f o r  abuse of 
i ts  stimulant p rope r t i e s  and to le rance  development t o  i t s  anorec t ic  prop- 
erties continues to  apply pressure  on drug research teams t o  f ind  s a f e  an- 
o r e c t i c  agents ou ts ide  t h i s  s t r u c t u r a l  and pharmacological type e n t i r e l y ,  
Screening programs have produced new leads.  These compounds tend t o  be of 
high t o  moderate potency and t o  l ack  the  s t imula t ion  assoc ia ted  with am- 
phetamines. Further work w i l l  r evea l  if these agents have the  s e l e c t i v e  
p r o f i l e  and freedom from abuse l i a b i l i t y  and o ther  s e r ious  s i d e  e f f e c t s  
t h a t  are required i n  an advanced therapeut ic  agent. 

A group of long-acting o-aminoalkylbenzhydrols (IV) have been re- 
ported t h a t  have moderate anorexic potency with l i t t l e  s t imula t ion ,  whose 
pharmacological p r o f i l e  and s t ruc tu re -ac t iv i ty  r e l a t ionsh ips  suggest a 
mechanism of ac t ion  d i f f e r e n t  from amphetamine.37,38 
blance to  a more potent compound, mazindol (III), may be seen i n  t h i s  
group 

S t ruc tu ra l  resem- 

A a e r i e s  of aryloxyalkylamines with cyano and sydnone func t iona l  
groups on the a r y l  moiety (V) have been prepared and tested.39 
series produced some potent anorec t ics  which a l so  antagonized reserp ine  
hypothermia. Certain of the  a c t i v e  agents caused severe atereo-typical 
behavior i n  cats a t  moderate to  high doses. 

This 

X 
A 4-C1 (Cpd. F-36) 
b 4 4 1 ,  3-CF3 
c 3-CF3 

V 

X = sydnonyl, cyano 
R' - C2Hg,n-C4Hg,-(CH2)z 
R - H, CH3 

The pharmacologyl6, s t ruc tu re -ac t iv i ty  re la t ionships40  and metabo- 
liem41 of a new anorec t ic  agent, a beta-methoxyphenethylamine bearing an 
aryl-CFg group were reported. 
1-39728 (VI) , resembled that of fenfluramine showing potent anorexia with 
mild sedation. 
t o  tolerance development. 

The p r o f i l e  of the lead compound, SK&F 

The compound was r e l a t i v e l y  non-toxic and was r e s i s t a n t  
Brain biochemistry has been inves t iga ted  .30 

An extended series of l-benzylcyclopropylamines (VII) were prepared 
and evaluated as anorec t ic  age11ts.4~ 
highest  potency i n  both rat and dog anorexia tests followed by the  parent 
of the series and the  4-CH3 analog. 
a c t i v e  . 

The 4-chloro compound showed the  

The 3-CF3 analog was only weakly 
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VI SK&F 1-39728 VII X41BCH3,H VIII S992 

The fenfluramine derivative S992 (VIII) was described as a potent 
anorectic with a high therapeutic ratio and lack of untoward effects in 
anirnal~.~3~ In man, it produced a significant loss in body weight43~44 
with increases in plaama triglycerides and ketone@ and a decrease in 
serum cholesterol c~ncentration.~~ 
depression 

Side effects included dry mouth,' 
irritability, and reduction in cigarette and alcohol con- 

sumption. 41 

Compounds related structurally to amphetamine (containing the carbon 
skeleton of the parent) were further investigated with some progress in 
improving anorexiant selec vity. Clinical study of a p-chloroamphet- 
amine analog, A-31960 showed modest potency for the drug but low 
Stimulation liability and minimal cardiovascular effects cmpared to 
methamphetamine and diethylpropion controls. 

tive appetite inhibitor in clinical 
effects by use of sustained release 

A comvound (XI related to diethylprop n was found to be an effec- 
trial.Ig Improved control of side 
medication was ahown. 

IX A-31960 X SK&F 70948 

Further reports appeared on N-substituted amphetamines, several based 
on clinical trials. 
function perhaps entirely by release of amphetamine itself by metabolic 
dealkylati~n~~ or deacylation (see metabolism section). Thus their pro- 
file is basically that of amphetamine attenuated with rerpect to anorec- 
tic potency, atimulation and side affects but with prolonged duration of 
action. 

Most investigators recognize that these compounds 
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Structure-Activity and Side Effects - Structure-activity relationships 
received first consideration in the recent Symposium on Ampheta- 
mines. 13a-d~ 4 9x9 ad Anorexic phenethylamines have been ranked and 
grouped according to their anorexic potency and their activity in a con- 
tinuous avoidance behavior test. 15 
and decreased avoidance responding, 
avoidance, methamphetamine and p-chloroamphetamine being most potent. 
Para-methylamphetamine was potent at causing decrease in avoidance, 

Fenf luramine produced potent anorexia 
Most compounds caused increases in 

Pulmonary hypertension has bee8 found to be a possible side effect of 
Attempts to show a pathogenetic 

A study of chlorphentermine in rats showed 

anorexic agents, notably aminorex 
mechanism have been inconclusive.49 
pulmonary small blood vessels. 
development of abnormal cells in the alveoli. 

The effect seems to be localized in 

Mechanisms of Anorectic Action - Amphetamine, fenfluramine and, to a 
lesser extent, other anorectics have been studied inteneively to relate 
the behavioral effects of these drugs to biochemical parameters in the 
brain. 
ate description of the state of the art as of 1969. Despite this intense 
interest, agreement has not been reached on amphetamine's mechanism of 
stimulant or anorexiant action. 

The large sections in the Milan Symposium B0okl3j'~ give an accur- 

A simplified summary of recent studies on amphetamine actions and 
drug interactions follows: 

Amphetamine: Releases and depletes brain n~repinephrIne.l~~*j *s,u*v 
Increases brain dopamine turnover. 131 
Releases serotonin (higher doses) ,13m 
Releases its own stored metabolite p-hydroxynor- 

ephedrine, a false tran~mitter.~~j sk  

Amphetamine anorexia is inhibited by: 

Tyrosine hydroxylase inhibitors.51~54 
Reserpine pretreatment (norepinephrine , serotonin 

releaser ,419 52 , 53 
p-Chlorophen lalanine pretreatment (a serotonin 

depletor)g5 ~5~ (stimulation also blocked), 
Cyproheptadine pretreatment (serotonin antagonist) .56 

Amphetamine anorexia is enhanced by desmethylimipramine, a blocker 
of norepinephrine re-uptake, but is unaffected by chlorimipramine, a 
blocker of serotonin re-uptake.57,58 

The above observations have been used with a great deal of additional 
data to reach the conclusion that amphetamine exerts its anorectic action 
principally through catecholaminer ic mechanisms and is mediated by nor- 
epinephrine and dopamine release .lqm* 59 Serotonergic mechanisms are also 
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involved but play a secondary r o l e  in the case of t h i s  drug.56 
release of serotonin by fenfluramine or  norfenfluramine ma be of primary 
importance t o  the anorect ic  e f f e c t s  of these two drugs.60,{8 Other 
phenethylamine-based anorect ics  have been studied less but appear t o  d i s -  
play varying p r o f i l e s . 5 6 ~ 5 7 ~ 6 1  Some share ce r t a in  e f f e c t s  with ampheta- 
mine, o the r s  have e f f e c t s  i n  common with norfenfluramine o r  fenfluramine. 
To a c e r t a i n  extent  each agent seems t o  have i ts  own unique profile.62 

However, 

Alpha and Beta Hypothalamic Receptors - A unifying hypothesis of hunger 
and satiet systems i n  the lateral  and ventromedial hypothalamus has been 
proposed.63 The lateral hypothalamus contains beta receptors;  beta agon- 
ists st imulate  these receptors t o  produce the behavioral response of 
s a t i e t y .  Beta antagonis ts  block s a t i e t y .  The ventromedial hypothalamus 
contains alpha receptors;  st imulation by alpha agonis ts  produces the 
behavioral response of hunger. Alpha antagonists block hunger. The per i -  
fo rn ica l  area contains both types of receptors and elicits  attenuated 
responses. This revolutionary hypothesis has thus far brought l i t t l e  pub- 
l i shed  response. 
8nd p a r t i a l l y  contradict  these conclusions. 64 

Results i n  sheep and cat t le  tend to  p a r t i a l l y  support 

Tolerance and Withdrawal - A c l i n i c a l  study of withdrawal following pro- 
longed amphetamine abuse showed temporal correlat ion of excret ion of a 
norepinephrine metabolite, 3-methoxy-4-hydroxyphenyl glycol,  with depres- 
r ion . 65 

. Two s tud ie s  of tolerance t o  the anorexic e f f e c t s  of amphetamine 
brought out  t h a t  t h i s  tolerance r e f l e c t s  a behavioral adaptation of t he  
animal t o  the drug. 
responded normally t o  the u when, a f t e r  several  days, the drug dose 

Animals dosed with amphetamine following feeding 

was given before the meal. P6J7 

Wpolysis - Amphetamine-induced l i p o l y s i s  may be mediated v i a  release of 
a p i t u i t a r y  hormone or by an act ion on t h e  hypothalamus,68 
catecholamines from the adrenals as a mechanism was eliminated by adren- 
alectomy. Hypophysectomy, thyroidectomy o r  cor t isone pretreatment inhib- 
i t e d  the l i p o l y t i c  e f f ec t .  This e f f e c t  was a l so  blocked by propranolol. 
A tolerance study indicated rapid development of tolerance to  both anor- 
mia and mobilization of f a t t y  acids .  69 The animals remained responsive 
t o  the administration of exogenous norepinephrine but developed cross- 
tolerance t o  the l i p o l y t i c  e f f e c t  of other  anorectics.  

Release of 

Metabolism - The understandin of the metabolism of anorect ic  drugs con- 
t inues t o  grow in i m p ~ r t a n c e . ~ ~ ~ - ~  In t e rac t ion  of parent drug with prin- 
c i p a l m e t a b o l i t e s  has been shown to  play an important r o l e  i n  ove ra l l  
drug profile.13j s k  

Dealkylation and deacylation of N-substituted 
ics  are l i k e l y  t o  be rapid metabolic processee. 41 s 15d 9 

y la t ion  is great ly  dependent on aromatic s u b ~ t i t u t i o n ~ ~ ~ , ~ ;  beta hydrox- 

henethylamine anorex- 
Aromatic hydrox- 
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ylation is to a certain extent an unknown quantity.13f 
ation of the side chain ultimately leading to the corresponding benzoic 
acid is an important metabolic process of virtually every member of this 
group of drugs. 13f $41 

N-Hydroxylation has been recently reported70 to be an important 

Oxidative deamin- 

metabolic transformation in the case of phendimetrazine (XI) : 

H 

XI 

a, R = CH3, phendimetrazine 
b, R = OH, metabolite 

Miscellaneous - Blguanides continue to receive some attention for the 
treatment of obesity. 
exceso of that caused by the d ree of anorexia produced in five obese 
women treated with phenformin.Sf There was no protein catabolism, change 
in metabolic rate or water loss involved. 
exia, biguanides have been suspected of interfering with absorption.72 
A study in gold thioglucoee treated mice demonstrated body weight loss 
without anorexia with phenfonnin73 implicating factors other than anor- 
exia as the cause of phenformin'a antiobesity effect. 

A clinical study has demonstrated weight loss in 

In addition to inducing anor- 

' 

Further studies were conducted on the fat mobilizing substance FMS 
lA, a glycopeptide isolated from urine that causes anorexia in animals 
and man, 
cal exercise produces an increase in the plasma concentration of FMS 1~.74 
Studies in rats indicated that high protein diets caused an increase in 
the amounts and total anorexigenic activity of FMS 1~.75 
total activity of M S  1A excreted in the urine were found to be directly 
proportional to the amounts of food consumed. 

Prostaglandins have aroused some interest in obesity research. 76977 
Subcutaneous and hypothalamic injections of 
decreased food Intake compared to controls.7i They have also been shown 
to affect lipolysis, growth hormone levels, glucose uptake by adipose 
tissue and synthesis of triglycerides from glucose and acetate and have 
been suggested as having a physiological role as mediators for the control 
of free fatty acid mobilizati~n.~~ A study of the effect of diethylstil- 
bestrol on food intake of mice with ventromedial hypothalamic lesions 
reported that these animals are supersensitive to the anorexigenic activ- . 
ity of diethyl~tilbestrol~~ just as other hypothalamically lesioned ani- 
mals are hypersensitive to the effects of  anorectic^.^^ 

A clinical study in man has demonstrated that exhaustive physi- 

The amounts and 

rostaglandins to male rats 
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New test methods i n  animals f o r  detect ing anorectic and ant iobesi ty  
drugo have received l i t t l e  a t ten t ion  i n  the  past  f e w  years. Oae test 
method i n  cats was described u t i l i z i n g  in jec t ion  of sodium pentobarbital  
i n t o  the cerebral  vent r ic les  producing hype hagia which can be inhibi ted 
by pr ior  administration of anorectic d r u g s . 3  Another test method i n  
high f a t  d i e t  rats was shown t o  be capable of de tec t in  drugs that a f fec t  
body weight with or without reducing food consumption. f 4  

X I 1  cyproheptadine X I 1 1  bucl iz ine 

Appetite Stimulants - The f i e l d  of appet i te  st imulants represents a r ipe  
area f o r  research. 
t h i s  indication i s  l i m i t e d  and a s ign i f icant  new agent could command a 
major p a r t  of a f a i r l y  s izeable  poten t ia l  market. The drug most used f o r  
st imulation of appet i te  is cyproheptadine (XII) , an antihistaminic sero- 
tonin antagonist. Reports i n  the past  three years have shown that cypro- 
heptadine was ef fec t ive  i n  st imulating appet i te  and promoting weight gain 
i n  basical ly  normal underweight children81 ,82 , i n  children with any psy- 
chological problems83, i n  underweight but healthy adults84 and i n  anorexic 
patients85 but was not e f fec t ive  i n  healthy but underweight older  psychi- 
a t r ic  patients.86 It is thought that the weight gain is pr inc ipa l ly  due 
t o  an increase i n  food intake without an e f f e c t  on fas t ing  blood glucose 
o r  serum insul in  levels.87 Buclizine (XIII), an agent with t ranqui l izer  
and antihistaminic a c t i v i t y ,  was a l so  shown t o  be e f fec t ive  i n  producing 
appet i te  stirnulation and increasing body weight i n  children. 88 

The number of drugs shown t o  be useful  and safe  f o r  
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In t roduc t ion  - Between the years 1967 and 1971, 2,725 people were found t o  
be hypertensive (blood pressure > 160/95) ou t  o f  a group o f  22,929 people 
who were screened.l The magnitude o f  the problem presented by t h i s  "con- 
t r o l  l ab le  diseasett2 i s  manifest and urgent, because the advantages o f  e a r l y  
treatment are becoming general ly r e ~ o g n i s e d . ~ ' ~  A s y m p o ~ i u m ~ - ~  on 
"Hypertension: Mechanisms and Management" describes the present s ta tus  o f  
the disease; other reviewsg'll discuss the chemotherapeutic cont ro l  o f  h igh  
blood pressure, and the mechanism o f  ac t fon  o f  some vasoactive drugs.12 
The i n t e r a c t i o n  o f  ant ihypertensive agents w i th  o ther  drugs has been 
sumnarised on a l og i ca l  mechanistic basis.13 
tensive r a t  (SHR) has been f u r t h e r  a s ~ e s s e d ' ~ - ' ~  as a model f o r  human 
essent ia l  hypertension. 

The spontaneously hyper- 

I n  a review on hypertension and the geochemical environment, the 
evidence tha t  cadmium may be involved i n  the genesis of essent ia l  hyper- 
tension i s  discussed and has l ed  t o  the i n t r i g u i n g  speculat ion o f  a l i n k  
between cadmium and the we1 1-known epidemiological c o r r e l a t i o n  of cardio- 
vascular disease w i t h  the softness o f  the water supply.18 

1 1 1  I l l  

The c l i n i c a l  study o f  recent antlhypertensives - Man 
demonstrate the therapeut ic value o f  c lon id ine  ( 1 )  .lg I t s  de ta i l ed  
mechanisms of ac t i on  continue to be explored i n  man and animals.20*2 
c e n t r a l l y  mediated e f f e c t  on the sympathetic system has been shown i n  man,23 
and i t  has been concluded from studies on i so la ted  human t i ssue tha t  non- 
competitrve blockade o f  noradrenaline i n  venous t i ssue may a l so  be 
responsible f o r  i t s  hypotensive action.24 
very low concentrat ions, c lon id ine  and BAY a 6781 ( 1 1 )  i n h i b i t  the release 
o f  t ransmi t te r  i n  postgangl i o n i c  adrenergic nerves of r a b b i t  hear t  and post- 
gang1 i o n i c  chol i n e r g i c  nerves o f  guinea p i g  ileum.25 s26 The reduct ion o f  
the hypotensive response i n  rabb i t s  produced by c lon id ine  a f t e r  treatment 

papers continue t o  

I t s  

Other work has shown tha t ,  a t  
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w i t h  desmethyl imipramine i s  a l s o  i n te rp re ted  as c lon id ine  a c t i n g  on nor- 
adrenergic neurones ra ther  than a t  the a-adrenergic receptor.27 

The e f f i c a c y  o f  8-adrenoreceptor antagonis ts  such as propranolo l  ,28-31 
a lp reno lo l  ,28 oxprenolol,32 p indolo l ,33 p r a c t o l o l  ,34 and MK-950 (I 1 0 3 5 9 3 6  
i n  many pa t i en ts  i s  we l l  documented, although the mechanism by which they 
ac t  i s  not understood. 
has been proposed38 fo l l ow ing  the important observat ion tha t  p a t i e n t s  w i t h  
h igh plasma ren in  a c t i v i t y  show the grea tes t  f a l l s  i n  both ren in  l eve l  and 
blood pressure a f t e r  propranolo l ,  whereas t h i s  drug does not  reduce the 
blood pressure o r  the ren in  leve l  i n  pa t i en ts  w i t h  low plasma ren in  leve ls .  
The therapeut ic  u t i  1 i t y  o f  combining propranolo l  (and o the r  8-adrenoreceptor 
antagonists) w i t h  a vasodilator39-45 i s  probably due t o  propranolo l  ' s  
a b i l i t y  t o  i n h i b i t  ren in  secre t ion  i n  a d d i t i o n  t o  i t s  e f f e c t  on the 
associated tachycard i a. 

A poss ib le  reso lu t i on  o f  t h i s  " therapeut ic  paradox"37 

The use o f  vasod i la to rs  alone i s  exempl i f ied  by the e f f i cacy  o f  
minox id i l46  and guancydine.47 Fur ther  c l i n i c a l  s tud ies  w i t h  m inox id i l  
have shown t h a t  the prolonged an t ihyper tens ive  response is not  due t o  
slow exc re t i on  o r  metabolism, but  may be due t o  a p e r s i s t e n t  e f f e c t  on 
receptor s i tes.48 lndoramine i s  an e f f e c t i v e  a-adrenoreceptor antagonis t  
i n  man49 and i t  appears to  be we l l  to lerated.50 

The c o r r e l a t i o n  o f  the c l  i n i c a l  e f f e c t s  o f  guanethidine and debr isoquin 
i n  v i t r o  s tud ies  has been reviewed.51~52 w i t h  in format ion obtained from 

Guanadrel ( I V ,  U-28,288D)53*54 
guanethidine and t o  be equa l ly  
(V, Ro 4-2137)55 o n l y  e x h i b i t s  

M e c N - R  

V I  

appears t o  ac t  more r a p i d l y  than 
e f f e c t i v e .  The novel 6 -ary lser ine  
s l i g h t  an t ihyper tens ive  a c t i v i t y  i n  man. 

Me0 
\- 

Me Me 

Q-. 
Me Me 

V I  I 

HO-(O>CH (OH) CH ( N H ~ )  C O ~ H  
I 

V 

R = CH2CH2NHC (=NH) NH2 

, 

V I I I  

Adrenergic neurone b lockers  - S t r u c t u r e - a c t i v i t y  re la t i onsh ips  of an exten- 
s i ve  ser ies  of X-guanidinoethyl -azacycloal kanes have been d i  s c u s ~ e d ; ~ ~  the 
compounds ranged from the  c l i n i c a l l y  a c t i v e  cyclazenine ( V I )  to the  pure 
gang1 ion b lockers ( V I  I )  and ( V I  I I ) .  Potent adrenergic neurone b lock ing  
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a c t i v i t y  has been reported f o r  compounds such as ( l X ) . 5 7  
a f f e c t s  the responses t o  s t imu la t i on  o f  r a b b i t  a t r i a  and a o r t i c  s t r i p s  i n  a 
simi l a r  manner t o  t h a t  of guanethidine. The tetrahydroisoquinol  ines (Xla 
and b) are a-adrenoreceptor antagonists, and t h i s  ac t i on  i s  combined w i t h  
adrenergic neurone blockade i n  (Xlc, SC 3123)59 which causes hypotension 
i n  dogs, cats and rats,60 but proved unsat is fac to ry  i n  the c l i n l c . 5 9  

AZ-55 ( X I 5 8  

I X  X 

a) R = R '  = Me 
A = CH2CH2 

b) R = H, R '  = Me 
A = C(=NH)NH(CH2)2 

c )  R = Me, R '  = H 
A = C(INH)NH(CH~)~ 

N-A-0 @J 
Me0 

H R '  OMe 

X I  

Gang1 ion blockers - The re la t i onsh ip  between i n t e r - n i  trogen distance and 
gang1 ion blocking potency o f  bis-quaternary s a l t s  has been s tud ied  by 
several groups, Compound (XI  I c ) ,  i n  which the i n t e r - n i  trogen distance i s  
6.5-7.71, i s  more a c t i v e  than ( X l l a ) ,  (X l lb )  o r  hexamethonium; i t  i s  
hypotensive i n  the anesthetized r a t  a t  1 .O mg/kg.61 Compound ( X I  I I) i s  a l s o  
more ac t i ve  than hexarnethonium.62 Lipophi 1 i c i  t y  of these and o the r  b i s -  
quaternary s a l t s  Is no t  a c r u c i a l  f ac to r  i n  determining ganglion b lock ing  
potency.62 Some bis-quaternary ammonium der i va t i ves  o f  cholane, i n  which 
the in te r -n i t rogen distance is about 5.8A, required 7 mg/kg (i.v.1 t o  
produce the same e f f e c t  on the blood pressure o f  the anesthetized c a t  as 
2 mg/kg of hexamethonium.63 

n 

E t M e 2 N + a  

+ 
Me A Me +@ CH2NMe + 3 

R - X ~ X - R  
U 

X I  I 

a) X-R = NMe 

b) X-R = CNMe 
+ X I  I I XIV 

3+ 
3 c) X-R = CCH2NMe 

Hypotension, which may be a r e s u l t  o f  ganglion blockade, has been 
observed i n  the cat, dog and ch ick  a f t e r  the neuromuscular b lock ing  agent 
M6B 15,944 ( X l V ) . 6 4  
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u-Adrenoreceptor blockers - The 4-hydroxyphenylpropanolami ne (XV,  RC 61-91, 
Vadilex) causes dose-related hypotension i n  ra ts ,  rabbi ts  and dogs; i t  i s  
two to  f i v e  times more ac t i ve  than isoxsuprine as a vasodilator.65 A t  1.0 
to  10 mg/kg, compound ( X V I ) ,  and re la ted arylpiperazines, lower the blood 
pressure o f  anesthetized dogs by 15-40%.66 
prolonged a-adrenoreceptor blockade occurs i n  dogs treated w i t h  WR-149,024 

Rather spec i f i c  and f a i r l y  

( X V l l ) . 6 7  

Further d e t a i l s  have appeared on the propert ies o f  ( X V I  1 1 ) :  
several species i t  was a more potent hypotensive than i t s  subst i tu ted 
der ivat ives which, although s t r u c t u r a l l y  re la ted t o  c lonidine, act  mainly 
by per i phera 1 a-ad renoreceptor blockade .68 

i n  

Me0 c1 
xv xv I 

X V I  I 

Compounds a f fec t i ng  adrenergic t ransmit ters - The hypotensi ve e f f e c t  o f  
ora l  5-(3,4-dibromobutyI)picol i n i c  ac id  i n  normotensive rabbi ts  and SHR's 
may be more pers is tent  than that  o f  5 -bu ty lp i co l i n i c  ( fusar ic)  ac id  
i t se l f , 69  which was antihypertensive i n  c l i n i c a l  t r i a l s . 7 0  
hypertensive rats ,  o r a i  3-amino-2-oxazol idinone and several o f  i t s  S c h i f f ' s  
base der ivat ives lower blood pressure more than pargyl ine; t h e i r  i n  v ivo 
mnoamine oxidase i n h i b i t o r y  a c t i v i t y  does not corre la te w i th  a n t i -  
hypertensive potency.71 

I n  renal 

Several papers show that  st imulat ion o f  cent ra l  a-adrenoreceptors, 
which resul ts  i n  the i n h i b i t i o n  of sympathetic tone, i s  the p r i n c i p l e  mode 
o f  act ion o f  a - m e t h y l d ~ p a ; ~ ~ - ~ ~  a s im i la r  mechanlsm has been demonstrated 
f o r  1-dopa by dog cross-c i rcu la t ion experiments.76,77 
c l i n i c a l  appl icat ions of dopamine analogs i n  cardiovascular disease have 
been rev i ewed . 

The po ten t i a l  

Natural ly occurring and re la ted compounds - The vasodi la ta t ion o f  twenty 
four natural  and synthet ic prostaglandins has been compared i n  the anesth- 
e t ized dog, but none was more act ive than PGEl.79 The depressor e f fec ts  
o f  intravenous PGA, and PGE2 i n  the SHR are thought t o  be mediated by a 
central  e f f e c t  on the vagus;80 PGA2 ma be involved i n  the regulat ion o f  
blood pressure and renal homeostasis.81 Prostaglandin def ic iency may play 
a r o l e  i n  the genesis of essent ia l  hypertension;82 a prostaglandin-1 i ke  
substance which depresses adrenergic neurone a c t i v i t y  i s  l i be ra ted  when the 
perfusion pressure o f  the kidney i s  reduced.83 
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A heptapeptide amide and some de r i va t i ves  having the 5 -11  sequence 

e l e d o i s i n  show e ledo is in -1  i k e  a c t i v i t y  i n  the dog.84 [Sarl,l le8]angio-  
tens in  t i e5$  86 i s  a l ong - las t i ng  compet i t ive i n h i b i t o r  o f  angiotens in I 
Neotetrazol ium reduces the pressor e f f e c t s  o f  angiotens in by a complex 
mechan i sm. 87 A syn the t i c  nonapept i de , pyroG 1 u-Trp-Pro-Arg-P ro-G 1 n- 1 1 e- 
Pro-Pro (BPPqa, SQ 20,881) ,88 o r i g i n a l l y  i so la ted  from the venom o f  

o f  

Bothrops ja raraca,  i s  a powerful compet i t ive i n h i b i t o r  o f  the  enzyme 
which converts anqiotens in I i n t o  anqiotens in I I ,  and may have u t i l i t y  i n  
some forms o f  h y p e r t e n ~ i o n . ~ ~  
described angiotens in I I  antagonis ts  have now been preparedq0 and shown t o  
i n h i b i t  the e f f e c t s  o f  both angiotens in 1 and I t  i n  the r a t  and i n  i s o l a t e d  
t i ssue . 

The angiotens in I -ana logs 'o f  p rev ious l y  

Methyl reserpate has been e s t e r i f i e d  w i t h  var ious cinnamic ac ids,  and 
the products were given in t ravenously  t o  conscious cannulated SHR's; the 
e s t e r  der ived from 3,4-dimethoxycinnamic a c i d  has a s i m i l a r  a c t i v i t y  t o  
r e ~ c i n n a m i n e . ~ ~  
c lav ine- type,  rugulovasine A and 6,  e l i c i t  var ious responses i nc lud ing  
hypotension i n  ra ts  and cats ,  the mechanism i s  thought t o  be depression o f  
cen t ra l  vasomotor and acce le ra to r  I n  dogs, the 3(2H)-iso- 
quinolone ( X I X )  causes more prolonged vasod i l a ta t i on  than papaverine bu t  
less p o s i t i v e  i n o t r o p i c  e f fec ts .94  A dopamine-B-hydroxylase i n h i b i t o r ,  
dopastin ( X X ) ,  has been i s o l a t e d  from a b a c t e r i a l  c u l t u r e  and s y n t h e ~ i z e d ; ~ ~  
the blood pressure o f  S H R ' s  i s  lowered by 40-50 mn H g , a f t e r  dopast in  a t  
20 mg/kg (i.p.1 .96 

Two recent ly  character ized ergo t  a l ka lo ids  o f  the chano- 

Me0 / / 0 

Me0 W - M e  

neoaCH2 Me0 

x I X  xx 

I 
NO 

Other hypotensives - The an t ihyper tens ive  a c t i v i t y  of an extens ive ser ies  
o f  d iazox ide analogs has been subjected t o  mu1 t i p l e  regress ion analyses 
using l i p o p h i l  i c ,  e l e c t r o n i c  and s t e r i c  subs t i tuent  constants.97 This  i s  
an impressive example of the a p p l i c a t i o n  o f  these methods, and leads t o  a 
remarkably simple d e f i n i t i o n  o f  the subs t i tuent  requirements f o r  maximum 
a c t i v i t y  i n  t h i s  se r ies  and t o  some conclusions about 'poss ib le  receptor  
s i t e  i n te rac t i ons .  

The minimum e f f e c t i v e  dose o f  monosubsti t u ted  sulfamoylazides needed t o  
lower the blood pressure o f  anesthetized normotensive dogs i s  0.005-0.01 
mg/kg (i.v.1, and o f  the d i s u b s t i t u t e d  de r i va t i ves  i t  i s  0.3-1.25 mg/kg. 
This s t r i k i n g  d i f f e rence  i s  r e l a t e d  t o  the extreme s t a b i l i t y  t o  hyd ro l ys i s  
o f  the l a t t e r ,  azide ion being the  hypotensive species.98 
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Compounds (XXI )  appear to  be the most potent  o f  some new hydrazino- 
pyr idaz ines;  they lower the blood pressure o f  Grollman r a t s  a t  3 mg/kg 
(p.0.) and anesthetized dogs a t  0.5 mg/kg ( i .v . ) .99 A t  6.25 mg/kg (p.0.) 
the hydrazine (XX I I) lowers the blood pressure o f  conscious normotensi ve 
r a t s  by 13-50% fo r  several hours.100 

Me )$Y N 

NHNH2 

xx I 

(X = CH2 o r  0) 

X X I  I X X I  I I 

F3 a) R = E t ,  R' = 

b) R = Me, R '  = NO2 

SKEF 24260 (XX l a )  i s  the  most i n t e r e s t i n g  o f  a se r ies  o f  po ten t  
d i rec t -ac t  i ng vasod a to rs .  Sustained hypotension i s  observed i n  
anesthetized dogs a 
o r  renal hypertensive dogs a t  1 mg/kg (p.0.) accompanied by tachycardia. 
SK6F 24260 i s  a l so  a c t i v e  i n  o ther  species, i nc lud ing  hyper tens ive humans 
a t  0.1 mg/kg (p.o.).'02' 
developed as an an t i -ang ina l  agent,103 i s  an o r a l l y  a c t i v e  coronary d i l a t o r  
which a l so  has s i g n i f i c a n t  hypotensive a c t i v i t y  a t  a s i n g l e  o r a l  dose o f  
20 1119,104 

0.01 mg/kg ( i . v .1 ,  and i n  normotensive, neurogenic 

N i fed ip ine  (XX l l l b ,  BAY a 1040) which has been 

Several a ry l t h iou reas  (XXIV  a-d) a re  an t ihyper tens ive  i n  the 
metacor t ico id  r a t  a t  1 mg/kg o r  less (P.o.), but  they are not  a c t i v e  i n  the 
neurogenic dog. 
i t s e l f  ac t i ve  only  i n  the dog; 
i n  both species.105 

A metabo l i te  (XXIVe) from both t h e  r a t  and the  dog was 
the S-dioxide o f  (XXIVb) i s  o r a l l y  a c t i v e  

a) R = 2,6-C12 

D 

e) R = 2,6-C12-4-H0 
X X I V  xxv 

The benzoth ia to le  (XXV) i s  an t ihyper tens ive  in, ra t s ,  having an ED50 o f  
6 mg/kg (s.c.) ,106 
zoles cause prolonged reduct ion o f  the blood pressure o f  conscious r a t s ,  
but to lerance i s  r a p i d l y  es tab l  i shed. lo7  

Oral 2-acetamidothiazole and some r e l a t e d  1,3,4-thiadia- 



58 Sect. I1 - Pharmacodynamic Agents Topl iss ,  Ed. - 
The blood pressure o f  anesthetized ca ts  i s  lowered by 50-80 mm Hg f o r  

longer than one hour by 2.5 mg/kg o f  the p ipera t ines  ( X X V I  a -d ) . lo8  
cardiac st imulant ( X X V I  I )  i s  a potent per ipheral  vasod i la to r ;  a f t e r  2 mg/kg 
( i . v , ) ,  the mean a r t e r i a l  pressure of the dog anesthetized w i t h  ch lo ra lose  
fa1 1s by about 40 mm Hg f o r  more than an hour . loq  
show papaverine-1 i k e  a c t i v i  t i n  the rabbi t ;  (XXVI  I la)  lowers the blood 
pressure a t  10 pg/kg ( i .v.1. Y i o  

The 

Compounds ( X X V I  1 l a  and b) 

(9 R xxv Q xxv 

R1 

CH (OH) CHMeNH-A-Ph I OCH2CH2NHCHMeCH2Ph 

OCH2CHCH2-NzN-Ph I I 

I 0 X X V l l I  
EtCHOH 

R I  = OH 

R ’  = OH 

OH 

a) R = E t S O ,  

b) R = PhCHSCHCO, 

a) A = (CH ) S 

b) A = CHMeCH2S 
2 3  

c) R = PhCH2CH2C0, 

d) R = E t C O ,  R l  = H 

R ’  = OH 

R RH)--J CHMe2 

R 
n n 

NJ-Me , NHC (=NH) NH2 R = CH -N 0 2 u  

CH2CMe2R 

R = NHMe, NMe2, rn 
R = NH2, NHMe 

X X I X  xxx xxx  I 
The amines ( X X I X )  cause a ro t rac ted  f a l l  i n  the blood pressure o f  

DOCA r a t s  a t  8-10 mg/kg (i.v.). Several tetrahydro-1-benroxepins (XXX) 
cause hypotension a t  5-30 mg/kg ( i .v.) i n  ra ts . l l *  The tropolone ( X X X I )  i s  
more potent than papaverine as a per iphera l ,  and espec ia l l y  as a coronary, 
d i l a t o r ;  i t s  hypotensive e f f e c t  may a lso  be due t o  vasomotor i n h i b i t i ~ n . ” ~  

CH2CH2CONHR c1- 
N \  / 

X X X I  I X X X I  I I 
Me 

‘1, c, 
N 

R = CH2Ph, PhCH2CCl=CHCH2 

I n  a study o f  the pharmacological ac t ions  o f  miscellaneous d i a z i r i n e s ,  
(XXXI  I )  turned out t o  lower the mean blood pressure o f  conscious 
normotensive ra ts  by 20% o r  more two hours a f t e r  dosing a t  100 mg/kg 
(P.O.).~”+ The quaternary s a l t  ( X X X I I I )  i s  the most a c t i v e  o f  several 
analogs which cause sustained hypotension i n  cats by an unknown 
mechanism. A t  100 mg/kg , parentera 1 2-mercaptop rop iony 1 g l  y c i  ne 
(Thiola) lowers the blood. pressure o f  anesthetized r a t s  by 30-55 mm Hg 
f o r  4-6 hours; vascular o r  c a p i l l a r y  d i l a t i o n  i s  the suggested mechanism.l16 



59 - Chap. 7 An t i hype r  t ensive Agents Roe 

1 .  

2. 
3. 
4. 

5. 
6. 

7. 
8. 
9. 

10. 

11.  
12. 
13- 
14. 
15. 
16. 

17. 
18. 
19. 

20. 
21. 
22. 
23. 

24. 
25 * 

26. 

27 - 
28. 
29. 
30 * 

31. 
32. 
33 - 
34. 

35. 

36. 

REFERENCES 

J.A. Schoenberger, J. Stamler, R.B. Shekelle, and S. Shekelle, J. Amer. 
Med. Assoc., 222, 559 (1972) . 
E.D. F re is ,  C l i n .  Pharmacol. Ther., 13, 627 (1972). 
F.H. S m i r k ,  Amer. Heart J., a, 825 n 9 7 2 ) .  
Veterans Administrat ion Cooperative Study Group on Ant ihypertensive 
Agents, C i r cu la t i on ,  45, 991 (1972). 
G. Picker ing,  Amer. JTMed., 52, 570 (1972). 
A.C. Guyton, T.G. Coleman, A.W. Cowley, K.W. Scheel, R.D. Manning, and 
R.A. Norman, Amer .  J. Med., 52, 584 (1972). 
L. Tobian, Amer. J. Med., 5 2 . 5 9 5  (1972). 
H.P. Dustan, R.C.  Ta ra t i ,  and E.L. Bravo, Amer. J. Med., 52, 610 (1972). 
E.D. F re i s ,  J .  Amer. Med. ASSOC., 218, 1009 (1971). 
A.L.A. Boura and F.C. Copp, Reports on the Progress o f  Appl ied 
Chemistry, 56, 675 (1972). 
I .R .  Gray, B r i t .  Med. J., 2_, 31 (1972). 
B.G. Zimmerman, Ann. Rev. Pharmacol., 12, 125 (1972). 
I .H. Stockley, Pharmaceutical J., 209,-645 (1972). 
L.  Czytewski and W.A. Pe t t inger ,  C l i n .  Res., 20, 26 (1972). 
Y. Yamori and K. Okamoto, Jap, J. Pharmacol ., 22, Suppl.84 (1972). 
E.D. F re is ,  D. Ragan, H. P i l l sbu ry ,  and M. Mathews, C i rc .  Res., 31, 
1 (1972) 
R.C. Tarazi and S. Sen, C l i n .  Res., 3, 772 (1972). 
H.M. Perry, Ann. New Vork Acad. Sci ., 199, 202 (1972). 
W.J. Mroczek, M. Davidov, and F.A. Finnerty,  Amer. J. Cardiol. ,  30, 
536 (1972). 
P.A. van Zwieten, ThQrapie, 3, 565 (1972). 
W. Kobinger and A. Walland, Eur. J. Pharmacol., 19, 203 (1972). 
W. Kobinger and A. Walland, Eur. J .  Pharmacol., 19, 210 (1972). 
J. Brod, L. Horbach, H. Jus t ,  J .  Rosenthal, and R. Nicolescu, Eur. J .  
C 1  in .  Pharmacol., k, 107 (1972). 
I .M .  Coupar and M.J. Kirby,  Eur. J. Pharmacol., 17, 50 (1972). 
U. Werner, K. Starke, and H.J. Schijmann, Arch, I n t .  Pharmacodyn., 
- 195, 282 (1972). 
K. Starke, J. Wagner, and H.J. Schimann, Arch. I n t .  Pharmacodyn., 
- 195, 291 (1972). 
R.H. B r ian t  and J.L. Reid, B r i t .  J. Pharmacol., - 46, 563P (1972). 
C .  Bengtsson, Acta Med. Scand., 192, 415 (1972). 
L.J. B e i l i n  and B.E. Juel-Jensen, Lancet, 1, 979 (1972). 
L. Hansson, R. Malmcrona, R.  Olander, L. Rosenhall, A. Westerlund, 
H.Aberg, and 8. Hood, K l i n .  Wochenschr., 50, 364 (1972). 
R.C. Tarazi and H.P. Dustan, Amer. J. Cardiol ., 3, 633 (1972). 
B.R.M. Crook and E.B. Raftery,  C i r cu la t i on ,  46, Suppl. 2, 11-142 (1972). 
I .S .  C o l l i n s  and I . W .  King, Curr. Ther. Res., 14, 185 (1972). 
R.C. Tarazi,  Y.  Savard, H.P. Dustan, and E.L. Bravo, C l i n .  Pharmacol. 
Ther., 13, i 5 4  (1972): 
J.A. Franciosa, J. Conway, and E.D. F re is ,  C l i n .  Pharmacol. Ther., 13, 
138 (1972). 
B.K. Wasson, W.K. Gibson, R.S. S tuar t ,  H.W.R. Wil l iams, and C.H. Yates, 
J. Med. Chem. , 9, 651 (1972). 



60 Sect, I1 - Pharmacodynamic Agents Topliss, Ed. - 

37. E.D. F roh l i ch  and S. Bhatia, C l i n .  Pharmacol. Ther., 13, 138 (1972). 
38. F.R. Biihler, J.H. Laragh, L .  Baer, E.D. Vaughan, and H.R. Brunner, 

39. A.M. Roe, Ann. Reps. Ned. Chem., L, 59 (1972). 
40. R. Zacest, E. Gilmore, and J .  Koch-Weser, New Engl. J. Med., 286, 

41. T.B. Go t t l i eb ,  F.H. Katr ,  and C.A. Chidsey, C i r cu la t i on ,  45, 571 (1972). 
42. J. Tuckman, R .  Mar t in ,  and J. Hodler, Helv. Med. Acta, S T 2 4 3  (1972). 
43. W. Aenishxnsl in ,  J. Pestalozzi-Kerpel, U.C. Dubach, P.R. lmhof, and 

44. R. Sannerstedt, J .  Stenberg, A. Vedin, C .  Wilhelmsson, and L .  Werkb, 

45. A*.S. Dahr, C i r cu la t i on ,  46, Suppl. 2, 11-142 (1972). 
46. C. Limas, N.H. Gulha, and E.D. F re is ,  C l i n .  Pharmacol. Ther., 5, 

47. D.W. Clark and L . I .  Goldberg, Ann. In te rn .  Med., 76, 579 (1972). 
48. T.B. Got t l ieb ,  R.C. Thomas, and C.A. Chidsey, C l i n .  Pharmacol. Ther., 

49. T J .  Boakes, B.N.C. Pr ichard,  and P.C. Teoh, B r i  t.  J. Pharmacol . , 44, 
50. R.B. Royds, D.J. Col t a r t ,  .and J,D.F. Lockhart,  C l i n .  Pharmacol. Ther. , 

51. X A .  Pet t inger  and W.D. Horst, Ann. New York Acad. Sci., 179, 310 

New Engl. J .  Med., 287, 1209 (1972). 

617 (1972). 

M. T u r r i ,  Eur. J. C l l n .  Pharmacol., 5, 177 (1972). 

Amer. J. Cardiol . ,  3, 718 (1972). 

145 (1972). 

13, 436 (1972). 

378P (1972) 

13, 380 (1972). 

(1972). 
52. J . A l  bates, J.R. M i t c h e l l ,  O.T. Feagin, J.S. Kaufmann, and D . G .  Shand, 

53. A.V. Pascual and S. Ju l i us ,  Curr. Ther. Res,, 14, 333 (1972). 
54. T.P. Pruss and J .  Hidalgo, Proc. SOC. Exp. B i o l .  Med., 139, 600 (1972). 
55. M.C. Kew and R.G. F i r s t ,  Curr. Ther. Res., 14, 343 (1972). 
56. H. Wollweber, H .  W i l m s ,  R. Hiltmann, K. Stoepel, and G .  Kroneberg, 

Arzneim.-Forsch., 21, 2089 (1971). 
57. W.L. Mat ier ,  D.A. Owens, and W.T. Corner, 163rd Arner. Chem. SOC. 

Meeting, MEDl  2 (1972). 
58. N. Toda, H. Usui, and K. Shimamoto, Jap. J. Pharmacol., 22, 125 (1972). 
59. C. Casagrande, A. G a l l i ,  R. F e r r i n i ,  and G. M i rago l i ,  FaKaco, Ed. 

Sci., 27, 445 (1972). 
60. R. F e r r i n i ,  G. M i rago l i ,  and G .  S a n t a r e l l i  , B o l l .  Chlm. Farm., 1 1 1 ,  

. 353 (1972). 
61. J.G. Cannon, K.W. Yang, M. Rodriguez, and J.P. Buckley, J. Pharm. Sci., 

60, 1534 (1971). 
62. K A .  Wiley, B.A. Fara j ,  A.  Jantz, and M.M. Hava, J. Med. Chem., 5, 

374 (1972). 
63. I . G .  Marshall and M. Martin-Smith. Eur. J. Pharmacol., 17, 39 (1972). 

Ann. New York Acad. Sci., 179, 302 (1972). 

- 

M. Davis, and J .  Maconochie 64. D.G. Bamford, D.F. Biggs, P. Chapien, 
Exper ient ia,  28, 1069 (1972). 

65. C .  Carron, A . J u l l i e n ,  and 8. Bucher, 
66. J.A. Fernandez, R.A. Be l la re ,  C.V.  De 

Sheth, J. Med. Chem., a, 417 (1972). 
67. R.W. Caldwell, M.H. H e i f f e r ,  and E.H. 

637 (1972). 

Arzneim.-Forsch., g, 1992 
iwala, N.K. Dadkar, and U.K 

Herman, B r i t .  J .  Pharmacol. 

1971). 

-’ 46 



61 Chap. 7 Ant ihypertensive Agents Roe - 
68. 

69. 
70. 
71. 
72. 

73. 
74. 
75. 

76. 

77. 

78. 
79. 
80. 

81. 

82. 

83. 

84. 

85 

86. 

87. 

88. 

89. 
90 

91 

92. 
93. 
94. 

95 

96. 

97 

T. Jen, B. Dienel ,  H. Bowman, J. Petta,  A .  He l t ,  and B.  Loev, J .  Med. 
Chem., 5, 727 (1972). 
H. Hidaka and K. Takeya, Nature, 239, 334 (1972). 
F. Terasawa and M. Kameyama, J a p . T r c u l a t i o n  J., 35, 339 (1971). 
C.L. Kaul and R.S. Grewal, Biochem. Pharmacol., 21,303 (1972). 
A. Heise and G. Kroneberg, Naunyn-Schmiedebergs E c h .  Pharmakol . Exp. 
Pathol., 274, Suppl. R50 (1972). 
A. Heise and G. Kroneberg, Eur. J. Pharmacol., 17, 315 (1972). 
L. Finch and G. Haeusler, B r i t .  J. Pharmacol., 45, 167P (1972). 
M.D. Day, A.G. Roach, and R.L. Whiting, B r i t .  JTPharmacol., 45, 168P 
(1972). . - .  . 
H.R. Kaplan, J.W. Barker, and S . A .  La Sala, Eur. J. Pharmacol., 5, 
273 (1972). 
H. Schmitt, H. Schmitt, and S .  Fenard, Eur. J. Pharmacol., 17, 293 
(1972). . - .  . 
L.I. Goldberg, Pharmacol. Revs., 24, 1 (1972). 
J. Nakano, B r i t .  J. Pharmacol., kc 63 (1972). 
E.E. Muirhead, B.E. Leach, F.B. Armstrong, and G.S. Germain, Abstr .  
60, I n te rna t i ona l  Conference on Prostaglandins, Vienna (1972). 
A. Hornych, M. Safai,  N. Papanicolaou, P. Meyer, and P. M i l l i e z ,  
Abstr. 57, I n te rna t i ona l  Conference on Prostaglandins, Vienna (1972). 
J .  Lee, H. Kannegiesser, J. O'Toole, and E. Westura, Ann. New York 
Acad. Sci., 180, 218 (1971). 
C . S .  Sweet, P.J. Kadowitz, E.L. Forker, and M.J. Brody, Arch. I n t .  
Pharmacodyn., 2, 229 (1972). 
W. Voel ter ,  K. Zech, G. Jung, and K.-F. Sewing, Tetrahedron, 28, 2649 
(1972) 
R.K. T i r ke r ,  M.M. Ha l l ,  M. Yamamoto, C.S.  Sweet, and F.M. Bumpus, 
Science, l77, 1203 (1972). 
M.C. Khosla, R.A. Leese, W.L. Maloy, A.T. Fer re i ra ,  R.R. Smeby, and 
F.M. Bumpus, J. Med. Chem., 15, 792 (1972). 
C.P. Cryssanthou, E.A.  Nelson, F. Teichner, and W. Antopol, Proc. SOC. 
Exp. B io l .  Med., 139, 1305 (1972). 
M.A. Ondett i ,  N.J. Wil l iams, E.F. Sabo, J. Pluscec, E.R. Weaver, and 
0. Kocy, Biochemistry, 10, 4033 (1971). 
J.G. Co l l  i e r ,  B.F. Robinson, and J.R. Vane, Lancet, 72 (1973). 
A.C.M. Paiva, V.L.A. Nouailhetas, M.E. Miyamto, G.B. Mendes, and 
T.B. Paiva, J. Med. Chem., 16, 6 (1973). 
T. Kametani, M. Ihara, T. Suzuki, T. Takahashi, R. Iwaki, H. Takei, 
N. Miyake, M. Yoshida, Y. Hasegawa, and H. Kitagawa, J. Med. Chem., 
- 15, 686 (1972). 
A. Nagaoka,. K. Kikuchi ,  and Y.  Nagawa, Arzneim.-Forsch., 22, 137 (1972). 
A. Nagaoka and K. Kikuchi ,  Arzneim.-Forsch., 22, 143 (197n. 
W.E. Kreighbaum, W.F. Kavanaugh, W.T. Comer, and D. Deitchman, J. Mad. 
Chem., 15, 1131 (1972). 
M. OhnoFH. linuma, N. Yagisawa, S .  Shibahara, Y.  Suhura, S. Kondo, 
K. Maeda, and H. Umezawa, J. Chem. SOC. Chem. Corn., I 4 7  (1973). 
H. Iinuma, T. Takeuchi, S.  Kondo, M. Matsuzaki, H. Umezawa, and 
M. Ohno, J .  A n t i b i o t i c s ,  3, 497 (1972). 
J.G. Top l iss  and M.D. Yudis, J. Med. Chem., 15, 394 (1972). 



62 Sect. I1 - Pharmacodynamic Agents Topliss, Ed. - 
98. W.L. Mat ier ,  W.T. Comer, and D. Deitchman, J. Med. Chem., 5, 538 

99. E. Be l las io ,  A.  Ripamonti, F. P a r r a v i c i n i ,  and E. Ba ldo l i ,  Farmaco, 
(1972). 

Ed. Sci. ,  27, 591 (1972). 
100. G.  Pappalardo, F. Duro, G.  Scapini,  and F. V i t t o r i o ,  Farmaco, 

Ed. Sci. ,  27, 643 (1972). 
101. B. Loev, S.J. Ehrre ich,  and R.E .  Tedeschi, J .  Pharm. Pharmacol ., 3, 

917 (1972). 
102. B.R. Walker, S.G. Meis ter ,  and R.G.  Fami l ia r ,  C l i n .  Pharmacol. Ther., 

13, 155 (1972). 
103. w, Vater, G. Kroneberg, F. Hof fmeis ter ,  H. K a l l e r ,  K. Meng, A .  Oberdorf, 

W. Puls, K. Schlossmann, and K. Stoepel, Arzneim.-Forsch., 22, 1 (1972). 
104. S.  Hayase, S. Hirakawa, S. Hosokawa, N. Mori, S.  Kanyama, and 

M. Iwasa, Arzneim.-Forsch., 22, 370 (1972). 
105. B. L e v ,  P.E. Bender, H. Bowman, A. He l t ,  R .  McLean, and T. Jen, 

J. Med. Chem., 15, 1024 (1972). 
106. M. Verderame, J .  Med. Chem., 15, 693 (1972). 
107. A.M. Grant, S.V. Krees, A.B. Mauger, W.J. Rzeszotarski,  and F.W. Wolff ,  

J. Med. Chem., 15, 1082 (1972). 
108. S. Nivas Rastogi, N. Anand, and C.R.  Prasad, J. Med. Chem., 15, 286 

(1972). 
109. Pham-Huu-Chanh, H. Pinas, and N.P. Buu-Hoi, Pharmacology, a, 137 

(1971). 
110. R. Andrisano and A.S. Angeloni, Chim. Ther., 5, 474 (1971). 
1 1 1 .  Z.J. Vejdelek, F. H rad i l ,  J. Metys, and M. Pro t iva ,  Co l l ec t .  Czech. 

Chem. Commun., 37, 3136 (1972). 
112. M. Pro t iva ,  V .  Seidlova, E. Svatek, and F. Hrad i l ,  Co l l ec t .  Czech. 

Chem. Commun., 37, 868 (1972). 
113. H. Ozawa and S. Mural, J .  Pharm. SOC. Japan, q2, 570 (1972). 
114. R.F.R. Church, R.R. Maleike, and M.J. Weiss, J. Med. Chem., 15, 514 

(1972). 
115. N . I .  Ganuschak, G.T. Pisko, V.S.  Buryak, V . I .  Kucher, N.A. N iko la ichuk,  

R.B. Karinkovskaya, T.L. Nevskaya, and V . I .  Zaporozhets, Khim.- 
Farmatsevt. Zh., 8 (1971). 

116. P.-J. Schulze, Arzneim.-Forsch., 22, 1433 (1972). - 



CHAF'TER 8. ANT1ARR)IyTHMIC AND ANTIANGINAL AGENTS 

Gilbert  W. Adelstein and Richard R. Dean, 
Sear le  Laboratories, Chicago, Ill. 

ANTIARRHYTHMIC AGENTS 

Introduction - A cardiac arrhythmia is caused by an abnormality i n  the  
rate, r egu la r i ty  o r  s i te  of or ig in  of cardiac impulses, or by disturbances 
which a f f e c t  the sequence'of act ivat ion of the a t r ia  and ven t r i c l e s .  Thus 
arrhythmias may be sa id  t o  r e s u l t  from abnormalities of impulse formation 
(automaticity),  impulse conduction, o r  both. 

It is possible  t o  iden t i fy  useful  propert ies  of antiarrhythmic 
drugs on the b a s i s  of t h e i r  e f f e c t s  on automaticity and conduction. 
of the known antiarrhythmic drugs reduce ectopic  a c t i v i t y  due t o  automa- 
t i c i t y .  Antiarrhythmic compounds e f f e c t i v e  against  impaired conduction 
arrhythmias, however, can be categorized as two major types. The f i r s t  
type represented by quinidine,  procaine amide, and propranolol s h i f t s  t h e  
membrane responsiveness curve t o  the r i g h t ;  t h a t  is, it decreases dv/dt 
f o r  any given r e s t ing  potent ia l .  
through depressed t i s sue  may be completely blocked thereby precluding 
reentry .6 

Most 

The result  is tha t  an impulse t r ave l ing  

The second type of drugs represented by l idocaine and diphenylhydan- 
toin s h i f t s  the membrane responsiveness curve t o  the l e f t .  This r e s u l t s  
i n  improved conduction i n  a previously depressed pathway so t h a t  reentry 
i s  minimized.6 

The common fea tu re  of both types of drugs is the  f a c t  t h a t  the ef- 

This has been 
f ec t ive  refractory period is generally prolonged t o  a g rea t e r  degree than 
the action p o t e n t i a l  duration. ostulated as a major 
mechanism i n  the  effect iveness  of these drugs. 9 

Vaughn-Williams8 separated a l l  antiarrhythmic drugs i n t o  th ree  main 
classes  of action: (1) those which d i r e c t l y  i n t e r f e r e  with depolarization 
( loca l  anesthet ic  type),  (2) those with an anti-sympathetic act ion by 
d i r e c t  neurone blockade o r  t r ansmi t t e r  competition (B-blocker) and (3) 
those which delay repolar izat ion.  
more classes.  Thus, quinidine acts v i a  c lasses  1 and 3 act ions,  amiod- 
arone via classes 2 and 3, bretylium only via class 2, etc. 

Compounds can be placed i n  one o r  

Recent s tud ie s  on verapamil led Vaughan-Williams t o  suggest a fourth 
mechanism of  action; namely, t h a t  of blocking a calcium-carrying depolar- 
i z i n g  current.9 '10 While V a u ~ n - w i l ~ i - '  c l a s s i f i c a t i o n  is useful  i n  
categorizing some of the diverse,  i n d i r e c t ,  mechanisms of act ion,  the pre- 
viously described theory6,g of arrhythmia genesis and drug c l a s s i f i c a t i o n  
provides a b e t t e r  i n s igh t  i n t o  some of the common funct ional  end-points 
which r e s u l t  from these varied mechanisms. 
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Beta-Receptor Blocking Agents - Although the synthesis and evaluation of 
compounds as $-receptor blockers continues at  a s t rong pace, more recent 
a t t en t ion  has turned t o  the separation of antiarrhythmic and @-blockade 
features  of the aryloxypropanolamine moiety. 
features  became apparent when it was demonstrated tha t  4-propranolol and 
- dl-propranolol were equipotent against  ouabain-induced arrhythmias , while 
the  dextro-isomer of propranolol has only 1/60-1/10 the potency of t.he 
racemic mixture as a f3-blocker.11r12 
administration of $-receptor blocking drugs may lead t o  de t e r io ra t ion  of 
cardiac f u n c t i o n l 3 ~ ~ ~  i n  p a t i e n t s  with congestive hea r t  f a i l u r e  in  whom 
the c i r cu la t ion  is  supported by sympathetic ac t iv i ty .  15916 Accordingly, 
it w a s  considered t h a t  i f  t he  c l i n i c a l l y  e f f e c t i v e  antiarrhythmic activi- 
t y  is not  dependent upon the adrenergic blocking propert ies  of these 
drugs, t h e i r  potency as P r e c e p t o r  blocking agents might actual ly  be 
undesirable. 

The separat ion of these 

It has been suggested tha t  the 

The antiarrhythmic e f f e c t s  of several  6-blockers have been compared 
t o  each other with regard t o  potency and depressant propert ies . l7  
aconitine-induced a t r ia l  arrhythmias , the  order of decreasing potency i s  : 
propranolol >MJ 1999, ajmaline >LB 46> quinidine. The antiarrhythmic 
e f f e c t s  of H56128, I C I  50172, and D C I  were not determined due t o  the  
cardiovascular depression observed i n  the dosage range used. 
induced ven t r i cu la r  arrhythmias , propranolol, LB 46, and H56128 were 
similar, although hea r t  rate and s y s t o l i c  blood pressure were s ign i f  i c a n t l y  
depressed with the  la t ter  compound. 
f ec t ive  i n  reversing ventr icular  arrhythmias. 

For 

For ouabain- 

M J  1999 and I C I  50172 were not  ef-  

AH 5158 was found t o  possess inh ib i t i ng  a c t i v i t y  a t  both a and 6- 
receptors i n  a va r i e ty  of i n  - v i t r o  t i s s u e  preparations .m 
The B-adrenoceptor blocking 
a c t i v i t y  of AH 5158 was 5-18 
t i m e s  less than t h a t  of pro- 

ceptor blocking a c t i v i t y  of 

CH (OH) CH2NHCH(CH3) CH2CH2Ph 

AH5158 pranolol,  while the a-adreno- 
H2NOC * 
AH 5158 w a s  2-7 times l e s s  than t h a t  of phentolamine. In  doses up t o  1 
mg/kg, AH 5158 caused a dose-dependent blockade of noradrenaline vasopres- 
so r  responses i n  anesthetized dogs, but  sympathetic blockade was "self-  
l imiting" a t  doses beyond 1 mglkg, 
vent re-uptake of noradrenaline allowing f o r  increased l e v e l s  of c i rcula-  
t i n g  catecholamines. 
catecholamine and ouabain-induced arrhythmias i n  anesthetized dogs , and a t  
.25-5 mg/kg o r a l l y ,  s y s t o l i c  blood pressure w a s  s i g n i f i c a n t l y  decreased i n  
conscious renal hypertensive dogs. A l imited p i l o t  study i n  humans showed 
t h a t  AH 5158 e f f e c t i v e l y  lowered blood pressure. 

Apparently higher doses of AH 5158 pre-  

A t  doses of 1-8 mg/kg, AH 5158 antagonized both 

Adamant lmethoxypropanolamine 1 was less ac t ive  than propranolol as  
a B-blocker. l8 Local anes the t i c  and antiarrhythmic p rope r t i e s  were pre- 
sent  but s ign i f i can t ly  less than with l idocaine or procaine amide. 
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The e f f e c t s  of LB-46 
(pindolol;  1- (indol-4yloxy) 
-3- (isopropylamino) -2-propanol) 
on coronary l i ga t ed  dogs show- 
ed s i g n i f i c a n t l y  increased 
maximum rate of rise of the 
f i r s t  der ivat ive,  of the l e f t  
ven t r i cu la r  end-diastolic 
pressure,  hea r t  r a t e ,  and 
cardiac output. 2o These 

e f f e c t s  were more favorable than those produced by propranolol and com- 
parable t o  those of bretylium. I n  i so l a t ed  guinea p ig  atria stimulated 
by adrenaline, LB-46 was 8.3 times more potent than propranolol as a $- 
blocker, and f i v e  times more potent than pro ranolol  as a f3-blocker i n  the  
i so l a t ed  chick rectum relaxed by adrenaline.$l On the  other  hand, LB-46 
was 20-25 times less potent than propranolol i n  preventing tachyarrhythmias 
i n  e l e c t r i c a l l y  st imulated i so l a t ed  p ig  a t r i a .  LB-46 exerted a stirnulatory 
e f f e c t  i n  guinea p i g  a t r ia  which was prevented by reserpine pretreatment, 
indicat ing t h a t  t he  release of catecholamines from cardiac s t o r e s  may be 
involved i n  the sympathomimetic e f f e c t s  of LB-46. A c l i n i c a l  study with 
LB-46 showed it t o  be e f f e c t i v e  i n  reversing ven t r i cu la r  arrhythmias, es- 
pec ia l ly  digitalis-induced arrhythmias.22 It was less e f f e c t i v e  i n  con- 
ve r t ing  a t r ia l  f l u t t e r  and f i b r i l l a t i o n  t o  a s inus rhythm. 

a20rn2CH (OH) CH2NRR 1 

I-, R = L-Pr, R~ = H 

# 

One of t he  most i n t e r e s t i n g  drugs developed during the p a s t  two years 
is UM-272 (N,N-dimethyl- l - isopropylamino-3-Inaphthylo~~-prop~-2-01 iodide). 
Although t h i s  compound is  a dimethyl de r iva t ive  of the 8-adrenergic blocker,  
propranolol, it i s  s t r i k i n g l y  d i f f e r e n t  i n  terms of i t s  pharmacological pro- 
f i l e .  
i n fa rc t ion  arrhythmias i n  the dog, but unlike propranolol is ne i the r  a 8- 
blocker nor a l o c a l  anesthet ic .23~24 These great  differences undoubtedly 
are due t o  the f a c t  t ha t  UM-272 i a quaternary ammonium compound while 
propranolol is a secondary amine. 

Miscellaneous antiarrhythmic agents - Antiarrhythmic p rope r t i e s  have been 
ascribed t o  several new series of compounds. Dehydrobenzperidol when ad- 
ministered t o  anesthetized dogs doubled the threshold dose of adrenaline o r  

noradrenaline required t o  dis-  
rupt  cardiac rhythm.26 Be- 
cause dehydrobenzperidol i s  a 
potent u-blocker, t he  an t i a r -  
rhythmic e f f e c t  may be  due 
t o  hypotension mediated through 

UM-272 exh ib i t s  potent a c t i v i t y  against  d i g i t a l i s  and myocardial 

!5 

Dehydrobenzperidol the o adrenergic block. 

A series of 2-piperidinoalkanols r e l a t ed  t o  henethanolamines showed 
antiarrhythmic e f f e c t s  against  aconitine i n  rats.q7 RC 61-91 was about 
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twice as active as quin id ine ,  but  
t h i s  a c t i v i t y  was accompanied by 
considerable  a- recep t o r  block- 

Ro -0- cH (OH) c H R 1 . 3  R~ 

RC-61-91; R=H, R1=Me, R2=CH2Ph 
age and l o c a l  a n e s t h e t i c  e f f e c t s .  

A series of 2-aminotetral ins  represented by 2-AT-1 showed a n t i a r -  
rhythmic a c t i v i t y  i n  t h e  mouse - CHC13 a s ~ a y . ~ 8 , 2 9  2-AT-1 caused g r e a t e r  

chronotropic  depression than did 
e i t h e r  propranolo l ,  qu in id ine ,  
l i doca ine  o r  procaine amide at 
similar doses. However, 2-AT-1 
caused less i n o t r o p i c  depression 

Me w 2-AT-1 than with propranolol  o r  l ido-  
ca ine ,  but  g rea t e r  i n o t r o p i c  de- 
press ion  than with quin id ine  o r  

h igher  doses of procaine amide. 
a t tached t o  the  s a t u r a t e d  r i n g  tended t o  inc rease  an t ia r rhythmic  a c t i v i t y  
of 2-AT-1 but  with a concomitant increase  i n  tox ic i ty .  

N(Me)CH2CH2Ph 

* M e  

Increas ing  t h e  l i p o p h i l i c i t y  of groups 

Some adamantylaminoalkylbenzamide analogs of procaine amide were found 
active i n  t h e  mouse-CHClg 
assay.30 I1 was t h r e e  times 
a s  active as procaine amide i n  
t h i s  test but  1 .5  times as  
tox ic ,  and t h i s  t h e r a p e u t i c  
r a t i o  was maintained i n  dogs 

II;ReEt @- N(R) (cH2)nNHC0 

2, - 
NH2 i n  an unspecif ied test .  

I n  a series of dimethylbenzamide analogs III i n  which t h e  s i d e  chain 
n i t rogen  is cycl ized ,  a n t i -  
arrhythmic e f f e c t s  aga ins t  
ouabain and acon i t ine  i n  an- 
e s the t i zed  cats were qual i -  
t a t i v e l  s i m i l a r  t o  procaine 

H 2 N G C 0 N H C H 2  CH2R 

Me 111, R=N amide. 311 3 - 
Diphenidol, an ant i -emetic  agent ,  has  been repor ted  t o  e f f e c t i v e l y  

p r o t e c t  dogs aga ins t  digoxin in tox ica t ion .  32 A t  h igher  doses, diphenidol  
had no e f f e c t  on ca rd iac  out- 
put o r  t o t a l  pe r iphe ra l  vas- 
cu la r  resistance. It was sug- 
gested t h a t  diphenidol  might 
f ind  c l i n i c a l  use i n  the  treat- 

because of t h e  drug’s  e f f e c t  

NCH2CH2CH2C(OH)Ph2 

Diphenidol ment of d i g i t a l i s  i n tox ica t ion  

C 
of shor ten ing  A-H conduction t i m e  and depressing enhanced v e n t r i c u l a r  
au tomat ic i ty  induced by d i g i t a l i s  i n tox ica t ion .  
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An anti-convulsant agent, K8 1173, was reported t o  be e f f ec t ive  i n  
reversing arrhythmias induced 
by adrenaline,  ouabain, and 
coronary l i g a t i o n  i n  dogs.33 
K8 1173 was found t o  be at  least 
as  e f f ec t ive  as phenytoin i n  
abolishing ven t r i cu la r  ectopic  
bea t s  i n  conscious dogs a f t e r  
coronary l i ga t ion .  

OCH2CH (Me)NH2 G 
Kb 1173 

I n  a series of quinazolones r e l a t e d  t o  methaqualone, QZH-6 and QZH-7 
were found t o  be more potent than quinidine i n  suppressing aconitine-in- 
duced a t r i a l  arrhythmias, and coronary l i g a t i o n  and adrenaline-induced 

ven t r i cu la r  arrhythmias i n  
d0gs.34 Both QZH-6 and QZH-7 
were found t o  be seven times 
less tox ic  t o  the myocardium 
than quinidine on a weight t o  
weight bas i s ,  as judged from 
t h e i r  e f f e c t  on the  competence 
index i n  the heart-lung pre- 

0 

~ m - 6 ,  X ,, B r  
QZH-7, X I parat ion of t he  dog. 

xQ$J:h 

A series of diarylpropylpiperazines 
and chloroform-induced arrhythmias i n  the rat. 35 
through the aromatic r i n g  t o  cycloheptane were reported ae e f f e c t i v e  i n  

were ac t ive  against  aconitine 
Phenethylamines 1 fused 

x = CH2 
A r  = Ph 
R = *  V - I V  LN-R - 

preventing chloroform-induced f i b r i l l a t i o n  i n  the  muse ,  but no da ta  w a s  
given. 36 

Antiarrhythmic a c t i v i t y  has been ascribed t e t h y l  10- (f3-morpholino- 
which had 33 times the 3s propionyl) phenothiazine-2-carbamate (ethmosine) 

a c t i v i t y  of quinidine on the 
i so l a t ed  r abb i t  a t r ium. 

Ethmosine 

A series of decahydro- 
isoquinolines and E w e r e  
examined with respect  t o  t h e i r  
d i s t r i b u t i o n  coe f f i c i en t s  and 
acid dissociat ion constants.38 
The trans-isomers were more 
l i p o p h i l i c  than the correspon- 
ding isomers, and the pKa 

VI, R = 0 - Iffy, R - NH 
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of each isomer was n o t  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o ther .  
b a s i s ,  i t  was suggested t h a t  t he  g r e a t e r  a c t i v i t y  of t h e  t rans- isomer was 
due i n  p a r t  t o  i ts increased  b inding  t o  the  ca rd iac  ce l l  membrane. 

On t h i s  

Antiarrhythmic a c t i v i t y  w a s  ascr ibed  t o  the  sp i rohydanto in  and 
imidazol ine  Ix both  conta in ing  
an a z e t i d i n e  r ing .  39 Although 
both VIII and Ix were e f f e c t i v e  
aga ins t  CHC13-induced f i b r i l -  

was l a t i o n  e f f e c t i v e  i n  t h e  mouse, a g a i n s t  on ly  ar- IX 

- V I I I  - I X  l i g a t i o n  i n  the  dog. I n  ad- 

P h 2 W q 1  P h 2 C m x y ]  

HN N 
v 

0 H rhythmias induced by coronary 

d i t i o n ,  Ix w a s  card iodepressant  i n  cats. 

ANTIANGINAL AGENTS 

Angina p e c t o r i s  r e s u l t s  from an imbalance between t h e  oxygen supply 
and the  oxygen demand of t he  myocardium. 
because of diminished c a l i b e r  of t he  coronary v e s s e l s ,  decreased per fus ion  
p res su re ,  a r te r ia l  hypoxia,  decreased oxygen ca r ry ing  capac i ty  ,of t h e  blood,  
increased  a f f i n i t y  of hemoglobin f o r  oxygen o r  decreasFd blood f low due t o  
h igh  blood v i s c o s i t y .  Myocardial oxygen demand is i n c r e a  ed by inc reased  
h e a r t  rate,  myocardial  w a l l  t ens ion  o r  i n o t r o p i c  agents.48 I n  man angina 
p e c t o r l s  i s  o f t en  preceded by a r ise i n  h e a r t  rate, sys temic  a r t e r i a l p r e s -  
s u r e ,  and, t he re fo re ,  increased  oxygen needs.41,42 

Oxygen d e l i v e r y  may be  inadequate  

Therapy has  been aimed a t  reducing ischemia by inc reas ing  the oxygen 
supply t o  t h e  h e a r t  o r  decreas ing  oxygen needs as mentioned i n  r e c e n t  
reviews. 43-49 

Organic Nitrates - Recent s t u d i e s  i n  animals and man have shown t h a t  n i t r o -  
g lyce r in  and p e n t a e r y t h r i t o l  t e t r a n i t r a t e  r e d i s t r i b u t e  coronary blood flow 
t o  ischemic areas without  n e c e s s a r i l y  inc reas ing  t o t a l  blood flow. This  
mechanism i s  unique compared t o  v a s o d i l a t o r s  such as dipyridamole,  chromo- 
na r ,  l i d o f  l a z i n e ,  i p r o v e r a t r i l ,  papaverine and prenylamine50 and r e s u l t s  
from d i r e c t  d i l a t i o n  of coronary c o l l a t e r a l s .  Other s t u d i e s  have shown 
t h a t  n i t r a t e s  reduce p e r i p h e r a l  r e s i s t a n c e  and blood p res su re  and by de- 
c reas ing  c e n t r a l  venous p re s su re  reduce myocardial  oxygen needs. 

N i t rog lyce r in  remains t h e  drug of choice  f o r  r e l i e f  of ischemic h e a r t  
Research e f f o r t s  d i -  d i sease  i n  s p i t e  of i t s  s h o r t  du ra t ion  of ac t ion .  

r e c t e d  towards improving t h e  e f f i c a c y  of organic  n i t r a t e s  via  chemical 
modi f ica t ion  have l e d  t o  t h e  so-ca l led  long-act ing n i t r a t e s ,  such as i so-  
so rb ide  d i n i t r a t e  (ISD) and p e n t a e r y t h r i t o l  t e t r a n i t r a t e  (PETN) . These 
l a t t e r  agen t s ,  a v a i l a b l e  o r a l l y ,  have a somewhat delayed onset  of a c t i o n ,  
bu t  are s t i l l  e f f e c t i v e  long  a f t e r  sub l ingua l ly  adminis tered n i t r o g l y c e r i n  
is  rendered inac t ive .  Another approach involves  t h e  use  of n i t r o g l y c e r i n  
i t s e l f  i n  some dosage form, such as time-release granules ,  t o  extend i t s  
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b i o l o g i c a l  l i f e t ime .  
t i o n a l e  f o r  use of long-acting organic  n i t r a t e s  by i n d i c a t i n g  t h a t  the  
l i v e r  r ap id ly  c l e a r s  organic  n i t r a t e s  from t h e  genera l  c i r c u l a t i o n  and t h a t  
t he  p a r t i a l l y  de-ni t ra ted metabol i tes  r e t a i n  only a very low order  of 
an t i ang lna l  a c t i v i t y .  
n i t r ~ g l y c e r i n ~ ~  and organic  n i t r a t e s 5 3  i n  the  t reatment  of angina pec tor i s .54  

Needleman and co-workers51 have c r i t i c i z e d  the  ra- 

Several  reviews have appeared desc r ib ing  t h e  use of 

A c l i n i c a l  s tudy has  shown t h a t  BAY a 1040 (n i f ed ip ine ) ,  a n i t r o -  
phenyldihydropyridine d e r i v a t i v e ,  was e f f e c t i v e  i n  r e l i e v i n g  angina l  a t t a c k s  

i n  a var e t y  of pa- 
t i e n t ~ . ~ '  Bay a 1040 
tended t o  lower blood 
p res su re  i n  most pa- 
t i e n t s  and considera- mo2c 

BAY a 1040 b l e  improvement i n  the  
T wave of abnormal 
ECG's w a s  observed. I 

H 

Beta-Receptor Blocking Agents - The B-blocker , propranolo l  appears t o  have 
gained widespread use i n  t h e  t reatment  of angina p e c t o r i s  a l though it has 
n o t  been approved by t h e  FDA f o r  t h i s  use.43,56,57 The b e n e f i c i a l  e f f e c t  
of propranolo l  appears t o  be p r imar i ly  due t o  a decrease i n  oxygen demand 
bu t  t h i s  may n o t  be e n t i r e l y  due t o  B-adrenergic receptor  blockade s i n c e  
high doses are o f t en  needed.58 

B-blockers may be  a c t i n g  through two a d d i t i o n a l  mechanisms. Pro- 
pranolo l ,  l i k e  n i t r o g l y c e r i n  has  been shown t o  r e d i s t r i b u t e  blood flow 
i n t o  ischemic reg ions  of t h e  heart.59-62 
tance a r t e r i o l e s  i n  t h e  ischemic area are f u l l y  d i l a t e d ,  an unmasking of 
a-receptor c o n s t r i c t o r  a c t i v i t y  i n  normal regions by B-blockade would r e s u l t  
i n  a shunt ing of blood t o  t h e  more d i l a t e d  ischemic a r t e r i o l e s .  

Since it is presumed t h a t  resis- 

A very  recent  s tudy  i n d i c a t e s  t h a t  p ropranolo l  a f f e c t s  t he  hemoglobin 
d i s s o c i a t i o n  curve (HDC) r e s u l t i n g  i n  an inc rease  In t h e  P50 or t he  p a r t i a l  
p ressure  of oxygen a t  which hemoglobin is 50% sa tura ted .63  
pranolo l  , b u t  n o t  n i t r o g l y c e r i n ,  decreases  t h e  a f f i n i t y  of hemoglobin f o r  
oxygen thereby r e l e a s i n g  more oxygen wi th in  cells  where p02 i s  reduced. 
Although the  cont r ibu t ion  of t h i s  mechanism t o  propranolo l ' s  o v e r a l l  e f f e c t  
is not  known, t h e  t h e o r e t i c a l  imp l i ca t ions  of such an ac t ion  have been 
discussed by Guy. 64 

Thus, pro- 

Severa l  new series of 6-receptor blocking agents  and t h e i r  e f f e c t s  on 
test animals have been reported.  
ascr ibed  t o  a series of 2-alkyloxy- and g-aralkyloxyphenoxypropanolamines. 65 

A high degree of B-blocking a c t i v i t y  was 

The 2-furfuryloxy de- 
rivative X had a par- 
t i c u l a r l y  h igh  PA;! 

O C H ~ C H  (OH) Q I ~ N H R ~  

R= 2-furfuryl  va lue  of 9.05 as de- 
R1, L-butyl termined by antagonism 

t o  i sop ro te reno l  i n  an 
X - 
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i s o l a t e d  s t r i p  of guinea p ig  t rachea .  

Replacement of t h e  naphthalene r i n g  of propranolol  by quinol ine ,  ben- 
zofuran, benzothiophene, indole ,  methylenedioxyphenyl, o r  oxoxanthene d id  

no t  appreciably a l t e r  t h e i r  
a c t i v i t y  as 8-blockers.66 
Likewise, replacement of t he  
naphthalene r i n g  of prone- 
t h a l o l  by indo le ,  qu inol ine ,  
phenothiazine,  benzodioxan, 
chroman, dibenzofuran,  o r  
qu inazol ine  caused l i t t l e  

CH(0H) CH2NH-I-Pr rn 
X I  - 

change i n  a c t i v i t y ,  whereas compounds such as XI t h a t  incorpora te  f e a t u r e s  
of t h e  propranolol  type  showed considerable  @-blocking a c t i v i t y .  67 

Long ac t ing  @-blockers were prepared by s u b s t i t u t i o n  of t h e  aromatic  
nucleus of propranolol  by 

CH2CH(OH) CH2NHR1 4-substituted-1,2,5-thia- 
diazole .68 The most out- 

N standing compound i n  t h i s  
respec t  was E, whose re- 
solved base had an ED50 of 
,0066 mg/kg, as determined 
by i n h i b i t i o n  of tachycard ia  

R - 4-morpholino 

Rli+ 
b' 

N 

R 1  = LLbutyl 

i n  an i sopro terenol - t rea ted  ganglion-blocked anes the t ized  rat. 

- X I 1  

The pyr id ine  i s o s t e r e  of INPEA (2-(~-nitrophenyl~-l-isopropyl- 
amino-2-ethanol) was found t o  act both as a p a r t i a l  agon i s t  and a p a r t i a l  

an tagonis t  i n  i s o l a t e d  guinea 
p i g  a t r ia l  s t r i p s  aga ins t  

R X I I I ,  R = CH(0H)CH NH-I-Pr i sop ro te reno l  chal lenge.  69 
R = OCH2CH(O~)CH2NH-~-Pr On the Other hand, 4- 

pyridyloxypropanolamine 
d e r i v a t i v e  XIV was a pure 
an tagonis t  (pA2=7) and was 

ten times a s  potent  as i ts  2-nitrophenoxy i s o s t e r e .  

i n  reducing the  frequency of angina l  a t t acks .  7 1  
acute  and chronic  t reatment  of angina p e c t o r i s  wi th  perhexi lene  w i l l  con- 
t inue . 

Perhexi lene maleate7' (Pexid) was reported t o  be e f f e c t i v e  c l i n i c a l l y  
Presumably, s t u d i e s  €or  

References 

1. 
2. B.F. Hoffman and P.F. Cranef ie ld ,  Am. J. Med. 37, 670 (1964). 
3. D.H. Singer ,  R. Lazzara, and B.F. Hoffman, Circ .  Res. 21, 537 (1967). 
4. 
5. B.F. Hoffman, P.F. Cranef ie ld ,  and A.C. Wallace, Mod. Conc. Cardiov. 

P.F. Cranefield,  A.L. W i t ,  and B.F. Hoffman, C i rcu la t ion  47, 190 (1973). 

S. Weidmann, J. Physiol .  127, 213 (1955). 

D i s .  35, 103 (1966). 



Chap. 8 Antiarrhythmic, Antianginal  Agents Adels te in ,  Dean - 7 1  

6. 

7. 
8. 

9. 
10. 
11. 
1 2  
13. 
14. 
15. 

16. 
17. 

18. 

19. 

20. 
21. 
22. 
23. 

24. 

25. 
26. 

27. 
28. 

29. 

30. 
31. 
32. 

33. 

34. 

35. 

36. 

37. 

38. 

B.F. Hoffman and J.T. Bigger, Jr., i n  D r i l l ' s  Pharmacology i n  Medicine, 
J.R. DiPalma, ed., p. 824, McGraw-Hil l ,  New York (1971). 
J.T. Bigger, A.L. Bassett and B.F. Hoffman, Circ. Res. 22, 221 (1968). 
E.M. Vaughan-Williams, i n  Symposium on Cardiac Arrhythmias, E. Sande, 
E. Flensted-Jensen and K.H. Olesen, ed., p.  449, Astra, Sweden (1970). 
B.N. Singh and E.M. Vaughn-Williams, Cardiovasc. Res .  5, 109 (1972). 
A.S. Graca and P.A. Von Zwieten, Europ. J. Pharmacol. l5, 137 (1971). 
R. Howe and R.H. Shanks, Nature (London) 210, 1336 (1966). 
J . V .  Levy and V. Richards, Proc. SOC. Exp. Bio. Med. 122, 373 (1966). 
S.A. Stephen, her.  J. Cardio. 2, 463 (1966). 
S. Wolfson, S.I. Robbins, and N. Krasnow, Am. Heart J. 72, 1 7 7  (1966). 
E. Braunwald, C.A. Chidsey, P.E. Pool ,  E.H. Sonnenblick, J. Ross, Jr., 
D.T. Mason, J.F. Spann and J .W.  Covell, Ann. In t e rn .  Med. 64, 904 (1966). 
S.E. Epstein and E. Braunwald, Ann. In t e rn .  Med. 65, 20 (1966). 
K. Hashimoto, N. Nakayama, T. Oshina, and S. Kumakura, Exper ien t ia  
- 27, 666 (1971). 
J.B. Farmer, I. Kennedy, G.P. Levy, and R.J. Marshall, B r i t .  J. Pharma- 
col .  45, 660 (1972). 
A. Pedraezol i ,  L. Dall'asta, V. Guzzon, and E. Fer re ro ,  11 Farmaco, Ed. 
Sci .  25, 822 (1971). 
R.A. Tiu and A. Berns te in ,  Angiology 23, 267 (1972). 
R. Gryglewski and H. Kul ig ,  D i s s .  Pharm. Pharmacol. 23, 481 (1971). 
W.S. Aronow and R.R. Uyeyama, Clin. Pharmacol. Ther. 13, 15 (1972). 
F.J. Kniffen,  D.P. Schuster  and B.R. Lucchesi, C i r cu la t ion ,  Suppl. 11, 
- 46, 1 7 7  (1972). 
D.P. Schuster ,  B.R. Lucchesi, N.L. Novel. M.N. Mimaugh, R.E. Counsell, 
and F.J. Kniffen, J. Pharmacol. Exp. Ther. 184, 213 (1973). 
E.J.  Ariens, Ann. N.Y. Acad. Sci .  139, 606 (1967). 
H. Bauer, H. Kreuscher and H. Menzel, Acta Anaesthesiol. Scand. 15. 
277 (1971). 
C, CarrOn, A. J u l l i a n ,  and B. Bucher, Arzneim.-Forsch. 3, 1992 (1971). 
D.M. Graeff ,  W.E. Johnson, and A.R. Martin, Arch. I n t .  Pharmacodyn. 
Ther. 193, 134 (1971). 
D.M. Graeff ,  W.E. Johnson, C.D. S t .  Dennis, and A.R. Mart in ,  J. Med. 
Chem. l4, 60 (1971). 
V.L. Narayanan and F.J. Sweeny, J. Med. Chem. IS, 443 (1972). 
D.K. Yung, E.K.F. Lo, and M.M. Vohra, J. Pharm. Sci .  6 l ,  1953 (1972). 
W . J .  Mandel. H. Hayakama, J . K .  Vyden, M. Carvalho, W.W. Parmley, and 
E. Corday, Am. J. Cardiol ,  30, 67 (1972). 
J.D. Allen, J.M. Kofi  Ekue, R.G. Sharks,  and S.A. Za id i ,  B r i t .  J. 
Pharmacol. 45, 561 (1972). 
N. Singh, V.K. Kulshrestha,  M.A. Shamsi, R.P. Kohli ,  and K.P. Bhargava, 
Arch, I n t .  Pharmacodyn. 198, 94 (1972). 
I. Cervena, F. Hradi l ,  and M. P ro t iva ,  Coll. Czech. Chem. Comun. 37, 
3127 (1972). 
Z.J. Vejdelek, F. Hradi l ,  J. Metys, and M. Pro t iva ,  Coll. Czech. Chem. 
Comun. 37, 3136 (1972). 
A.N. Gritsenko, A.I. Ermakova, and S.V. Zkuravlev, Khim.-Farm. Zh. 6, 
17 (1972); CA, 77, 152086 (1972). 
I . W .  Matheson, P.H. Morgan, R.R. Tidwell, and C.R. Handorf, J. Pharm. 
Sci .  61, 637 (1972). 



72 Sect. I1 - Pharmacodynamic Agents Topl i ss ,  Ed. - 
39. 

40. 
41. 
42. 
43. 
44. 
45. 
46. 

47. 
48. 
49. 

50. 
51. 

52. 
53. 
54. 
55 I 
56. 
57. 

58. 
59. 

60. 
61. 
62. 

63. 

64. 
65. 

66. 

67. 

68. 

69. 
70. 

71. 

M. Hirata, Y. Oku and K. Kikushi, Takeda Kenkyusho Ho 2, 206 (1972); 
CA, 77, 147583 (1972). 
F.J. Haddy, Amer. J. Med. 47, 274 (1969). 
J.W. Roughgarden and E.V. Newman, Amer. J. Med. 41, 935 (1966). 
B.F. Robinson, Ci rcu la t ion  35, 1073 (1967). 
B.F. Robinson, B r i t .  Heart J. 30, 295 (1968). 
C.K. Fr iedberg,  C i rcu la t ion  46, 1037 (1972). 
W.M. Fam and M. McGregor, Circ. Res. 22, 649 (1968). 
M.M. Winbury, B.B. Howe and M.A. Hefner, J. Pharmacol. Exp. Ther. - 168, 70 (1969). 
L.C. Becker. N . J .  For tu in ,  and B. P i t t ,  Circ. Res.  28, 263 (1971). 
M.M. Winbury, Circ. R e s .  28, (Suppl. I ) ,  140 ( 1 9 7 1 ) F  
R.E. Goldstein,  E.B. S t inson ,  and S.E. Epstein,  he r .  J. Cardiol ,  2, 
135 (1973). 
R.A. G i l l i s  and K.I. Melvi l le ,  h e r .  J. Cardiol. 28, 38 (1971). 
P. Needleman, S. Lang, and E.M; Johnson, Jr., J. Pharmacol. Exp. Ther. 
- 181, 489 (1972). 
J . C .  Krantz, Am. J. Cardiol. 29, 436 (1972). 
M.G. Bogaert. Arch. I n t .  Pharmacodyn, Ther. 196, (Suppl. 196) 25 (1972). 
G.V. Rossi, Am. J. Pharm. 143, 153 (1971). 
T. Kobayaski, Y. I t o ,  and I. Tawara, Arzneim.-Forsch. 22, 380 (1972). 
F.H. Epstein and E. Braunwald, Med. Clin. N. Amer. 52, 1031 (1968). 
H.J. Ze f t ,  S. Pat te rson ,  and E.S. Orgain, Arch. In te rn .  Med. 124, 578 
(1969). 
E.M. Dwyer, Jr., L. Wiener, and J . W .  Cox, Circula t ion  38, 250 (1968). 
N.J. For tuni ,  S. Karhara, L.C. Becker, and B. P i t t ,  Cardiovasc. R e s .  
- 5, 331 (1971). 
B. P i t t  and P. Craven, Cardiovasc. Res. 4, 176 (1970). 
P. Mathes and J. Rival ,  Cardiovasc. Res .  5, 54 (1971). 
M.M. Winbury, H.R. Weiss, and B.B. Howe, Tur. J. Pharmacol. 16, 271 
(1971). 
J .H.  Manchester, J .C.  Shelburne, F.A. Oski, L.D. Miller, and M. 
Delivoria-Papadopoulos, C i r cu la t ion  45, (Suppl. 11) , 28 (1972). 
C.R. Guy. Amer. Heart J. 82, 824 (1971). 
M. Nakanishi, T. Muro, Y. Chihara, H. Imamura, and T. Nakao, J. Med. 
Chem. l5, 45 (1972). 
A.F. Crowther, R. Howe, B.J .  Mc Loughlin, K.B. Mallion, B.S. Rao, 
L.H. Smith, and R.W. Turner, J. Med. Chem. l5, 260 (1972). 
M.S. Chodnekar, A.F. Crowther, W. Hepworth, R. Hawe, B.J. Mc Loughlin, 
A. Mitchel l ,  B.S. Rao, R.P. S l a t che r ,  L.H. Smith, and M.A. Stevens,  
J. Med. Chem. IS, 49 (1972). 
B.K. Wasson, W.K. Gibson, R.S. S t u a r t ,  H.W.R. Williams, and C.H. Yates, 
J. Med. Chem. 15, 65 (1972). 
C.T. Gnewuch and H.L. Friedman, J. Med. Chem. lS, 1321 (1972). 
C.F. Schwender, Ann. Rep. Med. Chem., 1971, R.V. Heinzelman, ed., 
p. 69, Academic P res s ,  New York, 1972. 
L.N. Roberts and G.P. Mason, J. Clin. Pharmacol. 12, 342 (1972). 



Chapter 9. Antithrombotic Agents 

Roy G. Herrmarin and William B. Lacefield 
Eli Lilly and Co., Indianapolis, Indiana 46206 

This chapter summarizes the research reports of 1972 on all types of 
agents for the management of thromboembolic disease. The practice of dis- 
cussing the three therapeutic approaches to thrombosis separately has been 
continued.' Space does not permit the review of important related work in 
surgery,diagnostic techniques and experimental models of thrombosis. 

Platelet Aggregation Inhibitors 

A conference on platelets and their role in hemostasis has provided 
an excellent review of platelet biochemistry, physiology and function. 
The shadow-casting technique for whole platelets has afforded observations 
of the very early events produced on the platelet surface by aggregating 
agents. A variety of aggregating agents (ADP, thrombin, collagen, etc.) 
appear to produce a common sequence of changes leading to aggregation. 
Inhibitors appear to fall into several classes depending on which of the 

3 steps in the aggregation sequence they block. 

Cyclic AMP - It is generally accepted that agents which increase platelet 
CAMP (either by stimulating adenyl cyclase or by inhibiting phosphodiester- 
ase) will inhibit platelet aggregation and that agents which induce or en- 
hance aggregation decrease the CAMP level. ' However , thrombin , in concen- 
trations which induceflatelet aggregation, has been reported to increase 
CAMP levels.5 
is not completely understood. 
protein kinase responsible for activating phosphorylase and inactivating 
glycogen synthetase may be pertinent. A CAMP-binding protein with pro- 
tein kinase activity has been isolated from the soluble fraction of homo- 
genized platelets. ' 
human platelets is strongly inhibited by dipyridamole, an inhibitor of 
platelet aggregation, and only slightly inhibited by psychotropic drugs, 
whereas the reverse is observed with the brain enzyme, has led to the pro- 
posal of different isoenzymes. Different electrophoretic patterns for the 
phosphodiesterases from these tissues support this proposal. The role of 

9 prostaglandins in cellular biology was the subject of a recent conferenae. 
The powerful inhibitory activity of PGEl on ADP induced aggregation is 
probably due to its stimulatory effect on adenyl cyclase. 
intracellular CAMP accumulation induced by PGEl in rat platelets. 
counteracts PGEl inhibition of platelet aggregation and shape change. 
PGE2 has been reported to exhibit a weak PGE1-like inhibitory effect on 
the primary phase of aggregation followed by a stronger stimulatory 
effect on the second phase. 

The mechanism by which CAMP exerts its effect on platelets 
However, the discovery that it stimulates a 

The observation that CAMP phosphodiesterase from 

PGE2 inhibits 

p% 

1 1  

Aspirin - The antithrombotic effect of aspirin continues to be the subject 
of many investigations. It has been reported effective in reducing throm- 
bus formation on catheters placed in the inferior veqa cava of cats)2 in 
reducing the incidence and extent of occlusive platelet aggregation in dog 
arteries following endothelial injury,' and in inhibiting the circulatory 
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and ventilatory effects of protarnine induced platelet aggregation in dogs" 
It was without effect on platelet thrombosis at sites of biolaser induced 
endothelial injury in rabbit ear chamber preparations' ' or on the incidence 
or size of coronary and femoral thrombi induced in dogs by use of a cathe- 
ter electrode. ' ' 

Clinical investigations have shown that 1.5 g of aspirin reduced the 
incidence of thromboembolic complications following major hip surgery? 1 '' 
Another large-scale study showed 600 mg of aspirin to be without effect on 
the incidence d post-operative deep-vein thrombosis? 
multiple episodes of transient monocular blindness secondary to retinal 
emboli?' and in combination with dip ridamole reduced the incidence of 
post-operative deep-vein thrombosis ?; and reduced thrombus formation on 
dialyzer membranes during dialysis? 

Aspirin abolished 

Sulfinpyrazone - This agent has been reported to prolong survival of renal 
allografts in dog&' and to reduce the incidence of recurrent venous throm- 
bosis associated with carotid artery stenosis in man.24 At present a dou- 
ble-blind clinical trial in a national cooperative study is underway in 
Canada to evaluate the effectiveness of aspirin and/or sulfinpyrazone for 
antithrombotic utility?' 

Pyrimidopyrimidines - This class of agents (dipyridamole, RA 233, RA 433, 
VK 744) inhibit the primary phase of ADP induced platelet aggregation 
apparently by virtue of their inhibitory effect on phosphodiesterase?' 
Dipyridamole, 100 mg q.i.d., normalized the decreased platelet survival in 
patients with arterial disease, prosthetic heart valves, arterovenous can- 
nulas, prosthetic aortic grafts, and other vascular disorders. Aspirin, 
4 g/day, had no effect on the decreased platelet survival in arterial 
thrombosis and prosthetic heart valves but increased the effectiveness of 
di~yridamole.~ 
kaolin-st pventime in man, but the trial was discontinued because of side- 
effects?' Compound A, VK 774, has been reported to be the most active in 
vitro inhibitor of ADP-induced platelet aggregation of this class ?' It 

also exhibited potent antithrombotic action in 
injured rabbit arteries.' However, side-effects 
caused the clinical trial of VK 774 to be dis- 
continued also .' ' 
Dextrans - The mechanism by which the dextrans 
exert their antithrombotic effect is unresolwd. 
It has been suggested that changes in fibrin 

factors and increased venous flow, are as impor- 
tant as the decreased platelet adhesiveness. * Several reports showing pro- 
phylactic dextran to be effective for the treatment of postsurgical throm- 
boembolic complications have appeared.'" 3 4  It has been used with success 

VK 744 inhibited platelet aggregation and increased the 

- 1 structure , apart from dilution of coagulation 

in treating pregnancy-associated thrombophlebitis. 9 5  

New Agents - Reports of new platelet aggregation inhibitors continue to 
appear at a rapid rate. The acridines 2, 3 and the quinoline 4 were 
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non-steroidal an 

- 2 X=(CH=CH)2 tested for their i n  vitro inhibition of 
ADP induced rabbit platelet aggregation. 

whereas 2 and 4 were inactive at 10'4M.s6 
BL-2365 2 and fenoprofen 5 are both new 

- X=(CH2) Compound 2 inhibited aggregation at 104M, 
- 4 Xz(CH2) s 

ti-inflammatory agents. BL-2365 was nearly as potent as 
aspirin i n  v i t r o ,  and significant inhibition was observed in dogs atdoses 
of 5 mg/kg and higher. 
reduced the lethality of intravenous bacterial endotoxin injection in rats. 
Intravenous infusion mod fied the endotoxin induced hypotension andplate- 
let aggregation in dogs. 

CO2H 

Oral dosing prolonged bleeding time in mice and 

B Fenoprofen 6 was found to be a more effective 

6 - 
inhibitor of collagen induced platelet aggregation than either aspirin or 
phenylbutazone. Oral dosing reduced collagen induced aggregation in rab- 
bits and guinea pigs and increased bleeding time in mice. It was slightly 
more effective than aspirin in reducing the dry weight of thrombi formed 

in an extracorporeal shunt in rabbits. 3 8  

- 7 R1=R3=HI R2=OH A series of 5., 2, 6 and 8 substituted 
adenosines were tested against ADP in- 

bydroxylamines zI 8 were 5-10 times as 
potent as adenosine and did not losetheir 
activity after 40 min. incubation in plas- 
ma. Compound 2 w a s  as active as adeno- 
sine?g A new oral hypoglycemic agent 
(S1702) 10 produced a decrease in platelet 

stickiness as measured by the Salzman glass bead technique 4 hrs after an 
oral dose of 10 mg/kg?O It also effected a significant decrease in plate- 
let stickiness in 100 diabetic patients. 
furantoin 12 were reported to be competitive inhibitors of ADP induced 
aggregation. 
vitro 
v i w  activity was obtained?" 
series of lactamimides led to the selection of RMI 7822, 2, which was 
found to inhibit human platelet aggregation induced by ADP, thrombin, 
epinephrine and serotonin with minimal release of PF3. I( I( 

!. R1PHtR2=0H'Rs=NH2 duced rabbit platelet aggregation. The 
- 9 R~=R~=H,RS=NH~ 

HO OH 

Both furosemide 11 and nitro- 

The concentration of 11 required to inhibit aggregation i n  
could not be achieved i n  viw with customary doses. With 2, i n  

A structure-activity relationship of a 

13 - " 12 - 11 - 10 - 
Omega-homo-PGE1 heptyl ester, 14, has been claimed to be only slightly 
less potent than the corresponding free acid which is a more potent 
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fH20Rl 

CHOR2 

CH20Ra 
I 
15 

Nv-R1 
R2 
16 - 

inhibitor of platelet aggregation than PGE1. Further, 2 is claimed to 
be free from hypotensive and intestinal-contraction side-effects and to 
have 10 times the duration of action of omega-homo-PGE1?5 A series of 
prostaglandin glycerides, 15, in which the R groups may be HI stearoyl, 
or palmitoy1,with at least one R being a prostaglandin residue, were re- 
ported to have the expected antithrombotic activity of the parent prosta- 
glandin, but with much increased biological half-lives. A large series 
of di-(furyl,thienyl, pyridyl or substituted pheny1)-trifluoromethyl imi- 
dazoles E w e r e  patented as anti-inflammatory agents and platelet aggre- 
gation inhibitors. The most active compound (Rl=H, R~=CFS, Ra=R4= 
4-CHsOCeHs) also inhibited collagen induced ag regation (human, dog, rab- 
bit) i n  vitro at concentrations of to 10 M. Inhibition of platelet 
function was observed in dogs after 25 mg/kg orally?' The claimed utility 
of a series of 5-endo (2-imidazolyl) -bic clo (2 , 2 , 2) octenes g4 a and a 
series -of thieno (3,2-d) pyrimidines g4' was reported to be inhibition of 

-3 

R 

- 17 Nd-R' - R2 

18 - 
platelet aggregation. In another series of thieno yrimidines g, i n v i t r o  
inhibition was observed with concentrations of to Oral doses 
of 10 to 200 mg effectively prevented thrombus f~rmation.~' The vasodila- 
tor viquidil, 2, was reported to inhibit ADP, epinephrine, and collagen 

induced human platelet aggregation at concentra- 
tions of about 1 0 - 4 M .  

H effective coronary vasodilator , lidof lazine , was 
found to inhibit ADP induced platelet aggrega- 
tion in a manner comparable to that of dipyrida- 

0 
The long-acting orally 

20 mole. Cinnarizine was slightly less potent. 51 - 
Anticoagulants 

The prophylactic value of anticoagulants derives from their ability 
to inhibit intravascular fibrin formation. 
have long been used with advantage. 
effect with these anticoagulants has been hemorrhage. Some promise that 
this side-effect can be minimized with heparin has been shown in the re- 
cent work with low-dose heparin therap 
effective, safe and well tolerated. 52-yz It has been shown that heparin 
concentrations as low as 0.1 unit/ml, a level which can be attained by 

Heparin and the coumarins 
The most commonly observed side- 

This approach appears to be 
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the low-dose regimen, enhances the activity of a naturally occurring inhi- 
bitor of activated factor X. 55,s6 

The anticoagulant activity of the coumarins has been attributed to 
their ability to block the synthesis of vitamin K. Recent work has shown 
that vitamin K is required for the synthesis of the active procoagulant 
factors 11, VII, IX, and X. During coumarin treatment, inactive forms of 
these factors are synthesized, resulting in anticoagulant activity. "l' 

The procoagulant enzymes prepared from the venom of snakes (arvin 
from the Malayan pit viper, reptilase from the South American pit viper 
and the enzyme from the North American diamondback rattlesnake) act di- 
rectly on fibrinogen to form fibrin.59t60 The fibrin formed by these 
enzymes is abnormal and is lysed more readily by plasmin. 
contrast to thrombin, induces only minimal and delayed platelet aggre- 
gation without activation of the release reaction. Therefore, defibrino- 
genation can be produced without the hazard of thrombocytopenia. 6 1  Two 
anticoagulant proteins have been isolated, one from the venom of V i p e r a  
a s p f s  and the other from Vipera  berus. 
prothrombinase formation and do not seem to be enzymatic themselves. 
may inhibit the phospholipids involved in the clotting process. 

Reptilase, in 

They appear to interfere with 
"by 

62 

A series of chloropyridinols has been reported to have coumarin-like 
anticoagulant activity. The oral activity of 21, the most effective com- 
pound in the series, showed a 
less potent than warfarin and 
action. 6 3  

H O G '  

c1 c1 
21 - 

A nmber of aromatic amidines 
have been reported to possess 
appear to act by acylation of 

peak effect 48 hG. after dosing. 
vitamin K was observed to antagonize its 

It was 

22 - 
(activated esters and sulfonyl fluorides) 
antithrombin activity. These compounds 
the serine residue of thrombin. 64-67 The 

lethal effect of thrombin infusion in experimental animals was reduced by 
4-amidinophenyl pyruvic acid 22. 6 e  

nine or lysine and sarcosine were also reported to have antithrombin 
activity. 
because of its longer duration of action. 

A series of peptides involving arge- 

The most interesting of these was tosyl-L-arginylsarcosine 
69 

Glucuronolactone, 1.5 g/kg P.o., was reported to result in a signi- 
ficant increase in whole blood clotting time in rats. It had a rapid on- 
set (30 min) and the effect persisted for 6 days after a single oral dose. 
There were no apparent side-effects. A metabolite, 1,4-saccharolactone, 
was also reported to be active. 7 0  

A series of pyrimido(3,l-d)pyrimidines was reported to have anti- 
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coagulant activity. 
crease bleedin time 100% or more. These agents also decreased platelet 
adhesiveness. 

Compounds 23-26, at 10 mg/kg P.o., were found to in- 

79 

Ri R2 

- 23 O H  0 
0 
U 

24 N/CH~ 
W - 

fp"' 
R2 

26 N (CH2CH2CH20H) 2 0 
Fibrinolytic Agents 

Numerous clinical studies have been and are still being conducted in 
an effort to evaluate the therapeutic effectiveness of the activated fi- 
brinolytic system in thrombotic conditions. 72-76 The results of these 
studies are still controversial. 
tively small and hemorrhagic side-effects are such that the availability 
of good hospital facilities for the studies is mandatory. The major 
clinical effort involves the use of streptokinase. 
ability of high-purity streptokinase appears to have resulted in a de- 
crease in the incidence of antigenic side-effects. This development has 
resulted in increased interest in the use of streptokinase, especially in 
the United States. 
value in the treatment of pulmonary thromboembolism and venous thrombosis. 
Their effectiveness in arterial thrombosis is probably less than in ven- 
ous thrombosis and fibrinolytic therapy in myocardial infarction appears 
to be of little However, streptokinase therapy has been suc- 
cessfully applied in 26 of 66,79 and in 7 of 20, cases of arterial throm- 
bosis. ' 

e i  requires a much lower dose of streptokinase when combined with heparin. 

The benefit obtained appears to be rela- 

The recent avail- 

Both urokinase and streptokinase appear to be of 

In dogs , it has been demonstrated that plasminogen activation 

The proteolytic enzyme from Aspergillus oryzae, brinolase, has also 
received attention. It is non-pyrogenic, non-antigenic and has a direct 
thrombolytic effect of its own. 
appear to be present in the blood and, if administered in doses which do 
not exceed the inhibitor capacity, thrombolysis can be achieved without 
general proteolysis. 82-84 

Endogenous inhibitors of this enzyme 

The anabolic steroid, stanozolol, was found to enhance spontaneous 
fibrinolysis in 34 myocardial infarction patients. 
enhanced by the simultaneous administration of phenformin 27 as is the 
case with ethyloestrenol. ' The biguanides 27 and buformin 2 may be 
fibrinolytic by direct activation of plasminogen and by inhibition of 
antiplasmin. ' ' 

This effect was not 
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In a series of benzofurans, benzarone, 2, was found to possess 

30 - 29 
- 27 R=CgHsCH2CH2 

- 28 R=n-C4H9 
- 

fibrinolytic activity in the dog. Either intravenous or 
RO-CH2 oral treatment of an experimental occlusive thrombus 

resulted in com lete functional recanalization of the 
femoral artery. f 8  

I 

kRy w2H5 

R O - H O  H 

OH The B-blocking agents, oxyprenolol and 30, were 
31 R=CgHsCH2 found to increase fibrinolytic activity in man at thera- 

peutic dosage but did not show activity i n  vitro. 89 - - 
The anti-inflammatory agent tribenoside z w a s  found to stimulate 

fibrinolytic activity both i n  v i t r o  and i n  vim in the rat and in human 
plasma. 
Flufenamic acid enhances the fibrinolytic activity of urokinase and that 
of endogenous activator by inhibiting the antiplasmins. 

The in viva effect in man is currently under inve~tigation.~~ 

91 

A synthetic, heparin-like, sulfated polyanion (SP 54) was shown to 
induce fibrinolytic activity in 12 patients after dosing either i.v., i.m. 
or orally. The sulfhydryl inhibitor , pchloromercuribenzoic acid (p- 
CMB), when added i n  v i t r o  during clotbrmation resulted in clots soluble 
in monochloroacetic acid and urea solutions. 
duced no lytic activity in dogs with experimental occlusive arterial 
thrombosis but when given together with plasmin enhanced the activity of 
this enzyme. 

The use of p C M B  alone pro- 

99 

A series of tetrahydroisoquinolines related to EN 1661 was reported 
to have substantial fibrinolytic activity. 
that series was EN 3047A 32. 

The most active compound in 
The fibrinolytic EDSO, as measured by the 

32 - 
dilute whole blood clot lysis time, was 0.02 mg/kg i.p. in rats and 25 
mg/kg p.0. in rats and dogs. The mE.0 was 57 mg/kg i.p. and 325 mg/kg 
p.0. in rats. 94 

Comment 

Anticoagulants are more effective in the treatment of venous throm- 
bosis than arterial thrombosis. While anticoagulants might not prevent 
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the formation of a platelet dominated thrombus in the arterial circula- 
tion, they certainly can inhibit the stabilization and extension of that 
thrombus. Successful prophylaxis of arterial thrombosis must deal with 
the etiologic role of the platelet. The value of platelet .function inhi- 
bitors in venous thrombosis will be reflected by the extent to which 
platelets are involved in the formation of those thrombi. 
within the circulatory system there are regions of stasis in which fibrin 
formation would be virtually the sole participant in thrombosis and other 
regions of high hemodynamic activity where the platelet nidus alone could 
block the vessel. Between these two either/or extremes, there are those 
situations in which fibrin formation and platelet aggregation occur s h l -  
taneously, each supporting the other. The suggestion has been made that 
'drug cocktails' employing a mixture of agents which inhibit platelet 
function by different mechanisms (e.g., agents which block the release 
reaction with agents which block phosphodiesteraselmight be clinically 
advantageous.g5 In this review we have cited reports of the effective 
combination of aspirin and dipyridamole21 and of heparin with streptoki- 
nase." As the degree to which fibrin formation and platelet aggregation 
participate in various clinical types of thrombosis becomes better known 
and experience is gained with fibrinolytic agents, the application of 
'tailor-made' mixtures of anticoagulants, fibrinolytics, and anti- 
aggregation agents could provide extremely effective prophylactic and 
therapeutic measures. 

Certainly, 
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Chapter 10. Diuret ics  

Gerald R. Zins, The Upjohn Company, Kalamazoo, Michigan 

Considerable progress has been made t o  improve d i u r e t i c  therapy over 
the pas t  15 years. Early i n  t h i s  e r a ,  the discovery of thiazides  and, sub- 
sequently, phthalamidines overcame the disadvantage shared by carbonic an- 
hydrase inh ib i to r s  and organomercurials of r a the r  severe acid-base imbal- 
ance which r e su l t ed  i n  r e f r ac to r ines s  t o  t h e i r  d i u r e t i c  action. However, 
many cases of edema could not be resolved with these drugs and, with t h e i r  
long-term use, problems of negative potassium balance, u r i c  acid r e t en t ion  
and glucose intolerance emerged. Later, the "high efficacy" d i u r e t i c s ,  
ethacrynic acid and furosemide, v i r t u a l l y  eliminated occurrence of drug- 
r e s i s t a n t  edema and added the dimension of e f f e c t i v e  treatment of r ena l  
f a i l u r e  but continued t o  lower plasma potassium and elevate  plasma glucose 
and u r i c  acid and introduced hypochloremic a lka los i s  and a r i s k  of ototox- 
i c i t y  as new concerns. The d i u r e t i c  bases, triamterene and amiloride, and 
the aldosterone antagonist ,  spironolactone, a l s o  were developed during this 
period but,  while these drugs spared potassium and possibly were f r e e  of 
hyperglycemic and hyperuricemic propert ies ,  they presented the new r i s k  of 
potassium retent ion.  Thus, the " ideal  d iu re t i c " ,  a s  a s i n g l e  chemical en- 
t i t y ,  present ly  does not e x i s t ,  and e f f o r t s  t o  improve therapy continue. 

Chemistry and pharmacology of new d iu re t i c s .  The most extensive develop- 
ments i n  the chemistry of d i u r e t i c  agents during the pas t  two years come 
from the work of F e i t  and colleagues who evaluated the influence of isom- 
erism and new subs t i t uen t s  on the d i u r e t i c  propert ies  of the aminosulfa- 
my lbenzoic acid molecule. 
sulfnmylbenzoic acids  ( I )  were synthesized and t h e i r  d i u r e t i c  act ions were 
compared t o  furosemide-like isomers from the 2-amino subs t i t u t ed  anthra- 
n i l i c  acid s e r i e s  ( 1 I ) l .  
ficacy" d i u r e s i s  and na t r iu re s i s .  The most potent of these were I a  and Ib  
which increased sodium, chlor ide and potassium excret ion i n  dogs 'as a con- 
tinuous function of dose i n  much the same fashion and with the same potency 
as  furosemide. Also analogous t o  furosemide, the a c t i v i t y  was e a r l y  i n  OR 
s e t  and br ief  i n  duration. The p r inc ip l e  difference between the 3-amino 
and 2-amino de r iva t ives  was t h a t  a v a r i e t y  of N-substituents (benzyl, n- 
amyl, isoamyl, n-butyl, 2-methylfuryl) uniformly enhanced a c t i v i t y  i n  the 
former s e r i e s  whereas 2-methylfuryl uniquely increased potency of the an- 
t h r a n i l i c  acid molecule. By varying subs t i t uen t s  i n  the 4 pos i t i on  of I, 
the general izat ion t h a t  benzenesulfonamide d i u r e t i c s  require  halogen or  
pseudohalogen adjacent t o  the sulfonamide group f o r  a c t i v i t y  was evalu- 
ated2. Fixing R1 a s  benzyl, several  non-halogen moieties dramatical ly  en- 
hanced potency (compounds I c  - I e )  when compared t o  the corresponding bro- 
mine and chlor ine subst i tuted der ivat ives .  When R2 was phenoxy, compounds 
with various subs t i t uen t s  i n  R 1  ( I e  - Ih )  were equipotent t o  each other 
and 40 times a s  potent as furosemide as n a t r i u r e t i c  and k a l i u r e t i c  agents. 
Saturating or  subs t i t u t ing  the phenyl r i n g  or shortening the n-butyl chain 
of R2 sharply diminished potency. 

Severa 1 N- subs t i tuted 3- amino-4-ha logeno-5- 

A number of type-I compounds produced "high ef-  
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I - 
R2 

I a  n-butyl  C 1  

I b  n-butyl  B r  

I c  CH 2C 6H NHC6H5 

Id CH2C6H5 “gH5 
Ie CH 2 6H5 OCgH5 
I f  n-butyl  OC6H5 
I g  CH,CBr=CH, OC,H, 

- R 1  - 

NH2S02’ R20m1 ‘ COOH 

I1 - 
R 1  - 

I I a  CH3F=CHCH=CHY 

I I b  CH2C=CHCH=CH0 - 
I I C  CH2C6H5 

I I d  CH2C6H5 

I I e  CH2C6H5 

~ 

L L W J  I f  - bumetanide 
I I a  - furosemide 

I h  CH2C=CHCH=CH0 OC6H5 - 

R2 
c1 

OCgH5 

0c6H5 
“gH5 
c1 

- 

Non-halogen 
s u b s t i t u t i o n  of pos- 
i t i o n  4 i n  the  an- 
t h r a n i l i c  ac id  
series s i m i l a r l y  in-  
creased d i u r e t i c  po- 
tency3. Thus, I I b  
had 20 times t h e  po- 
tency of furosemide 
and I I c  and d were 
a t  l e a s t  10-fold 
more po ten t  than I I e  
on the  b a s i s  of vol-  
ume and e l e c t r o l y t e  
exc re t ion  i n  the  dog. 
Cons is  t e n t  wi th  p r i -  
o r  evidence of a 
unique a c t i v a t i n g  
proper ty  f o r  t h e  2- 
methylfuryl  group a s  
R7 i n  the  furosemide 

series, I I b  was 10-fold a s  po ten t  a s  I I c .  
s t i t u t i o n  wi th  e i t h e r  OCgH5 o r  SC6H 
mylbenzoic ac id  series was not  appl2cable  t o  o ther  sulfonamides,  however. 
None of the d e r i v a t i v e s  of ch lo ro th i az ide ,  hydrochlorothiazide,  quinetha- 
zone o r  clopamide, i n  which these  groups replaced halogen o r tho  t o  t h e  su l -  
fonamide moiety, exer ted  d i u r e t i c  e f f ec t&.  

The pharmacology of bumetanide ( I f )  has  been c a r e f u l l y  examined i n  
animals5 and man6. 
which resembles furosemide p r e c i s e l y  i n  r e spec t  t o  r ap id  onse t  and s h o r t  
du ra t ion  of ac t ion ,  high e f f i cacy ,  isosmotic  u r ine ,  absence of b icarbonate  
exc re t ion ,  and u r ina ry  sodium:potassium r a t i o s .  However, bumetanide has a 
mill igram potency 50 t o  100 times t h a t  of furosemide i n  the  dog and, l i k e  
many o the r  d i u r e t i c s  inc luding  furosemide which i n h i b i t  e l e c t r o l y t e  reab- 
so rp t ion  i n  t h e  ascending limb of t he  loop of Henle7, i s  apprec iab ly  less 
e f f e c t i v e  i n  the  r a t .  C l i n i c a l l y ,  bumetanide could be d i s t ingu i shed  from 
furosemide only on t h e  b a s i s  of i t s  40-fold g r e a t e r  mil l igram potency. Po- 
tass ium l o s s  was ev ident  from s i n g l e  dose s t u d i e s  and plasma u r i c  ac id  
r o s e  with r e p e t i t i v e  t reatment .  

c l o s e l y  resembling hydrochloro th iaz ide  i n  i t s  r e n a l  ac t ions .  
animal s t u d i e s  f o r t i f y  t h i s  conclusion by providing evidence of i n h i b i t e d  
sodium reabsorp t ion  i n  t h e  c o r t i c a l  d i l u t i n  segment9 and negat ive  potas-  

hydrochlorothiazide,  i n h i b i t s  f r e e  water  c learance  (c1-1~0) 11-13 b u t  not  so- 
l u t e  f r e e  water  reabsorp t ion  (TcH20) 12913 which denotes  reduced s o l u t e  
t r anspor t  i n  t he  c o r t i c a l  p a r t  of t h e  d i s t a l  tubule  b u t  not  i n  t h e  medul- 
l a r y  ascending limb. This drug may a l s o  diminish proximal t u  
so rp t ion  t o  a l imi ted  ex ten t  s ince  i t  tends t o  inc rease  TcH20 
u r ina ry  c learance  of proximal marker ions ,  i.e. phosphate, calcium and b i -  

The a c t i v a t i n i  e f f e c t  of 4-sub- 
i n  both the  2-amino and 3-aminosulfa- 

I n  the  dog, bumetanide i s  a h ighly  e f f e c t i v e  d i u r e t i c  

Metolazone, a sulfamoylquinazolinone, was descr ibed previously8 a s  
Subsequent 

sium balance dur ing  chronic  admin i s t r a t ion  18 . In man, metolazone, l i k e  

b t f s  z:ib;he 
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carbonate12. This prox- 
i m a l  tubular ac t ion  may 
be responsible f o r  the 
limited effect iveness  
with which very high 

CH3 doses of metolazone have 

chronic r e n a l  f a i lu re l4 .  
me tolazone mef rus  ide  been used t o  t r e a t  

During chronic treatment i n  hypertensives, blood pressure and plasma K+ 
f e l l  while plasma urate, HCO - and nitrogenous mater ia ls  rose i n  much the 
same manner t h a t  they do w i t 2  a thiazide diuretic15. Studies with mefru- 
side,  another sulfonamide-containing d i u r e t i c ,  a l s o  showed a close corre- 
l a t i o n  with thiazides  i n  terms of both des i r ab le  and undesirable e f f e c t s  
i n  hypertensive patients16'18. 

I n  contrast  t o  the seemingly inevi table  potassium losing propert ies  
of organic acid d i u r e t i c s ,  organic bases generally produce potassium re- 
tention. 
junctive therapy with other d i u r e t i c  drugs. These compounds tend t o  be 
very e f f e c t i v e  d i u r e t i c s  i n  the rat but less e f f e c t i v e  o r  i ne f f ec t ive  i n  
dogs, and most of the evidence i n  man agrees with the canine findings. 
Thus, s tud ie s  c i t ed  earlier8 as w e l l  as recent  work19~20 ind ica t e  t h a t  
amiloride su f fe r s  def ic iencies  as  independent therapy but very appropri- 
a t e l y  po ten t i a t e s  the n a t r i u r e t i c  e f f e c t  and antagonizes the hypokalemic 
act ion of ac id i c  d i u r e t i c s  when they a r e  given i n  combination. 

The c l i n i c a l  r o l e  f o r  such agents u n t i l  now seems largely as ad- 

New potassium sparing organic base d i u r e t i c s  continue t o  be describ- 
ed. Wu e t  a1.21 have recent ly  synthesized a s e r i e s  of d i u r e t i c ,  natr iure-  
t i c  1-imidoyl-2-(2- and 3-indolyl) indolines (111 and IV), many of which 
e i t h e r  f a i l e d  t o  influence urinary potassium excretion or  caused potassium 

B 

IIIa R = CH=NC(CH3)3 

I I I b  R = 
IVa R = 

U 

retention. Compounds i n  each series increased 
i n  rats t o  a greater  extent than d i d  maximally 

V - 

volume and sodium excret ion 
e f f ec t ive  doses of a thia- 

zide. 
cyc l i c  conformation, was e s s e n t i a l  f o r  d i u r e t i c  ac t iv i ty .  
series, d i u r e t i c  a c t i v i t y  increased as  the carbon attached t o  the imidoyl 
nitrogen progressed from primary t o  secondary t o  t e r t i a r y  subs t i t u t ion .  
Subst i tut ion i n  the 5 posi t ion of the indoline nucleus exerted va r i ab le  
e f f e c t s  on a c t i v i t y ,  not accounted f o r  by e l ec t ron ic  influences. Several  
compounds ( I I I a ,b ;  IVa; V) are under continuing investigation. 

An imidoyl moiety a t  the 1 pos i t i on  (R),  e i t h e r  i n  a cyc l i c  o r  non- 
I n  a homologous 
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Additional work goes on with multiple,  nitrogen-containing r i n g  sys- 
tems. V I  i s  described as having n a t r i u r e t i c  e f f i c a c  i n  rats and dogs com- 

nei ther  d i l u t i o n  nor concentration of urine, thus being d i f f e r e n t  i n  tubu- 
lar s i te  of ac t ion  from thiazides ,  carbonic anhydrase inh ib i to r s  and "loop 
diuret ics" ,  and, therefore,  addi t ive i n  e f f e c t  with many of these other 
compounds. V I  was inact ive i n  adrenalectomized r a t s  but responsiveness was 
restored by administering c o r t i s o l ,  This a c t i v i t y  p r o f i l e  i s  s imi l a r  t o  
t h a t  of V I I  which was described a s  ine f f ec t ive  i n  adrenalectomized r a t s23  

parable t o  thiazides  but lacking a k a l i u r e t i c  ac t ion  $2 . This agent a f f e c t s  

and which recent- 

tassium losing ac- 
t i o n  but t o  add 
t o  the n a t r i u r e t i c  
ac t ion  of thia-  
zides and other 

V I I I  d i u r  e t i cs24. Yet 
another multiple,  
nitrogen- contain- 

- V I I  - 
ing r i n g  system (VIII) ,  a 5-deaza i sos t e re  of the pteridinecarboxamide 
se r i e s ,  yielded compounds inact ive a s  diuretics25. 

Diuret ic  act ions have a l s o  been described f o r  a miscellaneous group 
of compounds, most of which a c t  through mechanisms other than d i r e c t  inhi- 
b i t i o n  of tubular i on  transport .  Isoprotereno126, an adrenergic beta  re- 
ceptor agonist ,  and histamine27 increased volume, sodium and chlor ide ex- 
c re t ion  when infused i n t o  the renal a r t e r y  of dogs. Both agents enhanced 
glomerular f i l t r a t i o n  r a t e  (GFR) and r ena l  blood flow (RBF) a s  a r e s u l t  of 
r ena l  vasod i l i t a t ion  and these changes were thought t o  be responsible fo r  
the h e i  htened sal t  and water excretion. 
c h ~ l i n e ~ ~ , ~ ~ ,  prostaglandin E 28, or b r a d ~ k i n i n * ~  i n t o  the r ena l  a r t e r y  
of dogs continues t o  be invesgigated and e a r l i e r  contentions t h a t  these 
agents cause d iu res i s  by suppressing proximal tubular sa l t  and water reab- 
sorption have been supported. Bradykinin and acetylcholine may a l s o  l i m i t  
e l ec t ro ly t e  t ransport  i n  the ascending limb29. 

The e f f e c t  of infusion of acetyl-  

S t i l l  another vasoactive 
(1x1, increased volume, sodium and potassium 
excretion when given o r a l l y  t o  rats30. 
This agent w a s  less potent but near ly  as 

these changes were secondary t o  a l t e r e d  
r ena l  hemodynarnics o r  the r e s u l t  of inhibi-  
b i t i o n  of tubular ion t ransport  has not been 

disclosed. Intravenous guanethidine and reserpine a l s o  increased s a l t  and 
water excretion i n  dogs a s  a r e s u l t  of catecholamine r e l ease  and the accom- 
panying elevat ion i n  blood pressure31. Final ly ,  the a n t i b i o t i c ,  amphoteri- 
c i n  B, increased sodium and potassium clearance while decreasing GFR and 
RPF i n  dogs32. This agent appeared t o  d i r e c t l y  i n h i b i t  e l e c t r o l y t e  reab- 
sorption i n  the c o r t i c a l  d i s t a l  tubule. 

Cel lular  mechanisms of d i u r e t i c  action. 

H-COOH 
H-COOH eff icacious as hydrochlorothiazide. Whether 

I X  - 

The most thoroughly researched 
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mechanism i n  recent  years by which d i u r e t i c s  might a c t  t o  f a c i l i t a t e  urin- 
ary e l e c t r o l y t e  and water excretion i s  inh ib i t i on  of the Na+-K+ act ivated 
ATPase of r e n a l  tubule ce l l s .  This enzyme couples hydrolysis of the ter- 
minal phosphate of ATP with the a c t i v e  transmembrane movement of ions. 
Na+-@ ATPase r ecen t ly  has been localized t o  the infoldings of t he  basa l  
(antiluminal) plasma membrane of the r e n a l  tubular cells33. I n  t h i s  loca- 
t ion,  according t o  one view34935, Na+ ions in s ide  the ce l l  activate phos- 
phorylation of the enzyme by ATP which r e s u l t s  in a conformational change 
i n  the  p ro te in  and t ranslocates  Na+ ions t o  the outside. Facing the out- 
s ide,  a & dependent phosphatase catalyzes dephosphorylation which l i be r -  
a t e s  Na+ ions and r e s u l t s  i n  a reverse  conformational change with trans- 
location of K+ ions inward. A second "pump" mechanism, not involving in- 
ward t ransport  of K+, a l s o  has been roposed t o  account f o r  net movement 
of Na+ + C1' ions and water outward3g, but t h i s  mechanism i s  challenged by 
others37 s ince f a c i l e  back d i f fus ion  of K+ can r ead i ly  explain net move- 
ment of so lu t e  and accompanying water t o  the outside. 

The r o l e  played by Na+-K+ ATPase i n  ion and water reabsorption varies 
i n  d i f f e r e n t  p a r t s  of t he  renal tubule. The enzyme is  present i n  large 
amounts38 and has been shown t o  p a r t i c i p a t e  extensively i n  ion reabsorption 
from the th i ck  port ion of the ascending limb of Henle's 100~39-42. 
the administration of cardiac glycosides i n  q u a n t i t i e s  t h a t  appreciably 
i n h i b i t  the enzyme i n  the outer  red medulla of the kidney r e s u l t s  i n  paral-  
l e l  n a t r i u r e s i s  and impairment of ur inary concentration and di lut ion.  
Na+-* ATPase i s  a l s o  appreciable i n  d i s t a l  convoluted tubules and probably 
has a reabsorptive function here38, but it i s  r e l a t i v e l y  d e f i c i e n t  i n  the 
proximal tubule where inh ib i t i on  by cardiac glycosides f a i l s  t o  increase 
sal t  and water excretion39-42. Ethacrynic acid (EA) i n h i b i t s  a ouabain- 
s ens i t i ve  Na+-K+ ATPase f r a c t i o n  from r e n a l  cortex and red r e n a l  medulla 
i n  dogs i n  a dose-dependent manner and the duration of t h i s  i n  vivo e f f e c t  
corresponded with the sho r t  term n a t r i ~ r e s i s ~ ~ .  
i nh ib i t i on  with ouabain f a i l e d  t o  fu r the r  enhance the n a t r i u r e s i s ,  which 
was viewed as evidence t h a t  both agents a c t  on the same enzyme and tha t  
the d i u r e t i c  ac t ion  of EA i s  so explained39~43. The r e l a t i v e  r e f r a c t o r i -  
ness of the r a t  t o  E A w a s  a l s o  accounted f o r  i n  terms of t h i s  mechanism 
since EA i n h i b i t i o n  w a s  r e a d i l y  r eve r s ib l e  i n  t h i s  species  but  i r revers-  
i b l e  i n  t h e  dog63. 
r ena l  t i s s u e  following i n  vivo dosing and the appreciable i n h i b i t i o n  of 
Na+-I@ ATPase which r e su l t s ,has  been c i t e d  as e 
concentrates t he  drug i n  a c r i t i c a l  compartment 
occurs is  suggested by the  f inding of energy-dependent uptake and concen- 
t r a t i o n  of EA by r e n a l  tubular cel l&.  
Na+-Kt ATPase i n  the ascending limb and d i s t a l  convoluted tubule of the 
ra t  kidney, both anatomical s i t e s  of i t s  d i u r e t i c  act ion,  but,  consis tent  
with near normal sodium reabsorption i n  the proximal tubule, did not 
a f f e c t  the enzyme i n  t h i s  segment46. 

Thus, 

Giving EA a f t e r  complete 

A d i s p a r i t y  between the low concentration of EA i n  dog 

dence t h a t  t he  kidney . That t h i s  probably zt 
Furosemide(F) a l s o  inhibi ted 

I n  s p i t e  of r a the r  convincing evidence, not a l l  invest igators  agree 
t h a t  i nh ib i t i on  of Na+-K+ ATPase accounts f o r  the e f f e c t s  of EA and F on 
sodium excretion. I n  one study, nei ther  drug inhibi ted t h i s  enzyme i n  a 
plasma membrane f r a c t i o n  obtained from kidneys of rats t r ea t ed  i n  vivo47. 
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I n  another instance, there  w a s  a discrepancy between enzyme inh ib i t i on  by 
EA and a l t e r ed  proximal tubular reabsorption48. 
have fostered the view t h a t  such agents a c t  by i n t e r f e r i n g  with ATP gener- 
ation. For example, EA and F a r e  alleged to slow rena l  glycolysis ,  not by 
reducing energy demand secondary t o  a d i r e c t  i nh ib i t i on  of Na+ t ransport  
but by inh ib i t i ng  glyceraldehyde-3-P04 dehydrogenasebg. EA and chlormero- 
d r i n  a l s o  diminished O2 uptake by rodent kidney slices incubated i n  sodium- 
f r e e  media, a a r en t ly  r u l i n g  out d i r e c t  i nh ib i t i on  of sodium transport  as 
the mechan i~m!~ ,~~ .  
i n  toad bladder and dog kidney s l i c e s ,  respect ively,  inhibi ted 0 uptake 
only when sodium w a s  avai lable  f o r  t ransport  i n  the medium, whici  suggested 
reduced energy demand instead of supply. In t e re s t ing ly ,  e f f o r t s  are even 
being made t o  e s t a b l i s h  mechanisms such a s  interference with high energy 
phosphate generation as  a basis  f o r  the d i u r e t i c  ac t ion  of carbonic anhy- 
drase i n h i b i t o r ~ ~ ~ ~ ~ 5 ,  but t he re  i s  l i t t l e  support f o r  t h i s  p o s s i b i l i t y  or 
fo r  the p o s s i b i l i t y  t h a t  thiazide- l ike d i u r e t i c s  work through any of these 
mechanisms. 

Findings of t h i s  type 

Controversy e x i s t s  here,  however, s ince EA52 and F53 

Amiloride a c t s  i n  the r e n a l  d i s t a l  convolution andfor the co l l ec t ing  
The mechanism has been duct t o  i n h i b i t  Na+ reabsorption and Kt secretion. 

studied primarily i n  the anatomically more simple toad bladder where the 
drug i n h i b i t s  short  c i r c u i t  current  and t r a n s e p i t h e l i a l  Na+ transport56. 
I n  the toad bladder, amiloride suppresses pyruvate oxidation57 and 0 con- 
sumption58, both presumably secondary t o  Na+ t ransport  i nh ib i t i on  s i i c e  no 
e f f e c t  is seen i n  the absence of Na+ a t  the mucosal surface. The in t r a -  
c e l l u l a r  Na+ ~ o n c e n t r a t i o n 5 ~  (or L i +  which i s  a l s o  transported by the toad 
bladder59) f a l l s .  This i s  interpreted a s  an indicat ion t h a t  amiloride di-  
minishes the Na+ permeability of the c e l l  membrane facing the mucosal sur- 
face and thereby reduces the concentration of Na+ enter ing the i n t r a c e l l -  
u l a r  t ransport  pool. This i n  t u rn  should r e s u l t  i n  less Na+ ac t iva t ion  of 
t ransport  Na+-+ ATPase a t  the anti luminal membrane, l e s s  t r a n s c e l l u l a r  
Na+ t ransport ,  l e s s  ATP u t i l i z a t i o n ,  and less ATP generation60. The 
nature of the in t e rac t ion  of amiloride is not well defined although the 
presence of Ca* appears necessary, and a ternary complex involving drug, 
Ca* and receptor has been postulated61,62. According t o  one view, based 
on frog skin s tudies ,  triamterene a c t s  s imi l a r ly  t o  amiloride i n  l imit ing 
Na+ entry and diminishing the i n t r a c e l l u l a r  transport  ~00163.  
view i s  t h a t  these drugs a c t  a t  d i f f e r e n t  si tes on the Na+ t ransport  me- 
~ h a n i s m ~ ~  although the difference i s  not w e l l  defined. The reduced potas- 
sium excretion t h a t  both agents produce probably r e s u l t s  from reduced, Na+ 
transport-dependent e lectronegat ivi ty  i n  the f h i d  bathing the mucosal 
(analogous t o  luminal) surface which diminishes the electrochemical gradi- 
ent favoring K+ secretion64. 

A second 

Cyclic AMP and the enzymes which produce (adenylcyclase) and destroy 
it  (phosphodiesterase) have been recognized f o r  s eve ra l  years t o  be in- 
volved i n  the r ena l  ac t ions  of a n t i d i u r e t i c  hormone (ADH) and parathyroid 
hormone (PTH). 
receptor f o r  an exogenous d i u r e t i c  as  well. The compound believed t o  a c t  
here is an indolyl  indoline ( I I I a )  which q u i t e  s e l ec t ive ly  i n h i b i t s  the 
cyc l i c  AMP phosphodiesterase (PDE) of ra t  and guinea p ig  kidney, and there- 

Recently t h i s  ubiquitous system has been proposed as the 
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by r a i s e s  the concentration of cyc l i c  AMP i n  r e n a l  cells65. Evidence c i t e d  
i n  support of t h i s  mechanism includes the finding t h a t  c e r t a i n  other diure- 
t i c s ,  i.e. thiazides66 and theophylline67, a l s o  i n h i b i t  t h i s  enzyme i n  
r ena l  t issue.  Whether t h i s  mechanism is  applicable remains t o  be estab- 
lished. I n  t h i s  connection it  i s  useful  t o  examine knowledge about the 
location and the r o l e  of the cyc l i c  AMP system i n  r e n a l  function. The syn- 
thesizing enzyme, adenyl cyclase,  is localized p r inc ipa l ly  i n  the basal  
c e l l  membrane of tubular endothel ia l  c e l l s ,  e s s e n t i a l l y  the same s i t e  occu- 
pied by Na+-K+ ATPase68969. 
responsiveness t o  known ac t iva to r s  a r e  found i n  various tubular segments. 
The enzyme from the r e n a l  medulla i s  p r e f e r e n t i a l l y  act ivated by ADH where- 
as PTH s e l e c t i v e l y  a c t i v a t e s  cyclase from the cortex (mostly proximal tubu- 
l a r  c e l 1 ~ ) 6 8 J 0 , 7 ~ .  
f l uo r ide  and ca l c i ton in  appear t o  show no anatomical preference68. 
i n t e r e s t i n g  t o  note,  however, t h a t  i n  the reported instances when the  
e f f e c t  of augmented cyc l i c  AMP levels  has been imposed on the kidney, 
e i t h e r  by infusion of cyc l i c  or  dibutyr  1 c c l i c  AMP72'74 or by adminis- 
t r a t i o n  of a c t i v a t o r s  of r ena l  c y ~ l a s e s ~ 3 ' ~ ~  or  cyclases elsewhere i n  the 
body74-76, Na+ reabsorption has been suppressed only i n  the proximal tub- 
ule .  Moreover, e levat ion of cyc l i c  AMP i n  more d i s t a l  tubular elements by 
ADH does not a f f e c t  sodium excretion. While these are not conclusive argu- 
ments t h a t  t h i s  system lacks the capacity t o  a l t e r  Na+ reabsorption i n  the 
d i s t a l  nephron, the p o s s i b i l i t y  i s  strongly suggested. I n  any case, i t  
seems unlikely t h a t  i nh ib i t i on  of r e n a l  PDE by thiazides  explains t h e i r  
n a t r i u r e t i c  e f f e c t  s ince these agents i n h i b i t  sodium transport  p r inc ipa l ly  
i n  the d i s t a l  tubule8. 
hances s a l t  and water excret ion by inh ib i t i ng  r e n a l  PDE would be strength- 
ened i f  t h i s  agent were found t o  a c t  predominantly i n  the proximal tubule. 

A number of cyclase enzymes with d i f f e r e n t i a l  

A number of other  a c t i v a t o r s  including isoproterenol ,  
It i s  

Accordingly, t he  prospect t h a t  compound I I I a  en- 

Na t r iu re t i c  hormone. The concept of a n a t r i u r e t i c  hormone received i t s  
g rea t e s t  impetus i n  1961 when DeWardener e t  a1.77 showed t h a t  the na t r iu r -  
esis which accompanied isotonic  s a l i n e  expansion i n  dogs could not be 
accounted f o r  by changes i n  f i l t r a t i o n  r a t e  (GFR) or  mineralocorticoid se- 
c re t ion  and, furthermore, t h a t  sodium excret ion by a kidney from a second 
animal could be increased by infusing it  with blood from the expanded dog. 
Subsequently, many invest igators  pursued t h i s  question and, as a r e s u l t ,  
not one but a va r i e ty  of newly defined f ac to r s  which r egu la t e  sodium ex- 
c re t ion  by the kidney have been elucidated. Among these,  a blood borne 
chemical substance or  hormone remains of great  i n t e r e s t  s ince i t  (they) 
now seems c e r t a i n  t o  e x i s t  and s ince r ep l i ca t ab le  methods have been de- 
developed t o  demonstrate i t s  a c t i v i t y .  

Convincing evidence of the existence of sodium transport  i nh ib i to ry  
materials i n  e i t h e r  blood or urine has come from a number of sources. One 
such mater ia l ,  obtained from e i t h e r  ur ine or plasma of salt- loaded man o r  
sheep, w a s  considered protein- l ike and had a molecular weight between 
10,000 and 5O,OOO78,79. When administered i n t o  the c i r c u l a t i o n  t o  e i t h e r  
diabetes  insipidus or normal hydropenic rats,  a delayed, modest increase 
i n  Na+,K+ and water excretion occurred. Urine of volume expanded hyper- 
tensive subjects  provided an e spec ia l ly  r i c h  source f o r  t h i s  type of mole- 
cule8O. A small polypeptide, which enhanced sodium excretion i n  the r a t  
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and ca t  and inhibi ted short  c i r c u i t  current  i n  f rog skin,  was a l s o  found 
i n  human plasmaa1. This mater ia l  was more abundant i n  blood coming from 
the brain than from the periphery and i t s  r e l ease  was f a c i l i t a t e d  by t e m -  
po ra r i ly  occluding the carot id  a r t e r y  or  by perfusing the brain with oxy- 
tocin. The same or  a similar substance, which inhibi ted sho r t  c i r c u i t  
current and lowered the p o t e n t i a l  difference across toad bladders,  was a l s o  
found p re fe ren t i a l ly  i n  jugular vein blood of s a l i n e  loaded dogs82. Its MW 
w a s  probably l e s s  than 1000. Y e t  a second small MW substance w a s  obtained 
from serum of pa t i en t s  i n  chronic r ena l  failure83'85. This material had a 
MW of less than 1000, r e s i s t ed  boi l ing,  f reezing and digest ion with prote- 
o l y t i c  enzymes or  acid but w a s  inact ivated by a lka l i .  Modest n a t r i u r e t i c  
a c t i v i t y  w a s  produced by parenteral ly  dosing rats, and inh ib i t i on  of kid- 
ney slice PAH uptake and frog sk in  short  c i r c u i t  current  ' a l s o  occurred. 

Aside from general  character izat ion,  what might the chemistry of such 
a molecule be? The small polypeptide81 has been thought t o  resemble oxy- 
tocin86 because c e r t a i n  analogues of t h i s  hormone prevent the n a t r i u r e s i s  
produced i n  response t o  carot id  occlusion. 
analogue without oxytocic or a n t i d i u r e t i c  act ion,  is an oxytocin antagon- 
ist and has the required n a t r i u r e t i c  action87. 
is the finding t h a t  both a- and p-melanocyte s t imulat ing hormones, the 
former a na tu ra l ly  occurring polypeptide which appears i n  the pars  i n t e r -  
media of the p i t u i t a r y  gland and which disappears following hypertonic sa- 
l i n e  loading, a r e  potent n a t r i u r e t i c  agents i n  the r a t 8 8 ~ 8 9 .  Another pos- 
s i b i l i t y  includes bradykinin, a known n a t r i u r e t i c  substance, which i s  l ib-  
erated from plasma kininogens by the enzyme kalikrein.  It has been pro- 
posed t h a t ,  i n  response t o  s a l i n e  loading, ka l ik re in  is elaborated by the 
kidney and produces n a t r i u r e t i c  kinins intrarenallygo. Certain non-poly- 
peptide endogenous organic molecules have a l s o  been considered. Methyl- 
guanidine and guanidinosuccinic acid have been studied i n  t h i s  regard be- 
cause She 
t i e n t s  l ~ ~ ~ .  The former but not the l a t t e r  was reported t o  increase so- 
dium and potassium excretion i n  the r a t .  
viewed as prospective n a t r i u r e t i c  hormones, p a r t i c u l a r l y  PGE2 and PGA2 
which a r e  thought t o  be synthesized i n  the kidne 93. 
creases sodium reabsorption i n  the d i s t a l  tubuleJ4 which 8s viewed by many 
a s  a necessary s i t e  f o r  the ac t ion  of n a t r i u r e t i c  hormone. 
posed t o  t h i s  notion, however, a r e  the findings t h a t  the inh ib i t i on  of Na+ 
extrusion and K? uptake by i so l a t ed  fragments of r a b b i t  r e n a l  proximal 
tubules which one of t he  n a t r i u r e t i c  hormones produces cannot be r e p l i -  
cated with prostaglandins95. 

[2,4-Dileucineloxytocin, an 

Of even greater i n t e r e s t  

a r e  found i n  increased amounts i n  the serum of uremic pa- 

Prostaglandins a l s o  have been 

PGE presumably de- 

Somewhat op- 
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Chapter 11. Agents Affecting Gastrointestinal Functions 

Patr ic ia  W. Evere and Peter T. Ridley 
Smith n i n e  & French Laboratories, Philadelphia, Pa. 

In  general, the statements made i n  the introduction t o  the previous 
biennial review of this area still prevail; the  primary thrust  of chemical 
and pharmacolo ca l  research i n  t h i s  area is directed toward the control of 
acid secretion? Approaches t o  this goal are based on everexpanding know- 
ledge of physiological mechanisms. 
state of the art. 

This review attempts t o  r e f l ec t  t h i s  

Gastrointestinal Hormones 

Reviews - The proceedings of an international symposium on these hormones 
ha6 been publiehed2, and potential  c l in i ca l  applications have been proposed 
by Groseman3. Dupe 4 has reviewed the general literature; 8 c i f i c  reviews 
have been published on the chemistry and biology of gas t r in57 ,  on secre- 
t in7,  on in t e s t ina l  hormones as inhib i tors  of gas t r ic  secretion8, and on 
radioimmunoaesay t echniquesg . 
Gastrin - When the heptadecapeptides, (iastrins I and I1 (W. t t l e  gastrins'l- 
IG - M.W. 2100) were f i ra t  isolated from hog antral mucosa, it wacl specu- 
la ted  tha t  eventually these substances might be found t o  be only a portion 
of a larger  molecule, and indeed, a la rger  peptide, cal led "big gastrint1 
(EG - M.W. c 70001, ha6 been identified.  

leased from both Bc) and "big, big" gastr in  by t rypt ic  digestion; i n  th i e  
regard, the system of increasingly la rger  gastr in  molecules resembles that 
already observed for  other peptide hormones, e.g., insulin. 

Now, "big, big" gas r in ,  with a 
molecular weight close t o  that of albumin, has been isolated 18 . Ul is re- 

Structure-activity s tudies  on gastr in  continue t o  change our concepts 
of its interact ion with receptor sites. 
Met-AspPhe-NH2, possessing a l l  of the ac t iv i t i e s  of the t o t a l  molecule, 
had been proposed as the  "minimal effect ive fragment" of gastrin,  with a 
binding ro le  assigned t o  the Try ,  Met, and Phe residues and a finction role, 
t o  Asp. Linl l ,  however, hae demonstrated that the C-terminal t r ipept ide 
w i l l  induce most of the pharmacological actions of the tetrapeptide al- 
though only at much higher doses. In  addition, Trout and G r o s s ~ n a n ~ ~  have 
shown that a larger  peptide (C-terminal octapeptide of CCK, OP-CCK) with 
the same C-terminal tetrapeptide sequence w i l l  stimulate gas t r ic  acid se- 
cretion and tha t  Ala can be substi tuted fo r  Asp i n  the O P C C K  molecule and 
still stimulate acid secretion. 

The C- te rmina l  tetrapeptide,  Try- 

The importance of the phenylalanine amide group f o r  secretory activ- 
i t y  was reconfirmed by McGuigan and Thomasl3 who showed that nonamidated 
human gastr in  I is biologically inactive as well as almost immunologically 
unreactive with specif ic  antibodies. 
aeries of gastrin-related compounds depends t o  some extent on whether ty- 
rosine is present at position 6 or  7 from the C-terminal end and whether 

The degree of secretory ac t iv i ty  of a 
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it is sulfated14. 

Tritsch, et  al., prepared dimeric and cyclic d o g s  of gastr in  15 , 16 
On the basis  of t he i r  studies of the biological a c t i v i t i e s  of these s u b  
stances, they mggested that both Asp residues of the dimer were function- 
a l l y  active,  simultaneously occupying receptor s i t e s  on the chief and pa= 
r i e t a l  ce l l s ,  and that this necessarily required a l i nea r  conformation of 
the synthetic analog. 

Important s tudies  on the conf rmation of pentagaatrin and the gastr in  
t e t r a  eptide have been rep0rtedl7,1~. Ektrapolatlng from the resul te ,  
Kei& s has suggested some character is t ics  f o r  possible gastr in  inhibitors. 

%a -8 1 9. 

Jones synthesized several peptides re la ted t o  the C-terminal tetra- 
peptide of gaetrin by complementary reading of the genetic code; one of 
these, %LyS-Ile-&!-Pro=l'ili2, was found t o  have some inhibitory effect  on 
g a t r i c  uice volume and acid and pepsin output in dogs a f t e r  dosing f o r  

Several substances a re  known t o  stimulate gaetrin release by local  
action on the antrum. Investigating molecular factors  verning permeation 
of the'antrum by gaetr in  releaeers, Berkowitz, e t  al.,2'found that the pH 
o f  the ine t i l l ed  solution affected permeability by its influence on the 
charge a t a t e  of both the permeant compound and the  mucosal surface. 
Smaller molecules (mol. wts. 46 t o  75) permeated a t  a higher rate than 
choline (M.W. 121). but acetylcholine (M.W. 146) disappeared at the same 
r a t e  as the  smaller molecules. Some of the observation8 i n  vivo were con- 
finned by s tudies  with a synthetic membrBe and a re  i n  general agreement 
with the findinga of Andereson and Elwin 

Cholecyetokinin (CCK). Caerulein, and Related Peptides - Two techniques fo r  
radioimmunoaasay of CCK have been reported, but both have d i s t inc t  l i m i -  
tationeg. 
stimul ted acid secretion i n  dogs and man, probably by competitive inhi- 

have now shown this inhibi t ion i n  isolated 
Necturue gastr ic  mcoea. 

. 

It has been repeatedly demonstrated that CCK depresees gaetrin 

bi t ion 8 . Nakajima, e t  

cats, demonstrating a species difference i n  response t o  t h i s  hormone 54 . In  contrast ,  CCK did not inh ib i t  pentagast n In  

The C-terminal octapeptide of caerulein, a peptide isolated from 
amphibian skin, cloeely resembles CCK i n  s t ructure  and activity.  For both 
eubstances, optimal cholecystokinetic ac t iv i ty  requires sulfated tyrosine 
i n  posit ion 7 from the C-terminus. 
the heptapeptide i n  which tyrosyl sulfate is replaced by psulfonylphenyl- 
alanine re ta ins  cholecystokinetic and other act 
at  about 1/10 the potency of the t o t a l  molecule 

I t a l i an  researchers have now shown that 

i t iee  in animals and man 
b 

lz 
Like gastrin and CCK with which it ehares the comon C-terminal 

tetrapeptide, caerulein appear8 t o  be a partial agonist f o r  gastric secre- 
tion. 
8ponee t o  infusion of submaximal doses of pentaga t r in ,  but depreeeed 

In  cats,  caerulein and some analog8 increased acid output in re- 



95 Evers, Ridley - Chap. 11 Gastrointestinal Agents 

acidi ty  stimulated by maximal doses25. 
these studies i n  ca ts  w a s  that infusion of caerulein and its analogs could 
protect a ns t  duodenal ulceration induced by infusion of pentagastrin or 

The most interest ing aspect of 

histamine 5e 
Two other peptides (alytesin and bombesin) isolated from amphibian 

skin d i f f e r  from caerulein i n  chemical structure,  but resemble it i n  cer- 
ta in  biological ac t iv i t i e s  - contraction of gastrointest inal  smooth muscle 
and stimulation of gastr ic  acid secretion. The spectrum of ac t iv i t i e s  of 
alytesin and bornbesin, caerulein, and other pept des from the same sources 
have been reviewed by Anastasi27 and Bertaccini2 8 . 

Pyr-~-Arg-Leu-Gly-Thr-Gln-Trp-Ala-Val-Gly-His-Leu-Met-NH2 
Alyt esin 

Bombesin d i f fe rs  i n  s t ructure  only by the presence of Gln instead of 
Gly.in the penultimate position a t  the N-terminus. 

Other Pe t ides  - The t i ssues  and secretions of the gastrointest inal  t r a c t  

of the organ system whichproduces them, as investigators continue t o  iden- 
t i f y  new substances. 

+ seem t o  e an almoet unlimited source of peptides which a f fec t  the ac t iv i ty  

The gastr ic  inhibitory polypeptide (GIP) reported by Brown and co- 
workers can be c lass i f ied  as an enterogaet one based on its source and in- 

quence of GIP (43 residues) has now been determined and shows similarities 
t o  porcine secret in  (27 residues) and glucagon (29 reeidues)29. 
peptide may be reeponsible fo r  some of the antisecretory ac t iv i ty  of rela- 
t ively impure preparations of CCK~O. 
eecretion i n  the jejunum and ileum of dogs3? 

hibit ion of gastr ic  secretion and motil i ty € . The complete amino acid ee- 

T h i s  poly- 

GIP also been shown t o  increase 

Brown and h i s  group have also isolated from porcine duodenum a p e p  

T h i s  substance which they have called "motilin" ha8 been 
t i de  which s t imulatesgastr ic  motil i ty and pepsin output but does not a l t e r  
acid secretion. 
found t o  consist of 22 amino acid residues (M.W. c 2700). So fa r ,  it seem 
t o  be qui te  d i s t inc t  from other fu l ly  characterized in t e s t ina l  h0rmones3~. 

The par t ia l  s t ructure  of vasoactive in tes t ina l  peptide (VIP, 28 amino 
acid residues) haer been determined; t h i s  subetanc has chemical and biol- 
ogical feature6 similar t o  secret in  and glucagon 33 . 

Additional s tudies  on secretory i n  i t o r s  from thoracic duct lymph 
(chylogastrone)% and urine (urogaetrone) ?! have been reported. Peptidee 
from the 
Schapiro 
and Goodman and matt37 have reported a new substance, cal led "coherin", 
which they think has specif ic  effects  on motility. 

i t u i t a r y  a r e  known t o  a f fec t  gastrointest inal  function. 
has reviewed the l i t e r a tu re  on such a c t i v i t i e s  of vasopreesin, 
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Prostaglandins and Gastric Secretion 

The synthesis of prostaglandin analogs over the past couple of years 
ees of potency and oral 

AY 2209313Fwae act ive parenterally 
has resulted i n  several compounds with varying de 
activity.  An 11-dew analog 08 
in the rat; another analog, (A ('Af,FG~) (SC 24665139 suppressed se- 
cretion and ulceration i n  the ra when administered orally. 
pGE2 have been ci ted recently 40,'1 and have been shown t o  be very potent, 
poesess a very long duration of ac t iv i ty ,  and have antisecretorg ac t iv i ty  
i n  both rats and dogs. 
methyl es ter ,  and 16,16-dimethyl RE2, methyl es te r )  have been report  
Robert t o  prevent formation of gastr ic  and duodenal ulcers  i n  the rat  

Two analogs of 

In addition, both compound6 (15(S)-15-methyl pGE29 

&P . 

15(S)-lCnethyl PGE2,methyl ester 16,16-dimethyl ffiE2, methyl ester 

The mode by which prostaglandins inh ib i t  gastr ic  secretion is un- 
known. 
led  t o  speculation tha t  they a c t  v ia  the second messenger system. 

however, additional work is needed t o  ascertain this hypothesis. 

The pronounced influence that these compounds posress on cAMP ha6 
ecause 

of the equivocal data concerning the ro le  of cAMP i n  acid secretion $2 , 

Cyclic AMP and Gmtric  Secretion 

B i e ~ k ~ ~  observed dose related increases i n  CAMP leve ls  i n  secretion 
Ektensive studies of humans o r  dogs following pentagastrin or histamine. 

by th i e  investigator, showing reciprocal effects  on CAMP with secretory 
stimulants and inhibi tors ,  support the concept of a second messenger role. 
Correlations bet e mucosal leve ls  of cAMP and HC1 secretion were also 
found i n  the rat  K85. 

The resu l t s  obtained f o l  wing administration of exogenous CAMP are 
equivocal. In man and the dog' the nucleotide inhibited 0th hietamine 

secretion i n  man. 
la ted  secretion but the degree of response w a ~  dependent on the  i n i t i a l  
l eve l  of 
such data. 

and pentagastrin induced secretion, while i n  another study 97 it stimulated 
Cyclic AMP administered intravenously t o  the rat stimu- 

T h i s  points up an additional problem i n  interpret ing 

Accumulating evidence 49-51 suggests t ha t  histamine is capable of ac- 
t ivat ing the gastr ic  mcoeal  enzgme, adenyl cyclase. 
on the enzyme is more i n  question. 
vate the enzyme, but when added t o  a gaetr ic  mucosal homogenate it did  not 
af fec t  adenyl c y c l a s e ~ .  In  contrast  t o  findings i n  other species, 

The action of gastr in  
In vivo gastrin ha6 been found t o  acti-  

t d n e  
does not stimulate cyclase nor did CAMP af fec t  secretion in the dog 93 . 
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Gastric mucoeal phosphodiesterase (PDE), an enzyme control l in  m ta- 
bolism of cyclic AMP, has also been the subject of several e t ~ d i e d ~ - 5 ~ .  
Sung and co-worker6 ident i f ied two cyclic-3',5'AMP diesterases which can be 
dietinguished by Km values. Both were theophylline senei t ive and present 
i n  higher amaunts in oxyntic than mucoid cells. Gyclic CIMP, i n  contra&, 
w a s  found primarily in the surface cells53. Theophylline inh ib i t s  PDE i n  
v i t ro  but not i n  vivo, a phenomenon tha t  may be related t o  the s t a t e  of 
the act ivator  and inhibi tor  f ac t0 r s5~ .  

Chap. 11 Gastrointestinal Agents Evers, Ridley - 

Antisecretory/Antiulcer Drug6 

Two lengthy reviews on drugs f o r  peptic ulcer  disease have been pub- 
l ished very recently55,S. 
t ion i n  those reviews on cer ta in  drugs and have added others which seem t o  
be of par t icular  in te res t  e i ther  chemically o r  biologically. 

In this section, we have updated the informa- 

A Model - Few, i f  any attempts have ever been made t o  theorize broadly on 
the s t ruc tura l  requirements of compound6 which influence gas t r ic  acid se- 
cretion. Bravely, Buetard and Martin57 have taken on thie task, using as 
a basie for  t he i r  approach, the known ac t iv i t i e s  of several  non-anticholin- 
ergic antieecretory/antiulcer compounds, a well as histamine and gaatrin. 
Ueing etructural  data, qual i ta t ive conforma!ional arguments, and theoreti- 
cal conformation analysis (using extended Huckel theory), they have pro- 
posed the following requirements fo r  activity:  (1) the presence of two 
heteroatoms separated by 3.WO.a in a low energy conformation; (2) one of 
the heteroatoms with its lone-pair electrons i n  a &type hybrid orb i ta l  
and the other atom in a n-electron system. 
model with as yet  undiscovered compounds is eagerly awaited. 

Burimamide - This compound represents the firet of a new pharmacological 
c lass  - antagoniets of t e action 
fined by Ash and Schild 58 and Keir $9 In the i r  approach t o  finding cow 
pounds of this type, Black, e t  a1.,6i, i n i t i a l l y  took on the task of identi- 
fying histamine analogs which showed a separation of ac t iv i ty  on H i  and H;! 
receptors, simultaneously confirming the i r  existence. In  the first publi- 
cation of t h e i r  landmark research, they have shown that 2-methyl histamine 
is more act ive on €I1 than on H2 receptors and the reverse is t rue  fo r  the 
action of bmethyl histamine. 
agoniet for  the H2 receptor, they proceeded t o  synthesize about 700 

compounds i n  a search for  specific 
antagonists, of which burimamide now 
is a prototype. 

A t e s t  of f i t nes s  t o  this 

f histamine at the H2 receptor, as de- 

Having thus ident i f ied a rather  specif ic  

Burinanti de 

In v i t r o  s tudies  demonstrated competitive antagonism of burimamide 
fo r  hietamine a t  the €I2 receptors. 
inhibited (ED50 = 6.1 x 10-6 mol/kg i v )  reeponse t o  histamine infusion; i t  
did not inh ib i t  secretion induced by insulin or by d i rec t  vagal stimula- 
tion. 
maximal histamine stimulation (EDw = 1.9 x 10-5 mol/kg iv ) ,  but not carba- 
chol etimulated secretion. 
food stimulated eecretion w a s  aleo obtained. 

In  the anesthetized rat ,  burimamide 

Similar reeul t s  were obtained i n  dogs where burimalnide inhibited 

Significant inhibit ion of pentagastrin and 
Subsequent etudies i n  man 



- 98 Sect. I1 - Pharmacodynamic Agents T o p l i s s ,  Ed. 

have shown inhibit ion of secretion stimula ed by both histamine and penta- 
gastrin at doses of 3.8 t o  8.1 m g / k g / h r  i v  El . 
Antisecretory Thioamides - Since the ident i f icat ion of 2-phenyl-2-(2- 
pyridyll-thioacetamide (;sc 15396 )9O as a non-anticholinergic antisecretory 
compound, which w a s  effect ive i n  several species and capable of suppressing 
both histamine and gastrin induced secretion, reports have iesued on 
s t ruc ture-ac t i v i t y  relationships among thiocarboxamides. In  one etudy63 on 
22 compounds within this class ,  antisecretory ac t iv i ty  seemed related t o  
the N C C < ~  grouping. The nitrogen i n  the Y position was necessary for  
act ivi ty ,  and it  could be a constituent i n  a ring. 
ture  on antigastrin,  antisecretory, and t iu lcer  ac t iv i t i e s  were studied 
i n  several compounds related t o  SC 153968. For ant igastr in  ac t iv i ty  and 
perhape antisecretory as well, the  c r i t i c a l  factor appeared t o  be the die- 
tance between the N and s, a finding that compared favorably with the pre- 
vious study. 
studies w a s  2-pyridyl-thioacetamide. 

The influence of struc- 

The most potent antisecretory agent emerging from these 

This compound ha6 been shown t o  inh ib i t  basal 
gastr ic  acid secretion, as well a8 secretion 
provoked by challenges of gastrin,  penta- 
gaetrin,  histamine, and 2-deoxy-D-glucoee65. 
It. also has been shown t o  protect against 
experimentally induced gaetrointestinal ero- 

oCH2.b1H2 
2-pyridyl thioacetmide 

sions i n  rats, cats,  and guinea pigs. The mechanism action ie  not cleaq 

suppressing pentagastrin induced secretion, 2-pyridyl-thioacetamide inhi- 
b i t s  the e f fec t  of pentagastrin on blood vessele and hamster fundic s t r ip% 

Licorice Derivatives - Carbenoxolone sodium, the di- sodium salt of fo 
?B-carboqproprionyl )-ll-oxo-l8~-olean-12-en-+oic acid, has undergone 
several therapeutic trials i n  gastr ic  ulcer patients over the paat two 
years67. With only one exception among eight different  trials, carbenoxo- 
lone w a s  shown t o  e i ther  heal gastr ic  ulcers  or  s ignif icant ly  decrease the 
s i ze  of the ulcer. Trials i n  duodenal ulcer  patients with a special  for- 
mulation t o  a id  absorption from the duodenum have suggested efficacy, but 
the data a re  equivocal; the r e su l t s  seem t o  depend on the patient popula- 
t ion,  me hod of assessing improvement, and whether the individuals a re  

early treatment, but on longer term no difference from placebo w a s  ob- 
served 9. Carbenoxolone has been shown capable of a l te r ing  mucus secre- 
tion70, prolon ing epi the l ia l  l i f e  by decreasing turnover rate, and inhi- 
b i t ing  
mucosa t o  the destructive properties of bile72. 

although some evidence suggests an ant igastr in  action sf . In addition t o  

ambulant 2 7-69. I n  a recent double-blind study healing seemed enhanced 

i n  addition t o  f ac i l i t a t i ng  opposition of the gastr ic  

Side effects  encountered with carbenoxolone (hypertension, f l u id  re- 
tention,and hypokalemia) l ed  t o  c l in i ca l  trials with other l i co r i ce  deri- 
vatives. Early s tudies  indicated effectiveness of deglycyrrhizinated li- 
corice i n  gastr ic  ulcer,  but additional information on its efficacy is 
needed - especially in view of the large multi-center study73 and another 
which did not show any advantage with the act ive treatment when compared t o  

74 
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placebo. 
gested efficac 
tes ted i n  man75. 
Zolimidine - T h i s  compound f i r s t  disclosed i n  1965, has been shown t o  re- 
duce the incidence of s t r e s s  ulceration i n  rats presumably by producing 

quantitative and qual i ta t ive changes i n  
gas t r ic  mucus. Subsequent c l in i ca l  
trials showed that daily doses of 800- 

~ S O ~ C H ~  1200 mg increased the mucoprotein content 
of gastr ic  juice i n  pat ients  with gastr ic  
and duodenal ulcers,  but had littl 
effect  i n  pat ients  with gas t r i t i s7  . 

Animal s tudies  with lauroyl glycyrrhetinic acid (BX 24) eug- 
i n  gas t r ic  ulcer  which subsequently w a s  not proven when 

- 
% Zol iaidine 

Chlorocanfamide - This compound, whose synthesis w a s  recently published, is 
one of a large se r i e s  of spasmolytic compounds with loca l  anesthetic acti-  

vity77. In  the anesthetized gastr ic  
lumen-perfused rat, it has been shown t o  
inh ib i t  secretion stimulated by histamine 
but not that stimulated by carbachol; its 
anticholinergic ac t iv i ty  i n  the guinea 
pig ileum is weak compared t o  atropine. 
Previously published c l in i ca l  trials 
showed t h i s  drug capable of reducing 
basal gastr ic  acid output as well as that 
stimulated by histamine, pentagastrin, 

mg for 12 days$ 

‘eC1 
Chl orocanfamide and food a f t e r  i l y  treatment with 500 

Other Structures - In  li h t  of reports that diazepam inhib i t s  basal secre- 
t ion i n  rats and humans76, the finding of antisecretory ac t iv i ty  among some 
analogs was of interest .  These compounde, which lacked the imino N i n  the 
lactam r ing and whose CNS a c t i v i t i e s  d i d  not resemble those of diazepam, 
ne erthelese inhibited basal secretion i n  rats at doses of 30-50 mdkg 
P o .  50 

Several compound8 i n  a ser iee  of paminobenzamidopyridines effective- 
l y  inhibited s t r e s s  ulceration i n  rats at oral  doses of 35-40 mg/kg; some 
of these also had mild CNS depressant actlvity8l. 
pyridines, significant antisecretory ac t iv i ty  w a s  found fo r  5 and 4- 
phenoxypyridine, 2-phenylpyridine -oxide, 2-(2-thienyl) pyridine, f 
phenylpyridine, and 2,2-bipyridinet2. Clinical  trials were reportedly 
planned for  the l a t t e r  compound. 

Inhibitors of Pepsin Activity - The l i t e r a tu re  on pepsinogens, pepsins, and 
pepsin inhibi tors  has been reviewed by Samlaff’3. A new glycopeptide, ieo- 
la ted  from hog duodenum and synthetically sulfated (GLPS), has been de- 
ecribed as having anti-inflammatory, antiulcer,  and antipeptic a c t i v i t  
As with the eulfated polyeaccharides (carrageenan, amylopectin su l fa te  
etc.), GLPS seems t o  exert its antipeptic action by cornplexing with sub- 
s t r a t e ;  an ora l  dose of 200 mg completely inhibited peptic ac t iv i ty  i n  2 of 
4 pat ients  fo r  up t o  1 hour. 

I n  a large se r i e s  of 

& , 

GWS is apparently not absorbed or  degraded 
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by gut microflora. (For  bibliography, see reference 85. ) 

New types of pepsin inhibi tors  have been reported by Japanese inves- 

These small peptide subetancee, 
t iga tors  who ieolated them from cul ture  filtratee of various epeciee of 
actinomycetee, particularly Streptomyces. 
vew eimilar in etructure. a re  marked by the preeence of an unusual 
na$arall$-occurring amino -acid, baminbfhydroxy-6-rnethylheptanoic 
acid86 98 . 

SH3 y 3  
C H -  CH3 

y 3  y 3  I 
CH-CH3 I CH2 I I  OH y 3  

R1- NH TCH3 H -CO -NH -CH -CO - NH --CH - CH - C H r  CO - NH - CH -CO- NH --AH -C--CHz-R3 

R3 Pepetatin A has been reported t o  be 
specific against acid proteases, t o  
have l i t t l e  toxicity,  and t o  protect 
against ulcers nduced by pyloric li- 
gation i n  rats 88 . An ora l  doee of 
50 mg inhibited peptic ac t iv i ty  i n  
human gastri juice by 90-1- fo r  at 

$8 l e a s t  1 hour . Both Pepetatin A and 
S-PI ac t  by selectively binding t o  the 
enzyme and not by binding substrate, 
as d the sulfated polyeaccharides and 

reported t o  inh ib i t  renin and sue- 
tained pressor principle91 t 92. 

- -  4 
I Pepstatin A i s o - g e r y l  <tiH 

I I  Pepstatin 6 n-caproyl <ItH 

<!H 

-COOH 

I l l  Pepstatin C iso-caproyl 

IV Pepstanone iso-valeryl =O -H 

Y s-PI acetyl -COOH GLPS 8 9990. Pepstatin A has also been 

Catecholamines and Gastric Secretion 

In dog6 ieoproterenol inhibited feeding and pentagastrin induced se- 
cretion, but ad e i ther  no effect  or  an aulpaented one on histamine mediated 
secretion 9394, Other B agoniste, terbutaline and salbutamol, also inhi- 
bited pentagastrin induced gas t r ic  secretion i n  a dose re la ted  manner. 
Meaeurenent of the r a t i o  of mucosal blood flow t o  secretory volumes eug- 
gested that the inhibitory effect  of ieoproterenol w a e  not due t o  altera- 
tione in mucoeal blood flow. 
isoproterenol inhibit ion whereaa it d id  the other B agoniete95. 

Interestingly,  propranolol d id  not antagonize 

The B agoniet, nylidrin (Arlidin, USV), was found t o  pro 
related increases i n  gas t r ic  acid eecretion i n  pigeons and man 
pranolol antagonized theee increase8 and by i tself  w a a  found t o  
hietamine induced secretion i n  man97. Other studies i n  the dog9 and 
man99 showed that propranolol augmented steady s t a t e  pentagastrin induced 
secretion and increased baed secretion, respectively. 
studiee i n  rate showed that propranolol s ignif icant ly  diminished gaetric 
acid eecretion and formation of gastr ic  
is d i f f i cu l t  t o  predict the effect  of 8 agonists or  antagonist6 on gastr ic  
acid secretion. 

Phibit 
In contrast ,  recent 

From theee studies it 

It is hoped that future s tudies  i n  man w i l l  both ascertain 
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t he i r  effects  and a id  in the selection of experimental animal preparations 
that w i l l  be predictive. 

t o m  and antiulcer: imipramine and DMI are examples1. 
Certain compounds that block catecholamine uptake a l so  are antisecre- 

LU3-010 inhibited 
basil, pentagastrin, reserpine, and histamine induced gaetric 
and reserpine ulceration i n  the rat. This compound w a s  ahown 

I /CH3 

2hi3 
C H C M C H N  

LU3-010 AY-8794 

secretion 
t o  have the 

. HC1 

lowest ED5o for  secretory inhibit ion of a series of 9 compounds tha t  were 
testedlol.  
cholamine uptake and secretory inhibi t ion AY-8794 was compared with bu- 
t r iptyl ine,  imipramine, and t r imipra~nine~*~.  
ing an unbranched al iphat ic  s ide  chain, inhibited uptake of labeled nore- 
pinephrine i n  the mouse and ra t  heart, and gastr ic  secretion. i n  the  rat. 
Butriptyline w a s  l e s s  effect ive i n  both respects. 
t o  etudies i n  pr ior  l i t e r a tu re ,  continue t o  suggeet a correlation between 
blockade of catecholamine uptake and inhibit ion of gastr ic  secretion. 

I n  fur ther  s tudies  t o  determine the relationship between cate- 

AY-8794, the  analog contain- 

These data, i n  addition 

Agents Affecting Gastrointestinal Motility 

We have not de-emphasized t h i s  section without some deliberation; 
there  is a paucity of information on new compounds which affect motility. 
Even in the area of prostaglandins, whose stimulation of moti l i ty  is w e l l -  
known and whose ant iulcer  ac t iv i ty  is being feverishly exploited, there 
seem t o  be no e f for t  t o  develop from t h i s  c lass  a safe  and c l in ica l ly  use- 
f'ul laxative. 
muecular effector system - purinergic nerve6 - w i l l  serve t o  stimulate new 
attacks on the control of gastrointest inal  motil i ty from the chemical and 
pharmacological disciplinesl03. 

Possibly Burnstock's summary of evidence f o r  a new neuro- 
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Section 111 - Chemotherapeutic Agents 

Editor: George H. Warren, Wyeth Laboratories, Inc., Philadelphia, Pa. 

Chapter 12. Ant ibiot ics  

K. E, Price and F. Lei tner ,  Br i s to l  Laboratories, Syracuse, N. Y. 13201 

General - Reviews on the  mode of action', biology2, and c l i n i c a l  use3 of 
a n t i b i o t i c s  were published. The r i famycins4~5,  coumermycins6, chloramphen- 
icol7,  cephalexin8, epici l l in ,  minocycline, end spectinomycing were 
reviewed. A monograph appeared on the chemistry and biology of f3-lactam 
an t ib io t i c s .  10 The proceedings of t he  F i r r t  Internat ional  Symposium on In- 
fect ious Antibiot ic  Resistance were published.11 A general  discusr ion on 
mechanism of b a c t e r i a l  r e s i s t ance  t o  a n t i b i o t i c r l 2  and on the  propert ies  
of episomes mediating drug-resistance13 appeared. 

Infect ious r e s i s t ance  t o  a n t i b i o t i c s  - An R factor  t h a t  confers r e s i s t ance  
t o  chloramphenicol by decreasing the  permeability of t he  c e l l  membrane t o  
the drug was i so l a t ed  from Escherichia s t r a i n s  of c l i n i c a l  or igin. l4  
Instances of presumed i n t e r b a c t e r i a l  t r a n s f e r  of R f ac to r s  i n  mamacllian 
hosts were reported.15-17 Requinomycin, a new a n t i b i o t i c  t h a t  
t r ans fe r  of R f ac to r s  between E. 

Aminoglycosides - In  v i t r o  date  comparing the  a n t i b a c t e r i a l  potency of 
tobramycin (la) and gentamicin continue t o  flood the  l i t e r a t u r e  with the 
majority of papers indicat ing,  a s  do these representat ive publications20,21, 
t ha t  the former is 2- t o  4-fold more act ive than the l a t t e r  against  E- 
domonas aeruginosa, but s ign i f i can t ly  less e f f ec t ive  against  S e r r a t i a  x- 
cescens. The response of most o the r  microorganisms t o  these a n t i b i o t i c s  is 
v i r t u a l l y  ident ical .  A question st i l l  t o  be resolved is t h a t  r a i sed  by 

revents the 
s t r a i n a ,  was described.1!,19 

conf l i c t ing  reports  about t h e i r  degree of cross-resistance.  Although a l l  
members of a a e r i e s  of Pseudomonaa sp.22 and P r o t w s  retteeri s t r a ins23  
isolated from s ing le  hosp i t a l  sources were reported to  have r e s i s t ance  t o  
both tobramycin and gentamicin, other  invertigators24.25 have not confirmed 
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this observation. In guinea pigs the cochlear toxicity of tobramycin was 
slightly less than that of gentamicin.26 Peak serum concentrations and 
half-lives of the antibioticr are generally similar in humans, both in 
normal volunteerr27~28 and in anephric subjects.29 Initial clinical stud- 
ies with tobrarnycin show it to be effective in the treatment of urinary 
tract infections30 and non-bacteremic Peeudomonas infections. 31 

A new enzymic asray for monitoring gentamicin serum levels based 
upon the inactivation of the antibiotic through 2"-0-adenylylation has 
been deecribed.32~~~ 

The structure and biological activity of Sch. 14342 (lb), a previ- 
ously uncharacterized component of the gentamicin fermentation, has been 
reported.34~35 Thir antibiotic, now designated gentamicin B, has an anti- 
bacterial spectrum similar to that of gentamicin, but has only about one- 
third its activity and acute toxicity. However, it is claimed to possess 
relatively low chronic oto- and nephrotoxicity. The biological properties 
of reVera1 other new naturally-occurring pentoae-containin 

mpcin (2339, and lividcnnycins A M  and B41 all display excellent activity 
againrt Enterobacteriaceae and Staphylococcus sp. In addition, all but 
ribostamycin are moderately inhibitory for p. aeruginosa strainr. Although 

aminoglyco- 
sides have now been reported. Butirosins A (2a) and B (2b) 9 5-38, ribosta- 

the butirosins are active against many organism that inactivate kanamycin 
by virtue of 3'-O-phosphorylation, a newly described 3'-phosphotransferare 
has been identified that is capable of inactivating both kanampcins and 
butirosinr.42~43 Lividompcins, which lack a 3'-hydroxyl group, are never- 
thelers inactive againet bacterial strains that produce an enzyme that 
phosphorylates their S'-hydroxyl group.44~45 Chemical procedures describ- 
lag tbe syntherir of 6-N-methylkanamycins46 , 3' - and 4' -0-methylneamines47, 
3' ,4'-deoxy- and 3' ,4' ,5"-trideoxyriboetamycins~~, lividomycin A 5"-phos- 
phate48, 5''-deoxylividomycin A49 and B41, 5"-aminolividomycin A49, as well 
as the conversion of lividomycin A into BSO, and ribostanycin into butiro- 
s i n  B51 have been reported. In addition, glycosylation procedures have been 
utilized to prepare ribostamycin52, 3 '-deoxykanamycin A53, 5-glucosylnea- 
mine54, paromarnine55, and an uncharacterired glucore derivative of kana- 
mycin A.56 

The sntibacterial rpectrum of butirosin B was significantly broader 
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than that of ribostamycin, its l-amino analogue. A similarly acylated 
derivative of kanamycin A, l-N-7'-amino-a-hydro butyryl kanamycin A, was 
prepared and given the designation BB-K 8 (lc)%7 Subsequent studies have 
shown that its oto- and nephrotoxic potential58 as well as its pharmaco- 
kinetic characteristics59 are similar to those of kanamycin A. BB-K 8 has 
the broadest antibacterial spectrum of all the aminoglycosides, principally 
because it is a poor substrate for the majority of known bacterial enzymes 
that inactivate this class of antibiotics.60 

Clinical trials continue to show that spectinomycin hydrochloride 
administered as a single 2- or 4-g dose to men or as a single or double 
treatment at these doses to women produces cure rates in gonorrhea that 
regularly exceed 90%.61,62 The stereochemistry and absolute configuration 
of the antibiotic have now been established by X-ray diffraction studies.63 

The relative affinities for binding sites on 70s g. ribosomes 
of 10 streptomycin derivatives correlate with their antibacterial activity. 
High affinity was observed only with derivative8 which have intact strep- 
tidine and a methylaminostreptose moiety.64 Kasugamycin was prepared by 
total synthe~is6~ and the structure of validamycin A, an aminocyclitol 
antibiotic that is alro used for control of rice plant diseases, was 
elucidated . 66 
@-Lactams - The discovery of cephamycins stimulated interest in 7(6)-rub- 
rtituted $-lactam antibiotics. Cefoxitin (&), a semisynthetic cephamycin, 
though less active than cephalothin and cephaloridine against gram-pori- 
tive organisms, has a broader spectrum against gram-negative bacteria.67s68 
Numerous 6a-substituted penicillin8 and 7a-substituted cephalosporins have 
been synthesized but, from the scanty biological data available, it would 
appear that, 7a-methoxycephalos orins excepted, thio type of substitution 
decreased antibiotic activity.68-74 

Penarn derivatives of a novel type, the 6$-amidinopenicillanic acids 
(g) , were described. 75 These compounds , typified by 4b (FL1060) , are 
exceptionally active against most gram-negative pathogens but leer active 
than conventional penicillins against Neisseria, Haemophilus, and gram- 
positive species. Cells of 4. exposed to * become spherical but are 
osmotically insensitive and lyse without forming spheroplasts. For this 
reason, it was suggested that the mode of action of & differs from that of 
the true penicillins. 

An oxygen analogued penicillin V (4c) had little or no activity 
against a variety of bacteria.76 'pwo closely related procedures for the 
conversion of natural penicillins to ampicillin, without involving 6-APA 
as an intermediate, were ~atented.77~78 Acetyl mixed anhydrides were used 
to block carboxylic acids during 6(7)-side chain cleavage of penicillin G 
and cephalosporin C. 79 Cephalexin, cephaloglycin, and other cephalosporins 
were synthesized by the enzymic condensation of a-amino acid esters with 
7-ADCA- or 7-ACA.80- Whole ceils of Xanthomonas and other Pseudomonadaceae 
mediate the reaction with yields of up to 90%. 
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Procedures for the synthesis of 2a-alkoxy-81, 3-alkoxymethyl-82, 4- 
carboxymethyl-E3, and 3-unsubatituted84 cephalosporins were developed. The 
cephalocillins (z), compounds that rhare rtructural characteristics with 
penicillins as well as cephalosporins, were ryntheaized.85 The reduction 
of cephalosporins with chromium(I1) salts86 or by an electrochemical pro- 
cedure87 led to the formation of 3-methylene-cepham (a) ,  which in turn 
can be converted quantitatively to 3-methylceph-3-ems by intramolecular 
rearrangement. Cephalexin can thus be obtained from 7-ACA with & as 
intermediate. 87 

The firstconversion of a cephalospotin to a penam was reported in- 
dependently from 2 laboratories.88,89 Novel conversions of penicillins 
into cephalosporins were also d e ~ c r i b e d . 9 ~ ~ 9 ~  A key intermediate (1) in 
the total synthesis of cephalosporins (eccording to the method of Woodward) 
was prepared from a penicillin.92 Compound 1 should be a useful starting 
material for the synthesis of nuclear analogues of penicillins and cepha- 
losporins. A homoceph-4-em (8) prepared from 1 lacked antibacterial acti- 
vity.93 Nuclear analogues of cephalosporins (9,lO) were also obtained by 
total synthesis involving R-lactam ring closure by the photolysis of diaeo- 
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malonic ester amidee.94~95 Compounds 2 and 10 had no a n t i b a c t e r i a l  a c t i v i -  
ty. Dirulf ide analogue8 of a p e n i c i l l i n  (11.12) were prepared96 and r t e r -  
eochemically defined.97 They were less a c t i v e  than t h e  parent p e n i c i l l i n .  

a R= H 

- 5 6 7 - 

Laboratory data on a new broad-spectrum cephalosporin, BL-S 339 
(3b), were published98 and a c t i v i t y ,  as a function of s t ruc tu re ,  among a 
group of compound6 r e l a t ed  to  the  former, was diecuered.99 Several cepha- 
looporins a r e  a t  various s tages  of c l i n i c a l  investigation. Cephradine 
(&), chemically r e l a t ed  t o  cephalexin and s imi l a r  i n  a c t i v i t y ,  was effec- 
t i ve ,  o r a l l y  and intramuscularly, i n  urinary t r a c t  infections100, and 
o r a l l y ,  i n  infect ious e n t e r i t i s  caused by Salmonella and ShigellalOl (82% 
overa l l  cure rates). I n  pa t i en t s  with disseminated cancer euffer ing from 
urinary, broncho-pulmonary, and wound infect lonr .  orally-adminietered 
ctphradine was e f f e c t i v e  i n  63% of the  cases.102 Cephacetri le (3d) has an 
8 n t i b a c t e r i a l  spectrum similar t o  t h a t  of cephalothin.103 In man, peak 
aerum concentrations ranged from 20-35 pg/ml about 1 hr  a f t e r  im admini- 
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stration of 1 g.103 In normal subjectr, cephacetrile is excreted by glome- 
rular filtration and tubular secretion.lw After iv administration of 500 
mg, 84% of the dose was recovered in the urine.105 Cephacetrile was effec- 
tive clinically. 103 Cephanone (3e) has a broader antibacterial spectrum 
than cephalothin for it is active against rome strains of Enterobacter.106 
After im administration of 1 g to man, cephanone reached peak serum con- 
centrations of 57 vg/ml and had a serum half-life of 174 min.107 Recent 
clinical results showing good efficacy and tolerance with cephapirin 
(3f)108-111 were in agreement with previously reviewed data. Cefazolin 
(2a) gave cure rates of 80-863 in the treatment of infections caused by a 
variety of pathogens.112~113 Side effects were minimal. 

A number of penicillins also reached the stage of clinical trials. 
In the oral treatment of cormnon infections, amoxycillin (4d) given t.i.d. 
war as effective ar similar individual doses of ampicillin administered 
q.i.d.114 Pivampiclllin was effective in the treatment of respiratory and 
urinary tract infections caured by ampicillin-sensitive organism. 115 Two 
cares of enterococcal septicemia were ruccessfully treated with azidocillin 
(4e).116 This compound was alro the subject of an extensive pharmacokin- 
etic rtudy in laboratory animale.117 A similar investigation comparing 
sulfocillin (sulbenicillin) (4f) with carbenicillin was done.118 

@-Lactamare inhibitors - Several reports have described naturally-produced 
substances that antagonize the action of 0-lactamares and thus prevent de- 
gradation of hydrolyzable penicillins end cephalosporins. l b o  such com- 
pounds are apparently macramoleculesll9,120 while 2 others are dialysable 
and are presumed to have molecular weights in the order of 400.121 Another 
series of low molecular weight azetidinones have rimilar activity.122 

Tetracyclines - New derivatives active against tetracycline-resistant bac- 
teria include several where tetracycline's 2-carboxamido group has been 
modified to give N-elk l1Z3 or -alken~112~ preparations and acylrted 5a,6- 
anhydrotetracyclinea. 115 

Doxycycline was effect5ve when ured by the iv route in hospitalized 
patients with a variety of severe maladies including septicemia, soft tis- 
sue, and urinary tract infectione.126,127 Orally-administered doxycycline 
proved to be effective when given as a single 300-mg dore in treatment of 
gonorrhea and non-specific urethritis in men128 and gonorrhea i n  woraen.129 

Minocycline is almost completely absorbed upon oral admlnirtration, 
but is apparently metabolized to rome extent since all absorbed drug can- 
not be accounted for.130 In vitro tests indicate that the compound is not 
only markedly inhibitory for most staphylococcal strains, but for many 
gram-negative species of bacteria.131 Preliminary clinical studies show 
the compound to be effective in treatment of various venereal diseases, 
including primary and secondary syphilis.132 Minocycline was moderately 
effective in eliminatin the mcningococcal carrier state in 2 groups of 
military trainees. 133,194 

Macrolides - Macrolidee having a 16-membered lactonc ring were classified 



Sect. I11 - Chemotherapeutic Agents Warren, Ed. 110 ._. 

into 3 groups on the basis of the number and position of their carbonyl 
groups. The contribution of these functions to antimicrobial activity was 
considered.135 A general synthetic method for macrocyclic lactones involv- 
ing cyclization of allylic dibromides by nickel carbonyl was described. 136 
A new macrolide, rosamicin, initially named rosaramicin, was isolated from 
fermentation broths of Micromonospora rosaria. 137 Structural s tudies have 
revealed that it is similar to cirramycin A1, the aglycone ring being the 
same, but differing in that it has a desosamfne moiety corresponding to 
cirramycin's mycaminose.138 Its antimicrobial activity, particularly 
against gram-negative bacteria, may be greater than that of erythromycin.Ug 
Conformational analysis of the leucomycins was completed140 and a lebora- 
tory study with one of them, leucomycin A3 (josamycin) showed that ebout 
70% of randomly selected staphylococcal strains were susceptible to it. 141 
However, pharmacokinetic studies in man indicate that josamycin is not 
well absorbed after oral administration.142 Allylic rearrangement of the 
16-membered macrolides, SF837 and SF837 4, ives antibiotics with lower 
toxicity and better antibacterial activity.lf3 Virginiamycin, a mixture 
of -antibiotics, has been shown to be composed of a macrocyclic lactone 
that is identical to streptogramin A (mikamycin A) and a depsepeptide.144 
The proposed structure of angolamycin (shincomycin A) shows it to have the 
same molecular formula as tylosin but differs in that it has a deoxymyca- 
minose and an epoxy bridge (C-12,13) in the aglycone ring.L45 

Ansamycins - It has been suggested that the problem of resistance develop- 
ment to rifampicin could be reduced by using it in combination with other 
antimicrobials since many such mixtures act synergistically in the therapy 
of experimental animal infections.146 

In contrast to dapsone, rifampicin readily kills cobacterium lep- - rae present in the tissues of experimentally infected m h a p i d  
bactericidal effect of rifampicin, relative to that of dapsone, observed 
in mice was also found to occur in the lesions of lepromatous leprosy in 
man. 148 

Tolypomycin Y is a new ansamycin produced by Streptomyces tolypo- 
phorus. It is found concurrently i n  fermentation broths with rifamycins B 
and 0,149 It is cross-resistant with rifamycins but not other antibiotics 
and has antibacterial activity against gram-positive organisms that is 
comparable to that of rifampicin. Its gram-negative inhibitory effects, 
however, are 2- to 4-fold less than those of rifampicin. Tolypomycin Y can 
be differentiated from the rifamycins on the basis of its superior acti- 
vity against Streptomyces alcalophilus.~50 Its structure has not yet been 
determined. 

Lincowcin - Clinical reports depicting efficacy of oral clindamycin ther- 
apy continue to mount. A high degree of thera eutic success has been re- 
ported in cases of streptococcal haryngiti@lg1, acne vulgari~l5~, =- 
anaerobic bacteria. is5-158 Pharmacokinetic studies in man with orally- 
administered clindamycin HC1-monohydrate reveal that an equilibrium state 
is reached after the 4th or 5th dose, that the drug is not accumulated, 

plasma infection153 otitis media P 54, and infections caused by various 
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and that it does not stimulate its own metabolism.159 Relatively high con- 
centrations of clindamycin can be achieved in bone following standard dos- 
age (300 me) of the drug.160 Clindamycin-2-phosphate, a new parenteral 
dosage form of clindamycin, has reduced irritation liability relative to 
the parent compound. The esterified form is inactive per se but is rapidly 
hydrolyzed in vivo to clindamycin.161 Initial clinical studies indicate 
that the compound is well-tolerated and high1 effective in infections 
caused by various facultative gram-p0sitivel6~-~6~ and anaerobic166 bac- 
teria. 

New celesticetins, members of a class of antibiotics which are re- 
lated to the lincomycins, have been produced by chemically-derived mutants 
of Streptomyces caeleatia. None of the N-demethyl and/or 7-0-demeth 1 
celesticetins isolated were as active as celesticetin itself.167,16 i; 

Pevtides - Jolipeptin and gatavalin are 2 new heat-labile polypeptide 
antibiotics produced by a colistin-producing strain of Bacillus m- 
!!!YE* 169,170 The former acts on the cell membrane of both gram-negative 
and gram-positive bacteria, while the latter is inhibitory for gram-posi- 
tive bacteria only. Thiopeptin, a sulfur-containing antibiotic is com- 
prised of a major component (thiopeptin B) and 4 minor ones ( A 1  to A4).172 
All have similar biological properties displaying activity against both 
gram-positive bacteria and Mycoplasma. The complex reportedly acts as a 
growth promotant when incorporated into animal feeds. 

lh minor components isolated from fermentations of Streptomyces 
griseoverticillatus var. tuberacticus, the tuberactinomycin N (2a)- 
producin organism, have been designated tuberactinomycins B (E) and 0 
(13c).17$ The structural relationships of these antibiotics and a 4th con- 
gener in thia group, tuberactinomycin A (=), have now been established 
with the recognition that tuberactinomycin B is identical to the known 
antimycobacterial antibiotic, viomycin.174 Preparation of chemically modi- 
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CH z 

PH 
F H z  - a -OH I -H !? C-NH-CH-E-NH-CH 
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fied derivatives of viomycin has permitted the identification of the reac- 
tive functions that are critical for antibacterial activity.17S The total 
synthesis of negamycin and its antipode has been accomplished.176 The mis- 
coding capability of the former resembles that of streptomycin and kana- 
mycin, although ribosomes obtained from bacterial strains resistant to 
these antibiotics retain almost complete susceptibility to the antagonis- 
tic effects of negamycin.177 A new peptide antibiotic, fumarylcarboxamido- 
L-2,3-diaminopropionyl-L-alanine, active against gram-negative bacteria, 
was isolated from fermentation broths of Streptomyces collinus.~78 A 
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c y c l i c  s t r u c t u r e  has been proposed f o r  epidennidin A l ,  one of a s e r i e s  of 
4 r e l a t ed  a n t i b i o t i c s  from Staphylococcus epidermidis. Its t e n t a t i v e  amino 
acid s equenc e is : cyc lo- lye -a la-asp- glu-s er-1 eu- thr-g ly-va 1 -g ly-arg .I79 

Miscellaneous - Bicyclomycin (l4), an a n t i b i o t i c  produced by Streptomyces 
sapporoneneis, is moderately a c t i v e  against  gram-negative pathogens (ex- 
cluding Pseudomonas and Proteus and inac t ive  against  gram-positive organ- 

cna on 
II I sorbed, but der ivat ives  obtained by e s t e r i f i c a -  

t i o n  of the primary alcohol are.181 These e s t e r s ,  
generally inact ive,  a r e  converted t o  t h e  parent 
compound i n  vivo. Bicyclomycin was e f f e c t i v e  i n  
the treatment of mice infected with e. c0lf.180 
I n  man, serum concentrations reached a peak of 32 
pglml 1 hr  a f t e r  i m  administration of 1 g, and 

/ \ 
n, .c 

I 

on-c - cn, 95% of the adminiatered dose was recovered i n  the 
urine.182 The chemical s t ruc tu res  of 3 ant ibio-  
t i c s ,  albofunginl83, ikarugamycin184-186, and 
thermorubin A187 were elucidated. 

d o  Per 0 8 ,  t h e  compound is not w e l l  ab- 
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Chapter 13. Antifungal Agents 

J. Allan Waitz and C. 0.  Drube 
Schering Corporation, Bloomfield, New Jersey 

Reviews - A review of pharmacokinetics of antifungal therapy 
includes data on several systemic antifungalsl. Griseofulvin 
and clotrimazole are reviewed relative to their mechanism of 
action2. Although amphotericin B, pimaricin and nystatin are 
included in the treatment of fungal infections in otorhino- 
laryngology, emphasis is on antiinfective mixturess. Two 
reviews cover chemotherapy of mycoses, including most 
clinically useful antifungal agents,4 and hamycin, 5-fluoro- 
cytosine and clotrimazoles, Experimental dermatophyte infec- 
tions in man are reviewed but therapeutic discussions are 
limited to griseofulvin and sodium omadinee. A review 
related to problems in therapy and diagnosis of systemic 
candidiasis covers therapeutic evaluation of amphotericin B, 
5-fluorocytosine, and clotrimazole7. 

Methods - Intraperitoneal inoculation of cynomolgus monkeys 
with Histoplasma capsulatum produces a mild form of histo- 
plasmosisa, In experimental urinary tract infections of mice 
with Candida albicans, pre-inoculation gonadectomy of both 
male and females increased resistance to the infections. 
Experimental coccidioidomycosis in mice has been described in 
detaillo. Experimental gastrointestinal moniliasis in 3-5 
day old quail produced by oral inoculation of 2. albicans in 
drinking water has been used for evaluation of ethylenedi- 
amine dihydro iodide, nystatin, sodium propionate, gentian 
violet and benlate (methyl l-(butyl-carbamoyl)-2-benzimida- 
zole carbamate)ll. 
chinchilla, rabbits, ferrets and minkL2 may lead to develop- 
ment of further experimental topical infections. 

has led to development of paper impregnated with cyclohexi- 
mide and chloramphenicol useful in conjunction with agar 
medial3. The selective indicator medium, DTM introduced in 
1969, has been favorably appraised14. A defined synthetic 
amino-acid medium for fungi (SAAMF) is useful for in vitro 
susceptibility testing, in particular with 5-flurocytosine 
and cl~trimazole~~. 
growth of 2. mentagrophytes on fabric,le and for evaluation 
of skin permeability using rabbit, pig and human skin17. In - vitro culture of dermatophytes on isolated stratum corneumTs 
useful for study of topical antifungal agents, in particular 
haloproginla. 

Descriptions of dermatomycoses in 

Need for improved methods of isolation of pathogenic fungi 

New methods have been developed for 

For stabilization of griseofulvin suspensions, polyvinyl 
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alcohol was superior to polyvinyl pyrrolidone, Tween 80, 
sodium carboxy methyl cellulose, kaolin and dry rnilkle. A use+ 
ful method for evaluation of permeation of antimycotic agents 
in the skin based on microscopic examination of stripped 
stratum corneum in polarized. light has been developed20. 
Details of assay methods have been provided for amphotericin 
B and nystatin,21 cycloheximide,22 griseofulvin,23 pyrrolni- 
trin,24 and t~lnaftate~~. A simple agar diffusion microbio- 
logical assay method for serum levels of 5-fluorocytosine uses 
Saccharomyces cerevi~iae2~. Gas chromatographic assay of 
griseofulvin is useful for substance and dosage forms; deb 
chlorogriseofulvin can be determined sim~ltaneously~~. Quan- 
titative determinations of griseofulvin in skin, plasma and 
sweat utilizes ether extraction and spectrophotofluorometric 
analysis or gas liquid chromatography28. Methods have been 
presented for isolation of actinomycetes and other micro- 
organisms from marine environments. A large proportion of the 
isolates studied produced antif ungal activity2Sr 80, 

Clinical Experience - Intravenous administration of ampho- 
tericin B for systemic mycoses; oral therapy with griseofulvin 
for a number of dermatophyte infections, topical nystatin for 
Candida and topical tolnaftate for dermatophytes, continue to 
be the main-stays in therapy of fungal diseases. Side effects 
of intravenous amphotericin B therapy have been .evaluated 
further; fever, chills, weakness, nausea, and nephrotoxicity 
were the prime consistent toxic man if eat at ion^^^. In dogs, 
simultaneous administration of intravenous mannitol to improve 
renal blood flow prevented the marked rise in BUN and serum 
creatinine values, as well as vacuolation of renal tubular 
epithelium observed with amphotericin B alone32. 

The histoplasmosis cooperative study has given dosage 
recommendations for amphotericin B for chronic pulmonary 
histoplasmosis based on studies in 85 patients33. Among many 
clinical mentions of griseofulvin, two worthy of mention are: 
the finding of significant levels of griseofulvin in the 
stratum corneum indicating that it can act as a compartment 
for griseof~lvin;~~ a report of nearly 50,000 cases of tinea 
capitis in Israel, 38,000 of which were treated with standard 
dose griseofulvin35. 

Additional reports relate to the increasing use of oral 
5-fluorocytosine for systemic candidiasis and other systemic 
mycoses36l379 38. Oral administration of 5 -fluorocytosine 
results in rapid appearance of high serum and CSF levels with 
peaks related to degree of renal function3'. 

Oral therapy of chronic mucocutaneous candidiasis with 
clotrimazole resulted in decrease in clinical symptoms al- 
though relapses were common40. Oral clotrimazole was not 
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e f f e c t i v e  f o r  coccidioidomycosis4l.  Topical  a p p l i c a t i o n  of 
c lo t r imazo le  i s  promising on t h e  basis of in v i t r o  and exper- 
imenta l  a n i m a l  models42 and good t o l e r a n c e  i n  man43. In  54 
p a t i e n t s  t r e a t e d  t o p i c a l l y ,  most showed improvement af ter  1-2 
weeks of therapy44. I n  54 p a t i e n t s  treated t o p i c a l l y ,  most 
showed improvement a f t e r  1-2 weeks o f  therapy44. Af t e r  long- 
term observa t ion  of 95 p a t i e n t s  w i t h  mycoses treated t o p i c a l l y  
w i t h  c lotr imazole ,  60% were healed and 34$ showed improvement; 
l o c a l  t o l e r a n c e  was good45. Topical  p imar ic in  has been e f f e c -  
t i v e l y  used i n  the rapy  of Fusarium co rnea l  Among 
t h e  c l i n i c a l  r e p o r t s  appearing on t o l n a f t a t e ,  i s  t he  f i rs t  
apparent  case  of a l l e r g i c  con tac t  delayed h y p e r s e n s i t i v i t y  t o  
to lna f t a t e47 .  Topical  miconazole i s  u s e f u l  i n  the  the rapy  of 
vdg ina l  candid ias i s ,+er  48 as we l l  as o t h e r  t o p i c a l  Candida 
and dermatophyte i n f e c t i o n s s o ,  The e f f ec t iveness  of ha lo-  
progin i n  s e v e r a l  c l i n i c a l  s t u d i e s  has been reporteds1-54. 

New Aat i fungal  Agents - A series of 5,7-difluoro,  dichloro,  
dibromo and d i iodo  au ino l ines  and 8 amino auinolhnes have been 
prepared and t e s t e d - f o r  a n t i f u n g a l  ac t iv i t i .  
d e r i v a t i v e  of' qu ino l ine  w a s  most ac t ive ,  while  o the r  ha lo  
d e r i v a t i v e s  were less SO. Eight  n i t r o  qu ino l ines  showed 
greater a c t i v i t y  than  qu ino l ine  b u t  ha lo  s u b s t i t u t e d  8 n i t r o  
quinol ines  o the r  than  f l u o r o  were l e s s  a c t i v e .  Amongst 8- 
aminoquinolines, all ha lo  analogues were less  a c t i v e  t h a n  t h e  
pa ren t  compoundS5. O f  many 7 and 5,7 s u b s t i t u t e d  8 quino- 
l i n o l s ,  t h e  most active were t h e  7-brom0, 7-iodo, 7-chloro-5 - 
f luoro,  7-bromo-5-fluoro, 5-chloro-7-fluoro, and 5 -bromo-7- 
ch lo ro  der iva t ivess6 .  I n  a s tudy  of 5,7 s u b s t i t u t e d  2-methyl- 
8-quinol inols ,  t h e  5,7=dichloro and 5,7 dibromo were t h e  most 
ac t ive .  With t h e  except ion of  t h e s e  2 compounds, and 5-iodo- 
2 -methyl-8-quinolfnol, t h e  2 -methyl analogues were l e s s  
active than  t h e  corresponding 8-quinol inols57.  The c u p r i c  
complex of 6-methoxy-1 phenazinol  5 , l O  d ioxide  (copper myxin - 1) showed good t o p i c a l  a c t i v i t y  a g a i n s t  b a c t e r i a ,  yeasts and 

The 5,7-dif luoro 

cH30-4 /> 

I 06" N 4 0  
cu-  d' oa 

\ /  

1 
--.I - 

dermatophyte i n f e c t i o n s  i n  experimental  animalss8. 
gues of  acylpyruvates  showing a c t i v i t y  a g a i n a t  g. a l b i c a n s  
and Micros orum canis ,  2-8 were h igh ly  ac t ive ,  a l though a c t i n g  
as s + rong ves i can t s .  

Of analo-  

was a l s o  a c t i v e  a t  low l e v e l s  a g a i n s t  
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R-C -CH-C 4 0 2 R '  
I 
Cl 

o t h e r  Candida s p e c i e s ,  T o r u l o p s i s  and A s p e r g i l l u s  niger". 
I n  a c o n t i n u i n g  s t u d y  of a c t i v i t y  o f  o r g a n i c  s u l f u r  compounds 
a g a i n s t  Histoplasma,  6 1  compounds r e p r e s e n t i n g  13 c l a s s e s  o f  
o r g a n i c  compounds were s t u d i e d .  S i g n i f i c a n t  a c t i v i t y  was s e e n  
amongst c e r t a i n  t h i o l s  r e l a t e d  t o  p-ch lorobenzeneth io l ,  d i -  
a c e t y l  s u l f i d e  and d i a c e t y l  d i s u l f i d e ,  c e r t a i n  t h i o s u l f o n a t e s ,  
and s imple  t h i o l  and t h i o n  e s t e r s e o .  O f  over  50 imidazo 
(1,243) p y r i d i n e  compounds eva lua ted ,  9-13 were t h e  most 

2 

11 - 

H 

H 

H 

a c t i v e  as a n t i f u n g a l s "  Cinnamylpyrogal lo l  was found t o  be 
a b e t t e r  i n h i b i t o r  of  f u n g a l  growth t h a n  cinnamyl a l coho l ,  
p y r o g a l l o l ,  o r  cinnamylphloroglucinols". Glu ta ra ldehyde  a leo  
demonst ra ted  broad-spectrum a n t i f u n g a l  a c t i v i t y e 3 .  O f  a 
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s e r i e s  of s u b s t i t u t e d  ni t robenzenes and a n i l i n e s ,  1,3- 
dichloro-5 -nitrobenzene, 1,3-dibromo-5 -dibromo-aniline showed 
u s e f u l  l e v e l s  of ac t iv i tye" .  

- 14 0 CH2-53-CH2-CH2-0H 

substance from P e t i v e r i a  a l l i a c e a  and has been synthesizede5 
Amongst a s e r i e s  of fused pyrimidines,  -- 15-18 were a c t i v e  

14 i s  t h e  a c t i v e  a n t i f u n g a l  

R> N C H 4  - (C02C2Hpj ) 2 

R - R - 

a g a i n s t  To mentagrophytes a t  h igh  leve lses .  In  a s e r i e s  of 
a l i p h a t i 7  amines, 9-B were most a c t i v e  a g a i n s t  both 

RNH(CH2 )aCOeEt 

R - 
c1 O H 2 1  
C 1 2 H 2 5  

2 
20 - - 21 C l l H 2 3  
22 C l S H 3 1  E C 1 6 H 3 3  

67 P i t  r o s  orum ovale  and P o  o r b i c u l a r e  . Obtusastyrene art3 
-a-ne, 21j; a are a c t i v e  a g a i n s t  Candida 

t r o p i c a l i s  and o t h e r  y e a s t s  a t  low concentrations". Ser ino-  
mycin a new a n t i b i o t i c  a c t i v e  a g a i n s t  a v a r i e t y  of fung i  i s  
i s o l a t e d  from a Btreptomyces and y i e l d s  approximately 20% 
L-serine a f t e r  hydro lys is  with NH40HBe. Gatavalin, a new 
pep t ide  a n t i b i o t i c  i s o l a t e d  from Bac i l lu s  polymyxa var. 
co l i e t inus ,  has some a n t i f u n g a l  a c t i v i t y 7 o .  Myriocin, 26, 
has been i s o l a t e d  from t h e  ascomycete Myriococcum albomyces; 
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H 2  Ho$COOH N 

26 OH - 
r e f l u x i n g  i n  t e r t - a m y l  a l c o h o l  r e s u l t e d  i n  anhydro myr ioc in  2'J 

27  OH - 
b o t h  compounds are h i g h l y  a c t i v e  i n  v i t r o  a g a i n s t  Candida; 
however, anhydromyriocin showed a c t i v i t y  a g a i n s t  dermatophytes  
and was l e s s  t o x i c  p a r e n t e r a l l y  i n  mice and ra t s  t h a n  myrio- 
c in71  A new polyene a n t i b i o t i c ,  p a r t r i c i n  (SPA-S-132 ), has  
been i s o l a t e d  from a s t r a i n  of Streptomyces a u r e o f a c i e n s ;  
e s t e r i f i c a t i o n  appeared  t o  i n c r e a s e  a c t i v i t y  and r educe  
t o x i c i t y 7 =  Methyl p a r t r i c i n  is a c t i v e  a g a i n s t  many s t r a i n s  
of Candida and A ~ p e r g i l l u s ~ ~ .  

Physico-chemical  c o n s t a n t s ,  s p e c t r a  and molecu la r  models 
f o r  c l o t r i m a z o l e ,  as w e l l  as methods of s y n t h e s i s  f o r  o t h e r  
t r i p h e n y l  methylazoles ,  have been desc r ibed ,  i n c l u d i n g  data  
f o r  112 triphenylmethylimidazoles. S t r u c t u r e  a c t i v i t y  r e l a -  
t i o n s h i p s  r e l a t i n g  r a t e  c o n s t a n t s  of a c i d  h y d r o l y s i s  and Rm 
v a l u e s  of 34 1-triphenylmethylimidazoles s u g g e s t  t h a t  t h e s e  
two parameters  a r e  n o t  s u f f i c i e n t  f o r  a complete  d e s c r i p t i o n  
of a n t i m y c o t i c  a c t i o n .  Or tho  s u b s t i t u e n t s  were s e e n  t o  p ro -  
duce a c l e a r  i n c r e a s e  i n  a c t i v i t y 7 4 .  

Chemical and P h y s i c a l  S t u d i e s  o f  A n t i f u n g a l  Agents - S t r e p t o -  
m c e s  AY-B-265 i n c o r p o r a t e s  L-phenyla lan ine  and DL-tryptophane 
k a n t i m y c i n  A. 
t r yp tophane  show t h a t  carbon 2 of  t h e  i n d o l e  r i n g  i s  i n c o r p o r -  
a t e d  i n t o  t h e  3 formamido ca rbnny l  of an t imyc in  i n  h igh  
y ie lds75 .  
s y n t h e s i z e d  from g lucose  v i a  s h i k i m a t e  t o  p-aminobenzoic a c i d  
which i s  t h e n  i n c o r p o r a t e d  i n t o  c a n d i c i d i n .  This  s y n t h e s i s  
was p a r t i a l l y  i n h i b i t e d  by L-phenylalanine,  L-tryptophane and 
L- tyros ine76,  A similar mechanism has been proposed w i t h  PABA 
as t h e  d i r e c t  t e r m i n a l  i n t e r m e d i a t e  b e i n g  i n c o r p o r a t e d  i n t o  

I n c o r p o r a t i o n  s t u d i e s  w i t h  2 -ring-Clk -DL- 

The a romat i c  moie ty  of c a n d i c i d i n  appea r s  t o  be  
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t h e  aromatic  moiety of fungimycin77. 

mycin, z orbamycin) i s  2 -0 - ( 3  -0 -carbamoyl -D -mannosy1 ) 6 -deoxy - 
L-gulose78. Acid hydro lysa tes .  of YA-56X and Y show hydroxy- 
a l a n i n e  p r e s e n t  i n  both a n t i b i o t i c s  i n s t e a d  of  threonine,  a 
common fsonst i tuent  of  phleomycins and b l e o m y ~ i n ~ ~ .  
polyenic  p o r t i o n  of t h e  endomycin complex has been shown t o  
be scopafungin*o. The s t r u c t u r e  of t h e  pentaene a n t i b i o t i c  
c h a i n i n  has been shown t o  be 28*l. 

The sugar moiety of YA-56 ( r e l a t e d  t o  phleomycin, b l e o -  

The non- 

An improved s y n t h e s i s  of - _- - 
GHg 

OH OH OH OH OH\ 

I 

C H 3  
OH 

hexahydrospinamycin has been described82. 
and compounds w i t h  p o t e n t i a l  f o r  conversion t o  t h a t  s t r u c t u r e  
such as ANHNHB are c h a r a c t e r i z e d  as diazene a n t i b i o t i c s  and 
i n c l u d e  t h e  a n t i b i o t i c  hexahydrospinamycin. S t r u c t u r e  a c t i -  
v i t y  s t u d i e s  show t h a t  h igher  a n t i f u n g a l  a c t i v i t y  i s  c o r r e -  
l a t e d  wi th  h igher  r a t e  of r e a c t i o n  w i t h  g lu ta th ione ,  sugges- 
t i n g  t h a t  t h e  a n t i b i o t i c  a c t i o n  of d iazenes  may involve  i n t r a -  
c e l l u l a r  o x i d a t i o n  of g l u t a t h i o n e  t o  i t s  d i s u l f i d e 8 3 .  The 
carboxyl ic  group of amphoter ic in  B has been e s t e r i f i e d  by 
r e a c t i o n  w i t h  diazomethane i n  t e t r a h y d r o f u r a n .  The methyl 
ester t h u s  obta ined  r e t a i n e d  i n  v i t r o  a c t i v i t y ;  N-acylation 
g e n e r a l l y  reduced a c t i v i t y a 4 .  Hydrochloride s a l t s  of methyl 
e s t e r s  of a number of polyene macrol ide a n t i b i o t i c s  had 
g r e a t l y  i n c r e a s e d  aqueous s o l u b i l i t y 8 5 .  I n  v i t r o  and i n  v i v o  
s t u d i e s  sugges t  similar a c t i v i t y  f o r  t h e  methyl e s t e r  and t h e  
p a r e n t  compound, b u t  reduced t o x i c i t y  f o r  t h e  methyl e s t e r 8 6 .  
The f i l i p i n  complex, as w e l l  as pimaricin,  bind s t e r o l s  t h a t  
c o n t a i n  b o t h  a 3-p hydroxy group and a long a l k y l  s ide  c h a i n  
a t t a c h e d  t o  t h e  D r ing ,  b u t  i n t e r a c t  weakly o r  no t  a t  a l l  w i t h  
c h o l e s t e r o l  p a l m i t a t e  and 3-keto o r  3-a hydroxy s t e r o l s 8 7 , e e .  
Enhancing e f f e c t  of - iso-branched f a t t y  a c i d s  on some f u n g i -  
tides may be due t o  i n c r e a s e  i n  t h e  p e r m e a b i l i t y  l e v e l  of t h e  
plasma membrane based on e v a l u a t i o n  of s u r f a c e  f i l m  s t u d i e s e s .  
Phosphorescence may be an extremely s e n s i t i v e  a n a l y t i c a l  pro-  
cedure f o r  g r i s e o f u l v i n  s i n c e  measurable phosphorescence can 
be obta ined  from s o l u t i o n s  as d i l u t e  as 10'8 Meo. 

The s t r u c t u r e  AN=NB 

-- 

B i o l o g i c a l  S t u d i e s  of Antinfungal Agents - D e t a i l e d  chemothera- 
p e u t i c  e v a l u a t i o n  o f  miconazole demonstrates broad-spectrum 
a n t i f u n g a l  a c t i v i t y ,  both i n  v i t r o  and i n  v i v o  i n  comparison 
with o t h e r  a n t i f u n g a l '  a g e n G S n i n e  heptaene macrol ide 
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a n t i f u n g a l  a n t i b i o t i c s  have been compared i n  e x p e r i m e n t a l  
sys temic  C .  a lb i cans  i n f e c t i o n s  i n  mice. A l l  showed similar 
a c t i v i t y  s u b c u t a n e o u s l y  b u t  on ly  ampho te r i c in  B and mycoheptin 
showed a c t i v i t y  o r a l l y ,  which was r e l a t e d  t o  t h e i r  c o n t a i n i n g  
mycosamine as a n i t r o g e n o u s  moietyS2. A d m i n i s t r a t i o n  of 
g r i s e o f u l v i n  a t  l e v e l s  of  1250 o r  1500 mg/kg/day t o  p regnan t  
ra t s  d u r i n g  t h e  p e r i o d  of organogenes is  r e s u l t e d  i n  i n c r e a s e d  
r e s o r p t i o n  s i t e s ,  dec reased  l i t t e r  s i z e ,  and a syndrome of  
m a l f o r m a t i o n s s ~ .  P r e c l i n i c a l  t o x i c o l o g i c a l  e v a l u a t i o n  o f  
ha lop rog in  s u g g e s t s  absence  of  sys temic  t o x i c i t y  i n  s p i t e  of  
percutaneous  a b s o r p t i o n .  Some l o c a l  i r r i t a t i o n  was s e e n  b u t  
no i n d i c a t i o n  of s e n s i t i z a t i o n  p o t e n t i a l .  Major me tabo l i c  
p roduc t s  of h a l o p r o g i n  were 2 ,4 ,5 - t r i ch lo ropheno1  and i t s  
s u l f a t e  conjugates* .  P y r r o l n i t r i n  i s  r a p i d l y  i n a c t i v a t e d  
i n  v i v o  and me tabo l i zed  i n  v i t r o  t o  a t  l e a s t  4 o x i d i z e d  
p y r r o l e s  wi thou t  a n t i f u n g a l  a c t i v i t y .  O f  i n t e r e s t  i s  t h e  
g e n e r a t i o n  of  a s u b s t i t u t e d  maleimide by microsomal o x i d a t i o n  
of t h e  p y r r o l e s s .  Amphoter ic in  B has been shown t o  p o t e n t i a t e  
t h e  a n t i f a n g a l  a c t i v i t y  of r i fampicin,s6’s7 5-f1uorocytosine,9e 
mycophenolic a c i d  g lucuronide ,s8  t e t r a c y c l i n e s 8  and a c t i n o -  
mycin D , s 8  probab ly  through t h e  i n c r e a s e d  p e n e t r a t i o n  of  t h e  
a g e n t s  t h rough  t h e  cy toplasmic  membrane. S i m i l a r i l y  polymyxin 
B has been shown t o  p o t e n t i a t e  t h e  a n t i f u n g a l  a c t i v i t y  of  
t e t r a c y c l i n e s s .  Oligomycin r e s i s t a n c e  i n  y e a s t s  has been 
shown t o  be  r e l a t e d  t o  changed s e n s i t i v i t y  of  mytochondr i a l  
ATPaseloO. Saccharomyces c e r e v i s i a e  r e s i s t a n c e  t o  n y s t a t i n  
has been r e l a t e d  t o  a l t e r e d  s t e r o l  composi t ion ;  perhaps  i n  t h e  
c e l l  membrane, based  on l i p i d  r equ i r emen t s  and t h e i r  e f f e c t  on 
r e s i s t a n c e l O l  E v a l u a t i o n  of spontaneous  mutants  of  C.  
a l b i c a n s  r e s i s t a n t  to 5 - f l u o r o c y t o s i n e ,  as w e l l  as r e s i s t a n t  
s t r a i n s  i s o l a t e d  from p a t i e n t s  showed two c l a s s e s  o f  r e s i s -  
t a n c e :  one u n a f f e c t e d  by 5 - f l u o r o c y t o s i n e  a t  t h e  h i g h e s t  
c o n c e n t r a t i o n s  t e s t e d ,  and t h e  o t h e r  w i t h  low growth i n  t h e  
p re sence  of h i g h  l e v e l s .  
s u s c e p t i b l e  s t r a i n s  t o  r e s i s t a n c e  were f a i r l y  h i g h  . Calcium 
i o n s  r e v e r s e d  t h e  in v i t r o  a c t i v i t y  of heptamycin a g a i n s t  
s e v e r a l  y e a s t  s t ra ins-  Polyoxin  D i n h i b i t s  c h i t i n  s y n t h e -  
t a s e  which may be  r e l a t e d  t o  weakened walls no ted  i n  organisms 
growing i n  t h e  p re sence  of t h i s  a n t i b i o t i c L o 4 .  Cy tocha la s ins  
A and D produce morphologica l  changes of  fungi ,  s p e c i f i c a l l y  
branching  and s w e l l i n g  of hyphal  t i p s L o 5 .  The e f f e c t  of 
g r i s e o f u l v i n  on m i t o s i s  i n  4s e r  i l l u s  may be r e l a t e d  t o  
abnormal s p i n d l e  f o r m a t i  onL-oben z y l  is o t  h i  oc yana t  e 
a l t e r e d  t h e  redox s t a t e  of  i n t r a c e l l u l a r  NADP i n  CandidaLo7. 
The a n t i f u n g a l  a n t i b i o t i c  c e r u l e n i n  i n h i b i t s  s t e r o l  and f a t t y  
a c i d  b i o s y n t h e s i s  i n  c e l l - f r e e  systems of  y e a s t s l o a .  

-- 

Spontaneous m u t a t i o n  ra t f t20f  
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Chapter 14. Antineoplastic Agents 

C.C. Cheng and Kwang Yuen Zee-Cheng 
Midwest Research Institute, Kansas City, Missouri 64110 

Introduction - There are now ten disseminated human cancers which are 
highly responsive to chemotherapy: Burkitt's lymphoma, choriocarcinoma, 
acute lymphocytic leukemia, Hodgkin's disease, lymphosarcoma, reticulum 
cell sarcoma, embryonal testicular cancer , Wilms ' tumor, Ewing ' s  sarcoma, 
and retinoblastoma. About 50% of these patients can be expected to achieve 
normal life expectancy by modern chemotherapy. The following twenty-five 
drugs have been repeatedly studied and recognized as having proven clinical 
value: mechlorethamine hydrochloride (nitrogen mustard), cyclophosphamide 
(cytoxan, endoxan), melphalan, chlorambucil, busulfan, thioTEPA, dibromo- 
mannitol, methotrexate, 5-fluorouracil, 6lnercaptopurine, thioguaxiine, 
cytosine arabinoside (cytarabine) , 6-azauridine , vincris tine , vinblas tine , 
actinomycin-D, daunorubicin, adriamycin, mithramycin, streptozotocin, 1,3- 
bis(2-chloroethyl)-l-nitrosourea (BCNU, carmustine), hydroxyurea, 5-(3,3- 
dimethy 1-1 -triazeno ) imidazo le -4 -carboxamide , procarbazine hydrochloride , 
and ~,E'-DDD (mitotane).l 

Reviews on preclinical and clinical evaluation of antitumor agents , 2 , 3  
imunosuppressive compoundsfc mechanism of action in cancer chemotherapy,5 
antineoplastic antibiotics,6 and other newer agents' were recently published. 

Current attention in the development of antineoplastic compounds is 
being focused on agents that would be active against slow-growing tumors , 
since most of the present day drugs are mainly effective against rapid- 
growing cancers. 

Alkvlating Agents - Isophosphamide (I), an analog of cyclophosphamide (11), 
inhibits Lewis lung carcinoma, Ehrlich ascites sarcoma, and Yoshida sarcoma. 

-NH-CH2-CH2-C1 C? H2-CH2-C1 I 

I generates the cytotoxic aldehyde acrolein in vitroY8 the latter has been 
proposed as a component of a universal cell-growth regulatory system.9 
Clinically it is active in oat cell tumors of the lung, ovarian cancer, 
breast cancer, and lymphomas.1° 
similar: 
being twice as potent .I1 
administration of these compounds may be due to a direct nonspecific cardiac 
depression in conjunction with possible histamine release.ll 

Toxicities of both compounds I and I1 are 
They cause cardiovascular alterations in rhesus monkeys with I 

The hypotension and brodycardia observed after 
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substituted butyl ethers are effective inhibitors of the Walker rat carci- 
noma.12 
as effective as cyclophosphamide and about three times that of chlorambucil. 
The drug is more effective when given orally than sc or ip administration.l3 

Bis (4-methanesulfonoxybutyl) qther (111) and many related 6-oxygen- 

Phenesterin, (IV), an alkylating cholesterol ester, is at least 

CH3-SO2'O-(CH2)4'O'(CR2)4-O-SO2-CH3 

I11 

C 1 -CH2 -CH2, N - O H 2  -8-0 

C 1-CH2 -CH2' IV 

Nitrosoureas - Methyl-CCNU (Vc) is believed to be a better drug than CCNU 
(Vb), which is in turn more active than BCNU (Va). The use of subatituent 
constants and regression analysis suggest that a study of more hydrophilic 
nitrosoureas should uncover more potent and less toxic drugs .I4 CCNU 

0 
carbamoylation of lysine residues and modifies nucleic C1-CH2-CH2-y-8-NH-R 
acids via alkylation. The dual capacity of Vb may NsO 
explain its broad cytotoxicity and its activity against 
tumors which are resistant to conventional alkylating Va* RZCH2-CH2-C1 
agents.l5 Clinically these drugs are effective against 
recurrent brain tumors16 but ineffective in the 
treatment of either end-stage breast cancerl7 or 
bronchogenic carcinoma. 18 c. R = G C H 3  

chemically modifies proteins mainly via cyclohexyl- 

b. R = O  

5-(3,3-Dimeth~l-1-triazeno)imidazole-4-carbox~ide (VIa, DIC) and 
related compounds - Mode of decomposition of DIC was studied in Bacillus 
subtilislg and in mamalian cell cultures.20 
decomposed into dimethylamine and 5-diazoimidazole-4-carboxamide, the latter 
enters the cells and interacts with nucleic acids in an obscure manner. 
When light is excluded, DIC forms 5-aminoimidazole-4-carboxamide and a 
methyl carbonium ion, the latter interacts with cell DNA. DIC is lethal to 
both proliferating and nonproliferating cells. It is 

that in normal tissue and the VIb intermediate 
decomposes spontaneously to generate a methylating 
agent.21 
Hodgkin's disease.22 
against a variety of murine neoplasms, it is without effect 
against advanced acute lymphocytic leukemia in ~hildren.~3 

In the presence of light, DIC 

fi metabolized by tumor tissue in a manner similar to 3xN-N=N 
R' 

H N-$ 
2 o  Activity has been demonstrated for patients with 

Although DIC is markedly effective 

Via. RICH3 

b. R=H 

Derivatives of l-phenyl-3,3-dimethyltriazene have also shown anti- 
leukemic activity in mouse leukemia L1210. A benzoate VII, in particular, 
possesses a better therapeutic index than DIC.24 
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VII 

3rimidines and Azapyrimidines - Direct synthesis of 5-fluoropyrimidines 
and their nucleosides, by treatment of the corresponding pyrimidines or 
nucleosides with trifluoromethyl hypofluorite, was achieved. 25-27 
preferentially concentrated (s, 11 times) in the brain of C57BL/6 mice 
with intracerebral glioma than in normal brain of mice.28 
deoxyuridine-5'-monophosphate, the active metabolite of 5-FU, persists in 
all tissues of mice with L1210 leukemia for 72 hrs, with highest concentra- 
tion in the small intestine.29 
markedly active against leukemia L1210.30 
5 -trif luorome thyl-3 ' -deoxyur idine , unlike their 2 -deoxyr ibonuc leos ide 
counterparts, are inactive against HeLa, L5178Y, and Novikoff hepatoma 
cells. 31 
genase in pyrimidine biosynthesis, promotes the synthetic utilization and 
retards the catabolism of thymine.32 

5-FU is 

5-Fluoro-2'- 

5-Fluoro-2,2'-anhydro-arabinocytosine is 
5-Fluoro-3' -deoxyuridine and 

5 -Diazouracil , which irreversibly inhibits dihydrouracil dehydro - 

14C study in patients revealed that 5-azacytidine uptake by tumor 
tiesue ie greater than that by surrounding normal tissue and the drug is 
incorporated into tumor RNA but not into DNA.33 5-Azacytidine depresses 
polyamine synthesis in L1210 leukemic mice.34 This drug induces objective 
remissions in patients with breast cancer, melanoma, and colon cancer.35 

Cyclocytidine (VIII, 2,2'-anhydro-8-D-arabinofuranosylcytidine) is 
active against a variety of tumors (adenocarcinoma 755, Nakahara-Fukuoka 
sarcoma, ascites sarcoma 180, Ehrlich ascites carcinoma, L1210 leukemia, 
13498 leukemia) in mice.36 In general, VIII possesses greater therapeutic 
index and lower cumulative toxicity than cytosine arabinoside (ara-C) NH 
but has little activity against reticulum cell sarcoma.37 

Hexamethylmelamine is useful for the treatment 0 
"?++ of adenocarcinoma of the lung, carcinoma of the ovary, 

and Hodgkin's disease.38 It is inactive against acute 

The mechanism of action of this compound is not yet known. 

leukemia resistant to standard chemotherapeutic agents. 39 

VIII 

Purine Nucleosides - The mode of inhibitory action of 6-methylthiopurine 
riboside (6-MeMPR) may be due to inhibition of purine biosynthesis de novo 
by 6-MeMPR phosphate.40 
related compounds are more potent inhibitors than the corresponding a- 
anomers against tumor cell growth. 41 

The 8-anomer of 2-chloro-2'-deoxyadenosine and 

Folic Acid Antagonists - A practical synthesis of homofolic acid from 
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6 -hydroxy-2,4,5 - t riaminopyrimidine and 1 -ace toxy -4 -[N -acet y 1 - (2-carbe t hoxy- 
phenyl)amine]-2-butanone was reported.42 
of the antileukemic drug tetrahydrohomofolic acid (H4HF) revealed that H4HF 
may interfere with the conversion of orotic acid to deoxyuridine in pyrimi- 
dine biosynthesis and that thymidylate synthetase, shown to be the most 
sensitive enzyme to H4HF in vitro, may not be the primary target of 
drug in vivo. 

A study on the mechanism of action 

the 
43 

5 N -Formyltetrahydrofolic acid reverses the action of methotrexate 
(MTX) in L1210 leukemia cells .44 
tumor activity in hepatocellular carcinoma. This dichloro derivative is 
concentrated in the liver to a greater extent than MTX. 

Dichloromethotrexate displays some anti- 

45 

Actinomycin D (Act-D) - The association of act-D and different deoxyribodi- 
nucleotides were studied as model complexes for the interaction of act-D 
and DNA. 
with act-D, with a preference €or G-C sequences of DNA as potential binding 
sites.46 Act-D lactam was ~ynthesized.~’ 

All of the deoxyribonucleotides containing guanine will complex 

Adriarnycin and Daunorubicin - Daunorubicin (IXa) and DNA interact predomin- 
ately through inter~alation.~~ 
than one class of sites. The amino sugar residue of IXa is involved in the 
stabilization of DNA complex.49 
IXa, is as effective as its parent compound a ainst leukemia P388 but not 
as effective against leukemia L1210 in mice.5’ On the other hand, adria- 
mycin (IXc) does not undergo such con~ersion,~~ which may account for the 
fact that IXc is consistently more effective than IXa in transplanted 
manrmary carcinoma52 and other tumor systems. The iv route rather than ip 
or sc administration of these drugs are recommended for achieving maximum 
effectiveness in solid tumors.53 
persisted in the host cells for 20-30 hours after admini~tration.~4 

The binding of IXa to DNA involves more 

Daunorubicinol (IXb), the metabolite of 

The cytotoxic effect of both IXa and IXc 

Adriamycin is a useful chemotherapeutic adjunct 
in the treatment of Ewing’s sarcoma55 but is 
quite toxic 
leukemia.56 The adriamycin-resis tant tumor is 
also cross resistant to daunorubicin and 
vincristine.57~5~ The cardiotoxicity of these 
antibiotics may be reduced by the pretreatment of either 
of the following chelating agents: ethylenediaminete- 
traacetic acid (EDTA), or (+)-1,Z-di(3,5-dioxopiperazin- 

1-y1)propane (I CRF 159). ”-- Some amino and methyl 
ketone derivatives of daunorubicin still retain the 
original antitumor activity. 

to patients with acute myeolocytic 

IXa. R=CO- CH3 
b . R=CHOH - CH3 
C .  R4O-CHZOH 

60 
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HO 

e 8 
X. Bleomycin A2: R= NH-(CH2)3-S(CH3)2X 

Bleomycin B2: R= NH-(CH2)4-NHC-NH2 
NH 

OH Bleomycin A ' .  R= NH-(CH ) -NH2 
2' 2 3  

Bleomycin A5: R= NH-(CH2)3-NH-(CH2)4-NH2 

Bleomycin A6: R= NH(CH2)3 (CH2)3-NH2 
&-(CH2)4-NH I 

Bleomycins - Complete s t ruc tu res  of bleomycins have been elucidated and 
established as X, 61 
pyrimidin-2-y1)propionic acid , a heterocyclic component of bleomycin, was 
reported . 62 

Synthesis of -amino4 -( 4-amino-6 -carboxy-5 -methyl- 

Higher concentrations of blemomycin were accumulated i n  carcinoma 
than i n  sarcoma. In addition, higher concentrations of i t s  ac t ive  form were 
noted i n  the lungs and skin of old mice than i n  those of young ones.63 
Bleomycin may have affected c e l l u l a r  sulfhydryl or  d i su l f ide  groups , or 
affected the a v a i l a b i l i t y  of e s s e n t i a l  metals i n  the organs tha t  concen- 
t r a t ed  t h i s  a n t i b i 0 t i c . ~ 4  

Bleomycin A exer ts  a l e t h a l  e f f e c t  on mamalian c e l l s  and a l s o  induces 
2 resis tance i n  these c e l l s  .65 A t  high dosages, bleomycins can s ign i f i can t ly  

prolong the r e j ec t ion  time of skin g r a f t  i n  animals, y e t  t h i s  a l t e r ed  g r a f t  
r e j ec t ion  behavior w a s  not due t o  s p e c i f i c  immunosuppression,66 as generally 
believed. Histological examination of the mouse small i n t e s t i n e  reveals a 
profound ant imitot ic  act ion of bleomycin. This action takes place a t  the 
late S t o  ear ly  G2 t r a n ~ i t i o n . ~ ~ , ~ ~  
nant lymphomas and t e s t i c u l a r  tumors seem promising;69 object ive regression 
i n  pa t i en t s  with metastatic large bowel cancer, however, was not noted.7O 

Results from c l i n i c a l  study with malig- 

Mitomycin C - A claim that  the carbamyl group and the az i r id ine  r ing of 
mitomycin C (XI) and r e l a t ed  compounds may be replaced by other acyl  groups 
without loss of biological  act ivi ty ' l  has been supported by the f a c t  t ha t  a 
s e r i e s  of benzoquinone der ivat ives  containing s ide  chains capable of alkyla- 
t i on  a f t e r  bioreduction displayed growth-inhibitory a c t i v i t y  against  adeno- 
carcinoma asc i t e s  c e l l s  and a re  potent i nh ib i to r s  of DNA and RNA synthesis 
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CH2 -0 -8-NH2 

NH 

in neoplastic cells.72 

Mycophenolic Acid - Originally isolated from 
a culture of Penicillium glaucum (a mold 
found on corn) and subsequently from 
Penicillium stoloniferum, mycophenolic acid (XII), 
inhibits the growth of Mecca lymphosarcoma and the 
solid and ascites forms of Walker carcinosarcoma 256 and moderately inhibit 
Gardner lymphosarcoma, C3H mammary carcinoma, and adenocarcinoma 755. 
However, it is inactive against leukemias L1210 and c1498.73 It is syner- 
gistic with cyclophosphamide against experimental lymphosarcomas .73 
Compound XI1 interferes in the interconversion of inosine, xanthosine, and 
guanosine monophosphates. It also inhibits IMP dehydrogenase and GMP 

XI 

~ynrhetase.~~ Compound XI1 is readily 
absorbed from the digestive tract and 
rapidly conjugated to mycophenolic acid 
8-glucouronide. 75 Preliminary clinical 
trials indicated that, although toxicity 
is rather low, this acid does not cause 

H02C-(CH ) 2 2  

CH3O 

3 
CH 

XI1 

tumor re ression in patients with a wide range of advanced malignant 
tumors. 7 f , 7 7  Some derivatives of mycophenolic acid, including its 
glucouronide, were reported to possess antitumor and immunosuppressive 
BC tivi ty .78 * 79 

Neocarzinostatin - The primary structure of the antitumor protein 
neocarzinostatin, isolated from Streptomyes carzinostaticus var. F-41, was 
characterized as an acidic single-chain peptide. The protein contains 109 
amino acid residues (mol wt - 10,700). The amino acid composition is 
unusual in its high content of alanine, glycine, serine, and threonine but 
no histidine or methionine.80 
sarcoma 180, ascitic leukemia SN36, and leukemia L1210. It also rapidly 
and differentially affected Burkitt ' 8  lymphoma cells in culture.81 Deamina- 
tion or acylation of this protein at the terminal amino group (alanine) 
decreases toxicity with retention of antitumor activity in mice. 

Neocarzinostatin is effective against ascitic 

Neocarzinostatin is unstable above 37". It is inactivated by tissue 
homogenate, serum or SH-containing compounds accompanied with copper .82 
inhibits both DNA and RNA synthesis but protein synthesis remains 
unchanged .81 

It 

- Berbinium Salts, Coralyne, and Nitidine - Among the berbinium salts, the 
sulfate and chloride of berberine (XIIIa,b) are cytostatic toward Ehrlich 
or lymphoma ascitic tumor cells in vitro.83 Coralyne salts (XIVa,b) show 
significant activity against leukemias L1210 and P388 in mice.84 The 
corresponding dihydro compound XV, however, is devoid of antileukemic 
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a c t i v i t y ,  indicat ing t h a t  the planari ty  of the molecule may be of impor- 
tance. 
the in t e rac t ion  of DNA i n  v i t ro .  

UV spec t r a l  s tudies  reveal  t ha t  a s t a b l e  complex is formed upon 

S a l t s  of n i t i d i n e  (XVIa,b) and 5,6-dihydro-6-methoxynitidine (XVII), 
a new alkaloid from Fagara macrophylla, possess high cytotoxici ty  and 
a c t i v i t y  against  leukemias L1210 and P388.85*86 
fagaronine (XVIc), isolated from Fagara zanthoxyloids Lam. (Rutaceae), a lso 
shown good a c t i v i t y  against  leukemia P388.&/ Structures of these compounds 
conform t o  an e a r l i e r  proposed N-0-0 t r iangular  pharmacophore hypothesis 
for a n t i  leukemic a c t i v i t y  . 

Another new a lka lo id ,  

O-I OCH3 OCH3 & H3°& : ~ ~ O ~ ~  OCH3 

/ N  

3 
0 x 0  

CH30 
CH 

"4' /N 
CH 0 

3 CH @ 
CH3O @ 

OCH3 x e  
3 

- XIVa. X= C2H3S05 xv 
b. x= c1 4 

XIIIa. X= % SO 
b. x= c1 

CH30 @ OR2 OR' 

XVIa. R1 + R2= CH2, X = CH3S04 

C H 3 0 f l )  N 

hH3 
", CH ON\ \ 

CH30 0 CH3 @ 3 

b. Ry + R2= CH2' X a C 1  X V I I  

OCH3 

c .  R1 = H(or CH3)' R2= CH3(or H), X = C 1  

Camptothecin - Additional synthet ic  methods for  the preparation of a,&- 
campthothecin (XVIIIa) and r e l a t ed  der ivat ives  were r e p ~ r t e d . ~ ~ - ~ l  A new 
alkaloid,  9-methoxycamptothecin (XVIIIb) , was isolated along with campto- 
thecin as the major product from Mappia foe t ida  Miers. 92 
Camptothecin blocks the ribosome formation from R 
32s RNA t o  28s RNA, i n h i b i t s  synthesis of both 
nucleogJasmic and polyribosomal g-RNA i n  HeLa 
c e l l s ,  induces nucleolar s t r u c t u r a l  changes 
i n  ME-180 t i s s u e  cu l tu re  ce l l s94  and causes 
i n t r a c e l l u l a r  degradation of HeLa c e l l s  and X V I I I a .  R = H 
adenovirus type-2 DNA.95 The progression 
of l a t e  S o r  ear ly  G2 c e l l s  i n t o  mitosis of 

b. R = CH30 
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mammalian cells (leukemia L1210 cells and asynchronous and synchronous DON 
cells) is most sensitive to this alkal~id.’~ 
in the treatment of advanced gastrointestinal cancer, advanced disseminated 
melanoma or a variety of carcinomas failed to show much a c t i ~ i t y . ~ 7 - ~ ~  

Clinical study of camptothecin 

Cephalotaxus Alkaloids - The alkaloid cephalotaxine (XIXa) and a number of 
its esters were isolated from the seed of Cephalotaxus harringtonia. 
Although XIXa is inactive, harringtonine (XIXlj), iaoharringtonine (XIXc), 
homoharringtonine (XIXd) , and deoxyharringtoninelOO (XIxe) possess anti- 
tumor activity against leukemias L1210 and P388.1°1 Synthesis of XIXa and 

XIXa. R = OH 
b. R = 02C-C(CH2-C02CH3)-(CH2)2-C(CH3)2OH 

dH 

t)H 

bH 

C. R = O,C-CCCH(OH)-Co2CH3]-(CH2)2’CH(CH3)2 

OCH3 d. R = 02C-C(CH2-CO2CH3)-(CH2)3-C(CH3)ZOH 

e . R = O2C-?(CH2-CO2CH3) -(CH2 )2-CH(CH3)2 
OH 

related compounds have been accomplished. lo2 

Other Plant Products - Datiscosidelo3 (XX), a cucurbitacin glycoside from 
Datisca glomerata, maytanisinelo4 (XXI) , an ansa macrolide from Maytenus 
ovatus, as well as triptolidelo5 (XXIIa) and tripdiolide1°5 (XXIIb), diter- 
penoid triepoxides from Tripterygium wilfordii, possess activity against 
a number of standard animal tumor systems. 

XXIIa. R = H 
b. R = OH 
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Ellipticine - Ellipticine (XXIII), a cytotoxic plant alkaloid, 
kills cells in all phases of the cell cycle. Cells 
in M and G phases are much more sensitive to XXIII 
than in S and G2 phases. 
RNA syntheses more than protein synthesis .lo6 
new syntheses of XXIII were reported. 

S-Trityl-L-cysteine (3-Tritylthio-h-alanine) - This amino acid (XXIV) is 
active against leukemia L1210. The internal zwitterion form of XXIVa is 

C H ~  0-m 
/ /  1 

XXIII inhibits DNA and 

CH3 
Two 

107 , 108 
XXIII 

important for biological activity since substitution or 

@ = 2-naphthy1 decreases the activity.1°9 S- 

modification at either the amino or 
XXIVa. R = CgH5 

the carboxylic acid group Q 
0 6h3 R- -S-CH -CH-C02 

- C- R = I-naPhthYl Trityl-g-cysteine and O-trityl- 

antileukemic activity. Also, S-(2-naphthyldiphenyl- 
- L-serine possess low but definite 

methyl)-l-cysteine (XXIVb) possessess better activity than XXIVa but the 
corresponding 1-naphthyl isomer XXIVc is inactive. 

The low solubility of XXIVa in water limits its absorption. 
site of compound concentration in rats, dogs, and monkeys is the liver. 

The main 

Appreciable concentrations was also found in the kidney of the monkey. 110 

Naphthoquinones - Arnebin (XXVa) , a naphthazarin derivative isolated from 
the roots of Arnebia nobilis , inhibits rat Walker carcinosarcoma 256, 
This compound bears a close structural resemblance with shikonin (XXVb) 
and both compounds may be biogenetically related. Compound XXVb, isolated 
from Lithospermum erythrorhizon Sieb et Zucc., is active against human 
carcinoma of the nasopharynx (KB) . Several lapachol derivatives'*' (XXVIa 
and XXVIb) and some 4-amino-1 ,2-naphthoq~inones~~~ (XXVII) have also been 
claimed to possess anti,tumor activity, 

@$m2-cH=c. ,CH3 CH3 eR \ &O 

& 

OH 0 0 NH-R 
XXVa. R = CO-CH=C(CH3)2 MVIa. R = CBr2 XXVII 

b. R = H  b. R = C(CH3)2 

9 -Anilinoacridines - e 1-nitro-9 -( substituted amino) acri- 
dines are cytostatic. 
ani1ino)-acridines (XXVIII) wherein R represents an 
electron-donating group substituted at positions 3'  and 
4' are active against leukemia L1210.115 

/o. 
A series of 9-(substituted m 

XXVIII 
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Thiosemicarbazones - A number of a-(N)-heterocyclic carboxaldehyde thiosemi- 
carbazones were prepared and their antineoplastic activity measured. In 
general, the pyridine derivatives are better inhibitors than the isoquino- 
line derivatives against lymphomas. 

Chlorphenesin - (3-~-Chlorophenoxyl-1,2-propanediol)--This compound has 
shown antineoplastic activity in a number of experimental tumor systems, 
including virus -induced murine leukemias and several transplantable tumors. 
It is essentially nontoxic at therapeutically active levels. Chlorphenesin 
may act by enhancing cell-mediated immune responses of the host. Clinic- 
ally, chlorphenesin is valuable in the treatment of squamous cell carcinoma 
of the skin.ll* Other related oxygen containing compounds, such as hydroxy- 
lated straight chain aldehydes (e.g. 4-erythro-&,El-dihydroxybutyralde- 
hyde)l19 and glyceryl ethers of fatty alcohols,lZo have also shown anti- 
neoplastic activity. 

Inhibitors of t-RNA Methyltransferase - A detailed account of the relation- 
ship of elevated level of t-RNA methyltransferase activity (which results 
in the formation of abnormally large amounts of C-, N-, and 0-methylated 
nucleosides in t-RNAs) and tumor induction was presented.12l 
midel22 and some related analogs as well as certain cytotoxic purine 
rib~sidesl~~ are found to inhibit t -RNA methyltransferase activity. The 
claim that appropriately designed nicotinamide analogs may possess anti- 
tumor activity1z2 was substantiated by the fact that 6-dimethylaminonico- 
tinamide is active against the solid Friend virus (FV) 1e~kemia.l~~ 
compounds having adjacent oxygen functions, or compounds having similar 
interatomic distances between two oxygen atoms, may interfere with the 
undesired activity of t-RNA 0-methyltransferase and inhibit the process of 
abnormal cell proliferation. lZ5 

Nicotina- 

Certain 

New Conceptions and Hypotheses 

concentrations of nutrients, which interrupt the regulation of cell 
growth, has been postulated as a factor of malignant growth. 126 
protease inhibitors are believed to interfere with fibrinolysis in tissues. 
Since degradation of body fibrin by fibrinolysins creates conditions that 

promote growth and spread of tumors, properly des 

Alternation in the cell membrane that results in increased internal 

Certain 

ed protease inhibitors 
might be useful in the treatment of solid tumors. If? 
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Chapter 15. A n t i p a r a s i t i c  Agents 

M. Ho f fe r  and C. W. Perry, Hoffmann-La Roche Inc., Nutley, N. J. 07110 

In t roduc t i on  - A t a b l e  o f  drugs f o r  p a r a s i t i c  i n f e c t i o n s  has appeared.1 
The proceedings o f  the  Inter-American Malar ia  Research Symposium, San 
Salvador, E l  Salvador, Nov. 1-4, 1371 were published,2 i n c l u d i n g  a r t i c l e s  
by L. J. Bruce-Chwatt, D. F. Clyde and R. D. Powell on cur ren t  drug 
therapy and t h e  development o f  new drugs. Abstracts f o r  t h e  Annual Meet- 
i n g  o f  t h e  Society o f  Protozoologists, Minneapolis, Minn., August 28- 
September 1, 1972, can be found as a supplement t o  the  Journal o f  Proto- 
ZOOlOgy.3 The WHO Chronic le contains repo r t s  on malar ia  eradicat ion.4 The 
Amer. Vet. Med. Assoc. he ld  a symposium5 on problems o f  new animal drug 
devel opment. 

Ant ima lar ia ls  - A model i n  - v i t r o  system f o r  t e s t i n g  s u s c e p t i b i l i t y  o f  human 
parasi tes t o  a n t i m a l a r i a r d r u g s  was proposed.6 S t ruc tu re -ac t i v i  t y  co r re la -  
t i o n s  fo r  2-phenylquinol ine-4-carbinol  an t ima la r ia l s  were obtained by the  
Free-Wilson method.7 An extensive study o f  t i s s u e  d i s t r i b u t i o n  and u r i n e  
excre t ion  o f  chloroquine was reported.8 Observations on t h e  mode o f  ac t i on  
of chloroquine and qu in ine  i n  blood stages o f  P. ber  he i  were reported by 
Warhurst, Homewood and Bagaley.3 Development 3 h n c e  and cross- 
res is tance t o  a n t i f o l i c  an t ima la r ia l s  was s tud ied  i n  a v a r i e t y  of bacter ia?  
The an t ima la r ia l  r imaquin caused a t o t a l  i n h i b i t i o n  o f  p r o t e i n  synthesis 

Pa ra l l e l i sm i n  r e v e r s i b l e  coenzyme Q10- inh ib i t i on  and n t i m a l a r i a l  
p roper t ies  was demonstrated i n  subs t i t u ted  quinol  inequinonesfl  and naptho- 
quinones. 12 Extensive s t r u c t u r e - a c t i v i  t y  re la t i onsh ips  i n  phenanthrene-9- 
amino alcohols (very a c t i v e  I, cura t i ve  a t  the  5 mg/kg l e v e l  nd s t i l l  
a c t i v e  a t  t he  1.25 mg/kg l e v e l  i n  the  P. berqhei-mice screen)f3-15 and i n  

i n  B. megaterium. P 0 - 

HO H-(CH2)2N(C3H7)2 HOCH-CH2NR1R2 2,6-diary1 pyridy1-4- 
methanol s (best 11, R2=R3=H, 
R1=4-heptyl, R4=CF 
R3=H, R =1-butyl , -buty l  o r  

R3 4-hepty! , Rq=C1, cu ra t i ve  a t  
\ 0 / the  40 mg/kg l e v e l  and a c t i v e  

R4 a t  the  20 / k  l e v e l )  were 
pub1 ished, Tz~lj In t roduc t i on  
o f  t he  b r i d  e X=CO,CH2,CF2 t o  

reduce p h o t o t o x i c i t y  i n  quinol  i ne  carb ino l  an t ima la r ia l s  1111) a l so  reduced 

!I9 and R2= 
c1 "4 R3& 

F3C F3 Rq 
(1) (11) 

HO CH-CH2 N ( BU )2 c1WX-@R2 \ /  

R R3 

(111) 
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a c t i v i t y .  18 Among 1 -aryl-7-azaindol e-3a-pi pe r i  dinemethanol s , I V  w i t h  R=p- 
chlorobenzyl showed ha l f  the  a c t i v i t y  of quinine.19 Novel a n t i f o l a t e s  ( V )  
w i t h  R P C ~ H ~ C H ~ N H - ,  X=OH hav shown a c t i v i t i e s  i n  drug r e s i s t a n t  ma lar ia  

c ruz i  in fec t ions .50  Compound Va has shown 210 times t h e  a c t i v i t y  
compounds Vb were potent an t ima la r ia l s  i n  evaluat ions 

trimethoxyphen0xy)-pyrimidine ( re la ted  t o  t r imethopr im) showed 100% 
supression of oocysts g i  a conc. o f  0.1% i n  the mosquito-screen, bu t  
analogs were i nac t i ve .  

found best ,25 D i  formyl diaminodiphenyl sul fone (DFD) was roposed as 
Among a ser ies  of guanidine de r i va t i ves  o f  diphenylsulfones, V I  was 

F-@02-@HCO-NHC-NH2 studied i n  dogs and monkeysj7 and i n  
MH man.28 

prophyl act1 c agai ns! fa1 c i  par1 um 
malaria.26 I t s  pharmacolog was 

(V I )  
Chlor inated 1 incomycin analogs were evaluated against  chloroquine 

r e s i s t a n t  f a l c ipa r ium malaria.29 The a n t i b i o t i c  c l  indamycin phosphate 
(Cleocin hosphate, U28508), a 1 incomycin analog, shows an t ima la r ia l  
ac t i v i t y .50  Synthesis and reso lu t i on  o f  1 '-demethyl-4'-depropyl-4' (R)- 
and - (S)  -n-pentyl c l  indamyci n hydrochlor ide (U24729A) has been achieved. 31 
Some novel 1 incoqycin de r i va t i ves  are obtained by adding a1 k y l  pro1 ines t o  
a fermentation bro th  o f  Streptowces 1 incolnensis.32 

Antitrypanosomal agents - Thymidine kinase from Tryp. brucei  rhodensiense 
was isolated.33 Roitman and Roitman observed inc reaseT i jG7 th  i n h i b i t i o n  
e f f e c t s  o f  t rypanocidal  s (ethidium bromide, a c r i f l a v i n e ,  quinacrine, 

370 as compared w i t h  280 i n  Leptosoma 
i n d i c a t e  t h a t  hydroxyurea prevents mu1 ti- 

by i r r e v e r s i b l y  i n h i b i t i n g  DNA bu t  n o t  RNA 
es, Schaefer , Kel 1 e r  and Meyer i sol ated DNA 

from Leishmania t r o  i c a  and induced dyskinetoplasty by ac r id ine  and 

terminal e lec t ron  t ranspor t  o f  t h e  r e s p i r a t i o n  metabolism i n  Tryp. mega 
was proposed by Ray and Cross.3 

Verm ic i l l i n ,  a novel a n t i b i o t i c  from Pen ic i l l i um vermiculatum was 
found a c t i v e  against Tryp. c r u z i  and Leishm. b ras i l iens is .34  A n t i  b i o t i c  
K16 ( V I I )  i s  a c t i v e  against  protozoa, esp. m . 3 5  

ethidium bromide -se- u t  no t  by p r o f l a v i n  and 5-amino-acridine.3 A pathway f o r  



14 3 Hoffer, Perry - Chap. 15 Antiparasi tic Agents 

COOH 
HO CO-b-COOH 

I s o l a t i o n  and cha rac te r i za t i on  o f  the  
a n t i  protozoal , p i  gmented a n t i  b i  o t i  c , 
trypanomycin, probably a 4,5,8-tr ihydroxy 
anthraquinone, were described.36 3- 
Methyl-4-(5'-nitrofurfurylideneamino) 
tetrahydro-4H-194-thiazine-l ,1 -dioxide 
( n i f u r t i m x ,  lampit ,  BAY 2502), ( I X ) ,  i s  
h i g h l y  promising i n  treatmeg$-tf  acute 
and chronic Chagas-disease. 

(1x1 

Antitr ichomonals - Tr imoni l  (T r imag i l l ) ,  a micronized aluminum s a l t ,  was 
e f f e c t i v e  i n  t o p i c a l  app l i ca t i on  against  Trdc!. :a;. , Hemothilus ;as: and 
Candida ( m n i l i a )  a lb icans and was recornnen e w i t  o r  w i t  o u t  ad i t i o n a l  
Ehemotherapeutic treatment.@ A new synthesis o f  n i r i d a z o l e  al lowed the  
preparat 'on o f  a ser ies  o f  analogs which were evaluated i n  t r ichomoniasis 
o f  mice.49 The novel a n t i b i o t i c  ikarugamycin ( I X )  was repor ted  a c t i v e  
against  Trichomonas .50 Some 2-s ty ry l -5 -n i  t ro imidazoles were comparable 
t o  metronidazole against  Trichomonas bu t  i n  general i n f e r i o r  t o  the l a t t e r  
i n  o ther  protozoal in fec t ions .31  F 1 unidazol (MK915) was e f f e c t i v e  l o c a l l y  
a t  0.125-1 pg/ml a d o r a l l y  a t  20-50 mg/kg l eve l s ,  a lso as an amebicide i n  
r a t s  and hamsters.!2 Ni t ro imidazoles were discussed from c o n s t i t u t i o n a l  
and physicochemical standpoints w i t h  respect t o  a n t i  tr ichomonal a c t i v i  ty.53 
1,l '-Dimethyl-2,2'-biimidazoles gave upon n i t r a t i o n  a v a r i e t y  o f  compounds 
which were evaluated against  Tr ich.  vag. and Entamoeba h i s t .  Compounds 
w i th  two n i t r o  groups were f o n n e r a l l y  more a c t i v e  than compounds w i t h  
o n l y  one. For a c t i v i t y  ag n s t  Tr ich .  a t  l e a s t  one o f  t he  n i t r o  groups 
must be i n  the  5 posi t ion.g4 The newer patent l i t e r a t u r e  claims 2-(5- 
n i tro -2 -f u r y l  ) v i  n y l  -t h i eno ( 3,2 -d) p y r i  m i  d i  nes ,55 5-n i t r o -  i m i  dazol y l  v i  n y l  - 
amino-l,3,4-oxadiazol es ,56 and 2-methyl -1 -subst i  tuted-5-hydroxyal ky l -4 -  
ni t ro imidazoles57 as a c t i v e  ant i t r ichomonals.  

Coccidiostats - Comparative studies on es tab l i shed cocc id ios ta ts  can be 
found i n  various pub1 ications.58-63 Eff icacy64 and safety65 (>0.005, 
<0.01% i n  feed) o f  3-nitro-4-hydroxyphenylarsonic a c i d  (Roxarsone) were 
reexam' ed. Deposit ion and clearance of Rofenaid i n  eggs were i n v e s t i -  
gated. 8 

p-Dimethylaminobenzonitrile shows a c t i v i t y  a t  0.0125% i n  feed ' f  
po ten t ia ted  w i t h  a n t i f o l a t e s  (best ormethoprim a t  0.0075% i n  feed). 61) 68-72 
Certain mercapto and s u l f i n y l  de r i va t i ves  o f  thiamine are  cocc id ios ta ts .  
The newer patent 1 i t e r a t u r e  claims 9,lO-diazat t r a c y c l  oundecene compounds 
( X )  ,73 n i  t r o f u r f u r a l  dehyde su l  fony l  hydrazones ,74 2-phenyl -as - t r i az ine  
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diones,75 2-phenyl -azacytosine derivatives,76 nicarbazine i n  combination 
w i t h  1,3-bi s- (p-chlorobenzyl ideneamino)guanidine,77 tri s (p-chl orobenzyl- 

@- R2 

( x )  
equal t o  Ro 7-0207 (~-chloromethyl-2-methyl-5-nitroimidazole ethanol ) i n  
amebic 1 
animals. 

th ioacr id ines88 and 4-hydroxy-1 -subst i  tuted-1 H-thi  eno (2,3-c)pyrazol es84 as 
amebi c i des . 

- 

i deneamino)guani d i  ne ,78 and 4-ni trothiophene-2-sul fonami des 
and 5-nitrothiophene-Z(or 3) carboxamides79 as a c t i v e  
cocci d i  o s t a t  s . 
Amebicides - Metronidazole seems t o  be t h e  choice as t o  cur ren t  
therapy o f  amebiasi s ,80-83 dracuncul i a s i  s ,a4 and g i a r d i a s i  s .85 
It proved superior t o  n i t r im idaz ine  (1 -(N-8-ethylmorphol i n e ) -  
5-nitroimidazole, naxogin) and t i n i d a z o l e  (fosigyn) and about R1 

e r  abscess.86 The pharmacology of panidazole was studied i n  

The newer patent 1 i t e r a t u r e  claims 3-dimethylamino-9-(aminoal k y l  

istosomacides - Some comparative studies on establ ished schistosomacides 

2-Diethylaminoethylamino- 
g r i d a z o l e ,  1 ucanthone, ast iban) can be found i n  the newer 1 i terature,90 
inc lud ing  e f f e c t s  on the ox ida t i ve  metabol ism.91 
4,6-diamino-5-ni t rosopyr imi d ine  was found a c t i  ve.92 ~ 9 3  Some 2,3,4,4a ,5,6- 
hexahydro-l H-pyrazinoU ,Z-a)quinol ines ( X I ) ,  screened i n  mice a t  50 mg kg, 
were found h igh l y  e f f e c t i v e  i n  monkeys i n  s ing le  doses o f  50-75 mg/kg. 64 

2,4-Di (4-aryl  piperazino)-3-pentanones95 and 2-acyl- 
imino-5-nitro-N-acyl-4-thiatol ine-3-acetamides96 are 
claimed i n  the  newer patent l i t e r a t u r e .  

Other a!thelminthics - New experiences w i t h  pyrantel  
pamoate (Antiminth, Cobantrin) abound.Y/-lOl 
were tes ted  i n  sheep t o  co r re la te  primary mouse screenings. A c t i v i t i g !  
were a l so  found i n  dihydrothiazine analogs o f  the  two anthelminthics. 
O f  p a r t i c u l a r  i n t e r e s t  i s  the  morantel analog CP 14445 ( X I I )  which was 
found h i g h l y  e f fec t i ve  against  Trichura muris. 103-1 04 Combendazol e 
( X I I I ,  R =CH CH3)$ONH, R 2 = N H C O m = - s  e f f e c t i v e  against  lung- 
worms. 1ok,lob Thiabendazole ( X I I I ,  R~=RQ=H, R 2 = r J )  was i n f e r i o r  t o  

Pyrantel and morantel analogs 

w 

d i e t h y l c a r b a m a ~ i n e ~ ~ ~ ,  i n  experimental foxicana ca r  is i n fec t i on  i n  mice108 
bu t  compared favorably (66 mg) w i t h  levamisol (8 mg) unde commercial feed- 
l o t  condi t ions against mixed worm in fec t ions  i n  cat t le. lOb Lobendazole, SKF 
24529 ( X I I I ,  R1=R R =NHCOOC2Hg) i s  recorded as new.l1° Methy l - l -  

OCH3, N02; Rz=NHCOOR, R3=CSNH-A) a re  claimed t o  have anthelminthic i n  
{methoxycarbonyl t z=", i o c a r  5 amoyl Ibenzimidazole carbamates ( X I I I ,  R1=H, CH3, 
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addition t o  fun icidal and mite ovicidal properties.111 2-Sulfonylalkyl- 
benzimidazoles 9x111, R2= $0 R )  showed act ivi ty  against Nematos iroides 
dubious only i f  Rl=N02.1H A?kyl imidazopyridyl -carbarnate* 

t o  have broad spectrum anthelminthic and a n t i  fungal activities.113 

Chap. 15 Ant ipar  as i t i c Agents 

New salicylanilides related t o  the well established rafoxanidel14 
are dioxamide (2-acetoxy-4'-chloro-3 5-diiodobenzanil ide)l15 and terenol 
(4  '-brom0-2,6-di hydroxybenzanil ide) .I1 6 Benzothiadiazol e sal i cyl ami des 
are claimed t o  be cesticidal agents and anthelminthics.117 

Homologues of the acetyl chol inesterase i n h i b i t o r  dichlorphos ( X V ,  
splayed maximum act ivi ty  against pin- 
when R=n-heptyl (vincophos, She1 1 R-CH3] C12C=CHOPOOCH3 

15803)I2l ,122 and aga ins t  tapeworm w i t h  R=n-decyl . 
Coumaphos (Baymix, Co-Ral ) , O,O-diethyl-O-(3-chloro-4- 
methyl -2H-1 -benzopyran-7-y1 )phosphorothionate, was 

effective against a series of ca t t l e  worms i n  2 mg/kg dose levels for 5 
days.123 Thimet (0,O-diethyl -S-{(ethyl thio)m thy1 Iphosphorodithionate 
was studied for tolerance i n  chicken embryos 724 trichlorophon was found 
effective (7.5-1 5 mg/kg/day) against Mexicani25 b u t  no t  African126 strains 
of Onchocerca vol vul us. 

I 
( X V )  OR 

2 - ( 5-Ni tro -2 - t h i  enyl ) -4 -subs t i t u t  ed ami noqui nazol i nes ( X V  I ) (best 
R1 ,R2=hydroxyal kyl) were active aga ins t  Ascaris suum, S h. obl . , and 

$kJ+ best R1 =ROCONH-, R2= 
H enole s i s  Nana i n  doses of 12.5-300 mg/kg.lz/  I m i  dazoi -=T , m p y r i d i n e s  

) were active against 

(XVI 1 , (XVII) (XVII I )  

Trichostrongul us. 28 Some N-substi tuted aryl sul fonyl pyrazol es were active 
against oxyures i n  mice,129 and certain azaindoles (XVIII) (most potent 
R= ) were active against Hoenonchus contortus i n  sheep a t  100 mg/kg 

levels, single dose, b u t  inactive aga ins t  other parasites c' tested. 130 

Diminazene aceturate (phenayJfine isothiurate) was found superior 
against Barbesia ibsoni in dogs. Toxicity of amicarbalide diisothi-  
onate, active against % arbesia cavall i , was studied i n  ponies ,132 
Ti carbodine ( E .  L. 974, a ,a ,a-tri f l  uoro-2,6- (methyl ) -1 -pi peri dine-thio- 
carboxy-m-toluidide) showed a h igh  degree of efficacy in dogs infected 
with Acilostoma caninum, D i  ilidium caninum, Taenia isiformis, Toxascaris 
leonina, Toxacara canis, b i a  cenoste-at + sing e oses of 100 
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mg/kg.133 6-Alkoxy c ro ton i c  a c i d  s te rs  a re  claimed t o  b a c t i v e  against  

halophenyl -3-thiazolylcarbamidoyl ureas136 a r e  claimed as anthelminthics.  
p i g  ascarides and mouse tapeworms.~34 D i th iocarban i la tes  e 35 and 1- 
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Chapter 16.  A n t i v i r a l  and An t i t umor  Chemotherapy w i t h  t h e  
I n t e r f e r o n  S y s tern 

H i l t o n  B. Levy, N I A I D ,  N a t i o n a l  I n s t i t u t e s  o f  Heal th ,  
Be thesda, Mary1 and 

The i n t e r f e r o n  system was f i r s t  d e s c r i b e d  i n  1 9 5 7  by 
lsaacs  and Lindenmann (1) who were s t u d y i n g  t h e  i n t e r f e r e n c e  
w i t h  t h e  growth o f  some v i r u s e s  by p r i o r  i n f e c t i o n  o f  t h e  h o s t  
c e l l s  w i t h  o t h e r  v i r u s e s .  They showed t h a t  t h e  i n f e c t e d  c e l l s  
produce a p r o t e i n ,  i n t e r f e r o n ,  wh ich  when a p p l i e d  t o  o t h e r  
c e l l s  o f  t he  same spec ies  renders  the  second c e l l s  more o r  
l e s s  r e s i s t a n t  t o  i n f e c t i o n  by a v a r i e t y  o f  v i r u s e s .  The 
a c t i o n  o f  i n t e r f e r o n  i s  a t t r i b u t e d  t o  as y e t  o n l y  p a r t i a l l y  
unders tood m e t a b o l i c  a l t e r a t i o n s  induced i n  t h e  p r o t e c t e d  
c e l l s .  The c l i n i c a l  p o t e n t i a l  o f  i n t e r f e r o n  was soon 
recognized, b u t  a v a r i e t y  o f  t e c h n i c a l  problems has p reven ted  
a p p l i c a t i o n  t o  man i n  a v e r y  s e r i o u s  way. C u r r e n t  e f f o r t s  i n  
a number o f  c o u n t r i e s  a r e  b r i n g i n g  the  i n t e r f e r o n  p o t e n t i a l  
c l o s e r  t o  r e a l i z a t i o n .  T h i s  rev iew  w i l l  have as i t s  f ocus  
developments i n  i n t e r f e r o n  research  t h a t  r e l a t e  t o  
a p p l i c a t i o n ,  b u t  a number o f  p e r i p h e r a l l y  r e l a t e d  areas  w i l l  
be d i scussed. 

1 A t i s s u e  c u l t u r e  
system f o r  t he  p r o d u c t i o n  o f  mouse i n t e r f e r o n  o f  h i g h  t i t e r  
has been r e c e n t l y  d e s c r i b e d  ( 2 ) .  I t  i n v o l v e s  t h e  use o f  a 
v i r u s - t r a n s f o r m e d  3T3  c e l l  l i n e  s t i m u l a t e d  by  Newcast le  
Disease v i r u s .  T i t e r s  o f  30,000 t o  40,000 r e f e r e n c e  u n i t s / m l  
a r e  r e g u l a r l y  ob ta ined .  By d i a l y s i s  c o n c e n t r a t i o n  1 0  t imes 
t h i s  t i t e r  can be achieved.  T h i s  w i l l  make p o s s i b l e  r e a l i s t i c  
e v a l u a t i o n  o f  i n t e r f e r o n  the rapy  u s i n g  the  mouse as a model. 

Much e f f o r t  has gone i n t o  t h e  development o f  methods f o r  
t h e  p r o d u c t i o n  o f  human i n t e r f e r o n  i n  d i p l o i d  c e l l s  because o f  
the  g r e a t e r  a c c e p t a b i l i t y  o f  such a p roduc t  i n  t h e  U n i t e d  
S t a t e s  than i n t e r f e r o n  made i n  l e u k o c y t e s  ( 3 ) .  S i g n i f i c a n t  
i nc reases  have been o b t a i n e d  i n  the  t i t e r  o f  human i n t e r f e r o n  
f rom l e s s  than 1,000 u n i t s / m l  a few years  ago t o  ove r  30,000 
and o c c a s i o n a l l y  100,000 u n i t s / m l  (4,5).These h i g h  l e v e l s  have 
been ach ieved by p roper  tempora l  a p p l i c a t i o n  o f  cyc lohex im ide  
and a c t i n o m y c i n  t o  human c e l l  c u l t u r e s  t h a t  have been induced 
w i t h  polyriboinosinic.polyribocytidy1ic a c i d  ( p o l y  r l : p o l y  r C )  
( 4 - 8 ) .  S tud ies  w i t h  these i n h i b i t o r s  have i n d i c a t e d  tha t ,  
p a r a d o x i c a l l y ,  under c o n d i t i o n s  where RNA and p r o t e i n  
s y n t h e s i s  was i n h i b i t e d ,  l a r g e r  amounts o f  i n t e r f e r o n  c o u l d  be 
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produced bo th  i n  r a b b i t s  (9,101 and i n  r a b b i t  ( 7 )  and human 
( 5 , 6 )  t i s s u e  c u l t u r e  than under n o n - i n h i b i t e d  c o n d i t i o n s ,  The 
e f f e c t  i s  e x p l a i n a b l e  by the hypothes is  t h a t  under o r d i n a r y  
condi t ions,  a f t e r  i n d u c t i o n  o f  i n t e r f e r o n  syn thes i s  a new 
messenger RNA i s  made t h a t  leads t o  the syn thes i s  o f  a c o n t r o l  
p r o t e i n  which b locks  the cont inued t r a n s l a t i o n  o f  i n t e r f e r o n  
messenger RNA. A p p l i c a t i o n  o f  cycloheximide and ac t i nomyc in  D 
a t  s u i t a b l e  t imes b locks  the fo rma t ion  o f  t h i s  c o n t r o l  p r o t e i n  
and a l l o w s  the cont inued syn thes i s  o f  l a r g e r  amounts o f  
i n t e r f e r o n .  

Marked increases i n  the  s p e c i f i c  a c t i v i t y  o f  mouse 
i n t e r f e r o n  have been poss ib le .  S p e c i f i c  a c t i v i t i e s  o f  up t o  
1 x 10'  un i ts /mg o f  p r o t e i n  have been achieved (11,121.  The 
use o f  a f f i n i t y  chromatography on sephadex bound 
a n t i i n t e r f e r o n  g l o b u l i n  i s  one o f  the newer u s e f u l  techniques. 
Pa r t  o f  the problem o f  p u r i f i c a t i o n  l i e s  i n  the f a c t  t h a t  
i n t e r f e r o n  i s  such an ext remely a c t i v e  molecule t h a t  o n l y  very 
small  amounts a r e  present  even i n  p o t e n t  p repara t i ons .  I n  
add i t i on ,  when c e l l s  a r e  induced t o  form i n t e r f e r o n  they form 
o t h e r  p r o t e i n s  ve ry  s imi  l a r  t o  i n t e r f e r o n  i n  physico-chemical 
c h a r a c t e r i s t i c s  (11). 

A number o f  q u i t e  d i v e r s e  m a t e r i a l s  a r e  capable o f  
causing e i t h e r  t i s s u e  c u l t u r e  c e l l s  o r  animals t o  synthes ize 
i n t e r f e r o n ;  vaccines ( 1 3 ) ;  a c i d i c  po lysacchar ides such as 
phosphomannans ( 1 4 )  and chemica l l y  phosphorylated 
polysacchar ides ( 1 5 ) ;  phage double-stranded RNA (16,171; A 
p r o t e i n  f rom E. c o l i  a l s o  has been found t o  be an e f f e c t i v e  
i n t e r f e r o n  inducer ( 1 8 ) .  None o f  the aforementioned m a t e r i a l s  
appear t o  be a b l e  t o  induce t i t e r s  o f  i n t e r f e r o n  i n  mice as 
h i g h  as those induced by p o l y  r l : r C .  However, p o l y  r l : r C  
appears t o  be a poor inducer when used s y s t e m i c a l l y  i n  man and 
o the r  pr imates (19,201, even though i t  i s  e f f e c t i v e  i n  human 
t i s s u e  c u l t u r e .  Man's r e f r a c t o r i n e s s  may be p a r t l y  
a t t r i b u t a b l e  to the presence o f  h i g h  h y d r o l y t i c  c a p a c i t y  i n  
human serum towards p o l y  r l :rC (21). These o t h e r  compounds 
might  prove b e t t e r  than p o l y  r l : r C  i n  man. 

The e x t e n t  o f  response o f  an animal t o  a> I n t e r f e r o n  
inducer may be r e l a t e d  to h i s  p h y s i o l o g i c a l  s t a t e  ( 2 2 ) .  
Animals w i t h  e i t h e r  induced F r iend  leukemia o r  spontaneous AKR 
leukemia y i e l d  much less  i n t e r f e r o n  i n  response t o  Newcastle 
disease v i r u s  o r  p o l y  r l : r C  ( 2 3 )  than do normal mice, b u t  
these obse rva t i ons  a re  d i f f i c u l t  t o  conf i rm. 
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P u t i c  a t t e m p t s  w i t h  i n t e r f e r o n  i nducerq  and 

rnc1-P - t i =  c u l t u r e  The i n t e r f e r o n  
system has been demonstrated t o  be e f f e c t i v e  p r o p h y l a c t i c a l l y  
and i n  some cases t h e r a p e u t i c a l l y  a g a i n s t  a number o f  v i r u s e s  
i n  an ima ls  i n  s t u d i e s  d u r i n g  the  p a s t  few years.  I n t e r f e r o n  
i t s e l f  was e f f e c t i v e  p r o p h y l a c t i c a l l y  and m a r g i n a l l y  e f f e c t i v e  
t h e r a p e u t i c a l l y  versus  exper imen ta l  r a b i e s  i n  r a b b i t s  and mice  
(24,251. Po ly  r l : r C  was even more e f f e c t i v e  (26-28). 
T i l o r o n e  and p o l y  r l : r C  were found u s e f u l  p r o p h y l a c t i c a l l y  
a g a i n s t  t i c k - b o r n e  e n c e p h a l i t i s  i n  m ice  (29). Foot  and mouth 
d isease i n  mice  and i n  t i s s u e  c u l t u r e  was s e n s i t i v e  t o  t h e  
i n t e r f e r o n  system (30,311.  I n  mice  w i t h  West N i l e  v i r u s  the  
p r o t e c t i v e  p r o p h y l a c t i c  and t h e r a p e u t i c  e f f e c t  o f  p o l y  r l : r C  
was a s c r i b e d  t o  an a c t i o n  o f  i n t e r f e r o n  on t h e  a f f e c t e d  b r a i n  
r a t h e r  than  j u s t  t o  t h e  suppress lon  o f  v i r e m i a  (32). Mice  
which were too  young t o  be immuno log ica l l y  competent s t i l l  
were p r o t e c t e d  a g a i n s t  pseudorab ies  v i r u s  by  s t a t o l o n  (33). 
Herpes v i r u s  homin i s  was i n h i b i t e d  by  p o l y  r l : r C  b o t h  i n  
t i s s u e  c u l t u r e  and i n  mice  (34). S t u d i e s  w i t h  Av ian  i n f l u e n z a  
r e v e a l  t h a t  t h e  v i r u s  wa5 s e n s i t i v e  t o  i n t e r f e r o n ,  p o l y  r l : r C  
and s t a t o l o n  i n  t i s s u e  c u l t u r e  b u t  I n  s i x  week o l d  c h i c k s  o n l y  
s t a t o l o n  induced i n t e r f e r o n  and p r o t e c t e d  t h e  b i r d s .  T i l o r o n e  
was n o t  e f f e c t i v e  e i t h e r  i n  t i s s u e  c u l t u r e  o r  i n  v i t r o  (35). 

Ever s i n c e  t h e  o b s e r v a t i o n s  t h a t  p o l y  r l:rC had 
pronounced t h e r a p e u t i c  v a l u e  i n  herpes k e r a t o c o n j u n c t i v i t i s  i n  
r a b b i t  eyes (36) t h i s  system has provoked s t r o n g  i n t e r e s t .  
Much l e s s  e f f e c t  was found i n  v a c c i n i a 1  k e r a t o c o n j u n c t i v i t i s  
(37). I n  the  owl monkey, doub le -s t randed  RNA and t i l o r o n e  
were i n e f f e c t i v e  i n  i n d u c i n g  i n t e r f e r o n  and i n  p r o t e c t i n g  
a g a i n s t  o c u l a r  i n f e c t i o n s ,  w h i l e  c o n c e n t r a t e d  p r e p a r a t i o n s  o f  
human i n t e r f e r o n  d i d  p r e v e n t  i n f e c t i o n  (38). I t  has been 
suggested t h a t  l o c a l  i n t e r f e r o n  induced by o c u l a r  i n f e c t i o n  
w i t h  herpes i s  r e s p o n s i b l e  f o r  recove ry  f r o m  p r i m a r y  i n f e c t i o n  
w h i l e  l o c a l  a n t i b o d y  i s  r e s p o n s i b l e  f o r  p r e v e n t i o n  o f  
r e i  n f e c t  i o n  (39 1 .  

The degree o f  r e s i s t a n c e  t o  i n f e c t i o n  w i t h  S e m l i k i  f o r e s t  
v i r u s  induced by  a v a r i e t y  o f  c o n d i t i o n s  t h a t  s t i m u l a t e  t h e  
p r o d u c t i o n  o f  i n t e r f e r o n  appears t o  be r e l a t e d  t o  t h e  amount 
o f  i n t e r f e r o n  induced (40). 

A number o f  t echn iques  have been used t o  i nc rease  t h e  
t i t e r  o f  i n t e r f e r o n  produced by an ima ls  i n  response t o  
inducers .  P o l y - d - l y s i n e  forms a complex w i t h  p o l y  rl:rC, 
wh ich  complex induces somewhat h i g h e r  t i t e r s  o f  i n t e r f e r o n  i n  
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mice than does p o l y  r l : r C  a lone ( 4 1 ) .  The " a n t i v i r a l "  
p r e p a r a t i o n  c h l o r i t e  o x i d i z e d  amylose (COAM) (42) which e x e r t s  
i t s  a n t i v i r a l  e f f e c t  p r i m a r i l y  by means o t h e r  than the 
i n t e r f e r o n  mechanism ( 4 3 )  when g i ven  t o  mice o r  c a t s  3 hours 
be fo re  p o l y  rl:rC o r  Newcastle disease v i r u s  s t r o n g l y  augments 
the i n t e r f e r o n  p roduc t i on  induced ( 4 4 ) .  COAM a l s o  i s  a po ten t  
enhancer o f  immune r e a c t i v i t y  ( 4 3 - 4 5 ) .  

There have been i n t e r e s t i n g  r e p o r t s  o f  the e f f e c t  o f  the 
i n t e r f e r o n  system on protozoa ( 4 6 - 4 9 ) .  Poly r l : r C  p r o t e c t e d  
mice aga ins t  Trypanosoma congolense probably  because o f  t he  
immune enhancing a c t i o n  o f  the drug r a t h e r  than because o f  i t s  
i n t e r f e r o n  producing c a p a c i t y  ( 4 7 ) .  O n  the o t h e r  hand i t  has 
been shown t h a t  p o l y  rl:rC enhances the p a t h o g e n i c i t y  o f  T. 
c r u z i  i n  mice ( 4 8 ) .  Claims have been made t h a t  v i r u s  inducers 
o f  i n t e r f e r o n  p r o t e c t  mice aga ins t  Plasmodium berghei  by 
s t i m u l a t i n g  spleen macrophages (491, al though the data 
presented cou ld  be i n t e r p r e t e d  i n  o t h e r  ways. 

shown t o  i n h i b i t  the growth o f  a v a r i e t y  o f  tumors, bo th  v i r u s  
induced, t ransp lan ted  and s.pontaneous. New r e p o r t s  expanded 
t h i s  l i s t  r e c e n t l y  ( 5 2 - 5 6 ) .  I n  a d d i t i o n  p o l y  r l : r C  g i ven  as a 
s i n g l e  dose be fo re  murine sarcoma v i r u s  can a c t u a l l y  enhance 
tumor p r o d u c t i o n  by the v i r u s  (57,581. The mechanism o f  the 
an t i t umor  a c t i o n  o f  p o l y  r l : r C  i s  complex (59). I t  can induce 
i n t e r f e r o n ,  and i n t e r f e r o n  can e x e r t  a s t r o n g  an t i t umor  
ac t i on -a l though  the  amount o f  serum i n t e r f e r o n  induced by p o l y  
rl:rC i s  n o t  n e c e s s a r i l y  r e l a t e d  t o  the  degree o f  an t i t umor  
a c t i v i t y  (60); p o l y  r l : r C  a l s o  enhances immune r e a c t i v i t y  o f  
the hos t  ( 6 1 ) .  I n t e r f e r o n  i t s e l f  under c e r t a i n  c o n d i t i o n s  
a l s o  can enhance ant ibody p roduc t i on  i n  mice (45) and n o t  
under o t h e r s  ( 6 2 ) .  There i s  a l s o  a c y t o t o x i c  a c t i o n  o f  p o l y  
rl:rC i n  mice ( 6 3 ) .  I n t e r f e r o n  has been repo r ted  t o  e x e r t  
growth i n h i b i t o r y  e f f e c t s  on c e l l s  i n  t i s s u e  c u l t u r e  (64). 
This  i n h i b i t o r y  e f f e c t  a p p l i e s  t o  normal t i s s u e s  as w e l l  as t o  
tumor c e l l s  (22, 6 5 - 6 8 ) .  These c e l l u l a r  e f f e c t s  a re  n o t  
assoc iated w i t h  death o f  the c e l l s  b u t  r a t h e r  w i t h  a 
r e v e r s i b l e  s low ing  o f  the growth r a t e .  Thus the concept t h a t  
i n t e r f e r o n  i s  e x c l u s i v e l y  an a n t i v i r a l  substance i s  be ing  
rep laced by the idea t h a t  i n t e r f e r o n  may be concerned w i t h  
r e g u l a t o r y  mechanisms and p o s s i b l y  o t h e r  c e l l  f u n c t i o n s  
i n c l u d i n g  ant ibody p r o d u c t i o n  (451, s p e c i f i c  c y t o t o x i c i t y  
induced by lymphocytes ( 6 6 )  and macrophage a c t i o n  ( 6 9 ) .  

I n t e r f e r o n  (50) and i n t e r f e r o n  inducers ( 5 1 )  have been 

The s p e c i f i c  event i nvo l ved  i n  i n t e r f e r o n  i n d u c t i o n  by 
v i r u s e s  i s  s t i l l  n o t  complete ly  understood. While some 
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workers  contend t h a t  t h e  f o r m a t i o n  o f  doub le  s t randed  RNA o r  
RNA-DNA doub le-s t randed h y b r i d s  i s  t h e  i n d u c i n g  event  (70,711, 
a t  l e a s t  two p i e c e s  o f  ev idence i n d i c a t e  t h a t  i n  c e r t a i n  v i r u s  
c e l l  systems i t  i s  t h e  i n f e c t i n g  v i r i o n  t h a t  i s  r e s p o n s i b l e .  
W i th  Newcast le  Disease v i r u s  i t  has been shown th rough  t h e  use 
o f  m e t a b o l i c  i n h i b i t o r s  t h a t  s y n t h e s i s  o f  t h e  messenger RNA 
f o r  i n t e r f e r o n  takes  p l a c e  even when no v i r u s  components have 
been s y n t h e s i z e d  (72,731. A l s o  u s i n g  ch ikungunya v i r u s  i n  
c h i c k  c e l  Is ,  p r e t r e a t m e n t  o f  t he  c e l l s  w i t h  i n t e r f e r o n  b l o c k s  
f o r m a t i o n  o f  a l l  v i r u s  components, y e t  enhances the  amount o f  
i n t e r f e r o n  formed ( 7 4 ) .  l i l i t h  r e o v i r u s ,  wh ich  comes i n t o  the  
c e l l  w i t h  a doub le -s t randed  RNA genome, i n t e r f e r o n  i s  n o t  made 
u n t i l  l o n g  a f t e r  v i r u s  components have been s y n t h e s i z e d  
(75 ,761 ,  Sugges t i ve  ev idence was p resen ted  t h a t  i n  s t i l l  
ano ther  system, i n t e r f e r o n  i n d u c t i o n  was a s s o c i a t e d  t e m p o r a l l y  
w i t h  t h e  p r o d u c t i o n  o f  v i r a l  RNA polymerase ( 7 7 ) .  

D i f f e r e n c e s  c o n t i n u e  t o  e x i s t  about  the  e f f e c t  o f  
a l t e r a t i o n  o f  m o l e c u l a r  w e i g h t  o f  p o l y  r l : p o l y  r C  on i t s  
a n t i v i r a l  a c t i v i t i e s  and i t s  t o x i c i t i e s .  These d i f f e r e n c e s  
may r e l a t e  t o  d i f f e r e n t  methods o f  p r e p a r a t i o n  o f  t h e  p o l y  
r l : p o l y  r C  ( 7 8 - 8 0 ) .  

T h P r h c  Trials i n  NLaa E x t e n s i v e  t r i a l s  i n  man w i t h  
s y n t h e t i c  i nduce rs  and v i r a l  vacc ine  Inducers  o f  i n t e r f e r o n  as 
w e l l  as w i t h  i n t e r f e r o n  i t s e l f  have been r e p o r t e d  i n  t h e  
S o v i e t  Union. These r e s u l t s  have been v e r y  encouraging, b u t  
c o n f i r m a t i o n  f rom o t h e r  c o u n t r i e s  has n o t  been fo r thcoming .  
I n  a s tudy  w i t h  2 0 0 0  c h i l d r e n  aged 1 t o  7 years, i n t e r f e r o n  o r  
a p lacebo was g i v e n  i n t r a n a s a l l y ,  b e f o r e  and d u r i n g  ep idemics  
o f  r e s p i r a t o r y  disease, i n c l u d i n g  i n f l u e n z a .  A v e r y  marked 
d i m i n u t i o n  o f  t h e  i n c i d e n c e  and the  s e v e r i t y  o f  t he  d i sease  
was found i n  the  group r e c e i v i n g  i n t e r f e r o n  (811,  even though 
the  amount o f  i n t e r f e r o n  g i v e n  was sma l l .  The rapeu t i c  v a l u e  
o f  l e u k o c y t e  i n t e r f e r o n  i n  h e r p e t i c  k e r a t o c o n j u n c t i v i t i s  i n  
man was found b o t h  i n  t h e  s u p e r f i c i a l  fo rm o f  t he  d i sease  and 
i n  cases where t h e r e  was deeper invo lvement  o f  t h e  cornea and 
uvea t r a c t  ( 8 2 1 .  V a c c i n a t i o n  o f  v o l u n t e e r s  w i t h  s e v e r a l  
s t r a i n s  o f  i n f l u e n z a  v a c c i n e  gave i n t e r f e r o n  l e v e l s  comparable 
t o  those found i n  n a t u r a l  i n f e c t i o n  w i t h  Hong Kong v i r u s  ( 8 3 ) .  
I n  s t u d i e s  w i t h  workers  i n  seve ra l  f a c t o r i e s  d u r i n g  an 
I n f l u e n z a  v i r u s  epidemic, c o n t r o l l e d  s t u d i e s  w i t h  3 v i r a l  
vacc ine  Inducers  o f  i n t e r f e r o n  had s i g n i f i c a n t  p r o t e c t i v e  
e f f e c t s  ( 8 4 - 8 7 1 .  I n  England v o l u n t e e r s  r e c e i v e d  a v a r i e t y  o f  
v i r u s e s  i n t r a n a s a l l y  and i n t e r f e r o n  was found r e g u l a r l y  i n  t h e  
nasa l  washings ( 8 8 ) .  The i m p l i c a t i o n  o f  t h i s  s tudy  i s  t h a t  
i n t r a n a s a l  i n s t i l l a t i o n  o f  a t t e n u a t e d  v i r u s e s  m i g h t  be 
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v a l u a b l e  i n  t r e a t i n g  v i r u s  i n f e c t i o n s  i n  t h e  naso-pharynx 
area. I n  ano the r  s tudy  c a r r i e d  o u t  i n  England l a r g e  amounts 
o f  l e u k o c y t e  i n t e r f e r o n  ( s e v e r a l  m i l l i o n  u n i t s )  were found 
v a l u a b l e  i n  p r e v e n t i n g  exper imen ta l  i n f e c t i o n s  i n  v o l u n t e e r s  
( 8 9 ) .  Amounts l e s s  than  a m i l l i o n  u n i t s  were i n e f f e c t i v e .  
The l a r g e  amounts needed wou ld  p r e s e n t  a severe  prob lem i n  use 
on a l a r g e  s c a l e  a t  t he  p r e s e n t  t ime. 

The p o s s i b i l i t y  t h a t  d i sease  i n  a p a t i e n t  may i n f l u e n c e  
h i s  a b i l i t y  t o  produce i n t e r f e r o n  was suggested by s t u d i e s  i n  
wh ich  i n t e r f e r o n  p r o d u c t i o n  i n  v i t r o  by lymphocytes f rom 
normal p a t i e n t s  was compared w i t h  t h a t  f rom uremic  p a t i e n t s .  
The l a t t e r  produced much l e s s  i n t e r f e r o n  o n  s t i m u l a t i o n  by 
Newcast le  d i sease  v i r u s  ( 9 0 ) .  

Po ly  r 1 : r C  i n  exper imen ta l  r h i n o v i r u s  p r o p h y l a x i s  i n  
v o l u n t e e r s  gave mean ing fu l  b u t  n o t  d r a m a t i c  improvement (91). 
As w i t h  t h e  s t u d i e s  w i t h  i n t e r f e r o n  i t s e l f ,  t h e  r e s u l t s  show 
t h a t  t he  i n t e r f e r o n  system can be e f f i c a c i o u s .  W i th  a l l  
i nduce rs  s tud ied ,  i n  an ima ls  and i n  man, repeated  s t i m u l a t i o n  
w i t h i n  a few days a f t e r  t he  p r i m a r y  s t i m u l a t i o n  produces l e s s  
i n t e r f e r o n  than  does the  p r i m a r y  s t i m u l a t i o n  ( 9 2 ) .  Methods 
t o  overcome t h i s  hyporespons ive  s t a t e  have n o t  been 
s a t i s f a c t o r i l y  developed and pose a severe problem i n  t h e  use 
o f  i nduce r s . 

These s e v e r a l  s c a t t e r e d  r e p o r t s  a l l  suggest  b u t  do n o t  
e s t a b l i s h  the  p o s s i b l e  e f f i c a c y  o f  t h e  i n t e r f e r o n  system i n  
man. I t  i s  apparent  t h a t  l a r g e r  amounts o f  human i n t e r f e r o n  
o r  b e t t e r  i nduce rs  a r e  needed. Whi le  the  t o x i c i t y  o f  p o l y  
r l : r C  i n  man i s  n o t  h igh (93,941 t h e  d rug  i s  not  p a r t i c u l a r l y  
e f f e c t i v e  i n  man ( 9 5 - 9 7 ) .  E f f o r t s  d u r i n g  the  n e x t  few years  
w i l l  p r o b a b l y  c o n t i n u e  a l o n g  t h e  development o f  b e t t e r  
inducers  o f  i n t e r f e r o n  as w e l l  as i nc reased  p r o d u c t i o n  o f  t h e  
i n t e r f e r o n  mo lecu le  i t s e l f  i n  t i s s u e  c u l t u r e .  
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The resistance of an animal to infection or cancer is an inter- 
related problem which involves common pathophysiology that effects 
adrenal function, immunologic response, interferon induction and phagocy- 
tic activity. A better understanding of these patterns of interrelating 
physiology has given rebirth to major interest in the utilization of non- 
specific host stimulation as a means of controlling infection and/or 
tumor induction and growth. Non-specific stimulation of host resistance 
may be of importance to prophylaxis or treatment of chronic disease as 
there is now increased recognition of the role of slow or latent viruses 
in the production of degenerative disease that relates to patterns of 
immunologic response, neoplasia and aging. 1 

The concept of pon-specific host stimulation which is synonymous 
with "stimulation of phagocytes" is an old concept for modifying or pre- 
venting disease. However, in contrast to improving host resistance with 
specific immunization which has been established since the time of Jenner, 
the use of non-specific agents for increasing resistance has only 
recently become separable from homeopathy. Non-specific therapy is no 
longer dependent on biologicals (e.g. Bacillus Calmette-Guerin vaccine 
(BCG) , mixed bacterial toxins (MBT) , etc.) but now has a "stable" of 
well-defined chemical agents that show structural activity relationships 
and oral. as well as parenteral activity. 
can simultaneously provide a rational approach to control of virus, 
bacterial, fungal and protozoal infection as well as inhibition of tumor 
induction and growth through stimulation of phagocytosis and modulation of 
immunologic response. 

We now have chemotherapy that 

In relation to the above, the role of stress in chronic and acute 
pathophysiology has been emphasized ever since steroidal therapy became 
clinically applicable. However, hormones other than that of steroidal 
origin can be important in resistance to infection. It has largely been 
forgotten that before the days of the effective chemotherapeutic control 
of tuberculosis , Lurie2 showed that resistance to tuberculosis infection 
was increased on the administration of thyroid hormone in an experimental 
rabbit system. In addition, he noted that thyroxin decreased the spon- 
taneous appearance of uterine tumors in these rabbits. Recently, we have 
found that thyroxin and tri-iodo-thyronine stimulate phagocytosis in 
mice , 3  and this deserves further investigation with particular reference 
to the fact that thyrotoxicosis is associated with lymphocyte mobilization 
which may indicate other potential roles €or thyroid hormone via lympho- 
cyte or macrophage response. 
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Emotional factors can effect viral susceptibility. During the in- 
fluenza epidemic of 1957-1958, Cluff and Imboden et a1.495 did a prospec- 
tive epidemiologic study to determine what. factors altered susceptibility 
to influenza infection in a healthy population. The only parameters that 
related to susceptibility were those determined by psychologic testing as 
there was a significantly greater frequency of influenza in persons pre- 
viously identified as being psychologically vulnerable. Those vulnerable 
to influenza fell into a readily classified despondent group overly con- 
cerned with illness. 
in both clinically demonstrable and non-demonstrable infection, and in 
addition their illness was prolonged as compared to the non-psychologically 
vulnerable. This area of research is pertinent to the recent work of 
Gross and Calmano6 who have shown that stressed chickens (socially crowded 
before pecking order can'be established) were more resistant to bacterial 
infection (E.  a, S .  aureus and 2. faecalis) but more vulnerable to 
virus and mycoplasma infection. In contrast, the non-stressed chickens 
were more susceptible to bacterial infection but showed much more resis- 
tance to the sarcoma-producing virus of Marek's disease and to Mycoplasma 
gallascepticum. Decreasing degrees of social stress increased the resis- 
tance of these chickens to virus and mycoplasma. 

Susceptible individuals showed a suggestive increase 

Pertinent to the above, one could chemotherapeutically modulate this 
response pattern7 by administering metyrapone (2  methyl-l,2 ,di-3 , pyridyl- 
1-propanone) which can selectively inhibit adrenal 11-beta-hydroxylase 
activity which is needed for cortisol and cortisone synthesis. In addi- 
tion to metyrapone, DDD (d ich loro-d iphenyl -d ich loro  ethane) which pro- 
duces adrenal cortical atrophy when fed to chickens, decreases the inci- 
dence of severe response to mycoplasma, hemorrhagic enteritis virus and 
Marek's disease. 

Observations of this kind are important in mammalian systems as well, 
in that Marek's disease is a herpes virus and the emotional or stress re- 
lated vulnerability of patients to the related herpes simplex and zoster 
is well known. This is of increasing importance in view of the associa- 
tion of herpes viruses to Burkett lymphoma and epidermal carcinoma, and 
Jensen8 has presented data that non-specific or psychologic stress can 
alter host resistance to Rauscher leukemia virus. Infected mice, subjec- 
ted to sound or avoidance learning stress developed significantly smaller 
leukemic spleens than non-stressed infected mice. 

The mechanism of action by which adrenal cortical function can 
moderate resistance or susceptibility to infection may be independent of 
the action of steroids as anti-inflammatory agents. 
concern here is the role of steroids as lymphopenic agents which could, by 
effecting thymus-derived lymphocytes, block cellular immune reactivity 
which could produce the pathophysiology of the disease. Because of this, 
one should be aware of the fact that in its turn virus infection can in- 
fluence immune response. Mice infected with Gross, Rauscher or Friend 
leukemia viruses show depressed antibody response and the viruses that 
depress immune response do not have to be leukemia viruses as the slow or 

What might be of 
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latent LDH or lymphocytic chorio-meningitis virus (LCM) given to adult 
mice can produce both depression9,10 and for stimulation or "helper" 
activity to antibody response.11 

These patterns of interrelationship described above deserve further 
study, and in this regard, the LDH virus can also increase circulating 
levels of injected asparaginase which may be an effect of immunologic 
inhibition.12 The demonstration that viruses have chronic as well as 
acute effects and can produce hyperlipemias ,I3 nephritis, and chronic 
central nervous system injury that may relate to cellular immunity and 
latent virus infection is now providing us with clues that may involve 
non-specific host stimulation as an approach to the treatment or preven- 
tion of chronic degenerative disease. 

Of importance to psychologic factors effecting host response is the 
consideration of the compound cinanserin hydrochloride, 2-[3-(dimethylamino)- 
propylthio] cinnamanilide hydrochloride. 
veloped by Squibb (SQ10643)14 as a potent antiserotonin agent. 
structure cis-para-hydroxy cinnamic acid was developed by U. S. Vitamin as 
an anti-inflammatory agent, and this structure has an old history as it 
was used clinically as a leukocytosis promoting antitumor, anti-rheumatic 
agent in 1908.15 
treatment of hypermotile bowel syndrome as well as carcinoid syndrome in 
man. Of importance to this discussion, cinanserin has immunologic block- 
ing activity without marrow suppression!l4,16,17 In addition, cinanserin 
possesses analgesic, local anesthetic properties, antiarrhythmic proper- 
ties, and was shown to be clinically effective as a psychic energizer in 
the treatment of manic-depressive psychoses in selected patients. 18 
However, what is of interest to us is that cinanserin suppresses the pri- 
mary and secondary immune response of mice to sheep red blood cells and 
was more effective than ImuranB 
phytohemagglutinin in stimulated human lymphocytes.14 It was, therefore, 
not surprising to find that cinanserin suppressed the development of 
experimental allergic aspermatogenesis in the guinea pig and also blocked 
the development of hyperimmune encephalitis in rats. Of potential impor- 
tance to clinical transplantation studies, cinanserin significantly pro- 
longed skin graft survival in mice. 14 , 19 

This drug was initially de- 
A related 

Cinanserinl4 showed useful clinical activity in the 

in reduction of protein synthesis to 

Clinical trial of cinanserin in our hands showed it to be poten- 
tially useful in the treatment of a polyserositis related to lupus in one 
patient and there have been suggestive reports of its value in rheumatoid 
arthritis. When given alone or in conjunction with hydroxyurea, cinan- 
serin improves survival time of Fischer rats with a methylcholantherene- 
induced transplanted mammary tumor,l4 and we have shown it to possess 
activity against Friend leukemia virus splenomegaly. 

Cinanserin has not been available for clinical tests because on 
chronic administration it increased spontaneous tumor incidence in rats. 14 
This is most unfortunate as this agent shows real promise, and cinanserin 
or related structures should be made available for further evaluation and 
clinical trial. 
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Chlorphenesin (3-p-chlorophenoxy-l,2-propanediol) is an agent re- 
lated to the muscle relaxant mephenesin. Chlorphenesin has been shown to 
prolong survival in Rauscher virus leukemia, and the L1210 leukemia as 
well as to produce regression of the established L1210, the Walker 256 
carcinosarcoma and the plasma cell tumor MOPC21.20 
has been shown to have some clinical value in the treatment of selected 
epidermoid cancers in man, although it did not have clinical value on 
limited trial in acute leukemia. Like cinanserin, this compound is of 
interest because of immunologic effects. It can block penicillin- 
induced passive cutaneous anaphylaxis in guinea pigs. 21 
blocking activity is of importance because it is selective depending on 
the antigen administered, as bovine serum albumin sensitivity is unaffect- 
ed. Chlorphenesin has no marrow suppressing activity and its mechanism of 
action may relate to reports of it blocking sensitized leukocyte release 
of histamine to ragweed antigen,22 and this may relate to inhibition of 
cyclic AMP .21 

In a recent paper, it 

This immunologic 

Most recently, another agent without marrow suppression which shows 
immunologic antagonism is oxisuran (2-methylsulfinyl acetyl pyridine). 
This compound has been reported by Freedman et al.23 to possess differen- 
tial inhibition of cell-mediated hypersensitivity. While it suppresses 
allograft skin rejection in mice, it can do this without suppression of 
hemolytic antibody response to sheep erythrocytes .23,24 
nary work indicates that it can suppress tumor growth in dimethyl- 
benzanthracene treated rats. 25 

Current prelimi- 

Despite clinical opprobrium because of its teratogenic activity, 
thalidomide, N-(2,6-dioxo-3-piperidyl) phthalimide or 2-(n-phthalimido) 
glutarimide possesses immunosuppressant26,27 activity without marrow 
suppression which has been of value in the treatment of lepromatous 
leprosy.28 Clinical study of its antitumor activity showed palliative 
effects but no significant objective regression. Cyclic imides or re- 
lated structure have been looked at for antitumor activity and 
l-(morpholinomethyl)-4-phthalimido-piperidindione-2,6 (CG,603) has shown 
activity alone or in conjunction with androgen in dimethyl-benzanthracene 
induced rat mammary tumors .29 

Another series of compounds of clinical interest are tilorone hydro- 
chloride, 2,7-bis[2-(diethyl amino)ethoxy] fluorene-9-one, dihydrochloride, 
and related congeners. Tilorone hydrochloride is an antiviral agent 
which induces high levels of circulating interferon and is effective both 
orally and parenterally. 30 We have previously shown that tilorone pro- 
duces stimulation of the reticuloendothelial system (RES) activity when 
administered orally,31 and Adamson demonstrated its antitumor activity 
against the Walker 256 carcinosarcoma and a reticulum cell sarcoma when 
injected intraperitoneally.32 
congeners related to tilorone whose structural activity relationships 
have been thoroughly studied in regard to antiviral action. 33 

There are now available a large number of 
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In relation to the mechanism of action for tilorone, it was similar 
in its antitumor and antiviral spectrum to the synthetic polynucleotide, 
poly r1:rC. Tilorone also resembles poly r1:rC in that it is a potent 
immunologic adjuvant and is like the synthetic polyanion, pyran copolymer, 
in possessing phagocytic stimulating activity and can prolong skin grafts 
in mice, but tilorone does not protect against lethal bacterial or crypto- 
coccal infections to the same degree. 34 

Tilorone HC1 and five antiviral congeners were studied for reticulo- 
endothelial (RES), antitumor, immunologic adjuvant and in vivo anti- 
bacterial activities. From our study, tilorone related compounds are 
available which show effective activity against Friend virus and allo- 
geneic Ehrlich solid tumor growth. These compounds protected against 
lethal staphylococcal infection and show great similarity as well as 
essential differences from pyran and poly r1:rC. 

Tilorone and three related congeners were examined for their ability 
to enhance 19s antibody response to sRBC. All four compounds were potent 
immunoadjuvants but the most active compound was DMAE-fluorenone followed 
by DEN-fluoranthene and DEAE-fluorenone. 
tilorone has been reported to stimulate thymic dependent lymphocytes35 
and independent lymphocytes. 36 
be the critical antitumor mechanism as DEAA-fluorene which was the most 
effective agent against the Friend leukemia virus tumor and the Ehrlich 
carcinoma showed the least immunoadjuvant activity of the four compounds 
tested. 

In regard to mechanism, 

However, imunoadjuvant activity may not 

In contrast to the oral route, tilorone when administered subcu- 
taneously did not alter RES function, but this could be a function of 
dose, since 50 mg/kg is the maximum tolerated dose subcutaneously and 
250 mg/kg is the maximum tolerated orally. Thus, oral administration 
may deliver more drug directly to the liver through the portal system 
inducing previously reported stimulation of hepatic phagocytic response. 37 

DBAP-anthraquinone induced the most marked phagocytic stimulation 
of the RES, and mice inoculated i.v. with a lethal dose of 2. aureus 
at the time of maximum stimulation showed 100% survival. This may re- 
flect on enhanced vascular clearance as g .  aureus has been reported not to 
require opsonization for phagocytosis. 
lack of protection afforded in other experiments against 2. pneumoniae 
which requires opsonization. This is again a distinct difference from 
pyran copolymer, which through its phagocytic-stimulating effects pro- 
tects against 2. pneumoniae as well as s. aureus. 

This is further suggested by the 

In tissue culture, tilorone and related compounds possess cytocidal 
activity against a variety of cell lines equal to that seen for nitrogen 
mustardY37 but paradoxically in vivo no bone marrow toxicity is seen 
despite the presence of basophilic or Feulgen positive inclusions in 
macrophages and leukocytes. 
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In Friend leukemia, tilorone administered daily after virus inocula- 
tion was ineffective but did show antitumor action when administered as 
late as 5-13 days post virus,suggesting that interferon production or the 
antiviral effect may not be representative of the antitumor mechanism in 
this virus tumor system. Of interest, doses of tilorone ordinarily 
tolerated by normal mice produced toxic death in mice hosting the Friend 
leukemia suggesting a metabolic alteration in mice suffering from FLV 
infection that relates to drug action. 

The most active congener against FLV tumor growth was DEAA- 
fluorene which like tilorone was also effective in inhibiting leukemic 
splenomegaly of the established disease. Similar effects were seen for 
DMAE-fluorenone, and the mechanism whereby these agents inhibit the 
splenomegaly is not known, but it is not related to interferon effects 
against the causative Friend virus,as pretreatment 24 hours before virus 
inoculation at the height of circulating interferon levels was ineffec- 
t ive . 

In contrast to the autocthonous Friend leukemia system, tilorone was 
ineffective in inhibiting the growth of the Ehrlich carcinoma solid tumor, 
but DEN-fluoranthene gave a 93% tumor inhibition and DEAA-fluorene 
showed a similar level of activity. 

Although none of these compounds was effective on parenteral sub- 
cutaneous administration in inhibiting the L1210 syngeneic leukemia, when 
tilorone, DMAE-fluorenone and DMAE-xanthone were given in drinking water 
significant prolongation of survival was seen. 38 

In a Phase I and early Phase I1 clinical study, tilorone has pro- 
duced partial responses in two of six patients with melanoma, and one of 
four breast cases for periods ranging from two to six months.39 
seen in patients who were on therapy two weeks or longer. Tilorone does 
not depress the bone marrow, and on the contrary appears to stimulate 
platelet production. In our Phase I and Phase I1 study of tilorone's 
antitumor action, a rather consistent initial stimulation of the platelet 
count was seen but following this the count showed a tendency to fall in 
spite of the fact that the concentration of the drug in tissue or tissue 
fluids was presumably increasing. Thus, the stimulation of platelet 
count by tilorone appears to resemble that seen for interferon induction, 
namely stimulation followed by exhaustion of response on repeated adminis- 
trat ion. 

This was 

The toxic effects of tilorone in man are occasional lethargy seen in 
close association to drug administration, but nausea and vomiting, anorexia, 
diarrhea, bizarre dreams and insomnia have been seen at upper dosage 
levels. 

In relation to the clinical action of tilorone, we have developed 
some animal evidence that schedules of administration can influence toxic 
effects. This is important as Gazdar et al.40 have shown that this could 
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be pe r t inen t  t o  paradoxic promotion of tumor growth which has  a l s o  been 
seen f o r  pyran and poly 1 : C .  The explora t ion  of va r ious  drug schedules  
is e s s e n t i a l .  

Further  c l i n i c a l  i nves t iga t ions  of t i l o r o n e  and r e l a t e d  s t r u c t u r e s  
is necessary as these  compounds represent  a new depa r tu re  from previous 
antitumor substances t h a t  s t imu la t e  hos t  response. Prolongat ion of sk in  
graf t s , 4 1  and blockade of hyperimmune e n c e p h a l i t i s  and adjuvant induced 
a r t h r i t i ~ , ~ ~  suggest t h a t  these  and r e l a t e d  s t r u c t u r e s  be s tud ied  i n  
t r ansp lan ta t ion  and hyperimmune d i sease  as w e l l .  

Most r ecen t ly  a new o r a l  and p a r e n t e r a l  i n t e r f e r o n  inducer has  been 
discovered because of product ion of basoph i l i c  granules  i n  rat  lymphocytes 
similar t o  t h a t  seen wi th  t i lo rone .42  
dimethyl aminopropylamino)-l,3-dimethyl-lH-pyrazolo(3,4-b) quinol ine  
dihydrochloride. Of i n t e r e s t  i n  regard t o  t h e  discovery of BL-20803 
i n t e r f e r o n  induct ion  i s  t h a t  although many congeners of t i l o r o n e  induce 
basophi l ic  i nc lus ions  i n  phagocytes o r  lymphocytes t h i s  is  not  necessa r i ly  
assoc ia ted  wi th  i n t e r f e r o n  inducing c a p a b i l i t y  and i n t e r f e r o n  inducing 
capac i ty  does not  always c o r r e l a t e  wi th  success fu l  a n t i v i r a l  a ~ t i v i t y . ~ 3  
I n  t h a t  regard,  t he  a n t i m a l a r i a l  Atabrim@ can induce similar cytoplasmic 
inc lus ions  i n  white  cells  and a l s o  has  i n t e r f e r o n  inducing capac i ty .43~44  

This  compound BL-20803, i s  4-(3- 

D r .  Hi l ton  Levy i n  a previous chapter  has  discussed some aspec t s  of 
t h e  i n t e r f e r o n  inducers ,  one of which is pyran copolymer (DIVEMA NSC- 
46015). Pyran r e a d i l y  hydrolyzes t o  form a poly-carboxylate polyanion 
which i n  v ivo  shows a v a r i e t y  of b i o l o g i c a l  a c t i v i t i e s .  It is an inducer 
of i n t e r f e r o n  and shows a c t i v i t y  aga ins t  a wide v a r i e t y  of RNA and DNA 
v i r u s e s  including Rauscher leukemia, Moloney and polyoma v i ruses ,  and 
encephalomyocarditis virus.45,46*47,48,49 The level  of c i r c u l a t i n g  
i n t e r f e r o n  produced by pyran does not  relate t o  t h e  a n t i v i r a l  e f f e c t s  seen,  
as p ro tec t ion  aga ins t  meningoence h a l i t i s  can be seen one month a f t e r  
s i n g l e  i n t e r p e r i t o n e a l  in jec t ion4P;  thus  i t  d i f f e r s  from t h e  s y n t h e t i c  poly- 
nuc leo t ide  poly I : C  and t i l o r o n e .  

Pyran w a s  equal ly  e f f e c t i v e  i n  con t ro l l i ng  tumor growth i n  mice 
inoculated wi th  Rauscher and polyoma tumor v i r u s  t h a t  had been seve re ly  
immunosuppressed by thymectomy and t reatment  wi th  antilymphocyte serum. 49 
These r e s u l t s  would suggest  t h a t  pyran might exe r t  i ts  antitumor o r  a n t i -  
tumor v i r u s  e f f e c t  by revers ing  v i r u s  immunosuppression o r  through a 
mechanism other  than t h a t  of e i t h e r  t he  humoral o r  c e l l u l a r  immune re- 
sponse. Hirsch’s  d a t a  suggests  t h a t  pyran could conceivably maintain t h e  
e f f ec t iveness  of thymus der ived lymphocytes i n  t h e  absence of an active 
thymus, and t h i s  mechanism has  been shown t o  be operant  f o r  c e r t a i n  poly- 
nuc leo t ide  immunoadjuvants. Polyanions, including n a t i v e  heparin,  have 
a l s o  been shown t o  a l t e r  s t e r o i d  metabolism and lymphocyte d i s t r ibu t ion .54  

I n  add i t ion  t o  e f f e c t s  on spontaneous cancers ,  t reatment  of hamp- 
sters wi th  pyran has  decreased t h e  incidence of dimethylbenzathracene 
induced cheek pouch tumors during t h e  induct ion  per iod ,  but once tumors 
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appear, pyran appears to accelerate their growth.50 This is pertinent to 
the work of Gazdar et al.40 who has reported that with certain regimens, 
pyran can enhance the formation of murine sarcoma virus tumors in certain 
strains of mice but not in other strains. 

Pyran is not directly cytotoxic37 but has been shown to be effective 
against a variety of allogeneic and syngeneic transplanted tumors. 51-55 
As an example, treatment of mice daily for 11 days following inoculation 
of Lewis lung carcinoma is as effective in antitumor programs as treat- 
ment with the reference compound , cyclophosphamide .56 

Recent studies reported by Chirigos57 have demonstrated the ability 
of pyran to maintain remission of a lymphosarcoma that has been induced 
with standard chemotherapeutic agents such as BCNU. Of interest, despite 
apparent cures in these animals, they may be once more susceptible to 
growth of this tumor upon re-inoculation. These studies are exciting be- 
cause they suggest that pyran could have a clinically effective adjuvant 
action when the tumor burden has been adequately reduced by surgery, 
radiation or standard chemotherapy. 
one cannot use pyran and methotrexate or cytoxan simultaneously as these 
two drugs abrogate the pyran effect indicating the probable necessity for 
the presence'of host immunologic factors. This is pertinent because pyran 
possesses immunoadjuvant activit as relates to production of 19s anti- 
body against sheep erythrocytes,~8,59,60 and as is also true for tilorone, 
data in our laboratory indicates that pyran can prolong skin graft sur- 
viva1.58 These observations are also supported by the work of Kapusta and 
Mendelson61 who show that pyran could block adjuvant-induced arthritis in 
rats. How this relates to antitumor activity is not clear, but it sug- 
gests that pyran may increase production of cytotoxic antibody or de- 
blocking factors which could also result in tumor rejection despite inhi- 
bition of cellular immune response. Alternatively, this could relate to 
increased macrophage killing capacity. 

In relation to standard chemotherapy, 

Of major importance, pyran has been shown to increase the effective- 
ness of a killed virus vaccine for foot-and-mouth disease virus.62 
combined inoculation of vaccine and pyran was much more effective than 
administration of either jgent alone. 
doses which were completely non-toxic in the mouse system, and pyran ef- 
fectively enhanced the activity of the vaccine at concentrations too low 
for pyran to exert any antiviral effect of its own. These effects are 
seen in the absence of any evidence of increased circulating antibody or 
cellular immune response against this particular virus. 

The 

This activity was seen for pyran at 

In mice, pyran has been shown to cause hepatosplenomegaly, thymic 
atrophy, inhibition of hepatic microsomal mixed functional oxidase 
enzymes, weight loss, anemia and leukocytosis.63,64,65 
effects on increasing resistance to cryptococcal, staphylococcal and 
pneumococcal infection, it can paradoxically sensitize mice to the lethal 
effects of gram-negative endotoxin.66 Pyran can also cause elevations in 
serum glutamic oxalotransaminase as well as serum acid phosphatase. 

Of interest to its 
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Pyran has been tested clinically by us for antitumor activity in 67 

In high dose, it caused an 
advanced cancer patients.67~68 
bocytopenia and pyrexia, and hypotension.68 
acute hemolytic-uremic-like syndrome in certain patients with Dawson's 
encephalitis. 

Its major toxic side effects were throm- 

Of clinical importance, studies conducted in conjunction with 
Hercules, Inc., Wilmington, Delaware, have shown that the toxicity re- 
ported for pyran can be significantly decreased,69 while the antitumor 
activity of pyran can be maintained against the Lewis lung carcinoma and 
other selected tumors. 70 
large extent, to relate to molecular weight. On fractionation, the higher 
the molecular weight the greater the degree of toxicity as measured by 
endotoxin sensitization, weight loss, anemia, hepatosplenomegaly, SGOT 
elevation and leukocytosis. Of importance, the biphasic effect of the 
clinical parent compound (NSC46015) on phagocytosis (inhibition of phago- 
cytosis followed by stimulation) may relate to the fact that the parent 
clinical compound is non-uniform in its molecular weight distribution. 
The higher molecular weight fractions of pyran block phagocytic response 
while lower molecular weight fractions show a pure phagocytic stimulatory 
activity. The biphasic effect on phagocytic response thus appears to 
represent a reaction to both high and low molecular weight fractions. 
Thus, separation of this or other polymers by molecular weight into more 
uniform fractions could select for more specific biologic activity in 
relation to host response. 

Toxicity for pyran copolymer appears, to a 

The antitumor activity of pyran is essentially independent of mole- 
cular weight as both high and low molecular weight fractions possess sig- 
nificant antitumor activity and one is now able to preserve potent anti- 
tumor activity without associated toxicity. 

Molecular weight differences effecting biologic activity have also 
been seen for polynucleotides64 and for ethylene maleic anhydride co- 
polymers54 which also possess distinctive antiserum complement activity 
related to molecular weight fractions studied. 

Pyran is also useful as an agent for removing plutonium from its 
storage in liver and other tissue.71 
not clear, but similar effects have been reported for other agents which 
effect reticuloendothelial function and induce interferon. 

The mechanism of action for this is 

Because of our ability to control structure and molecular weight 
and thus modify toxicity or biologic activity, pyran possesses inherent 
advantages over BCG and Corynebacterium parvum which have been shown to 
be effective in similar experimental conditions against a number of trans- 
planted tumors. In addition, unlike the polynucleotides, pyran is not 
readily biodegradable although the bulk of the clinical compound is gone 
from liver and spleen in three months. With effective lower molecular 
weight material more rapid excretion might be found. One might expect 
newer pyrans or related polyanions to be an important addition to newly 
emerging groups of immunoadjuvants useful in cancer chemotherapy or in 
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control of infectious disease, or metal poisoning. Similarly, tilorone 
and related congeners possess equal advantages, and in addition can be 
orally as well as parenterally active. It will be of interest to see the 
results of further Phase 11 study with tilorone as an antitumor or anti- 
viral agent. One must remember that tilorone is the first of many re- 
lated structures to come into clinical trial, the next being DEAE- 
f luorene. 

All these agents discussed here should have adequate clinical test. 
In tumor studies, one would guess that their main role might be their 
place as adjuvants to other forms of chemotherapy or to ablative surgery 
and radiotherapy although they do have primary antitumor activity on their 
own. A major place for these agents as adjuvants might relate to their 
use in conjunction with the development of tumor or tumor virus vaccines. 
The work of Campbell and Richmond with foot-and-mouth disease63 is a case 
in point for further work with vaccines t o  see if these agents which alter 
RES function could be useful for more effective specific as well as non- 
specific therapy. 

An understanding of mechanism of action for this diverse group of 
compounds should result in the clinical availability of non-marrow sup- 
pressing agents which can be useful in organ transplantation or hyper- 
immune disease. With some confidence, one can say that this decade will 
see the use of host modulators in the treatment of both specific and non- 
specific disease. 
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Section IV - Metabolic Diseases and Endocrine Function 

Editor: Walter T. Moreland, Pfizer, Inc., Groton, Connecticut 

Chapter 18. Prostaglandins and Related Compounds 

Richard A .  Mueller, G. D. Searle and Co., Chicago, Illinois 

The field of prostaglandins has continued its rapid growth; therefore 
this review will emphasize chemical developments since the last article in 
this series.l The selection of biological topics is arbitrary with an em- 
phasis on the utility of derivatives of the natural materials. 
very little on structure-activity relationships has been published. 

Several books were published on the prostaglandins last 

In general, 

and 

The Worcester Foundation pub- 
chemical reviews are available. 1, 9 

logical areas are referred to in the text. 
lishes, free of charge, a bimonthly bibliography of reviews, books, meeting 
announcements and original articles. The proceedings of an International 
Conference on Prostaglandins held in Vienna in 1972 is a~ailable.~ 

Specialized reviews on selected bio- 

Synthesis of natural prostaglandins and their analogs. 
thesis of PGA2 has been achieved by workers at Roussel.8 

A novel direct syn- 
The first step 

3 - 2 - 1 - 
involved generation of 2 by cyclization of the anion of the enamine of 1. 
The relative stereochemistry at positions 12 and 15 was controlled by pro- 
per choice of a * double bond and trans epoxide. Compound 2 was conver- 
ted to 2 (R = H), (dl-lO,ll-dihydro-PGA2 / &-ll-deoxy-PGE2), by an alkyla- 
tion-decarboxylatiorsequence. Bromination-dehydrobromination of the enol 
ether of 2 (R = THP) yielded G-PGA2. 

Two groups at the Syntex Research Institute reported the synthesis of 
PGE1. The first synthesis9 
involves 1,4 addition of a vinyl group to k (R = OTHP, R' = CH3) and the 
conversion of this material to the aldehyde 5 (R = THP, R' = CH3). 5 is 
then converted to PGEl in six steps. 

Both groups utilize 4 as starting material. 

The overall yield is 3.7%. 
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4 - 

The second approachlo involves  r e a c t i o n  of 4 (R = OH, R '  = CH3) wi th  
methyl-isopropenyl e t h e r  and phosphorus 
OCH3, R '  = CH3). 
d i v i n y l  cupra te  5 (R = C(CH3)20CH3) and t h e  p r o t e c t i n g  groups were removed 
wi th  acet ic  acid-water t o  g ive  PGEl methyl ester. 
ester enzymatical ly  us ing  a p a n c r e a t i c  li ase p repa ra t ion  a f fo rded  (-)PGE1. 
The same group, i n  a la te r  communication,P1 repor ted  t h e  s y n t h e s i s  of 12,13- 
- cis-PGE1, 8, us ing  t h e  analogous l i t h i u m  d i v i n y l  cupra t e ,  1. 
f e a t u r e  of t h i s  syn thes i s  is  t h a t  1 , 4  a d d i t i o n  t o  4 (R = OC(CH3)20CH3, R '  = 
CH3) of 1 g ives  only 8. The R isomer of t he  copper reagent  adds s t e r e o s e l -  
e c t i v e l y  t o  the  6 f a c e  of t h e  enone and t h e  S isomer adds only  t o  t h e  a f a c e  
of t he  same s u b s t r a t e .  These r e s u l t s  were cor robora ted  us ing  t h e  reso lved  
l i t h ium copper r eagen t s .  

oxychlor ide t o  g ive  4 (R = OC(CH3)2 
This  substance w a s  t r e a t e d  wi th  t h e  S isomer of l i t h i u m  

Removal of t h e  methyl 

A unique 

No o t h e r  isomers were de tec ted .  

OH 
5Hll 

2 

OH 

8 - 6 - 7 - 
Sih  and coworkers reported12 t h e  s y n t h e s i s  of PGEl  as an ex tens ion  of 

t h e i r  ear l ier  work i n  t h e  15-deoxy series.30 Ketone 4 (R = OTHP, R '  = Et)  
was t h e  s u b s t r a t e  f o r  a 1 , 4  a d d i t i o n  of 3(S)-(a-ethoxy)ethoxy-1-lithio-1- 
t rans-octene i n  the  presence of tri-n-butylphosphine-copper(1) i o d i d e  com- 
plex.  Acid ca ta lyzed  removal of t h e  p r o t e c t i n g  groups a t  11 and 15 and 
hydro lys is  of t h e  ester wi th  bakers '  y e a s t  y i e lded  (-)PGE1. 
11,15-epi-PGEl and ent-15-epi-PGE1 were a l s o  obtained.  

Enantiomeric 

Workers a t  Leder le  have repor ted  two methods of accomplishing a 1 , 4  
add i t ion  r eac t ion .  The f i r s t  c o n s i s t s  of t h e  r e a c t i o n  of t h e  l i t h i u m  a l k y l  

v i n y l  a luminate  9 with  4 (R = H, R '  = 
C2Hs) a t  room temperature  t o  y i e l d  (*I- 
ll, 15-bis-deoxy-PGE1 a f t e r  base  hydroly- 
s ~ s . ~ ~  Only t h e  v i n y l  r a d i c a l  i s  t r ans -  
f e r r e d .  The second method involves  t h e  
t r i -n-butylphosphine copper iod ide  com- 
p l e x  promoted 1 , 4  a d d i t i o n  of a Grignard 

+ 
Li ( i - b u ) 2 t 1 y 6 H 1 3 ]  -[ CH 

9 - 
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reagent. 35 
its isomers. 

The eventual products are (f)-ll-deoxy-l3 , 14-dihydro-PGE1 and 

Pappo and Collins at Searle have reported37 the synthesis of (+)-15- 

Their synthesis was accomplished via a 1,4 addition either to 4 
deoxy-PGE1, its stereoisomers and (+)-ll-epi-12,13-dehydro-PGE1 methyl 
ester. 
(R = OH, R' = CH3), 
ganometallic reagents derived from copper, aluminum or gallium. The resol- 
ution of - 4 (R = OH) has been disclosed.38 

(R = OTHP, R' = CH3) or 2 (R = H, R' = H) using or- 

In an extension of their earlier work, Taub and coworkers reacted 
methyl &-8,lO-~ndecadienoate with B-angelica lactone to yield JO-.I3 The 
synthesis proceeds in thirteen steps to give gwhich was converted to c- 
PGEl . 

Kojima and Sakai have disclosed a synthesis of PGE1.I4 Although 
nineteen steps, the stereochemistry of the ring was established at an early 
stage. 

Miyano and coworkers have published a new synthesis of (-)PGE1.I6 
Cleavage of 12, whose resolution has been reported,15 gave 13 which was 
then subjected to chromous ion reduction followed by reaction with the ap- 
propriate Wittig reagent to give 14. Reduction of the 15-keto group of 14 
with lithium tetrahydrolimonyl thexyl borohydride and acid hydrolysis gave 
(-)PGE1. 

14 - 13 - 12 - 

Corey has reported on several extensions of his prostaglandin synthe- 
the first of which involves the stereoselective generation of the 

15(S)hydroxyl in 2 (R = CO-Ph-Ph).17 Three requirements must be met for 
stereospecific reduction of 16 (R = CO-Ph-Ph); a trans coplanar relation- 
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sh ip  of t h e  hydrogen a t  12 and 13, a s i n g l e  S-& enone conformation and 
s t e r i c  approach con t ro l  of hydride t r a n s f e r  t o  t h e  15 ketone.  From mole- 
c u l a r  models i t  was ev ident  t h a t  t h e  2-phenylbenzoate group on t h e  C-11 
hydroxyl f u l f i l l e d  t h e  f i r s t  two requirements through van de r  Waal con tac t ,  
E f fec t ive  s t e r i c  c o n t r o l  i n  t h e  hydride reduct ion  w a s  provided by l i t h ium 
tetrahydrol imonyl  borohydride.  Fur ther  cons ide ra t ion  suggested t h a t  t h e  
E-phenyl-phenyl urethane would provide more e f f i c i e n t  II bond i n t e r a c t i o n  
than t h e  2-phenylbenzoate due t o  a reduct ion  of t h e  s ter ic  e f f e c t s  of t h e  
hydrogen on C-11 .  Experimentally t h i s  proved t o  be t h e  case and reduct ion  

16 - 15 - 
of 16 (R = CONH-Ph-Ph) y i e l d s  s w i t h  a 15 R/S r a t i o  of  92:8. Removal of 
t h e u r e t h a n e  group was accomplished wi th  r e f  lux ing  l i t h ium hydroxide. Ad- 
d i t i o n a l  pub l i ca t ions  in t roduce  t h e  t -bu ty ld ime thy l s i ly l  moiety as a pro- 
t e c t i n g  group f o r  hydroxyl  function^'^ and t h e  a p p l i c a t i o n  of organometal- 
l i c  reagents  t o  model systems f o r  pros tag landin  syn thes i s  .50-52 

A j o i n t  communication from Pf i z e r  and Harvard20 d i sc losed  a v a r i a n t  
i n  which (-)PGE1 and PGFla were synthes ized  v i a  t h e  in t e rmed ia t e  2 (R = 
THP) by adding t h e  carboxyl-containing seven carbon s idechain  f i r s t .  

The syn thes i s  of ent-ll,15-bis-epi-PGE2, 2, has been repor ted .  l8 
The previous ly  developed method of i n v e r t i n g  t h e  conf igura t ion  a t  C - 1 1  i n  
- 17 (X = OTs, Y = H, R = OCH2Ph) wi th  tetra-n-butyl-ammonium formate was 
employed t o  form, a f t e r  base hydro lys is ,  17 (X = H, Y = OH, R’ = OCH2Ph). 
This in te rmedia te  w a s  c a r r i e d  through t h e  s tandard  sequence of r eac t ions  
t o  g ive  18. 
rat u t e rus  and i n h i b i t s  t h e  a c t i v i t y  of t h e  n a t u r a l  hormone i f  added t o  
t h i s  smooth muscle p repa ra t ion  p r i o r  t o  PGE2. 

This m a t e r i a l  has 50% of t h e  a c t i v i t y  of PGE2 on t h e  i s o l a t e d  

17 - 18 - 19 - 
The group a t  Alza repor ted  t h e  syn thes i s  of 11-epi-PGE2 and l l -ep i -  

The procedure involved w a s  e s s e n t i a l l y  t h a t  discussed earlier18 PGFza. 21 
except t h a t  a Moffet ox ida t ion  was used f o r  t h e  ox ida t ion  of t h e  9-hydroxy 



- 176 Sec t .  I V  - Metabolic & Endocrine Moreland, Ed. 

func t ion  t o  a ketone. The use of a polymer bound di imide f o r  a more e f f i -  
c i e n t  ox ida t ion  i s  repor ted  i n  a la te r  paper.22 11-epi-PGF2, w a s  found t o  
be 50% a s  a c t i v e  as PGF2a on t h e  i s o l a t e d  r a t  u t e rus  and i n  vivo f o r  t h e  
induct ion  of abor t ion  i n  t h e  rat .  11-epi PGE2 had only  12% of t h e  a c t i v i t y  
of PGE2 i n  the  same system. No i n h i b i t i o n  of t h e  n a t u r a l  product was noted 
with e i t h e r  isomeric  compound. The au thors  draw t h e  conclusion t h a t  t h e  
conf igura t ion  of t h e  11-hydroxyl is  r e l a t i v e l y  unimportant f o r  t h i s  ac t iv -  
i t y  i n  t h e  F series. 

A syn thes i s  of ent-11,lS-bis-epi-PGEz by v a r i a t i o n  of t h e  Corey meth- 
od has been d isc losed .25  
t r ibromide w a s  success fu l ly  accomplished on 17 (X = H, Y = OCO-Ph-Ph 

The cleavage of t h e  methoxy moiety wi th  boron 
R' = 

OCH3). 26 Standard procedures were used t o  complete t h i s  syn thes i s .  27 

Two new approaches t o  t h e  synthes is  of dl-16 (R = THP) have been de- 
~ c r i b e d . ~ ~ , ~ ~  
mately f i x  the  s tereochemistry of t h e  hydroxyl s u b s t i t u e n t s  a t  C-9 and C - 1 1 .  
Both methods involve more s t e p s  than Corey's o r i g i n a l  procedure.  

A b i c y c l i c  s t a r t i n g  m a t e r i a l  is  used i n  each case t o  u l t i -  

Caton and coworkers reported28 t h e  r e a c t i o n  of t h e  1-hydroxy analog 
of 4 (R = H) wi th  acetone cyanohydrin followed by reduct ion  of t h e  8-cyano- 
ketone t o  t h e  corresponding 9-hydroxy aldehyde which was then f u r t h e r  e lab-  
o ra t ed  t o  a mixture of isomers of 11-deoxy-PGF1. A s i m i l a r  sequence of re- 
ac t ions  based on enone g gave t h e  9-deoxy pros tag landin  isomers.  29 

0 OCCH3 
8 

0 

21 - 20 - 
Bagli  and Bogri have published31 a complete paper on t h e i r  photoan- 

n e l a t i o n  of 4 (R = H, R '  = CH3) repor ted  earlier. I n  a second communica- 
t i ~ n ~ ~  these  au thors  repor ted  base  ca ta lyzed  add i t ion  of nitromethane t o  4 
(R = H, R '  = CH3) followed by sodium i n  methanol reduct ion  of t h e  product 
t o  g ive  t h e  ke to  aldehyde 3 (R = CH3). Elaborat ion of t h i s  in te rmedia te  
gave &-11-deoxy PGEl methyl ester. An a l t e r n a t i v e  syn thes i s  based on the  
same in te rmedia te  y ie lded  (f)-15-epi-ll-deoxy PGE1. The corresponding E2 
series compounds 25 (X = H, Y = OH) a r e  made s t a r t i n g  wi th  t h e  appropr i a t e  
5,6-c& double bond analog of 4. A l a t e r  p ~ b l i c a t i o n ~ ~  d i s c l o s e s  a very 
s h o r t  syn thes i s  of (+)-ll-deoxy-PGE2, 25 (X = R = H, Y = OH) and (f)-15- 
epi-11-deoxy-PGE2, 25 (X = OH, R = Y = H) ou t l ined  below. 
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0 

22 - 

v 
X Y  

23 - 

Sakai and coworkers in Japan have synthesized (f)-ll,15-deoxydihdro- 
PGEl methyl ester.36 
oped: 
chloroform or acetonitrile. The reaction proceeds at room temperature 
using either set of reaction conditions. 

Two mild methods of ring closure of 3 were devel- 
SnC14 in nitromethane or tris triphenylphosphine chlororhodium in 

Crabb6 and coworkers prepared (+)-lO-a-hydroxy-ll-deoxy-PGE2 and 
PGF2a from Corey's lactone 19 by a variation of their previously reported 
methods .39 
- 27 afforded a product which was subjected to the standard reaction sequence 
to give 28. 
closed,4~ultimately yielding 2 and 30. 

The photochemical addition of ethylene to a Corey intermediate 

The addition of allene to PGA2 methyl ester was also dis- 

26 - 28 - 27 - 

H e  H3 &YOcH3 

s0 H dH OH 

30 - 29 - 
The coral, Plexaura homomalla, continues to provide a good source of 

starting material for the synthesis of prostaglandins and prostaglandin 
analogs. 
ment products of PGA2 and PGA2 methyl ester. 
pressor activity in the rat". 

Spraggins has disclosed41 spectral data on the allylic rearrange- 
The compounds have "slight 

Some fifteen compounds derived from Michael 
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add i t ion  of var ious  nuc leophi les  t o  t h e  l0 , l l -double  bond of 15-acetoxy 
PGA2 methyl ester o r  i t s  epimer have been repor ted .42  
(R = SCH3, X = H, Y = OH) w a s  converted i n t o  PGA2 i n  80% y i e l d  by t reatment  
wi th  methyl i od ide  t o  form t h e  methiodide,  followed by sodium bicarbonate  
promoted B-elimination. 

One of them, 25 

Katsube and coworkers have reported43 t h e  syn thes i s  of s e v e r a l  isomers 
of t h e  PGF r e l a t e d  compounds, 3, by an ex tens ion  of methods and t h e  use of 
in te rmedia tes  repor ted  previous ly .  The same compounds were made by a group 
a t  Syntex who reported 2 t o  be "weakly a c t i v e  i n  smooth muscle r e l axa t ion  
assays1'. 44 

The group a t  Upjohn has  repor ted  two new reac t ions  of t h e  pros tag lan-  
d ins .  The f i r s t  i s  t h e  simultaneous reduct ion ,  r e so lu t ion  and hydro lys i s  
of (+) PGE2 methyl ester and (+) PGE methyl ester t o  y i e l d  10% of t h e  na- 
t u r a l  PGFza and PGFl , r e ~ p e c t i v e l y , ' ~ ~  with bakers '  y e a s t .  Also t h e  con- 
ve r s ion  of PGF2c, metffyl ester i n t o  PGE2 methyl ester i n  35-40% y ie ld46  w a s  
accomplished by s e l e c t i v e  s i l y l a t i o n  of t he  11- and 15- hydroxyl groups of 
t h e  F series compound wi th  N-trimethylsilyldiethylamine followed by oxida- 
t i o n  of t h e  f r e e  9-hydroxyl wi th  Col l ins  reagent  and ac id  hydro lys i s .  

The group a t  Wisconsin has published4' a complete paper on t h e  biosyn- 

Spec t r a l  and phys ica l  da t a  
t h e s i s  and s t r u c t u r e  de te rmina t ion  of 9a,l5-(S)-dihydroxy-ll-oxo-l3-trans- 
pros tenoic  ac id ,  32, which they have named PGD1. 
are included.  

31 - 32 - 33 - 
Jones has publ ished a f u l l  paper48 on t h e  s t r u c t u r e  determinat ion of 

t h e  product of t h e  rearrangement of PGAl i n  cat  blood, which he has named 
PGC1, 33. H e  concluded t h a t  t h i s  i s  an enzymatic process  and the  product 
i s  respons ib le  f o r  t h e  b iphas i c  response previous ly  recorded when PGAl o r  
PGA2 is i n j e c t e d  i n t o  animals.49 
ous ly  repor ted  f o r  t h e  methyl ester of 33. 

l i ~ h e d . ~ ~  

The da ta  a r e  cons i s t en t  with t h a t  p rev i -  

1% NMR s t u d i e s  on pros tag landins  of t h e  1 and 2 series have been pub- 
F r i ed  and a s s o c i a t e s  a t  Chica o have d i sc losed  t h e  d e t a i l s  of 

t h e i r  PGEl syn thes i s  repor ted  last year .  82 

Biologica l  C l i n i c a l  Aspects of Pros tag landins .  An outs tanding  develop- 
ment i n  t h e  f e r t i l i t y  a r e a  was the  in t roduc t ion  of P r o s t i n  E2R and P r o s t i n  
F2 alphaR by t h e  Upjohn Co. i n  England and Sweden f o r  t h e  induct ion  of l a b o r  
and abor t ion .  Several  reviews and an annotated bibl iography t o  t h e  c l i n i c a l  
r e p o r t s  are a ~ a i l a b l e . 5 ~ - ~ 7  15  (S)-methyl-PGEg methyl ester, 2, whose syn- 
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t h e s i s  was descr ibed last year ,  has  been found t o  be 100-500 times as ef fec-  
t i v e  as PGE2 i n  h ~ m a n s . 5 ~  This  g r e a t e r  potency i s  reported t o  be p a r t l y  due 
t o  increased i n t r i n s i c  a c t i v i t y  i n  add i t ion  t o  t h e  lengthened metabol ic  
h a l f - l i f e .  c-Bis-w-homo PGF2, i s  f i v e  times as poten t  S . C .  and twenty 
times as a c t i v e  o r a l l y  a s  PGFza i n  hamsters,59 and a complete endocrinolo- 
g i c a l  p r o f i l e  has  been published.60 

6H CH3 OH 6H ljn 

34 - 35 
I 

Aiken showed t h a t  indomethacin and a s p i r i n  reduced u t e r i n e  m o t i l i t y  
and prolonged p a r t u r i t i o n  i n  t h e  ra t ,  which r e s u l t e d  i n  an inc rease  i n  
s t i l l - b i r t h s  and t h e  amount of materna l  bleeding.61 On t h e  b a s i s  of* these  
r e s u l t s  he  w a r n s  a g a i n s t  t h e  use  of t hese  drugs i n  t h e  later s t a g e s  of preg- 
nancy. A group a t  I . C . I .  r e p o r t s  t h a t  indomethacin, a s p i r i n  and f enc loz ic  
ac id  delay de l ive ry  by 24, 16 and 29 hours r e spec t ive ly  and produce an in-  
c rease  i n  s t i l l b i r t h s . 6 2  Cortisone a c e t a t e  had no e f f e c t .  
given concurrent ly  with t h e  anti-inflammatory drugs, t h e  de l ive ry  process  
is normal. Chronoperiodici ty  i n  t h e  induct ion  of abor t ion  wi th  PGF2 has  
been observed.63 Intra-amniot ic  adminis t ra t ion  a t  6:OO pm l eads  t o  t h e  
des i red  e f f e c t  i n  a mean i n t e r v a l  of 10.4 vs .  26.2 hours when therapy i s  
i n i t i a t e d  a t  o t h e r  times ir  the  day. 

I f  PGF2a is  

The card iovascular  e f f e c t s  of t he  pros tag landins  have been reviewed64 
and a hypothesis  on t h e i r  involvement i n  t h e  maintenance o f  normal blood 
p res su res  via t h e  r e n a l  system has  been p ~ b l i s h e d . ~ 5  
t r ia ls  of PGAl wi th  s i x t y  hypertensive p a t i e n t s  with no untoward e f f e c t s  
has  been d isc losed .  66 St ruc tu re -ac t iv i ty  r e l a t ionsh ips  wi th  r e spec t  t o  
pressure  responses i n  t h e  dog67 and i s o l a t e d  perf used pancreas prepara- 
t ion68 have been repor ted  on a number of n a t u r a l  p ros tag landins  and t h e i r  
analogs. 

A r e p o r t  on c l i n i c a l  

Three independent r epor t s  on t h e  b e n e f i c i a l  e f f e c t s  of PGEl on s t o r e d  
p l a t e l e t s  have a ~ p e a r e d . 6 9 - ~ ~  
f a c i l i t a t e d  and t h e r e  a r e  no s i d e  e f f e c t s  when they are adminis tered t o  hu- 
mans. S i ck le -ce l l  crisis i n  v i t r o  can be induced by PGE2 and reversed with 
urea.72 This  i s  another  poss ib l e  cont ra - indica t ion  t o  t h e  use  of t h i s  ma- 
ter ia l  t o  induce l a b o r  o r  abor t ion  i n  p a t i e n t s  who are suscep t ib l e  t o  t h i s  
d i sease .  

Separat ion of p l a t e l e t s  from whole blood is  

Robert presented t h e  an t i s ec re to ry  p rope r t i e s  o f  16 16-dimethyl PGE2 
methyl ester, 34, and 15(S)methyl PGE2 methyl ester, 35,73 when adminis tered 
I . V .  t o  t h e  dog. 
A t  i t s  o r a l  EDSO (10 ug/kg) no d i a r rhea  i n  induced. 
is  prolonged due t o  metabol ic  i n h i b i t i o n .  
potency between PGE2 and 34; however t h e  the rapeu t i c  r a t i o  wi th  r e spec t  t o  

% i s  100 t i m e s  more poten t  (ED50 = 0.1 pg/kg) than PGE2. 
The the rapeu t i c  e f f e c t  

Compound 2 is  in te rmedia te  i n  
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d i a r r h e a  and vomiting is  similar t o  t h a t  of t he  n a t u r a l  hormone. 15(R)- 
methyl PGE2 methyl ester i s  repor t ed  t o  be an  e f f e c t i v e  a n t i s e c r e t o r y  dru 

A s h o r t  review has appeared on p ros t ag land ins  i n  the  a n t i s e c r e t o r y  area. '5 
i n  t h e  human a t  a 200 pg dose and t o  l ack  g a s t r o i n t e s t i n a l  s i d e  e f f e c t s .  7 t  

Rosenthal and coworkers have repor ted  f u r t h e r  d a t a  on t h e  bronchodi la-  

An i n t e r e s t i n g  r e s u l t  is t h a t  PGF26 is  bronchodi la t ing  l i ke  PGE2.77 
t i o n  o r  c o n s t r i c t i o n  e f f e c t s  of t h e  n a t u r a l  p ros tag landins  and a few ana- 
l ogs .  76 
When adminis tered as an  a e r o s o l ,  t h e  materials have no ca rd iovascu la r  s i d e  
e f f e c t s . 7 8  
PGE2 and P G F z , . ~ ~  
induce abor t ion  i n  women wi th  a h i s t o r y  of b ronch ia l  d i s t r e s s . 8 0  
matic human i s  lo4 t i m e s  as s e n s i t i v e  t o  PGF2, 
e f f e c t  i s  not  markedly antagonized by PGE2. 8? 

The animal work has  been confirmed i n  humans i n  t h e  case  of 
A warning has  been publ i shed  aga ins t  t h e  use  of PGF2, t o  

s a normal i n d i v i d u a l ;  t h i s  
An as th -  

The r e l a t i o n s h i p  of p ros t ag land ins  t o  non-s te ro ida l  anti-inflammatory 
agents  is  covered i n  chapter  22.  Reviews on t h e  r o l e  of p ros t ag land ins  i n  
cutaneous biology are a ~ a i l a b l e . ~ ~ - ~ ~  The c l e a r i n g  of t h e  symptoms of es- 
s e n t i a l  f a t t y  a c i d  de f i c i ency  i n  rats by t o p i c a l  a p p l i c a t i o n  of PGE2 has 
been reported83 as w e l l  as t h e  t o p i c a l  e f f e c t s  of po lyph lo re t in  phosphate 
a g a i n s t  PGEl induced wheal i n  t h e  human.84 The release of p ros t ag land in  
du r in  experimental  u v e i t i s  i n  t h e  rabbi t87  and dur ing  human eye i n f l a m a -  
t ion88 has  been demonstrated.  Ocular hyper tens ion  fol lowing I .V, i n f u s i o n  
of POEl has  been sh0wn .~9  
b a r r i e r s  appears  t o  be an a c t i v e  t r a n s p o r t  process90 and t h e  same pheno- 
menon seems t o  apply t o  o the r  t i s s u e s  i n  ~ i t r o . ~ ~  
d ins  and t h e  eye has  been published.92- 

The mechanism of t r a n s f e r  a c r o s s  the  blood-eye 

A review on pros tag lan-  

Kuehl and coworkers a t  Merck have i s o l a t e d  a r ecep to r  s i t e  prepara-  
t i o n  from adipose t i s s u e  and have determined the  bonding cons t an t s  of var-  
i ous  pros tag landins  .93394 These cons tan ts  c o r r e l a t e  w i th  CAMP formation 
and progesterone product ion induced i n  t h e  mouse ovary by t h e  same mater- 
i a l s .  An extens ion  of t h i s  work provides  a r e l a t i o n s h i p  between F series 
pros tag landins  and t h e  formation of C G M F ' . ~ ~  
sis t h a t  E series compounds act  through CAMP and t h e  F series act  analog- 
ous ly  v i a  cGMP. 
i n t e r a c t i o n  of opposing fo rces .  I n  genera l  t h e  sequence of events  is  hor- 
mone -+ pros tag landin  s y n t h e s i s  + c y c l i c  nuc leo t ide  s y n t h e s i s  -t physiologi-  
c a l  e f f e c t ,  w i th  t h e  p ros t ag land in  syn the ta se  loca t ed  on t h e  o u t s i d e  and 
adenyla te  cyc lase  on t h e  i n t e r i o r  of t h e  c e l l .  

This d a t a  l e d  t o  t h e  hypothe- 

Normal phys io log ica l  equ i l ib r ium i s  maintained v i a  t h e  

The r o l e  of pros tag landins  i n  sympathet ic  nerve t ransmiss ion  i s  be- 
coming b e t t e r  def ined.  Nerve s t i m u l a t i o n  inc reases  t h e  s y n t h e s i s  of E ser- 
ies  pros tag landins  which i n  t u r n  i n h i b i t  t h e  s e c r e t i o n  of norepinephrine.  96,  
97 This  r e s u l t s  i n  a negat ive  feedback c o n t r o l  o r  modulation which i s  sup- 
plementary t o  t h e  a-adrenergic  pathway .98 
a v a i l a b l e .  99 

A review of t h i s  s u b j e c t  i s  
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Chapter 19. A the rosc l e ros i s  

Thomas R. Blohm, Merrel l -Nat ional  Labora tor ies ,  
Div is ion  of Richardson-Merrell Inc.  C inc inna t i ,  Ohio 

In t roduct ion  - Recognition of t he  importance of a t h e r o s c l e r o s i s  a s  a cause 
of morbidity and mor t a l i t y  i n  i n d u s t r i a l i z e d  coun t r i e s  has  r e s u l t e d  i n  a 
tremendous development of r e sea rch  d i r e c t e d  a t  understanding and a t t a c k i n g  
t h i s  d i sease .  Because i t  is impossible t o  provide a comprehensive techni -  
c a l  review wi th in  t h e  space a v a i l a b l e ,  t op ic s  have been s e l e c t e d  f o r  d i s -  
cuss ion  on t h e  b a s i s  of t h i s  a u t h o r ' s  eva lua t ion  of t h e i r  importance i n  
the  cu r ren t  r e sea rch  p i c tu re .  Some important t o p i c s ,  e.g.  l i popro te ins ,  
have been omitted t h i s  yea r  i n  t h e  b e l i e f  t h a t  l a s t  y e a r ' s  d i scuss ion  can 
se rve  as a guide t o  cu r ren t  l i t e r a t u r e .  

Pathology & Pathogenesis - Human a t h e r o s c l e r o t i c  l e s ions  which cause 
c l i n i c a l l y  manifest  d i sease  are complex i n  s t r u c t u r e  and take s e v e r a l  de- 
cades t o  develop. Simpler l e s i o n s  can be de t ec t ed  earlier i n  l i f e ,  but  
t h e i r  r e l a t i o n s h i p  t o  t h e  l'mature" l e s i o n  has been con t rove r s i a l .  This  
and r e l a t e d  problems have been reviewedlby t h e  NHLI Task Force on Ar te r io -  
s c l e r o s i s .  The i r  conclusions wi th  regard  t o  pathogenesis  are based l a rge -  
l y  on da ta  obtained i n  t h e  I n t e r n a t i o n a l  A the rosc l e ros i s  P r o j e c t ,  i n  which 
populat ions wi th  widely d i f f e r i n g  incidences of a t h e r o s c l e r o s i s  were 
s tudied  f o r  occurrence of l e s i o n  types as a func t ion  of age. Three l e s i o n  
types can be d i s t ingu i shed ,  t h a t  develop i n  t h e  order :  f a t t y  s t r e a k ,  
f ib rous  plaque and complicated l e s ion .  I n  the  e a r l y  per iod  of f a t t y  
s t r e a k  development, t h e r e  were no d i f f e rences  i n  incidence between popu- 
l a t i o n s  ; divergence between populat ions developed c h i e f l y  wi th  t h e  appear-  
ance of  f ibrous  plaques.  It was concluded t h a t  t h e  f a t t y  s t r e a k  is 
probably  t h e  precursor  of  t he  f ibrous  plaque, bu t  that  no t  a l l  f a t t y  
s t r e a k s  undergo t h i s  conversion, i n  f a c t ,  some must undergo r eg res s ion ,  
wi th  u l t ima te  disappearance (see d i scuss ion  under Lesion Regression).  
Since t h e r e  i s  l i t t l e  evidence f o r  r e v e r s i b i l i t y  of f ib rous  plaques,  t h e  
f a t t y  s t r eak - to - f ib rous  plaque conversion emerges as a c r i t i c a l  event  i n  
a therogenes is .  I d e n t i f i c a t i o n  of t h e  f a c t o r s  which determine d i f f e r e n t  
f a t e s  f o r  f a t t y  s t r e a k s  i n  d i f f e r e n t  populat ions i s  a n  important o b j e c t i v e  
f o r  f u t u r e  research.  Differences a r e  known t o  exis t  among food f a t s  i n  
t h e i r  p o t e n t i a l  f o r  producing f i b r o t i c  l e s i o n s  when fed w i t h  c h o l e s t e r o l  
t o  experimental  animalszand McCully has  propos,e@ t h a t  methionine,  der ived  
from animal p r o t e i n  is  implicated i n  t h e  formation of f ib rous  plaques.  
T h i s  proposal is  based on the  o b s e w a t i o n  t h a t  homocysteinemia has t h i s  
e f f e c t ;  homocysteine is  der ived  i n  v i v o  from methionine. It has been 
noted previouslf  t h a t  much of t h e  epidemiologic  evidence which impl ica tes  
d i e t a r y  animal f a t  a s  an  a therogenic  f a c t o r  could a l s o  be i n t e r p r e t e d  
t o  i n d i c t  animal p ro te in .  Hyperlipidemia remains a prime candida te  f o r  
t he  r o l e  of s t imulus  f o r  t h e  f i b r o t i c  r e a c t i o d  , as w e l l  as f o r  l i p i d  
depos i t ion .  

F i b r o s i s  w i t h i n  a n  a r t e r i a l  l e s i o n  can occur only  through t h e  i n t e r -  
ven t ion  o f  collagen-producing cells. C l a s s i c a l l y ,  t h i s  func t ion  has been 
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ass igned t o  f ib rocy te s ,  bu t  now it has been shownsthat a r t e r i a l  smooth -- muscle c e l l s  can produce co l lagen  and the  o the r  macromolecular components 
of connect ive t i s s u e .  Migrat ion of smooth muscle c e l l s  t o  t h e  subendothe- 
l i a l  space h a s  been recognized f o r  some t i m e  as a major con t r ibu t ing  
f a c t o r  t o  in t imal  th ickening ,  which occurs e a r l y  i n  t h e  formation of a l l  
types  of l e s ion .  In t ima l  th ickening  occurs a lone  i n  "mechanical stress" 
a reas  i n  young ind iv idua l s ,  and has  been proposed a s  t h e  i n i t i a l  l e s i o n  of 
a the rosc l e ros i s1  . This  l e s i o n  has been produced by mechanical removal of 
t h e  endothelium i n  r a b b i t P a n d  monkeys?. P a r t i c i p a t i o n  of smooth muscle 
ce l l s  has been documented7, and a f i b r o t i c  evo lu t ion  of  t h e  l e s i o n  demon- 
s t r a t e d .  Following removal of a r t e r i a l  endothelium i n  v ivo ,  t h e  denuded 
in t imal  su r face  becomes covered wi th  a l a y e r  of p l a t e l e t s ,  which i s  grad- 
u a l l y  replaced by new endothelium7 (concomitant w i th  smooth muscle c e l l  
migrat ion) .  I f  t h e  endo the l i a l  removal i s  repeated,  p l a t e l e t s  now form 
aggrega tes  (white thrombi) on t h e  sur faces .  It has been repor ted  t h a t  
repeated i n j e c t i o n  of  ADP ( p l a t e l e t  aggrega t ing  agent )  i n t o  t h e  a o r t a  of 
a r a b b i t  through a c a t h e t e r  l e f t  i n  p lace  f o r  several weeks resu l ted .  i n  
appearance of a p ro t rus ive  atheroma a t  t h e  poin t  a t  which t h e  c a t h e t e r  
t i p  touched the  a r t e r y  walls. The importance of t h i s  s i n g l e  observa t ion  
is  t h a t  an  occ lus ive ,  l ip id-conta in ing  l e s i o n  was produced without  ele- 
v a t i o n  of blood l i p i d s .  

The foam ce l l  component of t he  a t h e r o s c l e r o t i c  l e s i o n  i s  space- 
occupying, and probably antecedent  t o  degenera t ive  changes seen i n  compli- 
ca ted  l e s ions .  The o r i g i n s  of t hese  c e l l s  remain i n  doubt,  a l though i t  is  
e s t ab l i shed  t h a t  a t  least  some of them are modified smooth muscle c e l l s .  
Severa l  important pub l i ca t ions  have appeared on t h i s  sub jec t lo  -13. 

F i b r i n - l i k e  ma te r i a l  i s  found i n  a t h e r o s c l e r o t i c  plaques,  and has 
been c i t e d  a s  evidence f o r  t h e  thrombogenic theory  of a therogenes is l4 .  
Evidence has now been obtained t h a t  t h i s  material may be a complex of f i -  
brinogen wi th  f ib r inopep t ides ,  and t h e r e f o r e  no t  thrombus-derive8 5. The 
sugges t ion  t h a t  i t  may be cryoprofibr in15 is  s t rengthened by t h e  f ind ing  
of e l eva ted  levels of c i r c u l a t i n g  hepa r in -p rec ip i t ab le  f ibr inogen  i n  
a t h e r o s c l e r o t i c  sub jects16 . 
Lesion Regression - The ques t ion  of r e v e r s i b i l i t y  of t h e  l e s ions  o f  a t h e r o  
s c l e r o s i s  has plagued i n v e s t i g a t o r s  s i n c e  t h e  d i sease  was def ined  as a 
pa thologic  e n t i t y .  A s  knowledge of l e s i o n  composition and s t r u c t u r e  in-  
c reases ,  i t  becomes obvious t h a t  what seemed t o  be answers t o  t h i s  
ques t ion  a few years  ago can no longer  be so regarded. Ce r t a in  measurable 
changes i n  l e s i o n  composition and gross  appearance have been observed i n  
man and animals under changing condi t ions ,  e s p e c i a l l y  n u t r i t i o n a l ,  which 
are o f t en  reduct ions i n  l e s i o n  l i p i d  conten t .  I n  e a r l y  f a t t y  s t r e a k  
l e s ions ,  t h i s  can probably be regarded as regress ion ,  bu t  i t  is  not  cer -  
t a i n  t h a t  reduct ion  of l i p i d  conten t  r ep resen t s  r eg res s ion  in  any p r a c t i -  
c a l  sense i n  more advanced les ions1 . Clarkson and coworkers have s tud ied  
s e v e r a l  parameters of  l e s i o n  change fol lowing c e s s a t i o n  of c h o l e s t e r o l  
feeding t o  t h e  a the rosc l e ros i s - suscep t ib l e  White Carneau pigeon17 -19 . The 
da ta  were in t e rp re t ed  a s  fol lowing t h e  t r a n s i t i o n  from f a t t y  s t r e a k s ,  con- 
t a i n i n g  l a b i l e  c h o l e s t e r o l  depos i t s  (d rop le t s ) ,  t o  a f i b r o t i c  l e s i o n  
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conta in ing  a less mobile depos i t  ( c r y s t a l l i n e  c h o l e s t e r o l )  f i rmly  bound i n  
connective t i s s u e ;  it is  not  known whether t h e  l a t t e r  l e s i o n  can be caused 
t o  regress .  A t  t h i s  time i t  appears  t o  progress  d e s p i t e  remwal of t he  
d i e t a r y  a therogenic  s t imulus ,  a l though the  p i c t u r e  may be confused by t h e  
propens i ty  of t h e  p a r t i c u l a r  animal used t o  develop spontaneous l e s i o n s  
even i n  t h e  absence of d i e t a r y  cho le s t e ro l .  

Lesion r eg res s ion  has been inves t iga t ed  i n  rhesus monkeys, but  be- 
cause of t h e  t i m e  requi red  t o  produce advanced l e s ions  i n  t h i s  spec ie s ,  
has been l imi t ed  t o  f a t t y  s t reaks13 ,2o, and uncomplicated l e s i o n s  wi th  a 
f ibrous  ca@l , z 2 .  I n  t h e  f a t t y  s t r e a k  l e s ions  ( ao r t a )  s t a i n a b l e  l i p i d  
changed from a predominantly i n t r a c e l l u l a r  l o c a t i o n  t o  a predominantly 
e x t r a c e l l u l a r  one, and f i n a l l y  disappeared. E s s e n t i a l l y  normal a r c h i -  
t e c t u r e  of t h e  a r t e r y  wa l l  was res tored .  I n  t h e  coronary a r t e r y ,  w i th  a 
g r e a t e r  f i b rous  component, t h e r e  were d e f i n i t e  decreases  i n  l e s i o n  s i z e  
and encroachment on the  v e s s e l  lumenzl, accompanied by a major loss of 
chemically determined c h o l e s t e r o l  and c h o l e s t e r o l  esters22. 
l e s i o n s ,  un l ike  those  i n  t h e  pigeon, c h o l e s t e r o l  esters p e r s i s t e d  as t h e  
l i p i d  res idue ,  r a t h e r  than f r e e  cho le s t e ro l22 .  The f ibrous  component of 
"regressed" l e s i o n s  i n  t h e  rhesus monkey appears  condensed, r a t h e r  than 
removed2" 9 2 3 .  

I n  t hese  

Reduction i n  s i z e  of complicated l e s i o n s  i n  t h e  dog has been re- 
portedZ3 fol lowing s u r g i c a l  d ive r s ion  of b i l e  t o  the  lcwer i n t e s t i n e  w i t h  
r e t u r n  t o  normal d i e t24 .  
was less e f f e c t i v S 3 .  

Adminis t ra t ion of D-thyroxine and normal d i e t  

Animal Models - Clarkson has r e ~ i e w e d z ~ a n i m a l  models, and documented t h e  
t rend  toward use of primates,  which i n  gene ra l  e x h i b i t  metabol ic  and 
pa thologic  c h a r a c t e r i s t i c s  c l o s e s t  t o  man. D i f f e ren t  spec ie s  can be used 
to s tudy  d i f f e r e n t  a s p e c t s  of  human d i sease .  
of hypercholesterolemia a c c e l e r a t e s  and exacerbates  a the rogenes i s ,  but 
w i t h i n  a given experimental  s i t u a t i o n ,  i nd iv idua l  animal plasma c h o l e s t e r o l  
c o r r e l a t e s  poorly wi th  ex ten t  of  a t h e r o s c l e r o s i s ,  i n d i c a t i n g  major i m -  
por tance of o t h e r  f a c t o r s  as determinants  of l e s i o n  development. Ind iv i -  
dua ls  have been i d e n t i f i e d  i n  2 primate speciesa6 , 2 7 ~ h i ~ h  e x h i b i t  high and 
l o w  plasma c h o l e s t e r o l  responses t o  c h o l e s t e r o l - f a t  feeding.  I n  rhesus 
monkeys, plasma c h o l e s t e r o l  response i s  r e l a t e d  t o  i n t e s t i n a l  abso rp t ion  
of cho le s t e ro l a6 ,  whereas i n  t h e  s q u i r r e l  monkey i t  is inve r se ly  r e l a t e d  
t o  a b i l i t y  t o  inc rease  b i l e  a c i d  e x c r e t i o ~ ? ~ .  
been r epor t e@8to  respond t o  d i e t a r y  f a t s  and c h o l e s t e r o l  i n  a manner 
similar t o  man, and t o  develop ar ter ia l  l e s ions .  The rhesus monkey re- 
sponds t o  c h o l e s t e r o l  feeding by development of  hyperbetalipoproteinemia, 
thus  producing a model of human type I1 disease23,29. This  spec ie s  de- 
velops a r t e r i a l  d i sease  resembling human a t h e r o s c l e r o s i s  i n  s e v e r a l  i m -  
por tan t  waysag ,30, but  wer a r e l a t i v e l y  long time period23. I n  another  
s tudy s t r i k i n g  d i f f e r e n c e s  i n  l e s i o n  composition have been repor ted  i n  
3 o the r  primate spec ie s  fed t h e  same a therogenic  d ie t31 .  The s tumpta i l  
macaque experienced t h e  g r e a t e s t  plasma c h o l e s t e r o l  i nc rease ,  and t h i s  was 
a s soc ia t ed  w i t h  Lipid-poor f ibrous  plaques.  
green monkeys had s i m i l a r ,  lesser c h o l e s t e r o l  responses ,  b u t  green monkeys 

I n  a l l  spec ie s ,  induct ion  

The s q u i r r e l  monkey has 

S q u i r r e l  monkeys and Afr ican  
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produced more t y p i c a l  (anthropoid)  atheroma, while  the  s q u i r r e l  monkey had 
a v a r i a b l e  l e s i o n  response,  w i t h  g r e a t e r  medial involvement. 

Induct ion of hyperlipidemia and a r t e r i a l  l e s ions  i n  dogs r equ i r e s  
e l imina t ion  of thyro id  function, i n  a d d i t i o n  t o  c h o l e s t e r o l  feeding. Under 
these  condi t ions ,  dogs develop extreme hyperlipidemia resembling human 
type IV o r  type V (hyperprebetalipoproteinemia, without  o r  w i th  
chylomicronemia); a r t e r i a l  l e s ions  develop r e l a t i v e l y  r ap id ly ,  and range 
from f a t t y  s t r eaks  t o  u l ce ra t ed  plaques23. 

Pigeons develop h ighly  p red ic t ab le  spontaneous a t  heros cle ros i s ,  
which can be enhanced by d i e t a r y  means, and which resembles human a the ro -  
s c l e ros i s25 .  The  pathogenesis of t h e  spontaneous l e s i o n  i n  suscep t ib l e  
and r e s i s t a n t  s t r a i n s  has been f u r t h e r  and t h e  advantages 
of t h i s  model f o r  metabol ic  s t u d i e s  d iscussed .  The model has been used 
to d i scove r  d i f f e rences  i n  l i p i d  composition of a o r t a  smooth muscle, i n  
v i v o  and i n  t i s s u e  c u l t u r e ,  between t h e  suscep t ib l e  and r e s i s t a n t  s t r a ins33 .  

The i r i s34and cornea36 of t h e  cho le s t e ro l - f ed  r a b b i t  have been 
s tud ied  as models of c h o l e s t e r o l  depos i t i on  and removal. Severe l i p i d  
accumulation and nec ros i s  occurs i n  the  smooth muscle ce l l s  of t he  ir is ,  
but  not  i n  the  ir is  arteries. I n  t h e  cornea,  l i p i d  depos i t i on  accurred 
c h i e f l y  i n  the  form of d rop le t s  ( l i q u i d  c r y s t a l s )  of cho le s t e ro l  combined 
wi th  phospholipid,  which disappeared fol lowing ces sa t ion  of c h o l e s t e r o l  
feeding. However, i n j u r y  of t h e  cornea during t h e  c h o l e s t e r o l  feeding 
period led  t o  acce le ra t ed  depos i t ion  of c r y s t a l l i n e  c h o l e s t e r o l ,  which was 
not  removed on a normal d i e t .  

A major problem i n  a t h e r o s c l e r o s i s  research  concerns the  s e l e c t i o n  
of animal models w i th  plasma l i p o p r o t e i n  d i s t r i b u t i o n  l i k e  that of  man, 
e s p e c i a l l y  s ince  two of t h e  most common labora tory  spec ie s ,  t h e  r a t  and 
the  dog, a r e  known t o  d i f f e r  markedly from r a n  i n  t h i s  respec t .  A va lu -  
a b l e  con t r ibu t ion  t o  t h i s  a r e a  i s  a s t u d f 6 0 f  d i s t r i b u t i o n  and composi- 
t i o n  of serum l ipopro te ins  i n  34 species, comprising mammals, b i r d s ,  
r e p t i l e s  and f i s h .  Although t h e r e  appears  t o  be a f a i r l y  genera l  un i fo r -  
mity of 2 broad l i p o p r o t e i n  c l a s s e s  (HDL and LDL), no s i n g l e  spec ie s  pre-  
s e n t s  a l i p o p r o t e i n  spectrum exac t ly  l i k e  t h a t  of  urban man. However, a s  
noted above, d i e t a r y  manipulation i n  animals can reproduce l i p o p r o t e i n  
pa t t e rns  resembling those  of human pa tho log ica l  s t a t e s ,  which may be h ighly  
re levant  s i n c e  it is l i k e l y  t h a t  "urban man" d i f f e r s  from p r imi t ive  man 
wi th  regard t o  q u a n t i t a t i v e  l i p o p r o t e i n  d i s t r i b u t i o n ,  and probably p re sen t s  
a t r u l y  abnormal l i p o p r o t e i n  p a t t e r n .  

Diabetes ,  I n s u l i n  - Numerous s t u d i e s  have ind ica ted  t h a t  d iabe tes  m e l l i t u s  
and/or  decreased glucose to l e rance  c o n s t i t u t e  an  increased r i s k  f o r  a thero-  

been seen i n  p a t i e n t s  w i t h  c l i n i c a l  mani fes ta t ions  of a t h e r o s c l e r o s i s ~ 0  3 4 1  . 
Hyperglycemia p e r  se has been invoked as an  a therogenic  f a c t o r ,  opera t ing  
v& t h e  polyol  pathway of glucose metabolisrrP20r v i a  s t imu la t ion  of glyco- 
p r o t e i n  synthesis43 (both insul in- independent  pathways), i n  a r t e r i a l  t i s s u e .  
A 1  t erna  t ive l y  , s evera 1 s tud  i e  s44 

as,  and a high incidence of decreased glucose to l e rance  has 

imp 1 i c a  t e abnorma 1 i n s u l  i n  responses 



187 - Chap. 19  Atherosclerosis Blohm 

(hyperinsulinism o r  in su l in  res is tance)  r a t h e r  than abnormality of glucose 
tolerance. Hyperinsulinemia, e spec ia l ly  i n  the presence of hyperglycemia, 
can be a cause of hypertriglyceridemia4eand indeed mild d i abe t i c s  frequent- 
l y  exhibi t  t h i s  kind (type IV) of hyperlipidemia4' ,49 . 
there  is considerable d i s soc ia t ion  between hyperinsulinemia and hyper- 
t r i g lyce r idemia44Pand  it seems l i k e l y  t h a t  other e f f e c t s  of i n su l in  may 
be atherogenic. The implications of an atherogenic e f f e c t  o f  i n su l in  re- 
l a t e  t o  both major forms of human diabetes,  i n  t h a t  mild (usually maturity- 
onset)  diabetes is characterized by hyperinsulinemia, while i n  insul in-  
requiring diabetes the in su l in  is  administered by a non-physiological 
route, and unavoidably is  l e s s  well  controlled than it is by the healthy 
organism. 

Nevertheless, 

Perhaps the most s t r i k i n g  relat ionship between diabetes and athero- 
s c l e ros i s  i s  seen in  premenopausal women, i n  whom diabetes completely 
eliminates the protect ion against  coronary hear t  disease normally enjoyed 
by young wome1?8 t 3 ? .  A very provocative publication60, which unfortunately 
lacks important d e t a i l s  of procedure and materials,  has appeared describing 
possible biochemical bases f o r  t h e  e f f e c t s  of estrogen and in su l in  on 
coronary atherosclerosis .  It is reported t h a t  coronary arteries of animals 
and man contain a high level of horrnone-sensitive l ipase,  r e l a t i v e  t o  other 
a r t e r i e s .  This is a lipid-mobilizing enzyme, previously described i n  
adipose t i s sue ,  where it is ac t iva t ed  by hormones t h a t  increase cycl ic  AMP 
levels (catecholamines, glucagon, grawth hormone, etc. ) and decreased by 
insulin.  Evidence is presented which implicates estrogen a s  a st imulator 
and in su l in  a s  a suppressor of t h i s  enzyme i n  coronary a r t e r i e s .  In 
another approach, White61 has shown t h a t  i n su l in  increases hepatic 
cholesterol  synthesis i n  the  rat, and can Overcome the normal feedback 
mechanism by which absorbed cholesterol  controls  its own production. It 
seems very l i k e l y  t h a t  i n su l in  has an atherogenic po ten t i a l  when not under 
normal physiological control.  

Clofibrate-Mechanism of Action - The posi t ion of c l o f i b r a t e  as t h e  major 
drug avai lable  fo r  treatment of the hyperlipidemias, and a s  the probable 
prototype of a number of agents undergoing c l i n i c a l  evaluation has 
generated intense research e f f o r t  aimed a t  understanding its mechanism(s) 
of action. The g rea t e s t  effect iveness  of t h i s  drug i s  i n  the endogenous 
hypertriglyceridemias (types I11 and IV), and generally it lowers serum 
t r ig lyce r ides  more than serum cholesterol.  In rats, reduction of plasma 
t r ig lyce r ides  precedes reduction of cholesterols2.  
therefore,  t o  suspect t h a t  the primary e f f e c t  of c l o f i b r a t e  may be exerted 
on t r ig lyce r ide  metabolism. T h i s  is by no means ce r t a in ,  since t r i g l y -  
cerides,  cholesterol ,  phospholipids and protein a r e  secreted together i n t o  
the  c i r cu la t ion  as the VLDL " p a ~ k a g e ' ~ 3 ,  and a primary e f f e c t  on any of 
these components could a f f e c t  a l l  others i n  unpredictable ways. 

It seems logical ,  

Attempts t o  determine t h e  e f f e c t  of c l o f i b r a t e  on hepatic t r i g l y -  
ceride (TG) synthesis and sec re t ion  have produced conf l i c t ing  results.  
Early s tud ie s  i n  rat#& ,95,  suggested t h a t  hepa t i c  s ec re t ion  of TG i n t o  
plasma (as VLDL) is reduced. A t  the  same t i m e ,  it appeared t h a t  TG 
synthesis was increased i n  t h e  liver, even though the re  w a s  only l imited 
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accumulation of TG the re .  The most d i r e c t  s t u d i e s  i n  man56 pS7 i n d i c a t e  
t h a t  hepa t i c  TG syn thes i s  and s e c r e t i o n  i n t o  t h e  blood a r e  not  reduced by 
c l o f i b r a t e ,  bu t  t h a t  t h e  normal source of t he  f a t t y  ac id  components of 
plasma TG, f r e e  f a t t y  ac ids  of plasma, i s  p a r t i a l l y  replaced by another  
source56 In  c o n t r a s t  t o  these r e s u l t s ,  recent  r e - inves t iga t ions  of 
the  e f f e c t s  of c l o f i b r a t e  on hepa t i c  TG syn thes i s  i n  t h e  rat59 ,Gohave pro- 
duced s t r o n g  evidence f o r  an inh ib i to ry  e f f e c t ,  which was a t t r i b u t e d  t o  
i n h i b i t i o n  of sn-glycerol-3-phosphate a c y l t r a n s  f e ra se ,  t h e  enzyme which 
i n i t i a t e s  synthes is  of g lyce ro l ip ids .  The s u b s t r a t e  f o r  t h i s  enzyme is  
sn-glycerol-3-phosphate (a-glycerophosphate, a-GP), and t h e  t i s s u e  con- 
c e n t r a t i o n  of t h i s  s u b s t r a t e  i s  be l ieved  t o  be a c o n t r o l l i n g  f a c t o r  i n  TG 
synthes is .  Westerfeld,  e t  ale1 and Pereira, e t  a P 2  have shown t h a t  c l o f i -  
b r a t e  admin i s t r a t ion  t o  r a t s  increases  mitochondria1 a-glycerophosphate 
dehydrogenase, which converts  a-GP t o  dihydroxyacetone phosphate, and 
Pe re i r a ,  e t  a 1  found decreased l i v e r  concent ra t ions  of  a-GP i n  c l o f i b r a t e -  
t r e a t e d  rats, as w e l l  a s  decreased hepa t i c  TG sec re t ion .  Thus, enzymes 
d i r e c t l y  involved i n  t h e  maintanance and u t i l i z a t i o n  of a-GP have been 
implicated a s  s i tes  of  a c t i o n  f o r  c l o f i b r a t e ,  even though t h e  implied 
r e s u l t ,  i n h i b i t i o n  of TG syn thes i s ,  has no t  been f i rmly  e s t ab l i shed  e i t h e r  
i n  animals o r  man. P a r t  of these  apparent  d i screpancies  may be a t t r i b u t e d  
t o  d i f f e r i n g  n u t r i t i o n a l  s t a t u s  i n  d i f f e r e n t  experiments. Precursors  of 
hepa t i c  TG f a t t y  a c i d s  a r e  d i f f e r e n t  i n  f a s t i n g  and glucose-feeding58, f o r  
example, and i t  h a s  been shown t h a t  c l o f i b r a t e  s t rong ly  i n h i b i t s  t h e  r ise 
i n  hepa t ic  W-GP produced by e thanol  a d n i n i s t r a t i o n ,  bu t  had no e f f e c t  on 
basa l  leve lse3 .  I n h i b i t i o n  of a c e t y l  CoA carboxylase,  t h e  c o n t r o l  enzyme 
of f a t t y  a c i d  syn thes i s ,  has been a t t r i b u t e d  t o  c l o f i b r a t e 6 4 ,  bu t  t h i s  
does not ag ree  wi th  o v e r a l l  e f f e c t s  on f a t t y  a c i d  synthesis64.  

Enhancement of TG removal has been more c o n s i s t e n t l y  a t t r i b u t e d  t o  
c l ~ f i b r a t e ~ ~  9 s 5  9 6 6 ,  and increase  of l i p o p r o t e i n  l i p a s e  a c t i v i t y ,  appro- 
p r i a t e  t o  t h i s  a c t i o n ,  has  been reportecF7.  
secondary t o  i n h i b i t i o n  of adenyl  cyclase68.  
i n  adipose t i s s u e  of t h e  r a t  by c l o f i b r a t e  has been reportedG9. 

The l a t t e r  e f f e c t  may be 
S t imula t ion  of TG syn thes i s  

Much work has been devoted t o  e f f e c t s  of c l o f i b r a t e  on c h o l e s t e r o l  
synthes is  and metabolism. Gould, e t  a154shawed t h a t  o r a l  admin i s t r a t ion  
of c l o f i b r a t e  t o  r a t s  r e su l t ed ,  a f t e r  an induct ion  per iod,  i n  i n h i b i t i o n  
of c h o l e s t e r o l  syn thes i s  between acetate and mevalonate, and concluded 
t h a t  a d i r e c t  e f f e c t  of t h e  i n t a c t  drug i s  not  involved. White70has pro- 
vided d e f i n i t i v e  evidence t h a t  t h e  primary s i t e  of i n h i b i t i o n  is  a t  con- 
ve r s ion  of HMG CoA t o  mevalonate (HMG CoA reductase) .  
i n h i b i t i o n  occurs a t  a c t i v a t i o n  of  a c e t a t e .  Perhaps the  most d e f i n i t i v e  
humn da ta  have been repor ted  by Sodhi, et  a171who found t h a t  incorpor-  
a t i o n  of a c e t a t e ,  bu t  no t  of mevalonate i n t o  serum and b i l e  c h o l e s t e r o l  
was reduced following c l o f i b r a t e  admin i s t r a t ion ;  an e f f e c t  on hepa t i c  
c h o l e s t e r o l  syn thes i s  s i m i l a r  t o  t h a t  i n  t h e  r a t  i s  s t rong ly  implied. 
I n  t h e  dog, c l o f i b r a t e  did not  i n h i b i t  c h o l e s t e r o l  syn thes i s  from p y r w a t e  
i n  l i v e r ,  i n t e s t i n e  o r  kidney?" ; important changes i n  glucose metabolism 
were observed, however. I n t e s t i n e  has been recognized as a p o t e n t i a l l y  i m -  
po r t an t  source of blood c h o l e s t e r o l  t h a t  responds t o  c o n t r o l  mechanisms 
d i f f e r e n t  from those o f -  l i ve r73 ,  I n t e s t i n a l  c h o l e s t e r o l  syn thes i s  has been 

A secondary s i t e  of 
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repor ted  t o  be i n h i b i t e d  by c l o f i b r a t e  i n  man7"and hamster74, bu t  not  i n  
r a t s 7 5 .  

The u l t ima te  purpose of hypolipidemic therapy i s  t o  reduce o r  pre-  
ven t  depos i t i on  of l i p i d s  i n  a r t e r y  walls, and t o  provide a mi l i eu  favor-  
a b l e  t o  removal of e x i s t i n g  depos i t s .  It is  nea r ly  impossible,  w i t h  pre-  
s e n t  techniques,  t o  demonstrate achievement of t hese  ob jec t ives  i n  man 
during l i f e ,  bu t  it would be r eas su r ing  t o  be a b l e  t o  show that a t o t a l  
body negat ive  s t e r o l  balance had been achieved,  i .e. t h a t  a t h e r a p e u t i c  
regimen w a s  capable  of removing s t e r o l  s t o r e s  from t h e  body a s  a whole. 
To t h i s  end, a group a t  Rockefel ler  Univers i ty  has pa ins tak ingly  developed 
methods f o r  q u a n t i t a t i v e  e s t i m t i o n  of c h o l e s t e r o l  absorp t ion ,  endogenous 
cho le s t e ro l  exc re t ion  and b i l i a r y  c h o l e s t e r o l  secre t ion76.  
these  techniques i n  24 p a t i e n t s ,  represent ing  a l l  ca t egor i e s  of hyper- 
l ip idemia ,  on long-term treatment  w i th  c l o f i b r a t e ,  t he  most cons i s t en t  
e f f e c t  was increased e x c r e t i o n  of n e u t r a l  s t e r o l ;  t h i s  was usua l ly  a c -  
companied by decreased exc re t ion  of b i l e  a c i d s ,  w i th  a ne t  i nc rease  i n  
exc re t ion  of choles te ro l -der ived  materials. Measurement i n  3 p a t i e n t s  
d i sc losed  increased s e c r e t i o n  of c h o l e s t e r o l  i n  b i l e .  In p a t i e n t s  w i t h  
spontaneous o r  induced i n t e s t i n a l  c h o l e s t e r o l  syn thes i s ,  c l o f i b r a t e  re- 
duced t h e  syn thes i s .  The most important f ind ing  was decreased s i z e  of t o -  
t a l  body c h o l e s t e r o l  pools ,  measured i n  type I1 p a t i e n t s .  Analysis  of 
plasma c h o l e s t e r o l  decay curves and o t h e r  da t a  s t rong ly  suggested mobil i -  
za t ion  and exc re t ion  of  c h o l e s t e r o l  s to red  i n  t i s s u e s .  It was concluded 
t h a t  c l o f i b r a t e  has 2 major e f f e c t s  i n  man: i n h i b i t i o n  of c h o l e s t e r o l  syn- 
t h e s i s  and mobi l iza t ion  from t i s s u e s .  These s t u d i e s  were conducted on 
l i q u i d  formula d i e t s  of va r i ed  composition. 

U t i l i z i n g  

It has been previous ly  reportecF7 t h a t  n i c o t i n i c  acid increases  
b i l i a r y  s e c r e t i o n  of c h o l e s t e r o l  wi thout  increas ing  b i l e  a c i d  sec re t ion .  
It appears  t h a t  t h e  two most e f f e c t i v e  sys temica l ly  a c t i n g  hypolipidemic 
drugs ( c l o f i b r a t e  and n i c o t i n i c  a c i d )  share t h i s  common e f f e c t .  Aside 
from sugges t ing  t h e  importance of b i l i a r y  s t e r o l  s e c r e t i o n ,  these  f ind ings  

-generate  concern over  poss ib l e  product ion of  l i t hogen ic  b i l e 7 e .  

C l i n i c a l  E f f i cacy  T r i a l s  - Krasno and Kidera have r e p ~ r t e f l ~ e f f e c t s  of 
c l o f i b r a t e  on morbidi ty  and m o r t a l i t y  from coronary h e a r t  d i sease  i n  two 
male populat ions of d i f f e r e n t  average age (47.5 and 3 7 . 8  years ) .  Treat- 
ment w i t h  c l o f i b r a t e  r e su l t ed  i n  s i g n i f i c a n t  reduct ions i n  non-fa ta l  myo- 
c a r d i a l  i n f a r c t i o n  and t o t a l  events  r e f e r a b l e  t o  coronary h e a r t  d i sease ,  
wi thout  regard t o  previous ove r t  express ion  of d i sease  (myocardial 
i n f a r c t i o n ,  angina p e c t o r i s ) .  It i s  remarkable t h a t  no t r e a t e d  ind iv idua l  
developed angina.  The onset  of t he  p r o t e c t i v e  e f f e c t  of c l o f i b r a t e  ap- 
peared t o  be rap id ,  and was m i n t a i n e d  f o r  t h e  f u l l  5 1/2 years .  Although 
t h e  s tudy  a s  a whole v a l i d a t e d  the  r e l a t i o n s h i p  of hyperl ipidemia t o  
coronary hea r t  d i sease ,  p ro t ec t ion  apparent ly  extended t o  hyperl ipidemic 
ind iv idua ls  whose blood l i p i d s  were not  reduced by t reatment .  This ,  a long 
wi th  t h e  rap id  onse t ,  l e d  t o  a t e n t a t i v e  conclusion t h a t  t h e  p r o t e c t i v e  
e f f e c t  o f  c l o f i b r a t e  is due t o  some a c t i o n  o the r  than  l ipid- lowering.  A 
s i m i l a r  impl ica t ion  developed from the  Newcastle and S c o t t i s h  s t u d i e s  (see 
l a s t  y e a r ' s  review). Unlike t h e  Newcastle s tudy ,  however, t h e  present  
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s tudy d id  n o t  provide evidence f o r  a r e l a t i o n s h i p  between p r o t e c t i o n  and 
p re -ex i s t ing  angina.  The Krasno and Kidera r epor t ,  which concerns a p r i -  
mary prevent ion t r i a l ,  o f f e r s  considerably more convincing evidence f o r  a 
b e n e f i c i a l  e f f e c t  of c l o f i b r a t e  i n  coronary hea r t  d i sease  than d i d  the  
Newcastle and S c o t t i s h  s tud ie s .  Such a n  outcome i s  reasonable  on the  
b a s i s  t h a t  less advanced d i sease  should be more amenable t o  therapy.  
Newcastle and S c o t t i s h  s t u d i e s  have been ex tens ive ly  d iscussed  i n  t h e  
medical l i t e r a t u r e s o  42. 

The 

C lo f ib ra t e  appeared i n e f f e c t i v e  i n  a small, 7-year t r i a l  f o r  
secondary prevent ion of ce reb ra l  vascu la r  d i s e a s g 3  , i n  p a t i e n t s  s e l e c t e d  
not  only f o r  evidence of CVD, bu t  a l s o  f o r  hypercholesterolemia.  This  is  
perhaps n o t  s u r p r i s i n g  i n  view of t h e  r e l a t i v e l y  small con t r ibu t ion  of 
hypercholesterolemia t o  t o t a l  r i s k  i n  c e r e b r a l  vascu la r  d i s e a s g 4 .  

Dextrothvroxine (D-T, ) has been withdrawn from t h e  Coronary Drug 
P ro jec t ,  due t o  excess mor ta l i t y  a s soc ia t ed  wi th  t h e  dru$6,  a l though t h e  
p o s s i b i l i t y  remains t h a t  D-T, may be b e n e f i c i a l  i n  c e r t a i n  p a t i e n t  c a t e -  
go r i e s .  

- New Drugs - Although nafenopin (SU 13,437) has been withdrawn from c l i n i c a l  
inves t iga t ion ,  t h e  compound cont inues t o  e l i c i t  i n t e r e s t .  Evidence f o r  
long-term hepa to tox ic i ty  i n  man has been p u b l i s h e P  . Mechanism of i t s  
hypotr iglycer idemic e f f e c t  i n  man is  repor ted  t o  be reduct ion  of plasma 
t r i g l y c e r i d e  productiorF7 . The previously repor ted  i n h i b i t i o n ,  i n  v i t r o ,  
o f  l iver  a c e t y l  CoA carboxylase has now been extended t o  i n  v i v o  condi- 
t i ons6= .  Optical isomers of  nafenopin have been prepared and s t u d i e d  f o r  
e f f e c t s  on l ipogenic  enzymesee ; no e s s e n t i a l  d i f f e rence  was observed 
between isomers,  but  r e s u l t s  are d i f f i c u l t  t o  i n t e r p r e t  i n  terms of i n  
v i v o  l ipogenes is .  
s tud ied  i n  m i c g D .  

Hepatomegaly due t o  nafenopin and c l o f i b r a t e  have been 

Halofenate  cont inues t o  be charac te r ized  as a hypotr iglycer idemic 
and u r i c o s u r i c  drug, w i th  l i t t l e  e f f e c t  on cholesterolso ,*I. 
s u r i c  e f f e c t  has been s tud ied  i n  t h e  chimpanzees2. 
v i v o  y i e l d s  "halofenate f r e e  acid" ,  which is  t h e  u r i c o s u r i c  agent .  
Halofenate has e f f e c t s  similar t o  c l o f i b r a t e  on oxida t ion  of c h o l e s t e r o l  
by r a t  l i v e r  mitochondrias3. 

Its u r i co -  
P a r t i a l  hydro lys is  i n  

Probucol was i n ~ e s t i g a t e d e ~  i n  type I1 p a t i e n t s  a t  increased dosage, 
and produced good (27%) c h o l e s t e r o l  l m e r i n g .  Increased  b i l e  a c i d  excre- 
t i o n  occurred during t h e  c h o l e s t e r o l  f a l l .  Increases  i n  exc re t ion  of 
water, f a t  and d i e t a r y  c h o l e s t e r o l  were a l s o  noted;  changes i n  i n t e s t i n a l  
f l o r a ,  f a t  d i g e s t i o n  and l i p i d  abso rp t ion  are suggested.  Conf l i c t ing  evi- 
dence was obtained wi th  regard t o  e f f e c t  on c h o l e s t e r o l  synthes is .  
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A recent  s t u d P 5  suggests  t h a t  t h e  a n t i l i p o l y t i c  e f f e c t  of n i c o t i n i c  - ac id  is t h e  r e s u l t  o f  i n h i b i t i o n  of adenyl cyclase.  

A Chondroi t in  s u l f a t e  p repa ra t ion  is  under continued s t u d 9 6  ,S7as a n  
agent  p o t e n t i a l l y  a c t i v e  d i r e c t l y  a g a i n s t  t h e  a t h e r o s c l e r o t i c  l e s ion .  

Miscellaneous Drugs - Rachev, e t  a 1  have desc r ibeQea  poten t  a therogenic  
e f f e c t  of d i e t a r y  sodium f o r  r a b b i t s ,  and an  an t i - a the rogen ic  e f f e c t  of 
sodium-depleting d i u r e t i c s .  A l a r g e  number of  a n t i l i p o l y t i c  analogs of 
n i c o t i n i c  a c i d  have been d e s c r i b e a s .  
on a compound, designated LL 1558, w i th  b i o l o g i c a l  e f f e c t s  similar t o  
c l o f i b r a t e  bu t  w i t h  a completely d i f f e r e n t  s t r u c t u r e  (below). Methyl 
c lofenapate ,  a c l o f i b r a t e  analog wi th  very  long b i o l o g i c a l  h a l f - l i f e ,  pro- 
duced g r e a t e r  reduct ions  of low-density and very  low-dens i t y  l i popro te ins  
i n  man than d i d  c l o f i b r a t e ,  bu t  a l s o  produced long-term hepatotoxici ty101 . 

A series of papers100 has appeared 
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Chapter 20. S t e ro ids  and Bio logica l ly  Related 

Duane F. Morrow, Duane G ,  Gallo,  Mead Johnson Research 

Compounds 

C t r ,  Evansvi l le ,  I N  

In t roduct ion  - The flow of s t e r o i d  pub l i ca t ions  slackened considerably i n  
1972. The r i g i d  s t e r o i d  ske le ton  was s t i l l  used as a convenient framework 
f o r  the  inves t iga t ion  of new reac t ions ,  bu t  many of t he  compounds prepared 
seemed t o  have l i t t l e  medicinal u t i l i t y .  I n  t h i s  review, we  have 
attempted t o  select  f o r  i nc lus ion  those s t e r o i d  art icles which might have 
p a r t i c u l a r  i n t e r e s t  f o r  t he  medicinal  chemist. 

Proges t ins  - Analogs of progesterone containing new combinations of sub- 
s t i t u e n t s  on the pregnane nucleus continued t o  be synthesized.  Severa l  6- 
s u b s t i t u t e d  17wacetoxyretroprogesterones were repor ted  t o  be po ten t  o r a l  
progestagens, wi th  the 16-methylene-6-f luoro-A6- and t h e  lB,ZB-methylene- 
6-fluoro-A6-derivatives being t h e  most po ten t  agents  y e t  descr ibed.  
i s  i n t e r e s t i n g  t o  no te  the d i f f e rence  between the  r e t r o  and normal series 
i n  the  e f f e c t s  of var ious  s u b s t i t u e n t s  i n  t h e  A and B r i ngs  on progesta- 
t i o n a l  a c t i v i t y .  In  the  normal series the 6-subs t i tuents  enhance a c t i v i t y  
i n  the  order  H<CH3<F<C1, with the  chloro compomd being approximately 6 
times more poten t  than the unsubs t i tu ted  de r iva t ive ,  while  i n  the  r e t r o  
series t h e  same s u b s t i t u e n t s  rank CH3<H<Cl<F, with the f luoro analog being 
about 40 times more po ten t  than the  methyl de r iva t ive .  ’”’ In  t h e  normal 
series the  in t roduct ion  of a A’-double bond has  l i t t l e  e f f e c t  upon a c t i -  
v i t y  but  i n  the  r e t r o  series 1,2-dehydrogenation decreases  potency.2 Addi- 
t i o n  of a 4-chloro s u b s t i t u e n t  i n  the  normal series enhances a c t i v i t y  bu t  
similar s u b s t i t u t i o n  i n  the  r e t r o  series has  l i t t l e  e f f e c t .  

It 

Progesterone de r iva t ives  wi th  carbon-linked s u b s t i t u e n t s  a t  C-6, 
such as t r i f luoromethyl ,  cyano, and formyl were a l l  considerably less 
a c t i v e  than those with the  6-methyl group.4s137 
d i f luo ro  s u b s t i t u t i o n  appears t o  be e r ra t ic ;  enhancement of  a c t i v i t y  ,by a 
f a c t o r  of 2 t o  4 is found i n  norethindrone and i ts  esters,’S6s7 no e f f e c t  
was found i n  the 17a-al lenyl  d e r i v a t i v e 5 r e  o r  n o r g e s t r e l , ?  and a dimin- 
i shed  a c t i v i t y  (ca. 115) w a s  found i n  both the  progesterone and 19-norpro- 
gesterone de r iva t ives ,  The 17a-al lenyl  analog of norethindrone i s  20 
t i m e s  more potent  o r a l l y  than the parent ,  although t h e  corresponding 17a- 
a l l e n y l e s t r a d i o l  i s  considerably less poten t  than the  17a-ethinyl  com- 
pound.5i81t was pos tu la ted  t h a t  the  g r e a t l y  enhanced a c t i v i t y  of t he  17a- 
a l l e n y l  progestagen i n d i c a t e s  a poss ib le  chemical r eac t ion  between the  
a l l e n e  group and the  receptor  p ro te in .  Shortening o r  lengthening the  C- 
17a-acyl res idue  of 17a-acyloxyproges terone de r iva t ives  was shown t o  dim- 
i n i s h  p roges t a t iona l  a c t i v i t y ,  

The e f f e c t  of 6,6-=- 

, 
A l a r g e  series of acetals of 14a,l7a-dihydroxyprogesterone and i ts  

de r iva t ives  w a s  prepared, and several of these had s i g n i f i c a n t  progesta- 
t i o n a l  and a n t i f e r t i l i t y  a c t i v i t y ,  l o  

14a, 17a-e thanoprogesterones and the  syn thes i s  of  14a, 17a-ethano-A’ ’-pro- 
ges terone,  the  “ inver ted”  isomer of t he  p roges t a t iona l ly  a c t i v e  14a, 17a- 
ethenoprogesterone, w a s  reported.  ””‘ The syn thes i s  of  t he  BCD a l l - 2  

The p roges t a t iona l  a c t i v i t y  of some 
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s t e r o i d ,  8a,l4B-progesterone, was descr ibed,  bu t  no b i o l o g i c a l  d a t a  was 
presented.  
less active than the  unsubs t i tu ted  &-progesterone and less than 5% a s  
a c t i v e  as progesterone i t s e l f . I 4  
dimethylprogesterone was prepared, 
hexano- and cyclohex-3-eno [ 16a, l7a]proges terones were found t o  have pro- 
g e s t a t i o n a l  a c t i v i t y .  

However, 8a-methylprogesterone w a s  found t o  be considerably 

A series o f  new de r iva t ives  of 16a,17a- 
and var ious ly  a lky la t ed  cyclo- 

16 

Two r epor t s  dea l ing  wi th  the  i n t r i g u i n g  concept of i r r e v e r s i b l y  
i n a c t i v a t i n g  the  progesterone receptor  by s e l e c t i v e  a lky la t ion  were pub- 
l i shed .  I n  one a series of 2-chloromercuriprogesterones, which have the  
p o t e n t i a l  f o r  i r r e v e r s i b l e  i n t e r a c t i o n  with grotein-SH groups, were pre- 
pared but  no b i o l o g i c a l  da t a  were reported.’  
ace toxy-, chloroacetoxy-, and bromoace toxyproges terone were found t o  pos- 
sess s i m i l a r  a c t i v i t y  as s u b s t r a t e s  f o r  the  20B-hydroxysteroid dehydrogen- 
ase  from Streptomyces hydrogenans, bu t  only the  16a-bromoacetoxy compound 
inac t iva t ed  the  enzyme o r  a lky la t ed  several amino ac id  nuc leophi les .  Fur- 
t h e r  s t u d i e s  wi th  t r i t i a t e d  16a-bromoace toxyprogesterone suggested the  
presence of a h i s t i d i n e  moiety i n  c lose  proximity t o  the  a c t i v e  s i t e  of 
the  enzyme, 

In  a second s tudy 16a- 

1 8  

?H 

1 HO - 2 - 3 - 

Estrogens - Inves t iga t ion  of t he  s t r u c t u r a l  requirements necessary f o r  
s t e r o i d a l  e s t rogen ic  a c t i v i t y  continued. The g r e a t e r  potency of 8a-meth- 
y l e s t r a d i o l ,  i n  c o n t r a s t  t o  the  i n a c t i v i t y  of  t he  8B-methyl isomer, ind i -  
cates t h a t  the  exac t  shape of t he  r i g i d  s t e r o i d  backbone sepa ra t ing  the  
two bonding oxygen func t ions  i s  not  too important  as long as no s u b s t i t u -  
e n t s  are present  on the  f3-face. l 4  ’ l 9  The f l e x i b i l i t y  a l lowable i n  the  
inter-oxygen d i s t ance  was again demonstrated by the  e s t rogen ic  potency 
(ca. 112 t h a t  of e s t r a d i o l )  possessed by the  4-hydroxy isomer How- 
eve r ,  D-bishomoestradiol r e t a ined  only about l% of the  potency of estra- 
diol , ’ l  and t h e  C,D-bissecosteroid 2, prepared a s  a s impler ,  more estra- 
d io l - l i ke  analog of t he  poten t  es t rogen  Horeau a c i d  2, was inac t ive .22  
These r e s u l t s  i n d i c a t e  t h a t  t h e  na tu re  and r i g i d i t y  of  t h e  backbone sepa- 
r a t i n g  the two bonding sites must s t i l l  play an important ro l e .  The t o t a l  
synthes is  of t h e  o p t i c a l l y  a c t i v e  form of 6- thiaestrone was repor ted ,2  
as w e l l  a s  the  p repa ra t ion  of s e v e r a l  of i t s  var ious ly  s u b s t i t u t e d  der iva-  
t i ves .  

Androgens - The o r a l  androgenic and anabol ic  ac t iv i t ies  of a series of 
16a,17a-cyclopropanoandrostanes were repor ted ,  wi th  the  i soxazole  der iva-  
t i v e  The potency of 4 was 
less than t h a t  of t he  s tandard  anabol ic  agents  wi th  which i t  w a s  compared, 

having the b e s t  anabol ic /androgenic  r a t i o . 2 5  
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bu t  whether t he  smaller cyclopropano s u b s t i t u e n t  avoids  the  hepa to tox ic i ty  
usua l ly  encountered wi th  compounds possess ing  the  17a-methyl group was n o t  
d i scussed ,  In  c o n t r a s t  wi th  8a- tes tos  te rone ,  which possesses  about 40% of 
the  androgenic i ty  of t e s t o s t e r o n e ,  8a-methyl tes tosterone was only  very  
weakly androgenic b u t  r e t a i n e d  about 20% of the  anabol ic  potency of tes- 
tos te rone .  l 4  The s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  of a series of cyclo- 
a lkeny l  e t h e r s  of t e s t o s t e r o n e  and i ts  d e r i v a t i v e s  w a s  repor ted ,  
of t hese  o r a l l y  active compounds were supe r io r  t o  methyl t e s t o s t e r o n e  i n  
potency and/or  myogenic/androgenic r a t i o ,  D-Bishomo tes t o s  te rone  has  
only 3% of the  androgenic potency of t e s tos t e rone  i n  chickens and is  inac-  
t i v e  i n  rats; however, t he  conf igura t ion  of t h e  hydroxyl group of bo th  
t h i s  compound and the  corresponding es t r a d i o l  d e r i v a t i v e  mentioned above 
w a s  n o t  r i go rous ly  e s t a b l i s h e d .  
v i t y  was a t t r i b u t e d  earlier t o  B-homo-A, 19-bisnorandrostene d e r i v a t i v e s ,  
and a method of s y n t h e s i s  of t hese  compounds was repor t ed .27  
t i o n  of 9a-cyano-19-nortestosterone w a s  descr ibed ,  bu t  no b i o l o g i c a l  d a t a  
w a s  p resented ,  2 6  

Severa l  

Enhanced androgenic and anabo l i c  act i -  

The prepara- 

A series of 17-sp i roe thers  and s p i r o l a c t o n e s  w a s  repor ted  t o  have 
i n t e r e s t i n g  ant i -androgenic  a c t i v i t y  unaccompanied by o t h e r  b i o l o g i c a l  
a c t i v i t i e s ,  except  f o r  some very  weak a ldos  te rone- inhib i  t i o n ,  
s t e r o i d a l  i s o b u t y r a n i l i d e  w a s  s u r p r i s i n g l y  repor ted  t o  possess  anti-  
androgenic  a c t i v i t y  equ ipo ten t  t o  t h a t  of cyproterone acetate wi th  no 
o t h e r  endocr ine- re la ted  e f f e c t s .  It  a l s o  d id  n o t  i n t e r f e r e  wi th  l i b i d o  o r  

A non- 

sexual  potency i n  male rats. 30 

QH OA c 

Me 
J. 
0 5 - 

Et 

6 - 
Cort ico ids  - The f i r s t  syntheses  of an 18-methyl and a B-nor c o r t i c o i d  
were r epor t ed  but  b i o l o g i c a l  p r o p e r t i e s  were n o t  d i scussed ,  3 1 ’  32 

oxazol id ino  c o r t i c o i d  had 4 times the  potency of hydrocor t i sone  i n  the  
thymus and granuloma reduct ion  assays ,  3 3  

di f luoropredniso lone  were found t o  be 10 t o  35 times as a c t i v e  as the  
pa ren t  t r i o l ,  34 and s e v e r a l  o t h e r  d e r i v a t i v e s  of known anti-inflammatory 
s t e r o i d s  were r epor t ed  t o  possess  advantageous b i o l o g i c a l  p r o p e r t i e s .  35-3 

A 21- 

Some 17 ,21-d ies te rs  of 6a,9a- 

The i s o l a t i o n  of a group of A 9 ( ’  ’ ) - s t e ro ids ,  most ly  38,6a-dihydroxy- 
5a-pregn-9(1l)-en-ZO-one, from s t a r f i s h  raises the  i n t e r e s t i n g  p o s s i b i l i t y  
of using these  as a convenient s t a r t i n g  material f o r  s y n t h e s i s  of 11- 
oxygenated s t e r o i d s .  38-4 
s i d e  chain from a 17-ketone w a s  r epor t ed .44  

A new procedure f o r  syn thes i z ing  t h e  c o r t i c o i d  

Hetero S te ro ids  - Much work cont inues  t o  be done i n  t h i s  area, inc lud ing  
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many new syntheses  of r i n g  systems descr ibed earlier, Among the  many 
i n t e r e s t i n g  new compounds repor ted  were 11-oxaprogesterone and some of i t s  
der iva t ives .  The parent  compound was considerably weaker than progester-  
one i n  the McPhail-Clauberg assay,  b u t  w a s  2 112 times as poten t  as pro- 
ges terone as an ovulat ion i n h i b i t o r  i n  r abb i t s .  
potency of 8-azae th inyles t rad io l  w a s  only s l i g h t l y  less than t h a t  of 
e t h i n y l e s t r a d i o l .  " 
and the f i r s t  phosphasteroid (5) were repor ted .48  
oxandrolone and i t s  19-nor de r iva t ive ,  as w e l l  as 2-azaestrone methyl 
e t h e r  and the  corresponding 17a-ethinyl  de r iva t ive  were synthesized,  b u t  
no mention w a s  made of t h e i r  b i o l o  ica l  a c t i v i t y . 4 4  The syn thes i s  of the  
A-furano s t e r o i d s  was described. A series of  3-hetero-A-homoandrostan- 
17B-01s was prepared, and i n  c o n t r a s t  t o  the  i n a c t i v e  A-homotestosterone, 
s e v e r a l  of  these possessed anabol ic  and androgenic a c t i v i t y .  

The o r a l  e s t rogen ic  

The syntheses  of a 7 - th i aes t r ad io l  de r iva t ive  (2) '' 
The 2-aza analog of 

5 1  

9 - 8 - 7 - 
Tota l  Synthesis  - Condensation of a vinyldihydronaphthalene wi th  2,6- 
dimethylbenzoquinone afforded the  key in te rmedia te  S i n  69% y i e l d ,  This 
was r ead i ly  isomerized t o  the 14a-epimer and converted by s tandard  means 
t o  9 i n  22% o v e r a l l  y i e ld .  This  r e l a t i v e l y  i m  l e  syn thes i s  a f f o r d s  20- 
ketopregnanes, wi th  o r  without  the  use fu l  Ag'llp-double bond, and should 
be equal ly  appl icable  t o  the  more chal lenging 3-keto-A4-10B-methyl series, 
f o r  which the  au thors  reported encouraging i n i t i a l  r e s u l t s , 5 2 ' 5  The use 
of 2-methyl-6-vinylpyridine as an a l k y l a t i n g  agent which can be  e a s i l y  
converted t o  a B- (3-0x0-1-cyclohexenyl) e thy1 group af forded  an easy  rou te  
t o  D-homo-19-norsteroids. 54 

cedure to  the  synthes is  of the  normal 5-membered-D-ring s t e r o i d s .  A new 
procedure f o r  t he  in t roduct ion  of t he  19-methyl group i n t o  the  t r i c y c l i c  
intermediate  @ by a lky la t ion  of t he  anion of t he  dienone w a s  repor ted .55  
The relative va lues  of  a v a r i e t y  of precursors  f o r  the  A r i n g  i n  the  syn- 
theses  of estr-4-ene-3,17-dione proceeding through the  eno l  e t h e r  i n t e r -  
mediate 11 were discussed,  as w e l l  as new syntheses  of t he  in te rmedia te  
i t s e l f ,  5b-61 
r epor ted ,  the key s t e p  being t h e  in t roduct ion  of the  9B-methyl group by 
the  ac t ion  of l i t h ium dimethylcopper on the  enone e.62 
of l - a b i e t i c  a c i d  t o  an an t ipoda l  s t e r o i d  w a s  begun, and the  syn thes i s  of 
a key t r i c y c l i c  in te rmedia te  was reported.6 
cyc l i c  analog of squalene oxide t o  the  l a n o s t e r o l  r i n g  system w a s  de- 
sc r ibed .64  
of a v a r i e t y  of novel  r ing-subs t i tu ted  s t e r o l s .  

The authors  are at tempting t o  adapt t h i s  pro- 

The synthes is  of  19(10 +9f3)=-10a-testosterone w a s  

The conversion 

The cyc l i za t ion  of  a mono- 

We can expect t h i s  process  t o  be adapted soon t o  t h e  syn thes i s  

Miscellaneous Chemistry - The prepara t ion  of  17-spirolactones such as 12 
has been f a c i l i t a t e d  by the development of a new s y n t h e t i c  procedure, in  
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0 n 

R, R' =€I, @ , 
a l k y l  

which a 17$,20-epoxide is t r e a t e d  wi th  t h e  d i l i t h i o  s a l t  of t he  appropri- 
ate ac id .65  
chain is displaced by secondary amines t o  give 21-amino d e r i v a t i v e s ,  The 
r eac t ion ,  which occurred even more r ead i ly  than enamine formation a t  the 
A4-3-keto funct ion,  presumably proceeds through the  tautomeric 20-hydroxy- 
21-aldehyde. 6 6  The syn thes i s  o f  148-fluoro s t e r o i d s  w a s  descr ibed ,67  as 
w e l l  as the use of b i s  (f1uoroxy)difluoromethane t o  convert en01 esters t o  
a-fluoroketones (s,..g. 9a-fluoro-ll-ketones) . The t o t a l  syn thes i s  of 
l0B-sulfur s u b s t i t u t e d  s t e r o i d s  (13) 5 0  and the  prepara t ion  of t h e  17a- th io l  
de r iva t ive  of pregnenolone6 , 7 0  were repor ted ,  b u t  no mention of b i o l o g i c a l  
a c t i v i t y  w a s  made, 
t r i pheny l t in  hydride w a s  descr ibed,  i n  which the lac tone  14 w a s  formed by 
reduct ion of 3~,12a-diacetoxypregna-14,16-dien-20-one. 71 -ihe selective 
reduct ions of s t e r o i d  ketones wi th  s u l f u r a t e d  borohydrides was repor ted .  7 2  

A very n i c e  unsymmetrical cleavage of the  2,3-bond of 3-keto-5B-steroids 
a f fo rd ing  the  cyanoaldehyde 2 was accomplished. 73 

It w a s  found t h a t  t he  21-hydroxyl group of the c o r t i c o i d  s i d e  

An unusual degradation of the  17B-acetyl s i d e  chain by 

R-0, CH3 
0 

13 
I 

14 - 
" H  

15 - 
Oxidation of es t rogens wi th  benzoyl peroxide a f forded  the  corre- 

sponding 2-benzoyloxy de r iva t ives  i n  55-60% y i e l d ,  74 whereas t h e  use of 
thallium t r i f l u o r o a c e t a t e  gave i n  75% y i e l d  the  log-trifluoroacetoxy-A' p 4 -  

3-one, which w a s  r e a d i l y  hydrolyzed t o  the  106-01. 7 5  

Remote func t iona l i za t ion  was accomplished by a v a r i e t y  of new meth- 
ods. Photochemical oxidat ion of 38,17$-diacetoxy-5a-androstane with  per- 
acetic ac id  a f forded  a 25% conversion to  a 1:l mixture of  t he  corresponding 



199 Chap. 20 S te ro ids  Morrow, Gallo - 
5a- and 146-hydroxylated de r iva t ives ,  76 
phenyliodosochloride (and t o  a lesser e x t e n t  bromotrichloromethane) with 
sa tu ra t ed  s t e r o i d s  afforded a 75% conversion t o  a 1:l mixture of A’(’’)- 
and A ” - ~ t e r o i d s . ~ ~  Deoxycholic a c i d  was oxidized with a i r ,  EDTA, and 
f e r rous  ion  t o  a 15a-hydroxy de r iva t ive .  7 8  

The photochemical r eac t ion  of  

A n t i f e r t i l i t y  - The cyc lo t e t r a s i loxane  16 represents  t he  f i r s t  pure ly  non- 
func t iona l  organos i l icon  compound repor ted  t o  have endocrine a c t i v i t y .  7 9  
It  is a weak estrogen with no an t i e s t rogen ic  p rope r t i e s  and m i m i c s  t h e  
a n t i f e r t i l i t y  and ant igonadotropic  a c t i o n s  of es t rogens ,  b u t  may possess  , 
i n  addi t ion ,  a d i r e c t  ant iandrogenic  ac t ion .  79-81  Four te t rahydroisoquin-  
o l i n e s  were repor ted  t o  have p rope r t i e s  similar t o  those of impeded es t ro-  
gens b u t  t o  d isp lay  p o s t c o i t a l  a n t i f e r t i l i t y  e f f e c t s  only a t  e s t rogen ic  
doses, In  c o n t r a s t ,  a series of 4-methyldibenzothiophenes possessed 
p rope r t i e s  t y p i c a l  of impeded es t rogens  and two of these were claimed t o  
show a n t i f e r t i l i t y  e f f e c t s  no t  exp l i cab le  by t h e i r  e s t rogen ic  potency.’ 
S imi la r ly ,  some c y c l i c  e t h e r s  of e t h i n y l e ~ t r a d i o l ’ ~  and e s t r i o l ”  were 
repor ted  t o  possess  p o s t c o i t a l  a n t i f e r t i l i t y  p rope r t i e s  a t  non-estrogenic 
dose levels. A series of a n i l  in te rmedia tes  i n  t h e  syn thes i s  of 12-aza- 
s t e r o i d s  were repor ted  t o  have an ant i - implantat ion e f f e c t , 8 6  and one of  a 
series of 4(3H)-quinazolines had weak p o s t c o i t a l  a n t i f e r t i l i t y  a c t i v i t y  
i n  the  rat .e7 Dihydroe lac te r ic in  A (17) w a s  repor ted  t o  have only weak 
u t e ro t rop ic  a c t i v i t y  b u t  t o  cause prolonged i n h i b i t i o n  of ovulat ion.  
a b r i e f  r epor t ,  the  o r a l  adminis t ra t ion  of sodium a c e t a t e  w a s  claimed t o  
have a n t i f e r t i l i t y  e f f e c t s  i n  mice, hamsters, guinea p igs  and r a b b i t s  a t  
doses ranging from 1 t o  200 mg.” The p o s t c o i t a l  a n t i f e r t i l i t y  a c t i v i t y  
of  a series of aminoalcohols i n  the  mouse, rat and r a b b i t  w a s  p resented  i n  
a prel iminary r epor t ,  
the  modes of ac t ion  of  these agents  may provide p e r t i n e n t  information con- 
cerning the chemistry and pharmacologic con t ro l  of reproduct ion.  
on t h e  e f f e c t s  of nons t e ro ida l  compounds i n  nonhuman p r ima tesYg1  and the  
mode of a c t i o n  of nons t e r o i d a l  an t ies t rogens”  were published. 

I n  

Confirmation of these  r e p o r t s  and e l u c i d a t i o n  of 

Reviews 

0 

M e  

i 
16 - 1 7  - 

Vitamin D - Continued inves t iga t ions  have c l e a r l y  demonstrated t h a t  chole- 
c a l c i f e r o l  (Vitamin D3) must be hydroxylated, f i r s t  a t  C-25 by the  l i v e r  
and then a t  C-1  by the  kidney, before  i t  can d i r e c t l y  func t ion  i n  calcium 
homeostasis. The r e s u l t i n g  1,25-dihydroxycholecalciferol (18) can 
s t imu la t e  both the  i n t e s t i n a l  absorpt ion” and the  mobilizationgrof bone 
calcium. From l imi t ed  s t r u c t u r e - a c t i v i t y  s t u d i e s  i t  appears t h a t  a 
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hydroxyl a t  C-1  of t he  vi tamin D molecule is requi red  f o r  promotion of 
these b i o l o g i c a l  e f f e ~ t s , ’ ~ , ’ ~  Thus 5 , 6 - ~  cho leca lc i f e ro l  (2) can 
d i r e c t l y  s t imu la t e  bone calcium mobil izat ion,  I n t e r e s t i n g l y  5,6-trans- 
25-hydroxycholecalciferol (20) is capable o f  s t imu la t ing  the  i n t e s t i n a l  
absorpt ion b u t  n o t  the  mobi l iza t ion  of bone calcium, a f o r t u i t o u s  combin- 
a t i o n  of p rope r t i e s  which makes t h i s  compound an a t t r a c t i v e  agent f o r  t he  
treatment of the  abnormali t ies  i n  calcium homeostasis which occur i n  
chronic  r e n a l  f a i l u r e .  The r ecen t  syn thes i s  of 1a,,25-dihydroxycholecal- 
c i f e r o l  served t o  confirm the  conf igura t ion  of t h e  n a t u r a l  metabol i te  and 
should provide s u f f i c i e n t  q u a n t i t i e s  f o r  cl inical  inves t iga t ions .  ’ Two 
new a l l e n e  de r iva t ives  were i s o l a t e d  as by-products from the  i r r a d i a t i o n  
of cho leca lc i f e ro l  i n  e thanol  b u t  t h e i r  b i o l o g i c a l  a c t i v i t y  was n o t  inves- 
t i ga t ed .  

Radioimmunoassay - One of  t h e  most vexat ious problems encountered i n  bio- 
l o g i c a l  s t u d i e s  of s t e r o i d s  i s  the  i n a b i l i t y  t o  accura te ly  and s p e c i f i -  
c a l l y  measure the vanishingly small q u a n t i t i e s  normally present  i n  biolog- 
i ca l  tissue o r  f l u i d s .  An e x c i t i n g  recent  development i n  t h i s  f i e l d  is 
the  r e a l i z a t i o n  t h a t  s t e r o i d s ,  a t t ached  as haptenes t o  p ro te in  molecules, 
e l i c i t  t h e  formation of  an t ibod ie s  which are d i r ec t ed  a g a i n s t  t he  p a r t i c -  
u l a r  s t e r o i d  used as the haptene. 
s p e c i f i c i t y  of the  an t ibod ie s  f o r  a given s t e r o i d  appears t o  be t h e  loca- 
t i o n s  of the  func t iona l  groups of  the s t e r o i d  r e l a t i v e  t o  t h e  s i te  of its 
attachment t o  t h e  p ro te in  an t igen .  As might be an t i c ipa t ed ,  t he  s p e c i f i -  
c i t y  of t he  antibody is enhanced by a t t ach ing  the  s t e r o i d  t o  p r o t e i n  a t  a 
s i te  as f a r  as poss ib l e  from t h e  func t iona l  groups which d i s t ingu i sh  the  
s t e r o i d .  l o  ’-lo The chemistry involved i n  preparing s u i t a b l e  an t igens  is 
descr ibed i n  seve ra l  papers. ’ A p a r t i c u l a r l y  i n t r i g u i n g  procedure 
f o r  de r iva t i z ing  A4-3-ketones involves  nuc leoph i l i c  a t t a c k  on the  6,7- 
dehydro derivatives by ambidentate reagents  t o  give 7a- thioether  a lkanoic  
ac ids ,  which may then b e  a t tached  t o  p r o t e i n  via e.8. t h e  €-amino group of 
lys ine .  l o 2  Ste ro ids  f o r  which radioimmmoassay methods were publ ished i n  
1972 include: A5-38-hydroxysteroids; ’ 0 6  aldosterone;  l o  7-1 ’’ cor t i cos t e r -  
one;’ l 2  deoxycorticosterone; c o r t i s o l ;  ’I4, ’I5 l l -deoxycor t i so l .”6  de- 
h droe iandros te rone ;”?  e s t rone ,  e s t r a d i o l  andlor  e s t r i o l ;  l o  ‘ ” O  4’104’ 

13e-’2g 15a-hydroxyestriol; 1 2 ’  pregnenolone; 122 progesterone; 123-126 17- 
hydroxyprogesterone; ’ * ?  and tes tos te rone .  128-130 

ca t ion  of t he  usua l  procedure, an antibody t o  e s t r a d i o l  was covalen t ly  

The most important  determinant of t he  

’-‘ 

In  an i n t r i g u i n g  modifi- 
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l i nked  t o  a water in so lub le  c a r r i e r ,  thus  f a c i l i t a t i n g  the  s e p a r a t i o n  of 
bound and unbound l abe led  s t e r o i d .  1 3 1  A gene ra l  review of rad io imuno-  
assays  w a s  a l s o  publ ished.  1 3 2  

Miscellaneous - Review a r t ic les  on s t e r o i d  photochemistry,  3 3  t h e  synthe- 
sis and b i o l o g i c a l  a c t i v i t  
a c t i v i t y  of h e t e r o ~ t e r o i d s ’ ~ ~  have appeared. The two-volume se t ,  “Organic 
Reactions i n  S t e r o i d  Chemistry”, provides  a very  u s e f u l  r e fe rence  work.’ 36 

of aza  s t e r o i d s ,  3 4  and the  pharmacological 

References 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 

17. 
18. 
19. 
20. 

21. 
22. 
23. 

24. 

25. 
26. 
27. 
28. 

29. 

30. 
31. 
32. 

33. 
34. 
35. 
36. 
37. 

S. J. Halkes, J. Hartog, L. Morsink, and A. M. de Wachter, J. Med. Chem., IS, 1288 
(1972). 
J. Hartog, J.  I. G. M. Wittelaar, L. Morsink, and A. M. de Wachter, G., l5, 1292 
(1972). 
E. L. Shapiro,  L .  Weber, H. Harris, C. Miskowicz, R. Neri, and H. L .  Herzog, G., 
- 15, 716 (1972). 
T. L .  Popper, H. P. Faro, F. E. Carlon, and H. L. Herzog, E., l5, 555 (1972). 
A. L. Johnson, fbid., 15, 854 (1972). 
A. L. Johnson, S t e r o i d c  20, 263 (1972). 
A. L. Johnson, J .  Med. Chem., l5, 360 (1972). 
E. E. Galantay, R. V. Coomes, I. Basco, R. L .  E l ton ,  and E. Harrington. Expe r i en t i a ,  
- 28, 771 (1972). 
A. L. Johnson, J. Med. Chem., IS, 784 (1972). 
D. van d e r  S i j d e ,  H. J. Kooreman, K. D. J a i t l y ,  and A. F. Marx, w., l5, 909 (1972) 
J. N .  Kapoor, Diss. Abstr. I n t .  B ,  33, 127 (1972). 
A. J.  Solo, S. Eng, and B. Singh, J.  Org. Chem., 37, 3542 (1972). 
F. Mukawa and W. Nagata, Bull .  Chem. SOC. Japan, 45, 574 (1972). 
G. Amiard, R. Heymes, and T. Van Thuong, Bull .  SOC. Chim. Fr.. 272 (1972). 
L. S. Morozova, F. A. Lur ’ i ,  and V. I. Maksimov, Khim-Farm. Zh.,&, 5. 13,  2 1  (1972); 
Chem. Abstr . ,  77, 34763f, 12691711, 164948f (1972). 
A. A. Akhrem, L. E. Kulikova, I. S. Levina, and Y. A. Ti tov ,  Izv. Akad. Nauk SSSR, 
Ser. Khim., 1358 (1972); Chem. Abstr . ,  77, 88772b (1972). 
R. G. Smith, H. E. Ensley, and H. E. Smith, J. Org. Chem.,  37, 4430 (1972). 
F. Sweet, F. Aries, and J. C. Warren, J. Biol.  Chem., 247, 3424 (1972). 
H. P. Weber and E. Galantay, Helv. Chim. Acta,  55, 544 (1972). 
T. M. Segal,  M. A. Chernyavskaya, and I. V. Torgov, Izv.  Akad. Nauk SSSR, Ser.  
Khim., 655 (1972); Chem. Abstr . ,  77, 887632 (1972). 
G. Eadon and C. Djerassi, J. Med. Chem., l5, 89 (1972). 
P. N.  Rao, D. H. Buss, and L. R. Axelrod, w., l5. 426 (1972). 
W. M. 8. K h t ,  W. N .  Speckamp, H. 0. Howen, and H. 0. Huisman, Rec. Trav. Chim. 
Pays-Bas, 91, 861 (1972). 
W. M. B. K z s t ,  J.  van Bruynsvoort, W. N.  Speckamp, and H. 0. Huisman. E., 9 l ,  869 
(19 72) . 
K. E. Fahrenholtz,  K. P. Meyers, R. W. Kiers tead ,  J. Med. Chem., IS, 1056 (1972). 
R. Gardi, G. Falconi ,  C. P e d r a l i ,  R. Vi ta l i ,  and A. E r c o l i ,  S t e ro ids ,  l9, 639 (1972). 
S. V. Sunthankar and S. 0. Mehendale, Tetrahedron L e t t . ,  2481 (1972). 
R. E. I r e l and ,  G. P f i s t e r ,  D. J .  Dawson, D. Dennis, and R. H. S tanford ,  Syn. Commun., - 2, 175 (1972). 
G. H. Rasmussen, A. Chen, G. F. Reynolds, D. J. P a t a n e l l i ,  A. A. P a t c h e t t ,  and G. E .  
Arth,  J. Med. C h e m . ,  l5, 1165 (1972). 
R. Neri, K. Florance,  P. Koziol,  and S. Van Cleave, Endocrinology, 9 l ,  427 (1972). 
L .  Bot ta  and J. Kalvoda, Exper ien t ia ,  2, 625 (1972). 
V. S h d a ,  J. Fajkoz, F. gorm, and J. P ro t iva ,  Co l l ec t .  Czech. Chem. Commun., 37, 2807 
(1972). 
E. J. Agnello and P. R. Far ina ,  J. Med. Chem., 2, 363 (1972). 
R. Gardi,  R. V i t a l i ,  G. Falconi ,  and A. E r c o l i ,  fbid., IS, 556 (1972). 
E .  J. Col l in s ,  J. Aschenbrenner, and M. Nakahama, S te ro ids ,  20, 543 (1972). 
H. Kitagawa, T. Mohri, and M. Kitagawa, Arzneim.-Forsch.. 22, 402 (1972). 
G. Falconi  and G. L. Rossi ,  Arch. Dermatol., 105, 856 (1972). 



- 202 S e c t .  I V  - Metabol ic  & Endocrine Moreland, Ed. 

38. 
39. 
40. 
41. 
42 
43. 
44. 
45. 
46. 

47. 
40. 
49. 
50. 
51. 
52 t 

53. 
54. 
55. 
56. 
57. 
58. 

59. 

60. 
61. 
62. 
63. 
64. 
65. 
66. 

67. 
68. 

69. 

70. 

71. 
72. 
73. 
74. 
75. 
76. 
77. 

78. 

79. 

80. 
81. 
82. 
83. 

84. 

85. 
86. 
87. 
88. 

Y. M. Shiekh, B. M. Tursch, and C.  Djerassi, J. A m e r .  Chem. SOC., 94, 3278 (1972). 
Y. Shimizu, e., 96, 4051 (1972). 
S. Ikegami, Y. Kamiya, and S. Tamura, Tetrahedron L e t t . ,  1601, 3725 (1972). 
Y. M. Sheikh, B. Tursch, and C. Djerassi, z., 3721 (1972). 
D. S. H. Smith and A. B. Turner, G., 5263 (1972). 
S. I k e g d ,  Y. Kamiya, and S. Tamura, Agr. Bio l .  Chem., 36, 1777 (1972). 
A. Krubiner, A. P e r r o t t a ,  H. Lucas, and E. P. O l ive to ,  S t e ro ids ,  19 ,  649 (1972). 
C. R. Engal, R. C.  Ras togi ,  and M. N. R. Chowdhury, w., 2, 1 c 9 7 2 ) .  
C. L. Rasraert, R. S. Rich te r ,  R. E. Brown, and G. D i  Pasquale,  S t e ro ids  L ip ide  Res., - 3, 185 (1972). 
H. 0. Huisman, Horn. S t e ro ids ,  Proc. I n t .  Congr., 3rd,  1970, 110 (1971). 
C. H. Chen and K. D. Be r l in ,  Phosphorus, 1, 49 (1971). 
R. Pappo and R. J. Chorvat, Tetrahedron L e t t . ,  3237 (1972). 
T. Komeno, S. I sh iha ra ,  and H. I t a n i ,  Tetrahedron, 28, 4719 (1972). 
G. Zanati and M. E .  Wolff, J. Med. Chem., 15, 368 (1972). 
R. A. Dickinson, R. Kubela, G. A. MacAlpine, 2. Stojanac ,  and Z. Valenta,  Can. J. 
Chem., SO, 2377 (1972). 
R. Kubela, Diss. Abstr .  I n t .  B. ,  32, 6874 (1972). 
S. Danishefsky and A. Nagel, J. Chem. Soc. ,  Chem. Comun., 373 (1972). 
S. Danishefsky, P. Solomon, and L. Crawley, Tetrahedron Lett.,  961  (1972). 
J. W. S c o t t  and G. Saucy, J. Org. Chem., 37, 1652 (1972). 
3. W. Sco t t ,  R. Borer,  and G. Saucy, ibid;-;37, 1659 (1972). 
J. W. S c o t t ,  E. Widmer, W. Meier, L. Labler ,  P. Mcller, and A. F c r s t ,  E., 37, 
3183 (1972). 
N. Cohen, B. Banner, R. Borer, R. Mueller, R. Yang, M. Rosenberger, and G. Saucy, e., 37, 3385 (1972). 
M. Rosenberger, A. J. Duggan, and G. Saucy, Helv. C h i m .  Acta, 55, 1333 (1972). 
M. Rosenberger, A. J. Duggan, R. Borer,  R. Miller, and G. Saucy, s., 55, 2663 (1972). 
J. R. Bu l l  and A. Tuinman, J. Chem. Soc., Chem. Commun., 921 (1972). 
A. Tahara, Y. Harigaya, and M. Onda, Chem. Pharm. Bu l l . ,  20, 459 (1972). 
E. E. Van Tamelen and R. J.  Anderson, J. Amer. Chem. SOC., 94, 8225 (1972). 
P. L. Creger, J. Org. Chem., 37, 1907 (1972). 
G. Rapi, M. Ginanneschi, M. M a r t i n e l l i ,  and M. Chelli, J. Chem. Soc., Perkin  Trans.  
1, 502 (1972). 
J. Pa tak i  and G. Siode B., J. Org. Chem., 37, 2127 (1972). 
D. H.  R. Barton, R. H. Hesse, M. M. Pechet,  G. Tarz ia ,  H.  T. Toh, and N. D. Westcott ,  
J. Chem. Soc., Chem. Commun., 122 (1972). 
A. A. Akhrem, A. M. Turuta,  and E. P. Prokof'ev, Izv.  Akad. Nauk SSSR, Ser.  Khim, 1124 
(1972); Chem. Abstr . ,  la, 25477t (1972). 
A. A. Akhrem, G. A. Kogan, A. M. Turuta,  I. S. Kovnatskaya, and Z. I. Is tomina ,  z., 
2101 (1972); Chem. Abstr . ,  77, 102002j (1972). 
V. Pommerenk, H. Sengewein, and P. Welzel, Tetrahedron L e t t . ,  3415 (1972). 
J. M. LaLancette, A. Frsche,  J. R. Br indle ,  and M. LaLibert6,  Synthes is ,  526 (1972). 
J. K. Pa i s l ey  and L. Weiler, Tetrahedron L e t t . ,  261 (1972). 
I. Yoshizawa, M. Tamura, and M. Kimura, Chem. Pharm. Bul l . ,  20, 1842 (1972). 
M. M. Coombs and M. B. Jones,  Chem. Ind. (London), 169 ( 1 9 7 2 r  
A. Rotman and Y. Mazur, J. Amer. Chem. Soc., 94, 6228 (1972). 
R. Breslow, J. A. Dale, P. Kalicky, S. Y. Liu,  and W. N.  Washburn, e., 94, 3276 
(1972). 

M. Kimura, M. Kawata, M. Tohma, A. Fujino, K. Yamazaki, and T. Sawaya, Chem. Pharm. 
Bull . ,  20, 1883 (1972). 
D. R. Bennett ,  S .  J. Gorzinski,  and J. E. LeBeau, Toxicol. Appl. Pharmacol., Z l ,  55 
(1972). 
R. R. Levier  and M. E. Jankowiak, Biol.  Reprod., I, 260 (1972). 
L. Nicander, J. Reprod. F e r t i l . ,  2, 518 (1972). 
R. Paul,  J. A. Coppola, and E. Cohen, J. Med. Chem., IS, 720 (1972). 
R. R. Crenshaw, G. M. Luke, T. A. Jenks,  G. Bialy ,  and M. E. Bierwagen, a., l5, 
1162 (1972). 
G. Agresta,  C. Gandolfi ,  F. Guidobono, V.  Mandelli ,  L. Montesanti ,  and A. P e c i l e ,  
Acta Endocrinol.,  69, 95 (1972). 
H. H. Wotiz and A. Scublinsky, S t e ro ids ,  20, 223 (1972). 
B. Gaind and V. S. Mathur, J. Reprod. F e r t i l . ,  2, 383 (1972). 
S. K. Sakaena and S. Somasekhara, Ind ian  J. Med. Res., 60, 284 (1972). 
B. Shohat, A. M. Beemer, S. Gitter, .and D. Lavie,  Exper ien t ia ,  28, 1203 (1972). 



Chap. 20 Ste ro ids  Morrow, Gallo 203 - 
89. 
90. 
91. 

92. 
93. 
94. 
95. 
96. 
97. 
98. 

99. 

100. 

101. 
102. 
103. 
104. 
105. 
106. 
107. 

108. 
109, 

110. 
111. 

112. 
113. 
114. 
115. 
116. 
117. 
118. 
119, 
120. 

121. 
122. 
123. 

124. 
125. 
126. 
127. 

128. 

129. 
130. 

131. 
132. 

133, 
134. 
135, 

136. 

137. 

N. K. Dutta  and G. R. Fernado, Ind ian  
D. E. Longenecker and D. G. Gal lo ,  Bio l .  Reprod., 7, 123 (1972). 
S. J. Segal ,  L. Atkinson, A. Brinson,  R. Her tz ,  W. Wood, A. B. Kar, L. Southam, and 
K. Sundaram, Acta Endocrinol .  Suppl. No. 166, pg 435 (1972). 
M. R. N. Prasad and M. S. Sarkaran ,  E., pg 448 (1972). 
L .  G. Raisz ,  C.  L. Truuunel, M. F. Hol ick,  and H. F. De Luca, Sc ience ,  175, 768 (1972). 
M. F. Holick,  M. Garabedian, and H. F. D e  Luca, G., 176, 1146, 1 2 4 7 T 9 7 2 ) .  
M. R. Hauss le r ,  S t e r o i d s ,  20, 639 (1972). 
M. F. Holick,  M. Garabedian, and H. F. De Luca, Biochemistry,  2, 2715 (1972). 
R. B. H a l l i c k  and H. F. De Luca, J. Bio l .  Chem., 247, 9 1  (1972). 
I. Boyle, L. Miravet ,  R. W. Gray, M. F. Hol ick,  and H. F. De Luca, Endocrinology,  90, 
605 (1972). 
E.  J. S e d e r ,  M. F. Holick,  H. K. Schnoes, and H. F. De Luca, Tetrahedron L e t t . ,  4147 
(1972). 
S. A. Bakker, 3. Lugtenburg, and E. Havinga, Rec. Trav. Chin. Pays-Bas, 91, 1459 
(1972). 
H. R. Lindner ,  E. P e r e l ,  A. Fr ied lander ,  and A. Z e i t l i n .  S t e r o i d s ,  19,  357 (1972). 
A. Weinstein,  H. R. Lindner ,  A. F r i e d l a n d e r ,  and S. Bauminger, ET20, 789 (1972). 
E. H. D. Cameron and D ,  A. Jones, z., 20, 737 (1972). 
P.  D. G. Dean, P. H. R a r e ,  and D. Exley, S t e r o i d a  L i p i d s  Res., 3, 82 (1972). 
E. K u s s  and R. Goebel, S t e r o i d s ,  19, 509, 737 (1972). 
E. Nieschlag,  D. L. L o r i a w ,  and M. B. L i p s e t t ,  E., l9, 669 (1972). 
R. Haning, 3. McCracken, M. S t .  Cyr, R. Underwood, G. Williams, and G. Abraham, z., 
- 20, 73 (1972). 
W. Waldhsusl, H. Haydl, and H. Fr iachauf ,  G., 20, 727 (1972). 
R. W. Farmer, W. G. Roup Jr., E .  D .  P e l l i z z a r i ,  and L.  F. Fabre Jr., J. Cl in .  Endo- 
c r i n o l .  Metab., 34, 18 (1972). 
T. I t o ,  J. Woo, R. Haning, and R. Horton, G., 34, 106 (1972). 
F. H. Katz, P. Romfh, P. E .  Z i m e r i n g ,  and W. G. K e l l y ,  S t e r o i d s  L i p i d s  Res.;?, 90 
(1972). 
H. A. Gross, H. J .  Ruder, K. S. Brown, and M. B. L i p s e t t ,  S t e r o i d s ,  20, 681 (1972). 
J. C. Rose and H. H. Newsome Jr., J. Clin .  Endocrinol .  Metab., 35, 469 (1972). 
H. J. Ruder, R. L. Guy, and M. B. L i p s e t t ,  s., 35, 219 (1972). 
P .  Vecsei, B. Penke, R. Katzy, and L. Baek, E x p e r i e n t i a ,  28, 1104 (1972). 
D. K. Mahajan, J.  D. Wahlen, F. H. T y l e r ,  and C. D. West, S t e r o i d s ,  20, 609 (1972). 
H. Sekihara ,  N. Ohsawa, and H. I b a y a s h i ,  G., 20, 813 (1972). 
S. L. J e f f c o a t e  and J. E .  S e a r l e ,  =., l9, 181 (1972). 
Y. Emment, W. P. C o l l i n s ,  and I. F. Sommerville, Acta  Endocrinol . ,  69, 567 (1972). 
K. Kharma, S. Stone,  I. H. Thorneycrof t ,  R. M. Nakamura, and D. R. Mishell, JT., Amer. 
J. Obste t .  Gynecol., 112, 676 (1972). 
J. Fishman and H. Guzik, J. Clin .  Endocrinol .  Metab., 35, 892 (1972). 
D.  L. D i  P i e t r o ,  R. D. Brown, and C .  A. S t r o t t ,  u., 35, 729 (1972). 
G ,  0. de V i l l a  Jr., K. Rober t s ,  W. G. Wiest, G.  Mikhai l ,  and G .  Flickingar, G., 3, 
458 (1972). 
C. A. Morgan and I. D. Cooke, J. Endocrinol . ,  54, 445 (1972). 
M. Kutas, A. Chung, D. Bar tos ,  and A. Cas t ro ,  S t e r o i d s ,  20, 697 (1972). 
J. M. S p i d e r ,  R. L. Webb, R. J. S a l d a r i n i ,  and 3. A. Coppola, a., 2, 751 (1972). 
E. Youssefnejadian,  E. F lorensa ,  W. P. C o l l i n s ,  and I. F. Sonmrrv i l le ,  ibfd., 20, 
773 (1972). 
A. A. A. Ismail, G.  D. Niswender, and A. R. Midgley Jr., J. Clin.  Endocrinol .  Metab., 
2ft. 177 (1972). 
M. L. Dufau, K. J. C a t t ,  T. Tsuruhara,  and D. Ryan, Cl in .  C h i m .  Acta, 37, 109 (1972). 
W. P. C o l l i n s ,  M. D. Mansfield,  N. S. Al landina.  and I. F. Somervi l le ,  J. S t e r o i d  
Biochem., 3, 333 (1972). 
P. H. Moore Jr. and L. R. Axelrod. S t e r o i d s ,  20, 199 (1972). 
W. Odel l ,  R. Skowsky, G. Abraham, M. Hescox, D. F i s h e r ,  and P. K. Grover, Biol.  
Reprod., 5, 427 (1972). 
J. A. Waters, Y. Kondo, and B. Witkop, J .  Pharm. Sc i . ,  6l, 321 (1972). 
I. Ninomiya, Y u k i  Gosei Kagaku Kyokai S h i ,  30. 318 (1972). 
H. Singti, V. V. Parashar ,  R. B. Mathur, and R. K. Malhotra ,  I n d i a n  J. Phmrm.. 34, 1 
(1972). 
"Organic React ions in S t e r o i d  Chemistry," J. F r i e d  and J. A. Edwards, Ed., Van 
Nostrand Reinhold Co., N e w  York, N.  Y. ,  1972. 
H.  P. Faro,  R,  E. Youngstrom, T. L .  Popper, R. Neri, and H. L. Herzog, J. Med. Chem., 
- 15,  679 (1972). 

J. Med. Res., 60,  48 (1972). 



Chapter 21.  Pept ide Hormones of t he  Hypothalamus and P i t u i t a r y  

Wil f r id  F. White, Abbott Labora tor ies ,  North Chicago, Ill. 60064 

Due t o  the  g r e a t  increase i n  the  number of papers  on the  two s u b j e c t s  
involved, some a t tempt  must be made t o  l i m i t  t he  s i z e  of t h i s  review. This  
w i l l  be done by s l a n t i n g  t h i s  p re sen ta t ion  toward the  chemical,  a s  opposed 
t o  the  b i o l o g i c a l ,  a s p e c t s  of these  hormones. I n  the  case of t he  hypotha- 
lamic hormones t h i s  approach w i l l  avoid over lap  wi th  an  ex tens ive  r ecen t  
review by Schally e t  al.1, The g r e a t e r  emphasis on chemistry is a l s o  i n  
accord wi th  the  f a c t  t h a t  Pept ide Synthesis  is not  a sub jec t  f o r  review i n  
t h i s  Volume, The au thor  i s  indebted t o  S. Jane Weinstein of t he  Abbott 
Library S t a f f  f o r  assembling and a b s t r a c t i n g  p e r t i n e n t  re ferences .  

&pot halamic Pept i d e  s 

The l a r g e  review2 a n t i c i p a t e d  l a s t  year  has apparent ly  not  y e t  
reached genera l  c i r c u l a t i o n .  
s eve ra l  genera l  reviews of t he  phys io logica l  and c l i n i c a l  a spec t s  of t he  
hypothalamic r e l e a s i n g  hormones have appeared3. 

However , one very  comprehensive review' and 

Thyroid St imulat ing Hormone (TSH) Releasing Hormone, TRH - TRH cont inues  
t o  a t t r a c t  t he  a t t e n t i o n  of many c l i n i c a l  i nves t iga to r s .  
ing  new development is t he  f ind ing  t h a t  TRH causes  a prompt improvement i n  
depression.  The f i r s t  announcement, made i n  a b s t r a c t  form by Prange and 
Wilson4, was r ap id ly  followed by a more complete r e p o r t  by t h e  same auth- 
or$, an  a d d i t i o n a l  paper by another  group of i nves t iga to r s6 ,  and seve ra l  
b r i e f  e d i t o r i a l  comments. 
s t i l l  n o t  understood, a l though the  au thors  of t he  two major papers  have 
presented some specula t ion .  P lo tn ikof f  e t  a1.8 have at tempted t o  i l l u -  
minate t h e  mode of a c t i o n  of TRH by means of an animal model. Surpris-  
i ng ly ,  t hese  au tho r s  found t h a t  hypophysectomy had no e f f e c t  on t h e  reac-  
t i o n  of TRH i n  the  "dopa p lus  pargyline" t e s t 9  i n  the  mouse. Since the  
"dopa p l u s  pargyline" t e s t  was devised t o  screen  drugs f o r  an t idep res san t  
a c t i v i t y ,  t he  au tho r s  specula te  t h a t  t he  an t idep res san t  e f f e c t  of TRH i n  
humans may not  be dependent on thyroid hormone ac t ion .  

The most excit- 

The mode of a c t i o n  of TRH i n  depress ion  is 

Several e x c e l l e n t  reviews of t he  b e t t e r  known c l i n i c a l  e f f e c t s  of 
TRH have appearedlo.  The l a s t  of these ,  a review by J. F. Wilber,  sched- 
uled t o  appear i n  mid-1973, is a very  comprehensive 
Shorter  reviews have appeared on the  physiopathologyfl  p i t u i t a r y  func t ion  
reserve1* and cancer13 a spec t s  of TRH i n  man. 

e n e r a l  review on TRH. 

C l i n i c a l  t e s t i n g  of t he  p ro lac t in - r e l eas ing  e f f e c t  of TRH b r i e f l y  
mentioned i n  l a s t  y e a r ' s  Review, has continued. 
t h a t  t h e  post-TRH e leva t ion  of p r o l a c t i n ,  e spec ia l ly  i n  the  l a te r  phases 
of l a c t a t i o n ,  augments t he  product ion of b r e a s t  milk. In  t h e  same paper 
the  au tho r s  a t tempt  t o  use t h e  p a t t e r n  of responsiveness  of p r o l a c t i n  
t o  exogenous TRH t o  bu i ld  a comprehensive theory of t h e  r o l e  of 

Tyson e t  a l .14  have shown 
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p r o l a c t i n  i n  the  human. Other a t tempts  a t  an o v e r a l l  view of t he  r o l e  of 
p r o l a c t i n  and of TRH a s  a r e l e a s e r  of p r o l a c t i n  have been made by F r i e -  
sen15 and by Bowers e t  a l .  16 . 

Afte r  the  i n t e n s i v e  s y n t h e t i c  a c t i v i t y  of the previous y e a r ,  i n  which 
more than 50 analogs of TRH were produced, t he re  is  very  l i t t l e  t o  r e p o r t  
t h i s  yea r .  One paper17 desc r ibes  a s i n g l e  ana log ,  Pro-His-Pro-NH2. Un- 
f o r t u n a t e l y ,  no b ioassay  da ta  a r e  inc luded .  A second new ana log ,  r epor t ed  
by S ieve r t s son  e t  a1.18 i s  the  [Phe2] compound which, having 10% of the  
potency of TRH, i s  descr ibed  a s  ‘‘the most po ten t  analog where one of the  
n a t u r a l  amino a c i d s  of TRH i s  common n a t u r a l  amino 

s t i l l  t he  most po ten t  T’RH ana Seve ra l  a t tempts  have 
ac id . ”  Overa l l ,  however, t he  prev ious ly  desc r ibed”  i s  

been made t o  approach the  t h e o r e t i c a l  b a s i s  f o r  s t r u c t u r e - f u n c t i o n  r e l a -  
t i onsh ips .  
on the  pKa of t he  imidazole proton which i n  TRH has a va lue  s u b s t a n t i a l l y  
below t h a t  f o r  f r e e  imidazole (6.25 E. 7.08) .  Data f o r  t he  analogs sug- 
ges t a hydrogen-bonding i n t e r a c t i o n  between the Nw-imidazole n(itrogen and 
the  f i r s t  pept ide  bond amide n i t rogen .  Modif icat ion of t he  6111 moiety o r  
of the  C-terminal amide n i t rogen  moiet); had only minor e f f e c t s  on t h i s  i n -  
t e r a c t i o n ,  whi le  s u b s t i t u t i o n  on the  N -n i t rogen  atom of the  imidazole  
r i n g  s t a b i l i z e s  the  hydrogen bonding a s  shown by a lower pKa va lue ,  thus 
y i e l d i n g  a b i o l o g i c a l l y  hyperac t ive  analog.  I n  a s tudy  of t he  k h e 2 J a n a -  
10gl8,  i t  was specula ted  t h a t  “both the--electrons and the  b a s i c i t y  of 
h i s t i d i n e  may be func t iona l  f o r  u l t ima te  r e l e a s e  of t hy ro t rop in ;  r e l e a s e  
may c o n s i s t  of both complexing and a n  i o n i c  mechanism involv ing  a nega- 
t i v e l y  charged group of the r ecep to r  s i t e . ”  

Grant e t  a1.20 have s tud ied  the e f f e c t  of var ious  s u b s t i t u e n t s  

The mul t ip l e  b i o l o g i c a l  a c t i v i t i e s  of TRH br ings  up the  i n t e r e s t i n g  
ques t ion  of t he  i n t e r r e l a t i o n s h i p s  of t hese  a c t i v i t i e s  t o  chemical s t r u c -  
t u r e .  As y e t  no important  information has appeared on t h i s  p o i n t .  
B a s s i r i  and Ut iger21  have developed a h igh ly  s p e c i f i c  radioimmunoassay f o r  
TRH, s e n s i t i v e  t o  0 .1  nanogram. This  i s  s t i l l  f a r  too i n s e n s i t i v e  t o  de- 
t e c t  l e v e l s  of TRH i n  the  pe r iphe ra l  c i r c u l a t i o n ,  b u t  t he  t e s t  has  permit-  
ted the  same authors22  t o  s tudy  t h e  i n a c t i v a t i o n  of exogenous TRH by serum 
in  v i t r o .  -- 

2Eynthesis  of rad io- labe led  TRH by 14C-histidine23 and by %-his  ti- 
d ine  
s tud ied  the  k i n e t i c s  of d i s t r i b u t i o n  of t he  hormone i n  the  male r a t  and 
Warembourg26 has done a h i s  toautoradiographic  s tudy  of t he  hypothalamus 
a f t e r  hormone i n j e c t i o n .  Warembourg found t h a t  t r a c e r  pene t ra ted  the  hy- 
pothalamus but  could n o t  demonstrate  s p e c i f i c  l abe l ing  of any p a r t i c u l a r  
a r ea  of t he  gland.  Two TRH binding s i t e  s t u d i e s  have been r epor t ed .  
Labrie  e t  a1.27 have i s o l a t e d  plasma membranes from bovine a n t e r i o r  p i t u i -  
t a r y  glands showing s p e c i f i c  binding c a p a c i t y  f o r  TRH of the  o rde r  of 600 
femtomoles er mg p r o t e i n  and have been used t o  develop an a s say  f o r  the  
binding of %-TRH. Wilber and Seide128 have i s o l a t e d  a 10,800 x g r a t  
p i t u i t a r y  p a r t i c u l a t e  f r a c t i o n  wi th  high binding a f f i n i t y  f o r  TRH. The 
f r a c t i o n  from propylthiouracil-treated animals was more a c t i v e  than  from 
normals ,  The au tho r s  conclude t h a t  TRH-mediated TSH s e c r e t i o n  i s  

has  been r epor t ed .  By the  use of labe led  TRH, Morin e t  a l . 2 5  have 
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dependent on TRH binding t o  a s p e c i f i c  thyrotroph plasma membrane r ecep to r  
s i te .  
conf i rmat ion  of t h e i r  e a r l i e r  f i n d i n g  t h a t  TRH i s  synthes ized  enzymatical-  
l y ,  They have des igna ted  t h i s  enzymatic a c t i v i t y  as "TRH Synthetase."  

Mitwick and Reichl in29 have published a more ex tens ive  r e p o r t  i n  

Gonadotropin Releas ing  Hormone (Gn-RH) - The decapept ide r Glu-His- 
Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NH2 , which was i s o l a t e d  from porcine and 
ovine g lands ,  i d e n t i f i e d  and synthes ized  p r i o r  t o  the  per iod of t h i s  r e -  
view, i s  a l s o  c a l l e d  LH-RH/FSH-RH. 
e v e r ,  another  a l t e r n a t i v e  des igna t ion  "LRH" o r  "LRF" i s  no longer proper 
s i n c e  the  decapept ide has been shown t o  r e l e a s e  both LH and FSH. Also,  
t h e r e  i s  pre l iminary  evidence f o r  the  ex i s t ence  of a compound s p e c i f i c a l l y  
r e l e a s i n g  FSH and t h e r e  seems t o  be no t h e o r e t i c a l  reason why a compound 
s p e c i f i c a l l y  r e l e a s i n g  LH w i l l  n o t  be found i n  t i s s u e  e x t r a c t s  o r  synthe-  
s i z e d  a c c i d e n t a l l y  a t  some t i m e  i n  the  f u t u r e .  These s t i l l  hypo the t i ca l  
substances would then r equ i r e  the  des igna t ion  FSH-RH and LH-RH, respec-  
t i v e l y .  The c lose  a s s o c i a t i o n  of t he  two r e l e a s i n g  a c t i v i t i e s  i n  the  de-  
capept ide  i s  a t t e s t e d  t o  by the  f a c t  t h a t  t he  au thor  has n o t  seen any s i g -  
n i f i c a n t  d i s s o c i a t i o n  of these  a c t i v i t i e s  among over 100 analogs (cf .  
Table 1 f o r  a p a r t i a l  l i s t )  a l r eady  examined. 

I n  the  opinion of t h i s  reviewer,  how- 

With regard  t o  t h e  s u b j e c t  of a s epa ra t e  FSH r e l e a s i n g  hormone, e v i -  
dence has been presented3' f o r  t he  ex i s t ence  of such a substance both i n  
d i r e c t  e x t r a c t s  of porcine hypotha lami and i n  b io - syn the t i c  homogenates of 
porcine hypothalamic t issue.  The primary t e s t  method used i n  t h i s  s tudy  
was the  r e l e a s e  of LH and FSH from the  p i t u i t a r i e s  of twenty-day o ld  f e -  
male r a t s  i n  v i t r o .  The samples t e s t e d  were r e l a t i v e l y  crude f r a c t i o n s  
made by g e l  f i l t r a t i o n  of p a r t i a l l y  pu r i f i ed  e x t r a c t s .  Since the  samples 
which showed pr imar i ly  FSH-releasing a c t i v i t y  were c l o s e l y  contiguous t o  
those  showing the usua l  dua l  r e l e a s e  p a t t e r n  f o r  Gn-RH, the  experiments 
do n o t  seem t o  r u l e  o u t  t he  conclus ion  t h a t  a secondary f a c t o r  i s  working 
t o  modify the  a c t i o n  of Gn-RH e i t h e r  by augmenting FSH r e l e a s e  o r  by sup- 
press ing  LH r e l e a s e .  As i n  the  case  wi th  Gn-RH, i t  w i l l  r e q u i r e  i s o l a t i o n  
and c h a r a c t e r i z a t i o n  of t he  new f a c t o r  before  a judgment can be made re- 
gard ing  i ts  physiologica 1 r o l e .  

A f t e r  more than a year of wide a v a i l a b i l i t y  of s y n t h e t i c  Gn-RH deca- 
pept ide ,  a g r e a t  d e a l  of animal t e s t i n  has been r epor t ed .  A c u r r e n t  pub- 
l i c a t i o n  from the  a u t h o r ' s  laboratory3'  desc r ibes  experiments i n  the  ovar- 
iectomized es trogen-proges terone t r e a t e d  r a t  where LH i s  the  primary go- 
nadotropin r e l eased ,  t e s t s  i n  the  anes t rous  ewe where both Is1 and FSH a r e  
re leased  and induct ion  of ovula t ion  i n  he r a b b i t .  Othegs have descr ibed  
LH r e l e a s e  i n  the  ewe and ram32, c a t t l e S 3 ,  pig34 and dog . Induct ion  of 
ovula ion  by means of s y n t h e t i c  Gn-RH has been achieved i n  the  golden ham- 
s t e r  , t he  rabbi t38  and ewe3'. A more d e t a i l e d  review of the  e f -  
f e c t s  of s y n t h e t i c  Gn-RH i n  animals i s  presented i n  the  review by Scha l ly  
I -  e t  a l .1 .  

t h a t  both n a t u r a l  and s y n t h e t i c  

36 

40 Soon a f t e r  the  syn thes i s  of -RH had been achieved,  i t  was shown 
u-His-Trp-Ser-Tyr-G1y-Leu-Arg-Pro-Gly- 
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r e l eased  LH from ovariectomized e s  trogen-proges terone t r e a t e d  r a t s  
wi th  i d e n t i c a l  dose r eg res s ion  l i n e s .  A s  experience wi th  the s y n t h e t i c  
decapept ide accumulated,  i t  was found t h a t  LH and FSH were o f t en  re leased  
toge the r ,  bu t  t he re  have a l s o  been c l e a r  i nd ica t ion  t h a t  FSH r e l e a s e  i s  
sometimes absen t .  I n  an  a t tempt  t o  exp la in  a t  l e a s t  some of these  d i s -  
c r epanc ie s ,  Arimura e t  a l .41  have shown t h a t  a slow in fus ion  of Gn-RH i n  
i n t a c t  mature male r a t s  r e s u l t s  i n  s i g n i f i c a n t  concomitant dose - re l a t ed ,  
serum inc reases  of both LH and FSH, whereas r ap id  admin i s t r a t ion  g ives  
only LH r e l e a s e .  I n  summary, much a d d i t i o n a l  evidence w i l l  be needed t o  
determine the exac t  r o l e  of Gn-RH i n  gonadotropin r e l e a s e  and t o  determine 
whether o r  no t  a d d i t i o n a l  a s  y e t  unknown f a c t o r s  a r e  present  i n  the hypo- 
thalamus . 

2 

The poss ib le  r o l e  of Gn-RH i n  human reproduct ioeghas b e e t  reviewed. 42 
Papers on the  c l i n i c a l  use of s y n t h e t i c  Gn-RH i n  men 
chi ldren45 have appeared. 
both sexes .  To d a t e  most c l i n i c a l  papers have been probing the  s e n s i t i v -  
i t y  of normal and abnormal p a t i e n t s  t o  the e f f e c t s  of Gn-RH. However, 
t h r e e  papers42,43,47 claim the  induct ion of ovula t ion  i n  women by the  use 
of  Gn-RH. 

, women 4 ,  and 
Other publ ica  t ions46 summarize the  e f f e c t s  i n  

Bio-synthe t ic  conversion of 14C-glutamic a c i d  t o  the  gonadotropin r e -  
A Pauly- reac t ive  l ea s ing  hormone has been repor ted  by Johansson e t  a l . 48 .  

spo t  corresponding t o  the  Gn-RH decapept ide exh ib i t ed  r a d i o a c t i v i t y  a f t e r  
incubat ion and p u r i f i c a t i o n  of the  hypothalamic t i s s u e  homogenate. The 
presence of newly synthesized LH-releasing a c t i v i t y  was confirmed by bio-  
a s say .  

A double an t ibody radioimmunoassay has been developed t o  measure 
Gn-M4’. 
a g a i n s t  a long l i s t  of s y n t h e t i c  analogs r ep resen t ing  poss ib l e  degrada t ive  
products of the  decapept ide.  D i rec t  measurement of serum l e v e l s  of Gn-RH 
i n  normal rams showed 71 picograms per m l  as compared t o  128 pg/ml i n  the  
long-term c a s t r a t e  ewe. The ha l f -d isappearance  t i m e  o f  Gn-RH i n  sheep 
a f t e r  i n t r a c a r o t i d  admin i s t r a t ion  was of the  o rde r  of 7 minutes .  

The assay  has been shown t o  be h igh ly  s p e c i f i c  by t e s t i n g  

Syn the t i c  work on Gn-RH has been r a p i d l y  a c c e l e r a t i n g .  A t  l e a s t  12 
r e p o r t s  have appeared desc r ib ing  analogs of Gn-RH which a r e  equ iva len t  i n  
chain length  t o  the  n a t u r a l  molecule and which involve s imple d e l e t i o n s  o r  
s u b s t i t u t i o n s  by o t h e r  n a t u r a l l y  occurr ing  amino acids50-61.  
l ogs ,  t oge the r  w i th  the  r e l evan t  bioassay d a t a ,  a r e  shown i n  Table l .  
From the  work summarized i n  Table 1, i t  seems f a i r  t o  draw the  conclus ion  
t h a t  t he  b i o l o g i c a l  a c t i v i t y  of Gn-RH i s  s e n s i t i v e  t o  changes i n  a l l  of 
the  amino a c i d  pos i t i ons  which have been s tud ied  thus f a r  and t h a t  s u b s t i -  
t u t i o n s  by s imilar  amino a c i d s  a r e  l e a s t  l i k e l y  t o  a b o l i s h  a c t i v i t y ,  To 
d a t e ,  however, manipulat ions involv ing  the n a t u r a l l y  occurr ing  amino a c i d s  
have n o t  r e s u l t e d  i n  agon i s t s  more a c t i v e  than the  parent  decapept ide  nor  
i n  an tagon i s t s  w i th  marked a c t i v i t y .  A more success fu l  approach t o  the  
des ign  of u s e f u l  agon i s t s  has been t h a t  employed by Fuj ino  e t  a1.62 who 
have concentrated on s u b t l e  changes a t  the C-terminus. I n  a s e r i e s  of 
compounds made by r ep lac ing  the g lyc ine  amide s t r u c t u r e  by s u b s t i t u t e d  

These ana- 
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amides on the  p ro l ine  r e s idue  i n  pos i t i on  9 ,  s e v e r a l  members of t he  s e r i e s  
were found t o  be markedly more a c t i v e  than Gn-RH both i n  v i t r o  and i n  
"ovulatory index". The most a c t i v e  member of the  s e r i e s  (des-Gly-NH210, 
Pro-ethylamide') which proved t o  be of the order  of f i v e  times as a c t i v e  
as Gn-RH, i s  the s u b j e c t  of a more d e t a i l e d  report?3 . I n  a t h i r d  paper ,  
Fuj ino  e t  a1.64 summarize the  chemical p rope r t i e s  and b i o l o g i c a l  a c t i v i -  
t i e s  of 15 members of t h i s  series of ana logs .  The potenc ies  of these  
compounds vary from more than 500% t o  less than 1% t h a t  of the n a t u r a l  
hormone s t r u c t u r e .  This  work po in t s  ou t  i n  unprecedented d e t a i l  the  r i c h  
p o s s i b i l i t i e s  f o r  ana log  work even i n  a r e s t r i c t e d  po r t ion  of a pept ide  
molecule.  

Growth Hormone (Somototropin) Releasing Fac to r ,  o r  SRH and Re-  
lease I n h i b i t i n p  Fac to r ,  = - Las t  y e a r ' s  Review mentioned a decapept ide 
which was i s o l a t e d  from porcine hypothalamic e x t r a c t s  , using t e s t  systems 
based on s t imu la t ion  of t he  r e l e a s e  of bioassayable  growth hormone. How- 
eve r ,  i n  a v a r i e t y  of i n  vivo test systems the  decapept ide ,  i n  s y n t h e t i c  
form, d i d  no t  cause growth o r  the  r e l e a s e  of radioimmu oassayable  growth 
hormone, r e s u l t i n g  in  the  conclusion by Scha l ly  e t  al.' t h a t  "it i s  un- 
l i k e l y  t h a t  the  decapept ide i s  the  phys io log ica l  GH-RH." More r e c e n t l y  
severa 1 groups65 have presented evidence f o r  a f a c t o r ,  chromatographical ly  
d i s t i n c t  from the  Scha l ly  decapept ide ,  which causes  release of radioim- 
munoassayable growth hormone. To d a t e ,  however, no th ing  f u r t h e r  has  been 
repor ted  on the  i d e n t i f i c a t i o n  of t h i s  subs tance .  

Very r e c e n t l y ,  Brageau e t  a1.66 have announced the  i s o l a t i o n  from 
ovine hypothalamic extract of a te t radecapept ide  H-Ala-Gly-C$s-Lys-Asn- 
Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-&-OH which " i n h i b i t s  t he  s e c r e t i o n  
v i t r o  of immunoreactive r a t  o r  human growth hormone and is s i m i l a r l y  
a c t i v e  i n  v ivo  i n  r a t s . "  
shown t h a t  t he  s y n t h e t i c  compound d u p l i c a t e s  t he  a c t i v i t y  of the pure 
n a t u r a l  product .  The new pept ide  has n o t  y e t  been proven t o  be t h e  only  
n a t u r a l  f a c t o r  f o r  t he  nega t ive  c o n t r o l  of GH r e l e a s e ,  bu t  i t  i s  reason-  
ab ly  a c t i v e  i n  the  test  systems used and deserves  a d d i t i o n a l  s tudy  i n  a n  
a t tempt  t o  eva lua te  i t s  phys io logica l  r o l e .  

The pept ide has been synthesized and i t  has been 

P r o l a c t i n  Releasing Hormone, pRH, and P r o l a c t i n  Release I n h i b i t o r y  
PIF - A s  was repor ted  i n  last y e a r ' s  Review, no meaningful chemis t ry  on 
the  n a t u r e  of these  f a c t o r s  has been publ ished.  Recent ly ,  however, 
Valverde e t  a1.67 have presented evidence confirming the  ex i s t ence  of a 
p r o l a c t i n  r e l e a s i n g  subs tance  in  porcine and i n  r a t  hypothalamic e x t r a c t s  
d i s t i n c t  from TRH and o t h e r  recognized hormones of the  hypothalamus. I n  
view of the  inc reas ing  examples of "species  d i f f e rences"  i t  should be s a i d  
t h a t  Valverde e t  a l .  used the  r a t  a s  t he  tes t  animal i n  t h e i r  experiments 
and,  t h e r e f o r e ,  t h e i r  r e s u l t s  may apply only t o  the  r a t .  Meanwhile TRH, 
a s  d e t a i l e d  i n  a n  ear l ie r  s e c t i o n  of t h i s  Review, appears  t o  be a very 
e f f i c i e n t  r e l e a s e r  of p r o l a c t i n  i n  man. To d a t e  the re  does n o t  appear  t o  
be any evidence of a s p e c i f i c  p r o l a c t i n  r e l e a s i n g  substance i n  man. 

Melanocyte S t imula t ing  Hormone (Release) I n h i b i t i n g  F a c t o r ,  MIF, and 



209 - Chap. 2 1  Pep t ide  Hormones White 

Releasing Hormone, MRH - Since  t h e r e  a r e  s e v e r a l  pept ides  which have been 
repor ted  t o  be i n h i b i t o r y  toward MSH r e l e a s e ,  t he re  i s  s t i l l  t he  p o s s i b i l -  
i t y  of confusion i n  us ing  the  term MIF. However, s i n c e  the  t r i p e p t i d e  
Pro-Leu-Gly-NH was the  f i r s t  i n h i b i t o r  t o  be i s o l a t e d  from hypothalamic 
e x t r a c t s ,  i t  w i l l  be designated MIF i n  t h i s  Review. Other i n h i b i t o r s  of 
MSH release w i l l  be r e f e r r e d  t o  by t h e i r  s t r u c t u r a l  des igna t ion .  No MSH- 
r e l e a s i n g  pept ides  , have y e t  been i s o l a t e d  and i d e n t i f i e d  from hypothala-  
mic e x t r a c t s .  Therefore ,  a l l  such compounds w i l l  a l s o  be r e f e r r e d  t o  by 
t h e i r  s t r u c t u r a l  des igna t ion .  The ques t ion  a s  t o  which of t he  MSH r e l e a s e  
i n h i b i t i n g  pept ides  i s  the  t r u e  n a t u r a l  hormone i s  s t i l l  u n s e t t l e d .  The 
problem i s  complicated by lack  of agreement a s  t o  choice  of assay  and ,  
perhaps a l s o  by spec ie s  d i f f e r e n c e s .  Using the  i n  vivo r a t  a s s a y ,  Ce l i s  
-- e t  a1.6A have s tud ied  the i n h i b i t i  n of MSH r e l e a s e  by s e v e r a l  analogs of 
MIF. Of those  t e s t e d  only the  Lys' and Arg2 analogs were a c t i v e ,  bu t  
these  two were markedly l e s s  a c t i v e  than MIF (Pro-Leu-Gly-NH ) i t s e l f .  
These i n v e s t i g a t o r s  a l s o  found t h a t  the  MSH-release i n h i b i t i a g  pentapep- 
t i d e  fragment of oxytoc in ,  H-Cys-Tyr-Ile-Gln-Asn-OH, i s  i n h i b i t e d  by MIF 
and s e v e r a l  of i t s  a n a l o m .  Tocinoic  a c i d ,  the r i n g  component of oxy- 
t o c i n ,  H-C$s-Tyr-Ile-Gln-Asn-C)s-OH, w a s  i n a c t i v e  both i n  the  r e l e a s e  of 
MSH and i n  i n h i b i t i o n  of MSH r e l e a s e  i n  the  r a t .  

I n  seeking  poss ib l e  c l i n i c a l  uses  f o r  MIF, Kas t in  e t  a l ? '  have 

0 

s tudied  the  i n t e r a c t i o n s  between the p i n e a l ,  hypothalamic and p i t u i t a r y  
glands of the  r a t  wi th  r e s p e c t  t o  melatonin,  MIF and MSH. The au tho r s  
conclude t h a t  t h e i r  animal s t u d i e s  may have even tua l  c l i n i c a l  a p  l i c a t i o n  

e f f e c t i v e  i n  r eve r s ing  s igns  resembling those of Parkinsonism o r  depres-  
s i o n  i n  monkeys r ece iv ing  deserp ine  and i n  mice p re - t r ea t ed  wi th  oxot re -  
morine71. Two reviews i n  the  e n e r a l  s u b j e c t  of bra in-endocr ine  i n t e r -  

s i n c e  MIF p o t e n t i a t e s  c e r t a i n  behav io ra l  e f f e c t s  of DOPA i n  mice P O  and i s  

a c t i o n  have r e c e n t l y  appeared 73 . 
P i t u i t a r y  Hormones 

Despi te  the  l a r g e  amount of b r i l l i a n t  fundamental work which i s  being 
r epor t ed ,  t h i s  s u b j e c t  w i l l  be t r e a t e d  very b r i e f l y  due t o  space l i m i t a -  
t i o n s .  This  course  of a c t i o n  seems j u s t i f i e d  because most of t h i s  work 
has n o t  y e t  had a d i r e c t  impact on human medicine.  

Growth Hormone (GH or  STH) - The chemistry of growth hormone and the  
r e l a t i o n s h i p  of GH t o  p r o l a c t i n  a r e  the  s u b j e c t s  of a review by N i a l l  
e t  a1 -73 .  
s e t t l e d  dur ing  the  previous yea r ,  has been compared by L i  e t  a1.74 wi th  
the  sequences of t he  bovine and ovine hormones. As expec ted ,  the  ovine 
and bovine molecules a r e  much c l o s e r  t o  each o t h e r  than e i t h e r  i s  t o  the  
human molecule.  The au tho r s  conclude t h a t  " these d i f f e r e n c e s  may provide 
some c l u e s  a s  t o  d i f f e r e n c e s  i n  the  b i o l o g i c a l  p r o f i l e s  between human and 
animal growth hormones . I '  Yamasaki e t  a1 .75  have i s o l a t e d  a 37-amino a c i d  
fragment of bovine growth hormone which r e t a i n s  some of the  b i o l o g i c a l  
a c t i v i t i e s  of the  present  molecule.  

The amino a c i d  sequence of human GH, the  d e t a i l s  of which were 
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P r o l a c t i n .  PRL - I t  i s  now es t ab l i shed  t h a t  human PRL and human GH a r e  
d i s c r e t e  and separable .  
knowledge toward c l i n i c a  1 p r a c t i c e .  

F r i e sen l5  has reviewed the  impl ica t ions  of t h i s  

Glycoprotein Hormones: Thyroid S t imula t ing  Hormone, TSH, Lu te in i z ing  
Hormone, LH, F o l l i c l e  S t imula t ing  Hormone, FSH - Two extens ive  review 
papers bear ing  upon the  s u b j e c t  of LH s t r u c t u r e  were presented a t  the 
Laurent ian Hormone Conference of 1972. A t  t h a t  time the re  was v e r  

ing  f o r  the  Univers i ty  of Texas group and P a p k ~ f f , ~ ~  speaking f o r  the  
Univers i ty  of C a l i f o r n i a  group. Subsequently,  the  l a t t e r  group has  pub- 
lished'* sepa ra t e ly  the complete sequences of the o v i n e d  - a n d p  -subuni t s  
and appear t o  have r a t i o n a l i z e d  any small  d i f f e rences  which had e x i s t e d  
previously between them and the Texas group. I n  a previous paper the  
Univers i ty  o f  Ca l i fo rn ia  group had published the sequence of t h e d  - subuni t  
from human ICSH (LH), which has 7 fewer amino a c i d  r e s idues  than i t s  ovine 
counterpar t  wi th  a homology of about 70%. These r e s u l t s ,  toge ther  wi th  
previous ind ica t ions  of c l o s e  r e l a t i o n s h i p s  between L H d  and T S H d a n d  
between LH- and TSH- exp la in  many of the  e a r l y  t roubles  wi th  immunologi- 
c a l  over la  B s between these  hormones. Exact knowledge of the  sequences of 
the var ious  subuni t s  should be h e l p f u l  i n  a s tudy  of t h e i r  innnunochemical 
i n t e r r e l a t i o n s h i p s .  Reicher t  aJ.79 have d e t a i l e d  the  a p p l i c a t i o n  of a 
r a d i o l o g i c a l  r ecep to r  a s say  t o  the  s tudy of LH and i t s  subun i t s .  

a 1  agreement on the  amino a c i d  sequence of ovine LH between Ward, 7; 9;:;: 
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Table 1: Analogs of Gn-RH 

Potency Potency 
Compound R e €  (Gn-RHdOO) Compound Ref (Gn-RHPlOO) 

Pos i t i on  1: @u Pos i t i on  6: Gly 
des- b u l  54 .002: None 

0 =(Thrl  57 <-&,0.2-2c Pos i t i on  7: Leu 
o =(Ser l  57 5-25 ,6 ,7 

P r  01 57 <O.P,<O.lb G l Y  1 57 3a,5b 

de s- H i  sz 53 a . O O l e  I le ;  57 45a,33b,35-55c 

~ 1 ~ 7  57 5-6a,3-5b 2 C  -- Posi t ion  2: H i s  V a  1 57 16a, 20-35i, 20C 

Gly2 53 non-paral le le  Nle 57 30a, 22b, 35c 
(T- Me)-His 53 3e 
(T -Me)-His2 
Phe2 
Ly 92 
Arg2 2 
(T -Me)-His 

Pos i t i on  3: Trp 
3 Phe 

Pos i t i on  4 :  Ser 
GlYf: 
Ala, 
Ala: 
Thr4 
Gln 

Pos i t ion  5:  Tyr - 
Phe5 
C1-Tyr 
di-Cl-Tyr 
Phe5 

53 
57 
57 
57 
57 

58 

61 
55 
57 
57 
57 

58 
57 
57 
60 

6 e a  b 4-7 , 2  ,0.2-2c 
4. l a  ,b ,C 
<O.P,b 
la, 1-2b, 0.4' 

50e 

1.5e 
5 d a  b c 3-6 ,16 , 2  
4a, 17b, 2C 
8a,  6b, 2-20C 

64d 

Key t o  assay methods used: 
a -- i n  - v i t r o ,  LH-release 

i n  v i t r o ,  FSH-release 
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Chapter 22. Non-steroidal  Antiinflammatory Agents 

Marvin E.  Rosenthale,  Wyeth Labora tor ies  Inc .  , Radnor, Pa. 

In t roduc t ion  - The search  f o r  non-toxic  and broad spectrum a n t i i n f l a m a t o -  
r y  agents  continued unabated i n  1972 desp i t e  l i t t l e  progress  i n  d e l i n e a t -  
i n g  the  e t i o l o g y  of t he  chronic  inflammatory d i seases .  Some progress  was 
made on the  mechanism of a c t i o n  of the  non- s t e ro ida l  ant i inf lammatory 
agents  (NAA). Major t o p i c s  covered i n  review a r t i c l e s  included the  c l i n i -  
c a l  eva lua t ion  of W and t h e i r  use i n  the  inflammatory d i seases ; l ' 4  
c l i n i c a l  gu ide l ines  f o r  immunosuppressive therapy;5'7 and the  pharmacology 
and chemistry of ant i inf lammatory agents .8 ,  

Pathogenesis - Exogenous s t i m u l i  (microbia l  o r  v i r a l ) ,  t he  immune re- 
sponses of t he  h o s t ,  and the  gene t i c  components of t he  h o s t  response were 
i n t e n s i v e l y  s tud ied  a s  the  keys t o  e t io logy  of  the  rheumatic d i s e a s e s .  
V i r a l  an t igens  were descr ibed  i n  n e p h r i t i s ,  a r t e r i t i s  and a r t h r i t i s .  The 
p o s s i b i l i t y  was en te r t a ined  t h a t  non-bac ter ia l  a r t h r i t i s ,  which has  been 
a s soc ia t ed  wi th  r u b e l l a ,  leukemia and v i r a l  h e p a t i t i s ,  may be a conse- 
quence of immune complexes between v i r a l  an t igen  and h o s t  ant ibody.12 
The remission of rheumatoid a r t h r i t i s  by t h o r a c i c  lymph duc t  dra inage  
underl ined the  importance of lymph c e l l s  i n  s u s t a i n i n g  c l i n i c a l  a r t i c u l a r  
inflammation, thus  confirming s i m i l a r  experiments i n  r a t  adjuvant  
a r t h r i t i s .  l3 The importance of lysosomal mechanisms i n  j o i n t  inflammation 
was reviewed, 14 and i n t r a v a s c u l a r  degranula t ion  of neu t roph i l s  was shown 
t o  be present  i n  urate-induced s y n o v i t i s  i n  dogs.  15 Antigen-induced 
s y n o v i t i s  i n  r a b b i t s  was s tudied  t o  provide support  fo r  t he  concept t h a t  
an t igen  pe r s i s t ence  ( a s  i n  mycoplasma a r t h r i t i s )  i s  respons ib le  f o r  pro- 
longed immunologic responses  a s soc ia t ed  wi th  c e l l u l a r  i n f i l t r a t i o n  i n  
j o i n t s . l 6  Cycl ic  AMP-mediated events  were shown t o  be c r i t i c a l  i n  t he  
a c t i v a t i o n  and r e g u l a t i o n  of immuno-competent c e l l s ,  1 7  sugges t ing  poss ib l e  
new approaches t o  r e g u l a t i o n  of immunologic phenomena, The i s o l a t i o n  and 
i d e n t i f i c a t i o n  of the  as y e t  un iden t i f i ed  l o c a l  a n t i g e n ( s )  which p a r t i c i -  
pa te  i n  the  immunoinflammatory response c h a r a c t e r i s t i c  of the  chronic  
inflammatory d i seases ,  appears  p re sen t ly  t o  be the  most c r i t i c a l  obs t ac l e  
t o  r e a l  progress  i n  t h i s  a r e a .  

Mechanism of  Act ion - The biochemical b a s i s  f o r  t he  a c t i o n s  of t he  NAA 
remained unc lea r ,  Although cons iderable  e f f o r t  was expended i n  i n v e s t i -  
ga t ing  the  e f f e c t s  of ant i inf lammatory drugs on mucopolysaccharide 
metabolism, no c l e a r  c o r r e l a t i o n  wi th  drug e f f e c t s  was seen.18 The 
pros tag landins  (PG) El and F l a  were shown t o  be capable o f  i nc reas ing  
co l lagen  syn thes i s  i n  v i t r o  i n  a manner s i m i l a r  t o  t h a t  observed i n  
inflammation, l 9  Addi t iona l  evidence was obta ined  i n d i c a t i n g  t h a t  some 
PG's may be mediators  of inflammation, inc luding  the  inca a c i t a t i n g  e f f e c t  
of PGE1, E2 or F a  when in j ec t ed  i n t o  the  dog knee joint2'  and the  r e l e a s e  
of PG's i n  ocu la r  inflammation i n  the  rabbit.21s22 These pro-inflammatory 
e f f e c t s  of t he  PG's  were ex tens ive ly  reviewed .22-24 Previously repor ted  
paradoxical  t he rapeu t i c  e f f e c t s  of P G E l  and E2 were s tud ied  i n  d e t a i l  i n  
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t he  r a t  wi th  adjuvant-induced a r t h r i t i s  (AIA) and were found t o  be r e l a t e d  
t o  the  s t r e s s  induced by l a rge  doses of these  agents .25  

I n h i b i t i o n  of PG syn thes i s  by drugs a s  a mode of a n t i i n f l a m a t o r y  
a c t i o n  continued t o  command a t t e n t i  n .  Asp i r in  was shown t o  prevent  
ocular  inflammation i n  the  r a b b i t Y e g  while  s e v e r a l  NAA were shown t o  
i n h i b i t  cholera  toxin-induced f l u i d  accumulation i n  the  g a s t r o i n t e s t i n a l  
t r a c t  of r a t s , 2 7  both e f f e c t s  being a t t r i b u t e d  t o  i n h i b i t i o n  of  PG 
syn thes i s .  I n h i b i t i o n  of  PG syn thes i s  by c e r t a i n  c o r t i c o s t e r o i d s ,  which 
was shown f o r  t he  f i r s t  time using human skin,28 may be r e l evan t  t o  the  
mode of a c t i o n  of t o p i c a l  s t e r o i d s .  I n h i b i t i o n  of PG syn thes i s  a s  a mode 
of a c t i o n  of NAA i s  supported by the  c o r r e l a t i o n  which was noted between 
such i n h i b i t i o n  and the  ant i inf lammatory a c t i v i t i e s  of these  drugs i n  
s e v e r a l  experimental  models .29-32 However, an  analog of f enc loz ic  a c i d ,  
[2- (4-methoxyphenyl)-thiazol-4-ylacetic ac id  I was descr ibed  which was 
found t o  be capable of i n h i b i t i n g  PGE2 syn thes i s  i n - v i t r o  y e t  t o  be 
devoid of a n t i i n f l a m a t o r y  a c t i v i t y ,  and i t s  ex i s t ence  may c a s t  some 
doubt on t h i s  theory.33 This  l ack  of c o r r e l a t i o n  was examined by Vane,34 
who c o r r e c t l y  pointed out  t he  hazards  of comparing o r a l  a c t i v i t y  i n  
animals wi th  drug e f f e c t s  on enzymes i n  a c e l l - f r e e  system. Evidence 
accumulated thus  f a r  s t rong ly  sugges ts  i n h i b i t i o n  of PG s y n t h e s i s  as a 
probable mode of  a c t i o n  of a t  l e a s t  some of the  e f f e c t s  of NAA. 

The prevent ion  of migra t ion  of leucocytes  as provoked by dextran-  
induced p l e ~ r i s y , 3 ~  the  suppression of t h e i r  phagocytic func t ion  a s  i n -  
duced by u r a t e  c r y s t a l s  i n  the  knee j o i n t , %  and the  i n h i b i t i o n  of t he  
r e l e a s e  of lysosomal enzymes from migra t ing  leucocytes  were a d d i t i o n a l l y  
considered a s  poss ib le  mechanisms of a c t i o n  f o r  both s t e r o i d a l  and 
NAA.37,38 

Paradoxica l ly ,  the  s t a b i l i z a t i o n  of lysosomes by a p r o t e i n  i n  the 
serum was demonstrated i n  the  AIA r a t ,  and i n  v i t r o  l a b i l i z a t i o n  of 
lysosomes by s e v e r a l  a n t i i n f l a m a t o r y  drugs was proposed a s  a f a c t o r  i n  
diminishing t i s s u e  i n j u r y  i n  t h i s  experimental  pa thology.39~40 A r ecen t  
symposium emphasized the  complex a r r a y  of f a c t o r s  and events  p re sen t ly  
implicated i n  the  inflammatory process.41 

Tes t  Svstems - I f  c u r a t i v e  r a t h e r  than p a l l i a t i v e  agents  a r e  t o  be found, 
increased e f f o r t s  t o  devise  t e s t  systems capable of examining drug 
e f f e c t s  on va r ious  chronic  t i s sue -des t roy ing  mechanisms a r e  needed, 
r a t h e r  than the  p re sen t ly  used quick ,  non-spec i f ic  assays.42 Some 
progress  was made i n  t h i s  a r e a  wi th  the  use of t he  l o c a l  g r a f t  v s .  hos t ;  
a c t i v a t e d  lymphocyte passive t r a n s f e r ;  and Arthus r e a c t i o n s  a s  assays  t o  
s tudy drug effects.43'46 A symposium on models f o r  s tudying  rheumatoid 
a r t h r i t i s  sugges ts  t h a t  g r e a t e r  emphasis be placed on chronic  r a t h e r  than  
acute  experimental  models .47 

The A I A  r a t  continued t o  be a popular model f o r  eva lua t ion  and 
d i f f e r e n t i a t i o n  of var ious  c l a s s e s  of both s y s t e r n i ~ , 4 ~ - 5 ~  and topica151 
a n t i i n f l a m a t o r y  drugs.  Collagen metabolism i n  the  AIA r a t  was found t o  
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be initially intensified, then retarded in the acute and chronic stages. 
52 Chronic polyarthritis, as induced in the rabbit with Escherichia 
&,53 in the rat with M co lasma arthritidis,54 and in the pig with 

drug evaluation. Experimental allergic encephalomyelitis (EAE), induced 
in the rabbit56 or the rat,57,58 was used to evaluate the effect of a 
variety of drugs on the immune response. 

Erysipelothrix rhusiopathiae,5 * were proposed as additional models for 

The well defined similarity of spontaneous immunologically mediated 
glomerulonephritis of NZB/W mice to human systemic lupus erythematosus 
makes this animal model unique and useful for drug evaluation. The re- 
lative efficacy of azathioprine, cyclophosphamide and methylprednisolone 
and the synergistic effects of a combination of all three drugs in this 
disorder suggested an experimenta basis for combination trials in human 
lupus erythematosus nephritis, 59,kO 

Miscellaneous interesting test systems that were developed included 
the use of sodium urate-induced edema in the rat to investigate the 
antimitotic and antiinflammatory actions of colchicine and its deriva- 
tives;61 the modification by NAA of the three phases of the inflammatory 
response to cotton pellet implantation in the rat;62 and two human tests, 
one based on skin response to the tuberculin or histamine reaction63 and 
the other on the ability of antiinflammatory drugs to delay the onset of 
erythema after ultraviolet irradiation.64 The rat continued to be useful 
for describing the gastrointestinal irritating properties of the NAA,65 
but a more predictive model is urgently needed. 

Compounds Under Investigation 

Immunosuppressants - Antiinflammatory agents possessing greater thera- 
peutic ratios, longer durations of action and, hopefully, curative rather 
than palliative powers continued to be sought. Agents acting through 
control of immunopathologic mechanisms continue to offer great promise, 
but non-specific toxicity, and a generally long onset of clinical 
activity, makes evaluation difficult and costly and severely limits the 
number of clinically tested agents despite the large number of interest- 
ing drugs available. The antiphlogistic ctivity of a number of agents 
was studied in some experimental models.68 Several excellent reviews on 
immunosuppressants and their clinical applications in inflammation were 
published. 5-7,41967-69 The principles expounded in these reviews remain 
to be tested in the clinic, utilizing controlled double blind long- 
term studies with careful monitoring of immunologic phenomena. 

A basic agent R-760 (flazalone) (l) exhibited a unique antiinflam- 
matory and mild immunosuppressive spectrum of activity in animals and in 
some limited trials in man. This agent was equipotent with phenylbuta- 
zone in experimental models; had no analgesic and weak antipyretic 
activity; but was as effective as azathioprine in goldfish scale and 
rabbit-ear skin homotransplantation experiments. It also inhibited 
nucleic acid synthesis of lymphocytes in-vitro. 7O, 71 Cycloleucine was 
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descr ibed  a s  a unique type of immunopharmacologic agent .  It was e f f e c t i v e  
i n  the  adjuvant  and a l l e r g i c  encephalomyel i t i s  r a t  models bu t  was not  
cy to tox ic  i n - v i t r o  and had no e f f e c t  on polymorphonuclear leukocyte  
m i g r a t i o n . ? V , m  The t o x i c i t y  of t h i s  agent  could be reduced by L- 
va l ine  which was shown t o  a c t  by inc reas ing  cyc lo leuc ine  exc re t ion .72  
Oxisuran e) was cha rac t e r i zed  as an  immunosuppressant w i th  the  important  
d i f f e r e n c e  of  be ing  capable of  suppress ing  a l l o g r a f t  i m u n i t y  wi thout  
concomitant e f f e c t  on humoral an t ibody formation. The 3- and 4-pos i t ion-  
a 1  isomers d id  no t  show the  s e l e c t i v e  immunological p r o p e r t i e s  of t he  2- 
isomer. Oxisuran i s  r epor t ed ly  e f f e c t i v e  on cutaneous delayed hypersens i -  
t i v i t y  i n  guinea p igs  and ra ts  s e n s i t i z e d  t o  ovalbumin, t u b e r c u l i n  o r  
DNCB. It i s  not  cy to tox ic  o r  a n t i p r o l i f e r a t i v e  in-v ivo  o r  i n - v i t r o  nor i s  
i t  ant i inf lammatory.  73 I f  c l i n i c a l  t r i a l s  s u b s t a n t i a t e  these  claims these  
agents  could be the  forerunner  of t he  s e l e c t i v e  immunosuppressants which 
have been d iscussed  f o r  years  bu t  no t  a s  y e t  r e a l i z e d .  

F 

Arvlalkanoic  Acids and Related Compounds - The combination of a p-methyl- 
s u l f i n y l  s u b s t i t u e n t  as a s o l u b i l i z i n g  agent  and a f l u o r i n e  group t o  in-  
c rease  the  potency of t he  indene i s o s t e r e  of indomethacin r e s u l t e d  i n  a 
new s e r i e s  of compounds (1) having a pharmacologic p r o f i l e  s imilar  t o  
t h a t  of indomethacin but  w i th  fewer g a s t r o i n t e s t i n a l  s i d e  e f f e c t s  i n  
animals.74 A double b l ind  crossover  t r i a l  showed indomethacin (100 mg) t o  
be supe r io r  t o  the  s a l i c y l a t e  a l o x i p r i n  (3 .6  g) and both t o  be supe r io r  
t o  placebo i n  rheumatoid a r t h r i t i s  and ankylosing s p o n d y l i t i s .  75 The 
human plasma concent ra t ions  and p r o t e i n  binding capac i ty  of indomethacin 
were s tud ied  us ing  a s e n s i t i v e  f luorescence  assay ,76  and the  human 
metabol ic  pathways of t he  drug and i t s  me tabo l i t e s  were ex tens ive ly  s tud-  
i ed  us ing  an  i so tope  d i l u t i o n  method.77 It was demonstrated i n  normal 
human vo lun tee r s ,  u s ing  a s p e c i f i c  spec t ro f luo romet r i c  method which de- 
t e c t s  only unchanged indomethacin, t h a t  t he  concurrent  admin i s t r a t ion  of 
a s p i r i n  d i d  no t  a f f e c t  serum indomethacin l e v e l s .  Thus, the  i n t e r a c t i o n  
(antagonism) of these  two agents  repor ted  i n  animals and man was not  
mediated through changes i n  t o t a l  serum concent ra t ions  of indomethacin,  a s  
prev ious ly  suggested by non-spec i f ic  i s o t o p i c  l a b e l i n g  methods .78  The 
s e r i e s  of indan-1-carboxylic a c i d s  d iscussed  l a s t  year  continued t o  be 
explored;  t he  (-) isomer BL-236579 was claimed t o  i n h i b i t  p l a t e l e t  
aggrega t ion ,  t o  be e f f e c t i v e  i n  the  potency range of indomethacin, and t o  
have a b e t t e r  s epa ra t ion  of t he rapeu t i c  from ulcerogenic  p r o p e r t i e s  i n  
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s e v e r a l  experimental  models. 80381 Despi te  repor ted  a c t i v i t y  and low tox- 
i c i t y  i n  animal s t u d i e s ,  clamidoxic acid7’ was shown i n e f f e c t i v e  i n  a 
s tudy i n  24 p a t i e n t s  w i th  rheumatoid a r t h r i t i s . 8 2  

New i n  v ivo  and i n  v i t r o  s t u d i e s  have shown fenoprofen t o  be a more 
e f f e c t i v e  i n h i b i t o r  o f  collagen-induced p l a t e l e t  aggrega t ion  than a s p i r i n  
o r  phenylbutazone.83 Metabolic s t u d i e s  of t h i s  compound i n  man ind ica t ed  
t h a t  phenylbutazone, bu t  not  indomethacin o r  a s p i r i n ,  can in f luence  i t s  
a b i l i t y  t o  bind t o  plasma albumin.84 I n  a c o l l a b o r a t i v e  open, non-com- 
pa ra t ive  s tudy i n  201 p a t i e n t s ,  ibuprofen a t  600 t o  1200 mg d a i l y  was 
found devoid of  s i d e  e f f e c t s  whi le  e f f e c t i v e l y  r e l i e v i n g  morning pa in  and 
s t i f f n e s s  i n  p a t i e n t s  wi th  a v a r i e t y  of  rheumatic condi t ions .85  The more 
poten t  analog f l u r b i p r o f e n  (4) proved e f f e c t i v e  and w e l l  t o l e r a t e d  i n  a 
double-blind c rossover  t r i a l  on a s h o r t  term b a s i s  i n  p a t i e n t s  w i th  
rheumatoid a r t h r i t i s  .86 Absorption, d i s t r i b u t i o n ,  metabolism and e x c r e t i o n  
of naproxen was s tud ied  i n  animals and humans; t he  human plasma h a l f - l i f e  
ranged from 10 t o  1 7  hr.87 

SU-21524 Q) was s tudied  i n  16 p a t i e n t s  w i th  rheumatoid a r t h r i t i s  
i n  a randomized double-blind c rossover  t r ia l ,  A d a i l y  dose of 400 mg was 
as e f f e c t i v e  as 100 mg indomethacin.88 I n  a double-blind c rossover  s tudy 
involv ing  46 p a t i e n t s  w i th  rheumatoid a r t h r i t i s  and 42 p a t i e n t s  w i t h  
o s t e o a r t h r o s i s  of t he  h ip ,  Orudis (RP-19583) was w e l l  t o l e r a t e d  and had 
comparable the rapeu t i c  e f f i c a c y  wi th  indomethacin when given a t  equal  
doses  (100 mg d a i l y  dose) .89 

c 

4 - 
CI 5 - 

S a l i c v l a t e s  - Benorylate ,an e s t e r i f i e d  a s p i r i n  prepara t ion ,  caused 
s i g n i f i c a n t l y  l e s s  g a s t r i c  blood l o s s  than so lub le  a s p i r i n  i n  both  
vo lun tee r s  and a r t h r i t i c  p a t i e n t s ,  
demonstrated t h a t  benory la te ,  6-8 g da i ly ,was  as e f f e c t i v e  a s  150 mg 
indomethacin i n  p a t i e n t s  wi th  rheumatoid a r t h r i t i s .  92 

91 A con t ro l l ed  double b l ind  s tudy  

R - 

‘OCH, 
3 

I U R  

Pvrazoles  - Prenazone (DA-2370)(6)’3and LH-150 (1) were s i m i l a r  t o  
phenylbutazone i n  experimental  ant i inf lammatory a c t i v i t y ,  a l though the  
blood l e v e l s  of the  l a t t e r  were lower than phenylbutazone.94 A s e r i e s  
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exemplif ied by 8 was found t o  have similar an t i i n f l amna to ry  a c t i v i t y  i n  
r a t s  bu t  was l e s s  t o x i c  than  phenylbutazone. 95 

Benzothiazines  and ana loes  - I n  r a t s ,  a new benzothiazine analog,  Abbott 
29590 @), had an ant i inf lammatory potency between t h a t  of phenylbutazone 
and a s p i r i n ,  was l o w  i n  t o x i c i t y  and produced l i t t l e  g a s t r i c  i r r i t a t i o n .  
96 Sudoxicam (10) demonstrated a c t i v i t y  i n  s e v e r a l  animal models of 
inflammation i n  the  potency range of  indomethacin.97 I n  man i t  had an ex- 
tended h a l f  l i f e  of 24-26 h r ,  which resembled t h a t  of phenylbutazone and 
was much longer  than  t h a t  of indomethacin, thus  o f f e r i n g  the  advantage 
of more sus t a ined  the rapeu t i c  blood l e v e l s .  98 A 1,4-benzoth iaz inea  
SQ-11579 (ll), demonstrated marked ant i inf lammatory a c t i v i t y  and l ack  of 
u lcerogenic  a c t i v i t y  i n  the  r a t . 9 9  

Miscellaneous - L5418 u) demonstrated s u f f i c i e n t  ant i inf lammatory 
a c t i v i t y  i n  the  r a t  t o  warran t  c l i n i c a l  t r i a1 .100  W-2354 (lz) a t  doses  
of 0 .5  t o  1.8 glday caused a hypouricemic response and some c e n t r a l  
nervous system e f f e c t s  w i t h i n  2 t o  3 days i n  p a t i e n t s  wi th  gout.101 

- 
The bas i c  agent ,  

drug benzydamine i n  i t s  

0 

CH2C-N N(CH2120H u - 13 - 14 

t i a ramide  (&), was found comparable t o  the  bas i c  
ant i inf lammatory spectrum i n  rodents .  A s e r i e s  - -  

of carboxani l ides  (15) exh ib i t ed  a c t i v i t y  equ iva len t  t o  o r  b e t t e r  than 
a s p i r i n  i n  the  ra t  carrageenin-induced foo t  edema assay.lO3 Bimetopyrol u) was the  most po ten t  of a s e r i e s  of  n e u t r a l  d i a ry1  py r ro l e s  when 
t e s t e d  both p rophy lac t i ca l ly  and t h e r a p e u t i c a l l y  i n  the  A I A  r a t .  104 R1a2ba c'i30$CH3 / \  ~ - - C H )  

N,O/N 
I I  

CHjO / \  
- 

R2 

17 - 16 - 15 - 
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Phe ny lme thy loxad i azo  l e  ( PMO) (u) was a s  e f f e c t i v e  a s  phenyl- 

butazone i n  prevent ing the  r e s p i r -  
a t o r y  i n f l a m a t i o n  induced i n  guinea 
p igs  by a c r o l e i n  ae roso l .  105 The 
a n t i - l e p r o t i c  agent  c lofazimine (18) 
i n h i b i t e d  r a t  adjuvant  a r t h r i t i s  
bu t  had no immunosuppressive 
a c t i v i t y  ,106 

Moreland, Ed. 

~:,DH-cH~ I - .  y 3  

\ / NH-(p-CI-C6Hql 

A mul t i cen te r  t r i a l  group r e p o r t  of a twelve-month double-blind 
s tudy showed o r a l  D (-) penic i l lamine  t o  be an  e f f e c t i v e  t reatment  f o r  
a c t i v e  rhematoid a r t h r i t i s .  Adverse e f f e c t s  such a s  rash ,  nausea and 
vomiting, thrombocytopenia and pro te inurea  were reversable  upon drug  
withdrawal.  The use of p a t i e n t s  wi th  advanced d i sease  may have con- 
t r i b u t e d  t o  the  high incidence of  s i d e  e f f e c t s .  
the  kidney i s  the  most s e r ious  drawback t o  t h i s  agent.107 I n  a double- 
b l ind  two-center t r i a l  of 60 p a t i e n t s  w i th  rheumatoid a r t h r i t i s  L- 
h i s t a d i n e  a t  4 .5  g/day f o r  30 weeks showed no s i g n i f i c a n t  d i f f e r e n c e  
from c o n t r o l s  i n  measurements as g r i p  s t r e n g t h ,  walking time, numbers of 
swollen j o i n t s  e t c .  There was some ind ica t ion  t h a t  p a t i e n t s  wi th  long 
du ra t ion  of d i sease  may have shown some improvement.108 

The p o t e n t i a l  hazard t o  

Natural  Products and Related Substances - A pept ide bound t o  c i r c u l a t i n g  
p ro te ins  i n  human serum was found t o  have ant i inf lammatory p rope r t i e s ,  as 
ind ica ted  by i t s  a b i l i t y  t o  reduce carrageenin-induced r a t  paw edema. 109 
An ant i inf lammatory substance synthesized i n  the  l i v e r  and found i n  
inflammatory exudates was p u r i f i e d  and separa ted  from i t s  i r r i t a n t  
component. 110 The b i o l o g i c a l  p rope r t i e s  of car rageenin  were reviewed, and 
i t s  ant i inf lammatory and immunologic p rope r t i e s  emphasised. The ex- 
per imental  and c l i n i c a l  pharmacology of dimethyl su l foxide  was reviewed. 
l2 An e s s e n t i a l  o i l  ex t r ac t ed  from Zanthoxylum budrunpa compared favor-  

ab ly  wi th  s tandard ant i inf lammator  agents  i n  ra t s ;  c l i n i c a l  a c t i v i t y  was 

sacchar ides  wi th  polymorphonuclear leukocytes  was proposed a s  a mode of 
t h e i r  ant i inf lammatory a c t i o n s ,  114 Sodium f l u o r i d e  proved e f f e c t i v e  i n  
the  A I A  r a t ,  p o t e n t i a t i n g  the  e f f e c t s  of t r iamcinolone i n  t h i s  t e s t  a t  
non-toxic  dose^.''^ I n  a s e r i e s  of i n  v i t r o  and i n  v ivo  t e s t  systems, 
a sco rb ic  ac id  was shown t o  have weak i n  v ivo  ant i inf lammatory a c t i v i t y . 1 1 6  
Many of t he  "anti inflammatory" a c t i v i t i e s  proposed f o r  t he  substances 
mentioned i n  t h i s  s e c t i o n  undoubtedly a r e  due t o  t h e i r  moderate t o x i c  o r  
s t r e s s  e f f e c t s  and/or t o  the  s e l e c t i o n  of t he  appropr i a t e  ( favorable)  
experimental  model by the  i n v e s t i g a t o r s .  

a l s o  claimed but  no t  documented. 19 The i n t e r a c t i o n  of s u l f a t e d  poly- 

Gold - Evidence has continued t o  accumulate suppor t ing  the  b e n e f i c i a l  
e f f e c t s  of chrysotherapy i n  rheumatoid a r t h r i t i s ,  l 1 7  thus  s t i m u l a t i n g  
c l i n i c a l  s t u d i e s  c o r r e l a t i n g  drug d i s p o s i t i o n  and metabolism wi th  the ra -  
peu t i c  e f f e c t s .  
and low f e c a l  gold exc re t ion  was foundY1l8 but  serum gold l e v e l s  d i d  not  
r e l a t e  t o  e i t h e r  t o x i c i t y  o r  c l i n i c a l  response i n  two sepa ra t e  s t u d i e s ,  
119,120 Seques t r a t ion  of gold around synovia l  t i s s u e  r a t h e r  than i n  

A p o s i t i v e  c o r r e l a t i o n  between an t i rheumat ic  a c t i v i t y  
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synovia l  f l u i d  o r  plasma was proposed a s  a poss ib l e  explana t ion  f o r  t h i s  
l ack  of c o r r e l a t i o n .  121 The a n t i - i n j u r y  a s  w e l l  a s  immunologic mechanisms 
of a c t i o n  of gold prepara t ions  were s tud ied  i n  pathophoric  lymph node 
c e l l  t r a n s f e r  experiments us ing  r a t  EAE a s  the  An o r a l l y  admin- 
i s t e r e d  gold compound SKF-36914 ( t r ie thylphosphino-gold ch lo r ide )  was a s  
e f f e c t i v e  a s  p a r e n t e r a l  o ld  i n  suppress ing  inflammatory l e s i o n s  of 
adjuvant  a r t h r i t i c  r a t s .  f22 

Coment - I n  genera l ,  the  types of  agents  pursued i n  the  l abora to ry  i n  
1972 were r e l a t e d  t o  e s t a b l i s h e d  drugs and d id  not  r ep resen t  s i g n i f i c a n t  
advances. Reports on the  c l i n i c a l  i n v e s t i g a t i o n  of agents  w i th  unusual 
spec t r a  of a c t i v i t y  a r e  needed before  any breakthrough can occur.  The 
l a rge  number of agents  now i n  the  c l i n i c  ( reputed ly  more than  t h i r t y )  in -  
c luding some of t he  newer more s e l e c t i v e  imunoregu lan t s  may open new 
avenues t o  f u r t h e r  experimental  e f f o r t s  i n  t h i s  a r e a .  
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Chapter 23.  Agents hf fec t inp ,  Cycl ic  MU' Levels  

Don I!. Harris, Nick S .  Semenuk and Sidney 71. Hess 
Squibb I n s t i t u t e  For Pfedical Research, Pr ince ton ,  P1.J. 

A comprehensive review of t h e  1535 r e p o r t s  on t h e  a c t i o n  of c y c l i c  
I\Mp t h a t  have been publ ished dur ing  1972 is  obviously beyond t h e  scope of 
t h i s  chapter .  
concerned with those  a spec t s  of adenyla te  cyc lase  t h a t  seem most d i r e c t l y  
r e l a t e d  t o  a d i sease  process ,  and wi th  c y c l i c  nuc leo t ide  phosphodiesterase 
(PDE), t h e  enzyme p r imar i ly  r e spons ib l e  f o r  t he  i n a c t i v a t i o n  of  cyclic 
MP. We have a l s o  included , where appropr i a t e ,  s i E n i f i c a n t  pub l i ca t ions  
t h a t  d e s c r i b e  mechanisms of physiolop,ic processes  involvinp. t h e  metabolism 
of c y c l i c  A", which w e  hope w i l l  be  of he lp  t o  t h e  i n v e s t i g a t o r  i n  the  
search  f o r  new agen t s  t h a t  act a g a i n s t  s p e c i f i c  d i seases .  

We have chosen, t h e r e f o r e ,  t o  dea l  w i th  pub l i ca t ions  

Adenylate Cyclase - The ex tens ive  study by Weinryb e t  al. of  a l a r g e  
number of drugs r ep resen t ing  49 t he rapeu t i c  classes w a s  designed t o  l e a r n  
i f  c y c l i c  ANP-cnediated r eac t ions  were t h e  b a s i s  f o r  t h e  common mechanisms 
by which the rapeu t i c  agents  a c t .  
a d d i t i o n  to a c t i o n  a g a i n s t  PDE of  the  rat b r a i n  and cat  h e a r t ,  l i p o l y s i s  
i n  i s o l a t e d  f a t  c e l l s  of t he  r a t ,  s t e ro idogenes i s  i n  i s o l a t e d  rat adrena l  
cells ,  and e f f e c t s  on adenyla te  cyc lase  of guinea pip, lung.  

The spectrum of tests inc luded ,  i n  

The d a t a  ind ica t ed  t h a t  c y c l i c  Alp-mediated r e a c t i o n s  were n o t  a 
common modality by which these  classes of drugs ac t ed .  Act iva t ion  and 
i n h i b i t i o n  of adenyla te  cyc lase  were observed, bu t  they  occurred amon!: 
t h e  classes i n  no d i s c e r n i b l e  pet tern.1,2 

A well-executed series of s t u d i e s  i n  Greengard's l abo ra to ry  has 
demonstrated the  presence,  i n  homogenates of caudate  nucleus of rat 
b r a i n s ,  of a dopamine-stimulated adenyla te  cyc lase .  
dopamine, t h e  accumulation of c y c l i c  h'fP w a s  blocked by ha lope r ido l  o r  
chlorpromazine : apomorphine , a dopamine-like agent  , w a s  also shown t o  be  
a c t i v e  i n  s t imu la t ing  adenyla te  cyc lase .  The sugEest ion was made t h a t  
i nc reases  i n  adenyla te  cyc lase  a c t i v i t y  i n  the  caudate  nucleus mny have 
b e n e f i c i a l  r e s u l t s  f o r  p a t i e n t s  w i th  extrapyramidal  d i s e a s e s ,  such as 
Parkinson 's  d i ~ e a s e . ~ , ~  

In t h e  presence of 

An important  f i nd ing  r e l a t e d  t o  the  s t i m u l a t i o n  of  adenyla te  cyc lase  
i n  the  g l i a l  and neuronal  cells of t he  b r a i n  w a s  t h a t  t h e  former may be 
s t imu la t ed  by catec olamines and the  l a t t e r  by p ros t ac l and ins  
e s p e c i a l l y  by PCC1.' The g l i a l  adenyla te  cyc lase  was respons ive  t o  B 
s t i m u l a t i o n  and t o  dopamine .6 
v e n t r i c l e s  of t he  b r a i n s  of rats i n  v ivo  increased  the  l e v e l s  of c y c l i c  
ME', whereas dopamine was b a r e l y  a c t i v e  i n  t h i s  regard.7 The s t i m u l a t i o n  
of adenyla te  cyc lase  i n  the  ra t  b r a i n  by norepinephrine was enhanced by 
p r e t r e a t i n g  the  animals  wi th  6-hydroxydopamine, an agent  known t o  d e p l e t e  
norepinephrine l e v e l s  i n  the  b r a i n  .8 

(PC), 

Catecholamines i n j e c t e d  i n t o  c e r e b r a l  
-- 
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S l i c e s  of s p e c i f i c  areas of t he  Ruinea p i2  b r a i n  were exanined t o  

learn the  c h a r a c t e r i s t i c s  of t he  r ecep to r  sites of adenyla te  cyc la se .  
Cyclase of ce reb ra l  co r t ex ,  hippocampus , and amygdala responded t o  
s t imu la t ion  by a-adrenergic  agents  and h i ~ t a m i n e . ~  

Ifountinp, evidence poin ted  t o  t h e  accumulation of c y c l i c  NIP, as a 
r e s u l t  of t he  s t i m u l a t i o n  of adenyla te  cyc la se  i n  t h e  walls of t h e  s m a l l  
i n t e s t i n e ,  as t he  mechanism by which the  en te ro tox in  of Vibr io  cho le rae  
caused a voluminous f l u i d  t r a n s p o r t  i n t o  t h e  lumen. lO*llCholera  toxin, 
which w a s  i n  con tac t  wi th  t h e  luminal  s i d e  of t he  e p i t h e l i a l  c e l l ,  seened 
t o  a f f e c t  adenyla te  cyc lase  a f t e r  t he  c h a r a c t e r i s t i c  l a g  i n  onse t  of 
ac t ion12 a t  t h e  oppos i t e  (basa l  and l a t e r a l )  s i d e  of t h e  cell,13 
al though t h e  a c t i v i t y  of t h e  k inase  w a s  found t o  be i n  t h e  brush (luminal 
s i d e )  border  of t he  ce l l . 14  
from the  jejunum of p a t i e n t s  w i th  cho le ra  was shovm t o  be  increased  
twofold dur ing  the  d i sease  s ta te  compared wi th  t h a t  found dur inz  recovery.  
It w a s  a l s o  demonstrated t h a t  a f u r t h e r  s t i m u l a t i o n  of t h e  enzync could 
be  e l i c i t e d  by incubat ion  of t h e  biopsy spec inens  wi th  PGEl o r  FJaF. 

The a c t i v i t y  of adenyla te  cyc la se  i s o l a t e d  

An i n t e r e s t i n g  s tudy w a s  repor ted  by Jacoby and X a r ~ h a l l , ~ ~  who 
demonstrated t h a t  anti-inflammatory conpounds i n h i b i t e d  cho le ra  toxin-  
mediated d i a r r h e a  i n  rats, which w a s  measured by weighing the  small 
i n t e s t i n e  a t  t h e  end of t h e  s tudy .  Dexamethasone and prednisolone,  a n t i -  
inflammatory s t e r o i d s ,  were e f f e c t i v e  i n  r e l a t i v e l y  hiph doses .  
Indomethacin w a s  t h e  most a c t i v e  non-steroid t e s t e d ;  a s p i r i n ,  indomethacin,  
and phenylbutazone were a c t i v e  when Riven o r a l l y  o r  p a r e n t e r a l l y .  The 
mechanism of a c t i o n  of these  agents  ys-. cho le ra  t o x i n  w a s  n o t  determined, 
bu t  i t  m y  be noted t h a t ,  w i th  t h e  except ion of t h e  s t e r o i d s ,  they a l l  
i n h i b i t  p ros t ag land in  syn the ta se  .16 
produced by cho le ra  tox in  i n  i s o l a t e d  i n t e s t i n a l  loops  of cats.17 
desc r ib ing  t h e  a c t i o n  of t hese  anti-inflammatory druss  i n  humans wi th  
cho le ra  have not  ye t  been reported.18 

Asp i r in  a l s o  blocked t h e  s e c r e t i o n  
Data 

Epinephrine,  given t o  as thmat ic  p a t i e n t s ,  f a i l e d  t o  induce the  
inc rease  i n  concen t r a t ion  of u r ina ry  c y c l i c  h"Ip t h a t  had been found i n  
hea l thy  s u b ' e c t s ,  al though glucaeon e l i c i t e d  t h e  usual  i nc rease  i n  both 
groups . l 9  9 2 4  G lucocor t i cos t e ro ids ,  such as hydrocor t i sone ,  may a c t  t o  
a l l e v i a t e  t he  synptons of as thna  by inc reas ing  the  a c t i v i t y  of adcnyla te  
cyc lase  o r  by r e s t o r i n  t h e  responsiveness  t o  ca techolanines  of t he  
cyc lase  i n  leukocytes .  %. I n  t h i s  regard ,  a-adrenergic  blockade w a s  a l s o  
found t o  be perhaps by an enhancement of t he  B s t i n u l a t i o n .  

An important  s tudy repor ted  by Kal iner  , Orany,e and ~ l u s t e n ~ ~  showed 
t h a t  s t imu la t ion  of adenyla te  cyc la se  f r o n  liuman lung  by B-adrenergic 
agents  r e s u l t e d  i n  a decrease  i n  the i m u n o l o g i c  release of h i s t a n i n e  and 
t h e  s low-react ing subs tance  of anaphylaxis  (SPS-A) . I n  c o n t r a s t ,  t h e i r  
release w a s  increased  by the  accumulation of c y c l i c  C!P t h a t  r e s u l t e d  
from t h e  s t imu la t ion  of guanylate  cyc lase  by a-adrenergic  aEents ,  srlcll as 
phenylephrine,  o r  cho l ine rg ic  agen t s ,  such as ace ty l cho l ine  o r  carbamyl- 
chol ine .  Iiuman leukocytes  i n  v i t r o  responded w i t h  a decrease  i n  the  
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a n t i g e n i c a l l y  induced release of his tamine (immediate h y p e r s e n s i t i v i t y  
response) and a reduct ion  i n  l y s i s  of mouse mastocytoma (delayed hyper- 
s e n s i t i v i t y  response) by s e n s i t i z e d  lymphocytes when agen t s  such as 
catecholamines,  PG, cho le ra  tox in ,  PDE i n h i b i t o r s ,  o r  c y c l i c  NIP were 
incorpora ted  i n t o  the  incubat ions .  24,25 

The c y t o l y t i c  a c t i v i t y  of lymphocytes of animals has  been shown t o  
b e  decreased a f t e r  s t i m u l a t i o n  of adenyla te  cyc la se  by such agents  as 
h is tamine ,  i sop ro te reno l ,  PGEl  and P C E Z . ~ ~  In  c o n t r a s t ,  t h e  c y t o l y t i c  
a c t i v i t y  w a s  enhanced by c h o l i n e r g i c  agents ,  such as ace ty l cho l ine  and 
carbamylcholine,  which a l s o  increased  t h e  l e v e l s  of c y c l i c  GYP. 2 7  
has  been suggested t h a t  t h e  a b i l i t y  of i n t e r f e r o n  and polyadenyl ic  
po lyu r idy l i c  ac id  t o  inc rease  t h e  number of antibody-forming sp leen  cells 
i n  mice is r e l a t e d  t o  t h e  s t i m u l a t i o n  of adenyla te  cyc la se  by these  
agents;28 increased  ant ibody formation i n  mice by catecholamine s t imu la t ion  
of adenyla te  cyc lase  has  a l s o  been r e p ~ r t e d . ~ g  

It 

Adenylate cyc lase  of l a te le t s  is  an unusual enzyme because i t  is 
i n h i b i t e d  by epinephrine .3B,31 One o t h e r  t i s s u e ,  islets of Langerhans 
from the  rat ,  a l s o  con ta ins  an ep inephr ine- inhib i ted  cyc la se  . 32 ,33  
enzyme i n  p l a t e l e t s  was s t imula ted  by PGEl, adenosine,  (2-chloro- 
adenosine inh ib i ted34)  , c a f f e i n e ,  imipranine,  and d i b u t y r y l  c y c l i c  NV. 35 
Thrombin was found t o  i n h i b i t  p l a t e l e t  adenyla te  cyc la se  ac t iv i ty36  937 
even i n  the  presence of  t he  s t imu lan t  ph tohenagglu t in in  from 
~ u l i n a r i s . ~ ~  N ~ r e p i n e p l i r i n e ~ ~  and PCE248 were repor ted  t o  i n h i b i t  t h e  
s t imulant  e f f e c t  o f  PGC1; norepinephrine may have a c t i v a t e d  a degrada t ive  
mechanism of c y c l i c  fill' i n  p l a t e l e t s  of humans and r a b b i t s .  The a b i l i t y  
o f  PGE2 t o  i n h i b i t  t he  a c t i o n  of adenyla te  cyc la se  and t o  enhance 
aggrega t ion  of p l a t e l e t s  should b e  taken as a caut ion  by those  who might 
wish t o  use  t h i s  agent as an a b o r t i f a c i e n t  i n  any p a t i e n t  with a h i s t o r y  
of  p h l e b i t i s  o r  of card iovascular  d i f f i c u l t y . 4 1  

The 

The f ind ings  (1) t h a t  t h e  r a t e  of p r o l i f e r a t i o n  of tumor ce l l s  i n  
c u l t u r e  was reduced when the  l e v e l s  of c y c l i c  NIP were increased  i n  the  
incubat ion  (2) t h a t  epidermal cells  possess  a complete 
metabol ic  system f o r  t h e  s y n t h e s i s  and breakdown of c y c l i c  i W P ; 4 g  
(3) t h a t  a c y c l i c  MP-dependent p r o t e i n  k inase  i s  p resen t  i n  homogenates 
of the  s k i n  of mice;50 and ( 4 )  t h a t  a R-adrenergic a c t i v a t e d  adenyla te  
cyc lase  is present  i n  sk in  i n  vivo,51 have prompted a n m b e r  of groups 
t o  examine t h e  c y c l i c  AMP l e v e l s  i n  p s o r i a t i c  s k i n ,  s i n c e  p s o r i a s i s  is  
cha rac t e r i zed  by a h y p e r p r o l i f e r a t i o n  of t he  b a s a l  cells  of the  epidermis .  
Compared wi th  adenyla te  cyc lase  from normal s k i n  o r  from the  unaf fec ted  
s k i n  of p s o r i a t i c  p a t i e n t s ,  adenyla te  cyc la se  from p s o r i a t i c  s k i n  was  
less res ons ive  i n  v i t r o  t o  s t i m u l a t i o n  by e p i n e p h r p e  and w a s  unresponsive 
t o  1JaF.5q I n  a similar comparison, Voorhees e t  found a s i p i f i c a n t  
decrease  i n  concent ra t ion  of c y c l i c  NIP i n  t h e  involved s k i n  of p s o r i a t i c  
p a t i e n t s .  
s k i n  responded t o  the  s t imu la t ion  of B-adrenergic agen t s ,  such as 
i sop ro te reno l ,  and t h a t  R-adrenergic blockade prevented t h e  s t imu la t ion .  54 
Dibutyryl  c y c l i c  MP, added t o  c u l t u r e s  of mouse sk in ,  decreased the  rate 

These workers a l s o  showed t h a t  t he  adenylate  cyc la se  of human 
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of mitoses  i n  those  f l a s k s  t h a t  contained a high concent ra t ion ,  5 x lO-hE, 
of  t h e  c y c l i c  AMP analog.55 

Severa l  p a t i e n t s  wi th  p s o r i a s i s  were t r e a t e d  f o r  4 m. wi th  a com- 
b i n a t i o n  of  levodopa and an i n h i b i t o r  of pe r iphe ra l  dopa-decarboxylase, 
Ro4-4602, I? '-(D,L-seryl) -N2-(2, 3,4-trihydroxybenzyl)hydrazine. 
r e s u l t s  of t h i s  l i m i t e d  s tudy seemed t o  warrant  f u r t h e r  t e s t i n g  t o  
e s t a b l i s h  whether a dopamine-sensit ive adenyla te  cyc lase  does,  i n  f a c t ,  
exist  i n  p s o r i a t i c  s k i n  and whether t h e  t reatment  was t r u l y  b e n e f i ~ i a l . ~ ~  

The 

S tud ie s  of tumor cells i n  v i t r o  have revealed a decreased response 
of  adenyla te  cyc lase  t o  s t imu la t ion  by PGE157 and t o  ACTH i n  transformed 
cel ls ,  as compared wi th  normal cells  t h a t  e x h i b i t  con t ro l l ed  growth.58 
Ehr l ich  ascites cells were s t imu la t ed  by NaF, 8-adrenergic agen t s ,  and 
PCE1, but  no t  by PGFla o r  P G F ~ B . ~ '  Leukocytes from p a t i e n t s  wi th  chronic  
nryelogenous leukemia o r  chronic  lymphatic leukemia exh ib i t ed  g r e a t e r  
responses t o  t h e  s t imu la t ion  of  adenyla te  cyc la se  by PGEl t han  d id  normal 
cells .60 

Beitch and Eakins ,61 working wi th  r a b b i t s ,  found t h a t  in t racamera l  
i n j e c t i o n s  of  PGE1, E2, Fza, A1, o r  Fla  increased  i n t r a o c u l a r  pressure .  
The potenc ies  o f  t h e  agents  were: E2>FZa>A1>Fla. Adrenergic agents ,  

p ressure  and caused inc reases  i n  t h e  concent ra t ion  of c y c l i c  AMP i n  t h e  
aqueous humor of t h e  eyes.  
p ressure  and f o r  i nc reas ing  the  concent ra t ion  of c y c l i c  MlP i n  t h e  eye ,  
was: epinephrine>norepinephrine>isoproterenol. In t racamera l  i n j e c t i o n s  of 
c y c l i c  AMF', s t imated  t o  y i e l d  a f i n a l  concent ra t ion  of  4 x 10'4FI i n  t h e  
a n t e r i o r  chamber, produced a decrease  i n  i n t r a o c u l a r  p re s su re  .67 

adminis tered t o p i c a l l y  t o  t h e  eyes r a b b i t s ,  reduced i n t r a o c u l a r  

The o rde r  of potency, both f o r  reducing 

A body of evidence c o l l e c t e d  i n  the  p a s t  year  seemed t o  show t h a t  
c y c l i c  AMP is involved i n  t h e  release o f  i n s u l i n  from the  is le t  cells 
of  t h e  ancreas  by a mechanism t h a t  inc ludes  t h e  metabolism of  glucose 

s t imula ted  by glucagon and t ~ l b u t a m i d e . ~ ~  The exocr ine  po r t ion  of t he  
pancreas con ta ins  adenyla te  cyc la se  t h a t  was s t imula ted  by s e c r e t i n  and 
pancreozymin; i t  was  unresponsive t o  ep inephr ine  ( the  endocrine enzyme 
was i n h i b i t e d  by epinephrine66) , ace ty l cho l ine ,  glucagon and gas t r i n . 3 3  

and C a  +! . 3 2 9 6 3 9 6 4  Islet adenyla te  cyc la se  and i n s u l i n  release were 

Cycl ic  AMP Phosphodiesterase - Since PDE was discovered by Suther land and 
R a l l , O /  many c h a r a c t e r i z a t i o n  s t u d i e s  of t h i s  enzyme have been conducted. 
One major development has  been t h e  discovery t h a t  a t  least two forms of  
t h e  enzyme exist  wi th  low and high Km values.68 
numerous l a b o r a t o r i e s  have confirmed t h i s  w i th  PDE from a v a r i e t y  of 
 tissue^.^^-^^ Russe l l  -- e t  a l  .83 found, a f t e r  chromatographic sepa ra t ion  
of rat b r a i n  PDE, t h a t  one form of the  enzyme exhib i ted  k i n e t i c s  sugges t ing  
t h e  ex i s t ence  of  t w o  enzymes or of one enzyme e x h i b i t i n g  negat ive  coop- 
e r a t i v i t y .  
coope ra t iv i ty  of fe red  t h e  b e t t e r  t h e o r e t i c a l  explana t ion  f o r  t h e  k i n e t i c  

During t h e  pas t  yea r  

By use of  a computer model, they decided t h a t  nega t ive  
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behavior  o f  t h e  enzyme. 
extended these  s t u d i e s  by sub jec t ing  so lub le  superna tan t  f r a c t i o n s  of 
several t i s s u e s  t o  polyacrylamide-gel e l ec t rophores i s .  Campbell and 
Oliver% and Uzunov and we is^^^ found tha t  t h e  e l e c t r o p h o r e t i c  p a t t e r n s  
of PDE obtained from b r a i n s  of r a t s  d i f f e r e d  from those  f o r  PDE from 
o the r  t i s s u e s .  
conta in ing  a potent  a c t i v a t o r  of  PDE were discovered by Uzunov and Weiss.85 
Using s ta rch-ge l  e l e c t r o p h o r e s i s ,  Pichard -- e t  a1.86 a l s o  found d i f f e r e n t  
e l e c t r o p h o r e t i c  p a t t e r n s  f o r  PDE from the  b r a i n  and blood p l a t e l e t s  of 
humans. 
exis t  i n  d i f f e r e n t  ce l l  t ypes ,  

- 
Severa l  o t h e r  l a b o r a t o r i e ~ ~ g * ~ ~ , ~ ~ * ~ ~  have 

S ix  d i s t i n c t  peaks of PDE a c t i v i t y  and a d i s c r e t e  f r a c t i o n  

These s t u d i e s  suggested t h a t  d i f f e r e n t  molecular forms of  PDE may 

Numerous s t u d i e s  showed t h a t  unsubs t i tu ted  c y c l i c  nuc leo t ides  o the r  
than c y c l i c  AMP ac  ed as nhib o d r u trates of PDE i s o l a t e d  

compounds wi th  d ive r se  s t r u c t u r e s  were inves t iga t ed  f o r  t h e i r  a b i l i t y  t o  
serve as s u b s t r a t e s  o r  i n h i b i t o r s  of PDE. A series of new d e r i v a t i v e s  
of c y c l i c  AMP with a s u b s t i t u e n t  at  t h e  C-8 pos i t i on  w a s  i nves t iga t ed  by 
Harris et a1.89 as i n h i b i t o r s  of PDE from cat h e a r t  and rat b r a i n ,  
decreas ing  o rde r  of potency of i n h i b i t o r s  of t h e  enzymes from both 
sources  w a s  8-bromo c y c l i c  AMP, followed by d e r i v a t i v e s  wi th  a s u l f u r ,  
oxygen o r  n i t rogen  atom a t  C-8. Chasin et  al. 76 discovered a poten t  
new compound, a pyrazolopyridine (1> t h a t  w a s  60 times wre potent  an 
i n h i b i t o r  of rat b r a i n  PDE than theophyl l ine .  

from many sources .  89-71 71f 75 , $5, if 9 83 ,cz 9 87-$8 In add i t ion ,  nm 

The -- 

/ 

\ 
NHN = C 0 

- I C H 3  

R '  X 

R' 
- 

Inves t iga to r s  of t h e  ICN Corporat ion synthesized a series of pyrazolo- 

gt; (5) and showed tKen t o  be i n h i b i t o r s  of PDE from r a b b i t  lung and 
r imidines  ,90*g1 (2 ,3  ,) pyrazo lo t r i az incs  ,g2 (A) and t r iazo lopyr imidines  , 
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kidney and beef h e a r t .  
osylpyrimidine 3' ,5 ' -cyc l ic  phosphates t h a t  showed ant i tumor and 
a n t i v i r a l  a c t i v i t i e s  and were s lowly hydrolyzed by PDE of r a b b i t  
kidney.g4 
MP t h a t  were hydrolyzed by PDE from bovine hea r t  muscle. Chloro th iaz ide  
and 1- [ ( te r t -buty l imino)  -methyl]-2- (3-indolyl)  i ndo l ine  (6) p r e f e r e n t i a l l y  
i n h i b i t e d  PDE of kidney from r a t s  and guinea pigs  compargd t o  PDC from 
o t h e r  t i s sues .96  
i n t r a c e l l u l a r  l e v e l s  of c y c l i c  AMP i n  rat kidney. 

This same group synthes ized  1-6-)-arabinofuran- 

Lake e t  a1.95 synthes ized  d e r i v a t i v e s  of 4 ' - thio-cycl ic  

Concurrent wi th  i t s  d i u r e t i c  e f f e c t s ,  a r a i s e d  

Weinryb -- e t a1 . a f t e r  examining 
49 classes o f  t h e r a p e u t i c  agents ,  
found t h a t  s t e r o i d a l  hormones, a n t i -  
p a r a s i t i c  drugs and s e v e r a l  drugs 

i n h i b i t e d  PDE a c t i v i t y  from cat  

c o r r e l a t i o n  between a n t  i-anxie t y  

PDE a c t i v i t y  from rat  b r a i n  w a s  
r ecen t ly  repor ted  by Beer e t  a l .  
and Horovitz -- et  a1..g8 Pichard 
-- e t  a1.86 made t h e  i n t e r e s t i n g  

a c t i v e  i n  the  CNS s u b s t a n t i a l l y  CH 

I h e a r t  and r a t  b ra in .  A s i g n i f i c a n t  
H I 

1 H C I  a c t i v i t y  i n  rats and i n h i b i t i o n  of 

97 

H 3 C  - C - C H 3  

- 6 
C H 3  

discovery t h a t  PDE from human p l a t e l e t s  was s t rong ly  i n h i b i t e d  by 
dipyridamole,  an an tagonizer  of  p l a t e l e t  aggregat ion,  bu t  only s l i g h t l y  
by psychotropic  drugs.  The reverse was t r u e  f o r  PDE from human b ra in .  
I n v e s t i g a t o r s  from two l a b o r a t o r i e s  found t h a t  methyl xanth ines ,  
3-isobutyl-l-methylxanthine, glibenclamide, tolbutamide, x y l i t o l  and 
l euc ine ,  a l l  compounds t h a t  are as soc ia t ed  wi th  the  release of  i n s u l i n ,  
were a l s o  i n h i b i t o r s  of  PDE from panc rea t i c  i s le t s  of  mice79 and guinea 
pigs.8o On t h e  o t h e r  hand, PDE from bovine thyro id  was only weakly 
i n h i b i t e d  by chlorpropamide and by t ~ l b u t a m i d e . ~ ~  
its d e r i v a t i v e s  i n h i b i t e d  PDE 
l i p o c y t e s  and f a t  cel l  g h o s t ~ . ~ g  It w a s  a l s o  of  i n t e r e s t  t h a t  PDE a c t i v i t y  
from beef h e a r t  w a s  i n h i b i t e d  by catecholamines and r e l a t e d  compounds . loo  
Compounds of t h i s  s o r t  may the re fo re  act by s t i m u l a t i n g  adenyla te  cyc lase  
and i n h i b i t i n g  PDE. 
i t  w a s  shown t h a t  nicot inamide,  3-acetylpyridine and N,N-dieth 1- 
nicot inamide markedly i n h i b i t e d  PDE a c t i v i t y  from rat l i v e r s  

Adenosine and some of 
repared from rat  adrenal^^^ and from rat 

Although t h e  phys io logica l  s i g n i f i c a n c e  is not  clear, 

As s t a t e d  earlier, Uzunov and we is^^^ used acrylamide-gel e l e c t r o -  

The syn thes i s  of 
phores i s  t o  i s o l a t e  a potent  a c t i v a t o r  of  PDE. Wang e t  al .  l o 2  reported 
t h a t  an a c t i v a t o r  of  PDE a l s o  e x i s t s  i n  bovine h e a r t .  
PDE w a s  increased i n  f i b r o b l a s t s  t r e a t e d  wi th  PGE1,1°3 i n  f a t  cells from 
adrenalectomized rats lo4 and i n  SV 40-transformed 3T3 c e l l s 7 7  t r e a t e d  
wi th  d ibu ty ry l  c y c l i c  AMP and theophyl l ine .  
of PDE w a s  blocked by cycloheximide and actinomycin D. 
s t imula ted  t h e  a c t i v i t y  of PDE from panc rea t i c  i s le t  cells  of mice79 and 
guinea pigsPo from human p lacenta lo5  and from rat brain.lo6s107 Arginine 
a l s o  s t imula ted  PDE from panc rea t i c  islet  ce l l s  of mice79 whi le  his tamine 

-- 

I n  t h e  l a t te r  case, syn thes i s  
Imidazole 
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increased  t h e  a c t i v i t y  of PDE from rat bra in . lo7  
presented evidence t o  show t h a t  l o w  concent ra t ions  of c y c l i c  GMP and 
cyc l i c  IMP s t imula ted  t h e  hydro lys is  of c y c l i c  AMP i n  v i t r o ,  whereas 
h igher  concent ra t ions  were inh ib i to ry .  F ina l ly ,  i n s u l i n  s t imula ted  t h e  
a c t i v i t y  of PDE from a subf rac t ion  of  rat l i v e r  plasma membrane,lo8 and 
cholecystokinin and r e l a t e d  
a number of r abb i t  t i s s u e s .  

Klotz  and Stock88 

e p t i d e s  s t imula ted  t h e  a c t i v i t y  of PDE from 
85 

There was a g rea t  increase  i n  the number of papers t h a t  commented on 
the involvement of c y c l i c  AMP and d i seases  i n  1972 over  previous years .  
I n  t h i s  chapter  t h e  most s i g n i f i c a n t  of these  s t u d i e s  were discussed,  
wi th  t h e  expec ta t ion  t h a t  they may provide l eads  f o r  t he  development of 
new agen t s  t h a t  may a f f e c t  d i sease  states by a l t e r a t i o n  of c y c l i c  AMP- 
mediated processes. 
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Chap te r  24. Drug Metabolism 
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I n t r o d u c t i o n  - Drug d i s p o s i t i o n  r e s e a r c h ,  a f i e l d  of modest 
s cope  o n l y  15 y e a r s  ago, has  been growing a t  an  enormous 
r a t e ,  w i t h  p u b l i c a t i o n s  i n  t h e  f i e l d  now a p p e a r i n g  a t  a r a t e  
i n  excess  of 500 p a p e r s  p e r  y e a r .  The s i n g l e  most i m p o r t a n t  
r e s p o n s i b l e  f a c t o r  has  been t h e  development of a p o w e r f u l  
t e c h n o l o g y  i n v o l v i n g  such  t e c h n i q u e s  a s  t h i n - l a y e r  chroma- 
t o g r a p h y  (TLC), g a s - l i q u i d  chromatography (GLC ), and i n t e r f a c e d  
GLC and mass s p e c t r o m e t r y  (GCMS). Wi th  t h e  r e c e n t  deve lop-  
ment of methods f o r  t h e  combined u s e  of heavy i s o t o p e s  a n d  
GCMS even g r e a t e r  s e n s i t i v i t i e s  and s e l e c t i v i t i e s  a r e  be- 
coming p o s s i b l e  (1 ,2 ,3 ,4 ,5) .  The s o p h i s t i c a t e d  t e c h n o l o g y  
now a v a i l a b l e ,  w i l l  have i t s '  maximum v a l u e  when it i s  
b rough t  t o  b e a r  d i r e c t l y  on i n v e s t i g a t i o n s  d e s i g n e d  t o  e l u c i -  
d a t e  mechanism8 of drug  a c t i o n s  and t o x i c i t i e s  and a s  a t o o l  
t o  h e l p  deve lop  more r a t i o n a l  u s e  of drugs  i n  t h e r a p y .  

I n  t h i s  s h o r t  rev iew of t h e  f i e l d  we w i l l  d i s c u s s :  
1. new i n f o r m a t i o n  on enzymat ic  mechanisms, 2. t h e  q u e s t i o n  
of a c t i v e  m e t a b o l i t e s ,  and 3 .  some s e l e c t e d  new s t u d i e s  on 
t h e  f a t e  of s p e c i f i c  d rugs .  

Ox ida t ion  of benzeno id  sys tems - The i n i t i a l  d i s c o v e r y  t h a t  
a r e n e  o x i d e s  p l a y  an i m p o r t a n t  r o l e  i n  h y d r o x y l a t i o n  of 
a romat i c  compounds ( 6 )  has  been expanded from t h e  n a p h t h a l e n e  
s e r i e s  t o  i n c l u d e  v a r i o u s  a l k y l  benzene d e r i v a t i v e s  (7,8) and 
p o l y c y c l i c  hydrocarbons  (9 , lO) .  Although t h e  a l k y l  benzene 
a r e n e  o x i d e s  were n o t  s t a b l e  enough t o  be i s o l a t e d  from 
enzyme i n c u b a t i o n s  t h e  breakdown of c h e m i c a l l y  p r e p a r e d  a r e n e  
o x i d e s  s t r o n g l y  s u p p o r t s  t h e i r  i n t e r m e d i a t e  r o l e  i n  t h e  f o r -  
mat ion  of phenols  and m e r c a p t u r i c  a c i d s .  The p r o d u c t i o n  of 
cyc lohexad iene  d i o l s  from benzeno id  d rugs  such  a s  d i l a n t i n  
( l l ) ,  p h e n o b a r b i t a l  (12), and d i p h e n o x y l a t e  (13 )  i s  c o n s i s t e n t  
w i t h  t h e  i n t e r m e d i a r y  f o r m a t i o n  of  a r e n e  o x i d e s  ( F i g u r e  1 ) .  
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o x i d e s  a r e  key i n t e r m e d i a t e s  i n  t h e  metabol i sm of p o l y c y c l i c  
hydrocarbons  (14,15). For  example,  d ibenz  ( a ,  h )  a n t h r a c e n e  
was c o n v e r t e d  t o  an epoxide  i n  t h e  p r e s e n c e  of l i v e r  micro-  
somes supplemented  w i t h  NADPH ( 9 ) .  Although t h e  e x a c t  
p o s i t i o n  of t h e  epox ide  was n o t  known i n  t h i s  c a s e  it has 
r e c e n t l y  been r e p o r t e d  t h a t  pyrene  and benzopyrene a r e  meta- 
b o l i c a l l y  c o n v e r t e d  t o  "K-region" epox ides  (10).  Much 
f u r t h e r  work w i l l  be  needed t o  c l e a r l y  d e f i n e  t h e  ro l e  of 
c h e m i c a l l y  r e a c t i v e  a r e n e  o x i d e s  i n  t h e  c a r c i n o g e n i c  p r o c e s s .  

Amine metabol i sm - Pheny lace tone  oxime has  been  i d e n t i f i e d  
a s  a m e t a b o l i t e  of amphetamine i n  v i t r o  and i n  v i v o  (16 ) .  
I s o t o p e  s t u d i e s  u s i n g  1802 s u g g e s t  t h a t  t h i s  oxime a l o n g  w i t h  
c a r b i n o l a m i n e  g a r e  i n t e r m e d i a t e s  i n  t h e  deamina t ion  of 
amphetamine (17). The f a c t  t h a t  imines  can  b e  c o n v e r t e d  t o  
oximes i n  t h e  p r e s e n c e  of microsomes, NADPH and 02 (18 )  
s u g g e s t s  t h e  f o l l o w i n g  r e a c t i o n  c o u r s e :  

N H 2  NH 
I II 

PhCH2CH-CH3 PhCH2C-CH2 *, PhCH2C-CH3 

lo2 
N-OH 
It 
I 1  

PhCH2C-CH3 H2° PhCHzC-CH3 
II 
0 

1 - 
Carb ino lamines  have a l s o  been p roposed  as i n t e r m e d i a t e s  

i n  t h e  o x i d a t i o n  of p r o l i n t a n e  t o  i t s  l a c t a m  m e t a b o l i t e  3 
( 1 9 )  and d i p h e n i d o l  t o  i t s  c o r r e s p o n d i n g  l a c t a m  k (20 ) .  

Lj" O 
4 - 3 - 

The e l i m i n a t i o n  of w a t e r  from a c a r b i n o l a m i n e  t o  form t h e  
iminium i o n  2 has  been  proposed  as an  i n t e r m e d i a t e  i n  t h e  
metabol i sm of l i d o c a i n e  t o  t h e  c y c l i c  m e t a b o l i t e  - 6 ( 2 1 ) .  
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q- N' C 'CH2 

l 
0 H 

CH3 TH5N\ 
CH2CH3 

CH3 
2 

The f o r m a t i o n  of  n i c o t i n e  A ' 1 5 '  iminium i o n  1 d u r i n g  t h e  
o x i d a t i o n  of n i c o t i n e  has  r e c e n t l y  been d e s c r i b e d  ( 2 2 ) .  

- 7 8 - 
N-oxides have been  i d e n t i f i e d  a s  m e t a b o l i t e s  of a 

v a r i e t y  of t e r t i a r y  amines i n c l u d i n g  n i c o t i n e  (23,24) ,  
c o t i n i n e  (25) ,  methadone (26 )  and o r p h e n a d r i n e  (27) .  The 
f a c t  t h a t  N-oxides can  a l s o  be  reduced  back t o  t h e  p a r e n t  
amines a s  i n  t h e  c a s e  of imipramine (28)  makes q u a n t i t a t i o n  
of t h i s  pathway d i f f i c u l t .  

The f o r m a t i o n  of t h e  hydroxy l  amine of dapsone fi has  
been proposed  a s  t h e  c a u s e  of methemoglobin f o r m a t i o n  s e e n  
w i t h  t h i s  compound (29 ,30 ) .  

Microsomal enzymes - The s p e c i f i c i t y  of l i v e r  mixed- func t ion  
o x i d a s e s  r e s i d e s  main ly  i n  t h e  cytochrome P-450 f r a c t i o n .  
I n  t h e  r e c o n s t i t u t e d  sys tem having  t h r e e  n e c e s s a r y  components, 
p h o s p h o l i p i d ,  cytochrome P-450 r e d u c t a s e  and cytochrome P-450, 
s u b s t i t u t i o n  of t h e  p-450 f r a c t i o n  from p h e n o b a r b i t a l  i nduced  
an ima l s  f o r  t h e  P-450 f r a c t i o n  from benzpyrene induced  an ima l s  
r e s u l t s  i n  an i n c r e a s e  i n  a c t i v i t i e s  no rma l ly  induced  w i t h  
p h e n o b a r b i t a l  and  a d e c r e a s e  i n  t h o s e  normal ly  induced  by 
benzpyrene .  S u b s t i t u t i o n  of e i t h e r  of t h e  o t h e r  two f r a c t i o n s  
does n o t  a l t e r  s p e c i f i c i t y  (31,32) .  

The g e n e r a l  concep t  t h a t  t h e  f e t a l  l i v e r  has  a v e r y  low 
l e v e l  of t h e  P-450 oxygenase sys tem has  been b rough t  i n t o  
q u e s t i o n  by t h e  f i n d i n g  t h a t ,  based  on t o t a l  l i v e r  w e i g h t ,  
t h e  l e v e l s  of P-450 i n  f e t a l  l i v e r  a r e  comparable  t o  t h o s e  
of a d u l t  l i v e r  (33 ,34) .  The l e v e l s  of P-450 i n  t h e  f e t a l  
l i v e r  microsomes a r e  low due  t o  d i f f e r e n c e s  i n  t h e  sedimen- 
t a t i o n  c h a r a c t e r i s t i c s  of t h e  enzyme System. 
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The f i n d i n g  t h a t  microsomes c o u l d  c a t a l y z e  t h e  o x i d a t i o n  
of e t h a n o l  t o  a c e t a l d e h y d e  i n  t h e  p r e s e n c e  of NADPH has  
s t i m u l a t e d  a number of p u b l i c a t i o n s  on t h e  impor t ance  of t h i s  
sys tem i n  t h e  o v e r a l l  metabol i sm o f  e t h a n o l .  The c r u x  of t h e  
problem l i e s  i n  whe the r  microsomal  e t h a n o l  o x i d a t i o n  i s  a 
P-450 r e l a t e d  mixed f u n c t i o n  o x i d a s e  o r  s imply  a p e r o x i d a t i v e  
r e a c t i o n  i n v o l v i n g  c a t a l a s e  and an H202 g e n e r a t i n g  sys tem.  
R a t s  t r e a t e d  c h r o n i c a l l y  w i t h  a l c o h o l  show an i n c r e a s e  i n  
l i v e r  microsomal  p r o t e i n ,  P-450 r e l a t e d  r e a c t i o n s ,  and t h e  
microsomal  e t h a n o l  o x i d i z i n g  system ( 3 5 ) .  However t h e  r a t e  
a t  which  P-450 l e v e l s  r e t u r n  t o  normal  i s  s i g n i f i c a n t l y  
d i f f e r e n t  from t h e  n o r m a l i z a t i o n  of  e t h a n o l  o x i d i z i n g  
a c t i v i t y  (36 ) .  
f o r m a t i o n  i n  microsomes (37 )  as w e l l  as t h e  e f f e c t s  of 
c a t a l a s e  i n h i b i t o r s  (38) i n d i c a t e s  t h a t  H 02 i s  produced  a t  
a r a t e  s u f f i c i e n t  t o  account  f o r  a l l  of tf ie i n c r e a s e d  e t h a n o l  
o x i d a t i o n  and t h a t  c a t a l a s e  i s  r e q u i r e d  f o r  t h e  r e a c t i o n .  
The mechanism i n v o l v e d  i n  t h e  i n d u c t i o n  of P-450 and r e l a t e d  
enzymes by e t h a n o l ,  however, remains  t o  be s o l v e d .  

A c a r e f u l  examina t ion  of t h e  r a t e s  of H202 

New enzymat ic  r e a c t i o n s  - The enzymat ic  c o n v e r s i o n  o f  an 
a z i r i d i n e  t o  an a l p h a  amino a l c o h o l  has  been r e p o r t e d  ( 3 9 ) .  
Phosphines  have been found t o  be r e a d i l y  m e t a b o l i z e d  t o  
phosphine  o x i d e s  (40 ) .  Me tabo l i c  c l e a v a g e  of t h e  f u r a n  r i n g  
of 2 - ( f u r y l ) b e n z i m i d a z o l e  2 gave (S)(-)4-(2=benzimidazoyl)- 
4-hydroxy b u t y r i c  a c i d  2 a s  a u r i n a r y  m e t a b o l i t e  i n  f i v e  
s p e c i e s  ( 4 1 )  : 

H Q(;W - ~ N > c ; H 2 c H 2 c 0 2 H  ," 
OH 

10 e 7 

A c t i v e  m e t a b o l i t e s  - The metabol ism of f - t e t r a h y d r o c a n n a -  
b i n o l  h a s  r e c e n t l y  been  rev iewed (42 ) .  The f u r t h e r  meta- 
bo l i sm of  an a c t i b e  m e t a b o l i t e  11-hydroxy a" THC t o  8,11 
dihydroxy AsTHC has  been examined i n  man and r e l a t e d  t o  t h e  
p h a r m a c o l o g i c a l  e f f e c t s  of *9 THC (43 ) .  Two a d d i t i o n a l  
m e t a b o l i t e s  of A' T H C  have been r e p o r t e d  i n  which t h e  C - 1 1  
me thy l  group i s  o x i d i z e d  t o  an a c i d  and t h e  a l k y l  s i d e  c h a i n  
i s  h y d r o x y l a t e d  (44 ) .  

Daunomycin 11 i s  me tabo l i zed  v i a  a r e d u c t i v e  g l y c o s i d i c  
c l e a v a g e  ( 4 5 , 4 6 ) 7  One of t h e  m e t a b o l i t e s  daunomycinone 12 
has  been s u g g e s t e d  a s  a p o s s i b l e  c a u s a t i v e  agen t  of c a r d i o -  
t o x i c i t y  s e e n  w i t h  t h e  p a r e n t  drug  (47 ) .  
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11 R = -  
7 

H 0 OH 0 
I I II 

0 

H NH2 
12 R=H - 

Cyclophosphamide 13 i s  m e t a b o l i z e d  i n  man t o  4-ke to-  
cyclophosphamide 1 4  and t h e  c o r r e s p o n d i n g  open c h a i n  amino 
a c i d  15 ( 4 8 , 4 9 , 5 0 F  
p r e s e n c e  of NADPH c o n v e r t  cyclophosphamide t o  a l k y l a t i n g  
m e t a b o l i t e s .  The p r o d u c t i o n  of 14 r e q u i r e s  microsomes a n d  
100,000 x g s u p e r n a t a n t  i n  a two s t e p  p r o c e s s  s i m i l a r  t o  t h e  
p r o d u c t i o n  of  c o t i n i n e  from n i c o t i n e  (51 ,52 ) .  I n  v i t r o  
metabol i sm of  13 a l s o  l e a d s  t o  t h e  p r o d u c t i o n  of a c r o l e i n ,  
a n o t h e r  p o t e n t i a l  a l k y l a t i n g  agen t  (53 ) .  

I n  v i t r o  l i v e r  microsomes i n  t h e  

1 

I I 

- 13  

H2 H°C k s R1=R2=-CH2CH2C1 O + p ,  

HNX p’0 
I I 

- 1 4  - 1 5  

N(Rl’R2) N (R1, R2 ) 

bromodu z i t 0  D i s  r a p i d l y  c o n v e r - e d  t o  p o t e n t - a  
a l k y l a t i n g  epox ides  i n  v i v o  ( 5 4 ) .  

D iphenoxy la t e  16 i s  hydro lyzed  i n  v i v o  i n  an ima l s  e n d  
man t o  produce  d i f e n o x i n e  3.J which i s  more a c t i v e  t h a n  t h e  
p a r e n t  drug  (55 ,56 ,57) .  A minor pathway of metabol i sm is 
a r o m a t i c  h y d r o x y l a t i o n  t o  produce  pheno l s ,  a c a t e c h o l  and 
a d ihydroxy  c y c l o h e x a d i e n e  d e r i v a t i v e .  



239 Murphy, McMahon - Chap. 24 Drug Metabolism 

Methadone i s  m e t a b o l i z e d  i n  p a r t  v i a  r e d u c t i o n  t o  t h e  
symmetric methadols .  a-1-Methadol and a-1-N-desmethyl 
methadol  were i d e n t i f i e d  a s  m e t a b o l i t e s  of d-methadone. 
Both of t h e s e  m e t a b o l i t e s  a r e  p o t e n t  a n a l g e s i c s  (58 )  and 
may c o n t r i b u t e  t o  t h e  a c t i v i t y  s e e n  w i t h  d-methadone. 

Thioxot remor ine  i s  c o n v e r t e d  t o  oxo t r emor ine  i n  v i v o  
(59) .  Verapami l  18 i s  me tabo l i zed  v i a  a s e r i e s  of N- and 0- 
d e a l k y l a t i o n s  ( 6 0 r  I n  humans t h e  a c t i v e  m e t a b o l i t e  9 
was found t o  be two t o  t h r e e  t i m e s  more c o n c e n t r a t e d  i n  
plasma t h a n  e i t h e r  t h e  p a r e n t  18 o r  t h e  o t h e r  ma jo r  meta- 

- O C H 3  b o l i t e  20. 
C N  R - 18 R = C H 3  R I = C H 2 C H 2 - 0  / =  

1 
R = C H  3 R =H ' O C H ~  

I ' 1  CH30 '/ -C-(CH2) N-R 3 /o LH(C€13)2 - 20 R-H R1=H 
CH30 

Oxida t ion  o f  t h e  p y r r o l e  r i n g  of p y r r o l n i t r i n  i s  t h e  
major  r o u t e  of metabol i sm by r a t  l i v e r  microsomes (61 ) .  
Among t h e  p r o d u c t s  a r e  t h e  h i g h l y  r e a c t i v e  maleimide 21 
and t h e  c o r r e s p o n d i n g  s u c c i n i m i d e  d e r i v a t i v e .  

I 
C ONH2 

Metabo l i c  f a t e  of s p e c i f i c  compounds - Proca inamide  i s  meta- 
b o l i z e d  i n  man and monkey by N - a c e t y l a t i o n .  The monkey a l s o  
N-dea lky la t e s  proca inamide ,  a pathway of minor s i g n i f i c a n c e  
i n  man. More unchanged proca inamide  i s  e x c r e t e d  i n  man (60%) 
t h a n  monkey (2%)  (62). 

I n  t h e  f i r s t  f o u r  hours  a f t e r  dos ing ,  i ndomethac in  and 
i t s  g l u c u r o n i d e  were major  e x c r e t i o n  p r o d u c t s  i n  human u r i n e .  
L a t e r ,  p r o d u c t s  of N-demethyla t ion  and amide h y d r o l y s i s  
predominated  (63) .  

Carbamazepine 22 i s  m e t a b o l i z e d  t o  t h e  1 0 , l l  epox ide ,  
a s  w e l l  a s  1 0  and 11 hydroxy d e r i v a t i v e .  Aromatic  hydroxy- 
l a t i o n  a l s o  o c c u r s  (64 ,65) .  
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The N - t - b u t y l  a n a l o g  of c h l o r c y c l i z i n e  was c o n v e r t e d  t o  
n o r c h l o r c y c l i z i n e  by t h e  r a t  i n  v i v o  and by r a t  l i v e r  9000 x g  
s u p e r n a t e .  At tempts  t o  demons t r a t e  t h e  u n u s u a l  N-dea lkyla-  
t i o n  i n  enzyme p r e p a r a t i o n s  from r h e s u s  monkey, mouse, g u i n e a  
p i g ,  r a b b i t  and dog were w i t h o u t  s u c c e s s  (66 ) .  

Cyclohexylamine i s  m e t a b o l i z e d  o n l y  t o  minor  e x t e n t  i n  
man (1-2%).  The o n l y  p r o d u c t s  of  deamina t ion  r e p o r t e d  were 
c y c l o h e x a n o l  and c y c l o h e x a n e - 1 , 2 - d i o l .  I n  r a t s  and g u i n e a  
p i g s  metabol i sm was more e x t e n s i v e  ( 4 - 5 % )  and y i e l d e d  a 
v a r i e t y  of a l c o h o l s  and amino-a l coho l s  ( 6 7 ) .  

The metabol i sm of a number of b e n z o d i a z e p i n e s  were 
r e p o r t e d ,  i n c l u d i n g  lorazepam (68),  demoxepam (69 ,70 ) ,  
medazepam (71)  and oxaze am (72) .  I n  v i t r o  o x i d a t i o n  o f  

t h e  3-hydroxy m e t a b o l i t e  came from m o l e c u l a r  oxygen ( 7 3 ) .  
The c o n v e r s i o n  o f  medazepam, 23, t o  diazepam, 24, was found 
t o  occur  v i a  an i n t e r m e d i a r y  c a r b i n o l  amine, 25 ( 7 1 ) .  

diazepam under  oxygen-1 __$_ showed t h a t  t h e  h y d r o x y l  oxygen of 

y H 3  y 3  C H 3  1 

24 - 23 - 25 - 
The  i n  v i v o  me tabo l i sm of f3-adrenergic  b l o c k i n g  d rugs  

r a n o l o l  i n  man have r e v e a l e d  a number o f  new m e t a b o l i t e s :  
was r e c e n t l y  rev iewed ( 7 4 ) .  A d d i t i o n a l  s t u d i e s  w i t h  pro- 

f - d e s i s o p r o p y l  p r o p a n o l o l ,  l-(a-naphthoxy)-2,3-propylene 
g l y c o l ,  a - n a p h t h y l a c e t i c  a c i d ,  a -naph tho l ,  1 ,b -d ihydroxy-  
n a p h t h a l e n e  and a r i n g  h y d r o x y l a t e d  d e r i v a t i v e  of l - ( W  
naphthoxy)-2,3-propyleneglycol ( 7 5 ) .  

T w o  new human m e t a b o l i t e s  o f  ch lo rp ropamide  have been  
i d e n t i f i e d  a s  i s o m e r i c  hydroxychlorpropamides ,  26 and - 27 
(76,771 

C 1- 0 - 3  02NHC ONH - R - 

OH 
1 

I 
26 R = C H 2 C - C H 3  - 

H 

- 27 RsCH2CHZCH20H 
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S i m i l a r  m e t a b o l i t e s  i n v o l v i n g  h y d r o x y l a t i o n  o f  a n  N-propyl  
g r o u p  h a v e  b e e n  r e p o r t e d  f o r  p r o b e n e c i d  ( 7 8 , 7 9 ) .  

The p h e n o t h i a z i n e  d r u g ,  p e r a z i n e ,  3, i s  known t o  b e  
m e t a b o l i z e d  by N and S o x i d a t i o n ,  h y d r o x y l a t i o n  and  N- 
d e a l k y l a t i o n .  A new m e t a b o l i t e ,  28, r e s u l t i n g  f rom t h e  
d e g r a d a t i o n  o f  t h e  p i p e r a z i n e  r i n g  h a s  b e e n  f o u n d  t o  
a c c u m u l a t e  i n  t i s s u e s  d u r i n g  c h r o n i c  d o s i n g .  I t ' s  h a l f - l i f e  
i s  much l o n g e r  t h a n  - 27 o r  i t s  m a j o r  m e t a b o l i t e s  ( 8 0 , 8 1 ) .  

R H 

A number of o t h e r  d r u g s  c o n t a i n i n g  a p i p e r a z i n e  g r o u p  u n d e r g o  
a s i m i l a r  d e g r a d a t i o n  (82) .  Most m e t a b o l i t e  i d e n t i f i c a t i o n  
work i n  t h e  p a s t  h a s  c o n c e n t r a t e d  on t h o s e  m e t a b o l i t e s  
e l i m i n a t e d  i n  u r i n e  a n d  f e c e s .  The s t u d i e s  above  (80,81) 
d e m o n s t r a t e  t h e  d e s i r a b i l i t y  of e x a m i n i n g  t i s s u e s  f o r  
p e r s i s t e n t  m e t a b o l i t e s  when s a m p l e s  c a n  b e  o b t a i n e d .  
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Chapter 25. Prospects f o r  Gene Therapy 
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Almost s ince the f i r s t  successful genet ic  transformations were 
accomplished i n  b a c t e r i a l  systems, not ice  has been taken of the implica- 
t ions of such directed genetic change f o r  medicine. The burden of genetic 
defects  is so large,  and the means f o r  dealing with i t  so meager, that new 
approaches are ever welcome, especial ly  any which may s t r i k e  a t  the  under- 
lying cause, t he  abnormal genetic material i t s e l f .  The current  prospects 
f o r  such a gene therapy cons t i t u t e  t he  subject  of t h i s  review. 

The f i r s t  example of directed genet ic  change t o  be discovered w a s  
transformation. 1 Pneumococci of one capsular s p e c i f i c i t y  w e r e  s t ab ly  
transformed i n t o  those of a second s p e c i f i c i t y  by a p r i n c i  l e  extracted 
from the latter.  The subsequent discovery by Avery et  a1.I t h a t  t h i s  
transforming p r inc ip l e  is DNA was of course the f i r s t  demonstration t h a t  
DNA is genet ic  material. 
i n  bacter ia ,  t he  r epor t s  of transformation i n  mammalian cells  have not 
been reproducible. 3 One i d e n t i f i a b l e  obstacle  is  t h a t  mammalian c e l l s  
contain deoxyribonucleases which degrade foreign DNA. This obstacle  is 
circumvented by DNA viruses ,  which have a protect ive outer  coat.  This 
coat  has been dissociated from the DNA of polyoma v i r u s  and used t o  en- 
c lose foreign (mouse) DNA t o  p ro tec t  the la t ter  during its del ivery t o  
human c e l l s . 4  
formation, del ivery of i n t a c t  DNA, might be f eas ib l e .  

Although much has been learned about the process 

It therefore  seems possible  t h a t  the f i r s t  s t e p  i n  trans- 

But can the  appropriate DNA be delivered? I n  the o r i g i n a l  trans- 
formation experiments the e n t i r e  b a c t e r i a l  DNA w a s  extracted.  
t rans i t  of DNA i n  man would be unduly complicating, and attempts would be 
required t o  i s o l a t e  only the  spec i f i c  DNA required.  I s o l a t i o n  of gene- 
spec i f i c  DNA has been accomplished i n  bacter ia .5  Whether the same approach 
could be used i n  mammalian systems is another matter, but t he re  is a con- 
ceivable i n d i r e c t  approach. I f  the messenger RNA f o r  a s p e c i f i c  p ro te in  
can be i so l a t ed  even i n  small amounts, i t  could be used as a template  f o r  
synthesis of the homologous DNA, with reverse  t r ansc r ip t a se  as the cata- 
l y t i c  
amino acid sequence of a polypeptide chain and consideration of t he  gene- 
t i c  code might be employed t o  construct  the appropriate a r t i f i c i a l  gene.a 

Such a mass 

I f  the messenger RNA were not avai lable ,  knowledge of the 

Even i f  del ivery of an appropriate DNA could be accomplished there  
remains uncertainty about t he  a b i l i t y  of the new DNA t o  function. 
f a t e  is tha t  the DNA may be l o s t ,  o r  f a i l  t o  r e p l i c a t e  with d iv i s ion  of 
t he  host cell. 
the donor DNA i n t o  host c e l l  DNA, a process which depends upon the physi- 
c a l  state of both DNAs.9 Of course, i n t eg ra t ion  i t s e l f  does not assure  

One 

The g rea t e s t  assurance would be provided by in t eg ra t ion  of 
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t h e  proper func t ion  of donor DNA, and s p e c i a l  a t t e n t i o n  must be pa id  t o  
i ts  t r a n s c r i p t i o n  and t r a n s l a t i o n .  

Perhaps a more promising approach t o  d i r ec t ed  gene t i c  change i s  
t ransduct ion ,  a process  f i r s t  discovered i n  Salmonella. lo Transduction 
involves  t h e  t r anspor t  of a gene from one c e l l  t o  another  by a v i r u s ,  a 
bacter iophage i n  the  case of b a c t e r i a l  c e l l s .  Transduction may be genera l ,  
involving seve ra l  d i f f e r e n t  genes, o r  s p e c i a l ,  involving a p a r t i c u l a r  gene, 
a s  wi th  the  t ransduct ion  of ga l ac tose  genes of E. c o l i  by lambda bac ter io-  
phage. Although t ransduct ion  has not  been demonstrated i n  animal cells ,  
t he  f i r s t  p r e r e q u i s i t e ,  i n t e g r a t i o n  of v i r a l  DNA i n t o  h o s t  DNA, is m e t  by 
tumor v i r u s e s ;  f o r  DNA tumor v i r u s e s  it i s  the v i r a l  DNA, f o r  RNA tumor 
v i r u s e s  i t  is complementary DNA which is  in t eg ra t ed .  

Not on ly  does t ransduct ion  have t h e  advantage over  t ransformat ion  
wi th  r e spec t  t o  c e l l  e n t r y  and maintenance of t he  DNA a f t e r  e n t r y  bu t  i t  
a l s o  p re sen t s  t h e  p o s s i b i l i t y  of t r a n s f e r i n g  s p e c i f i c  genes. 
is no completely demonstrated example of i n t e g r a t i o n  and cont inuing func- 
t i o n  i n  mammalian systems, but  t h r e e  r e p o r t s  are of i n t e r e s t  i n  t h i s  con- 
nect ion.  
enzyme thymidine k inase  have acquired t h i s  a c t i v i t y  fol lowing i n f e c t i o n  
wi th  i r r a d i a t e d  herpes  simplex v i r u s  capable  of inducing enzyme a c t i v i t y ,  
but  no t  fol lowing i n f e c t i o n  with a herpes  mutant lack ing  t h i s  capac i ty .  
Merril e t  a l .  l2 have repor ted  t h e  completely unant ic ipa ted  r e s u l t  t h a t  
human galactosemic ce l l s  have acquired t h e  missing t r a n s f e r a s e  a c t i v i t y  
following i n f e c t i o n  wi th  lambda bacter iophage car ry ing  t h e  corresponding 
E. c o l i  ga l ac tose  gene. A t h i r d  r e p o r t  i s  t h a t  of Rogers3 concerning an 
i n  vivo experiment i n  c h i l d r e n  wi th  a severe  metabol ic  e r r o r  a t t r i b u t a b l e  
t o  a def ic iency  of a rg inase .  Observing t h a t  t h e  r a b b i t  papilloma v i r u s  
has  a n  assoc ia ted  a rg inase  a c t i v i t y  and causes  reduct ion  of blood a r g i n i n e  
l e v e l s  i n  man, Rogers and h i s  phys ic ian  co l leagues  adminis tered the  v i r u s  
t o  t he  a f f e c t e d  ch i ldren .  Early follow-up s t u d i e s  have revea led  a marked 
lowering of blood ammonia levels.  Of course i t  has  no t  been demonstrated 
i n  any of these  t h r e e  r e p o r t s  t h a t  t r u e  t ransduct ion  has occurred.  

So f a r  t h e r e  

Munyon e t  a l , l l  have repor ted  t h a t  mouse ce l l s  lacking  t h e  

A new and p o t e n t i a l l y  u s e f u l  t o o l  has r e c e n t l y  been provided by 
Jackson e t  a1.13 
g r a t e  t h e i r  DNA i n t o  hos t  c e l l  DNA, t hese  i n v e s t i g a t o r s  have cons t ruc ted  
i n  v i t r o ,  u t i l i z i n g  a series of enzymatic s t e p s ,  a c i r c u l a r  DNA duplex 
which con ta ins  DNA from a tumor v i r u s  (SV-40) and another  source (lambda 
bacter iophage) .  This procedure could be used then t o  t r a n s f e r  i n t o  
mammalian cells  any s p e c i f i c  DNA which can be i s o l a t e d  o r  prepared. 

Operating wi th  t h e  knowledge t h a t  tumor v i r u s e s  inte- 

An e n t i r e l y  d i f f e r e n t  approach t o  d i r ec t ed  gene t i c  change is  t h a t  
of ce l l  hybr id iza t ion .  
induces fus ion  of animal cells  has  permi t ted  a whole new approach t o  t h e  
mapping of human genes on s p e c i f i c  chromosomes~5 and t o  t h e  a n a l y s i s  of 
t h e  r o l e  of s p e c i f i c  chromosomes i n  cancer.16 

The discovery14 t h a t  i r r a d i a t e d  Sendai v i r u s  

Relevant t o  t h e  d i scuss ion  
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of gene therapy is t h e  r epor t  of i n s e r t i o n  of genes from chicken ce l l s  
i n t o  mouse cells. 17 The the rapeu t i c  u t i l i t y  of cel l  hybr id i za t ion  remains 
remote, however, u n t i l  s e l e c t i o n  of t h e  proper ly  engineered product can be 
accomplished, u n t i l  immunologic r e j e c t i o n  of t h e  hybrid product can be 
avoided, and u n t i l  t ransformation t o  t h e  malignant s ta te  can be prevented. 

Even when genet ic  change by these  methods o r  by some y e t  uncon- 
ceived method may be r e a l i z e d ,  t h e r e  w i l l  remain problems before  i t  can 
become a gene t i c  therapy. One such problem is  the  t i m e  of t reatment .  
Some genet ic  d i so rde r s ,  probably inc luding  most chromosomal abnormal i t ies ,  
a r e  i r r e v e r s i b l y  e s t ab l i shed  a t  b i r t h ;  f o r  them any therapy would neces- 
s a r i l y  be p rena ta l .  Others, inc luding  many inborn e r r o r s  of metabolism, 
develop a f t e r  b i r t h  and t reatment  could begin soon t h e r e a f t e r .  
problem concerns t i s s u e  s p e c i f i c i t y ;  any success fu l  t reatment  must al ter 
the  t i s s u e ( s )  respons ib le  f o r  d i sease .  For some condi t ions ,  such as 
phenylketonuria, i t  may be necessary t o  a f f e c t  only one organ, while  f o r  
o the r s ,  such a s  most l i p i d  and mucopolysaccharide s to rage  d i seases ,  i t  may 
be necessary t o  a f f e c t  several organs. S t i l l  a t h i r d  problem i s  t h a t  of 
t he  q u a n t i t a t i v e  requirement upon any gene therapy. 
qua te  t o  "cure" one c e l l  per  mi l l i on .  It would probably not  be poss ib l e  
f o r  most t i s s u e s  t o  cause s e l e c t i v e  p r o l i f e r a t i o n  of one cured ce l l ,  so 
many ce l l s  would need t o  be a l t e r e d .  Since many enzymopathies occur i n  
the  presence of one per  cent  of a c t i v i t y ,  t h a t  l e v e l  is  a minimum require-  
ment. For most condi t ions  a level of 10-20 per  cent  of normal a c t i v i t y  
would probably be requi red ,  i n  view of the  f a c t  t h a t  many c l i n i c a l  d i s -  
o rde r s  occur wi th  t h a t  much r e s i d u a l  a c t i v i t y .  l8 

Another 

It would not  be ade- 

These problems comprise a class of p o s i t i v e  requirements. There is  
a l s o  a negat ive  requirement -- that no s e r i o u s  r i s k s  be taken, e s p e c i a l l y  
i f  t h e  r i s k s  are worse than t h e  o r i g i n a l  d i sease .  A s e r i o u s  i d e n t i f i a b l e  
r i s k  i n  t h e  case of t ransduct ion  is t h a t  of carcinogenesis .  It now appears  
that a l l  animal v i r u s e s  which are capable  of i n t e g r a t i n g  t h e i r  enomes i n t o  
t h e  hos t  ce l l s  are, a t  least under some condi t ions ,  oncogenic.15 Then 
aga in  l a t e n t  v i r u s e s  of t h i s  type have been incr iminated i n  autoimmune 
d iseases .  20 
a transducing v i r u s  might be passed from p a t i e n t  t o  normal ind iv idua l s  
assoc ia ted  wi th  him. 

What makes these  p o s s i b i l i t i e s  p a r t i c u l a r l y  important  i s  t h a t  

Any program of gene therapy must be weighed a g a i n s t  o the r  approaches 
t o  the  con t ro l  of he red i t a ry  d i sease .  
depend t o  a g r e a t  ex ten t  upon t h e  p a r t i c u l a r  he red i t a ry  d i seases  i n  ques- 
t ion .  For purposes of t h i s  d i scuss ion  it i s  convenient t o  c l a s s i f y  gene- 
t i c  d i so rde r s  i n t o  fou r  ca tegor ies :  (1) chromosomal abnormal i t ies  such as 
Down's syndrome (mongoloid id iocy ) ,  (2) Mendelian condi t ions ,  including 
the  inborn e r r o r s  of metabolism, (3) polygenic  d i so rde r s ,  such as d i abe te s  
m e l l i t u s ,  schizophrenia ,  and e s s e n t i a l  hypertension,  and (4) somatic gene- 
t i c  d isorders ,  such as cancer and, poss ib ly ,  autoimmune d i seases .  

These measures are several and 
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The chromosomal abnormal i t ies  make severe  demands upon any therapy. 
Treatment would i n  most i n s t ances  need t o  be i n s t i t u t e d  p rena ta l ly ,  i t  
would need t o  a f f e c t  mu l t ip l e  t i s s u e s ,  and i t  would need t o  a f f e c t  a 
l a r g e  f r a c t i o n  of t h e  cells  i n  those  t i s s u e s .  Conversely, it is  p r e c i s e l y  
f o r  t h i s  group of d i seases  that p r e n a t a l  d iagnos is  by amniocentesis  wi th  
subsequent induced abor t ion  is  most promising; i n  f a c t ,  concre te  proposals  
f o r  mass screening have already been presented.21 
somally abnormal f e t u s e s  could ever be prevented i n  t h e  f i r s t  p l ace  is  
dubious. Although only 0.5 - 1.0 pe r  cen t  of  a l l  newborn i n f a n t s  i s  
chromosomally abnormal, about 30 - 40 per  cen t  of a l l  spontaneous abor tuses  
. a re  so af fec ted .22  From t h i s  one can c a l c u l a t e  t h a t  about f i v e  pe r  cent of 
a l l  recognized conceptuses are chromosomally abnormal, suggest ing t h a t  t h e  
"cause" is some bas i c  process  wi th  high f a i l u r e  rate. 

Whether o r  not  chromo- 

Mendelian d i so rde r s  may be  i n h e r i t e d  i n  autosomal dominant, auto- 
soma1 recessive, o r  X-linked fash ion  and t h e r e  are corresponding d i f f e r -  
ences i n  t h e  merits of var ious  approaches t o  t h e i r  con t ro l .  Severe domi- 
nant condi t ions  are very  rare because many of  those a f f e c t e d  f a i l  t o  
surv ive  t o  reproduce. Their incidence i n  a populat ion is  the re fo re  main- 
ta ined  by r ecu r ren t  mutation, and a l a r g e  f r a c t i o n  of  those  a f f e c t e d  pre- 
s e n t  no family h i s t o r y  which could have served as a warning and l e d  t o  
prevention. Many dominant condi t ions  involve growth d i so rde r s  a l r eady  
apparent  a t  b i r t h ,  so any treatment would aga in  encounter g r e a t  obs t ac l e s .  
Perhaps t h e  bes t  approach w i l l  be  t o  develop means f o r  p rena ta l  diagnosis .  

Many Mendelian recessive condi t ions  are inborn e r r o r s  of metabolism 
which are r e v e r s i b l e  fol lowing b i r t h  and they have understandably been the  
ch ief  t a r g e t  of previous the rapeu t i c  e f f o r t s .  
f e a s i b l e  because the  unaffected heterozygous gene carriers can o f t e n  be 
detected.  E f fec t ive  screening programs f o r  such carriers could l ead  t o  
i d e n t i f i c a t i o n  of matings between two such carriers. One-fourth of  t he  
o f f sp r ing  of such matings can be expected t o  be a f f ec t ed .  
s t ances ,  as wi th  Tay-Sachs d i sease ,  p r e n a t a l  d iagnos is  and abor t ion  are 
possible .23 This  genera l  methodology i s  a l s o  app l i cab le  t o  X-linked d is -  
orders ,  although a s i g n i f i c a n t  f r a c t i o n  (up t o  one-third) of a l l  a f f e c t e d  
ind iv idua ls  r e s u l t s  from new mutation. Therefore  a more genera l  s o l u t i o n  
f o r  prevent ion of Mendelian d i so rde r s  of a l l  kinds would be screening of 
a l l  pregnancies by amniocentesis, as proposed f o r  chromosomal abnormali- 
ties. 

Prevention is  a l s o  more 

I n  some in- 

Any gene therapy f o r  Mendelian d i so rde r s  would necessa r i ly  compete 
wi th  o the r  herapeut ic  measures, and t h e r e  are a few ins t ances  of e f f e c t i v e  
treatment. 2E Circumvention of some metabol ic  d e f e c t s  can be accomplished 
by e l imina t ion  of an accumulating s u b s t r a t e  from t h e  d i e t ;  f o r  example, 
t h e  e a r l y  i n s t i t u t i o n  of a ga lac tose- f ree  d i e t  i n  a galactosemic c h i l d  o r  
of a low phenylalanine d i e t  i n  a phenylketonuric c h i l d  may lead t o  nor- 
mal i ty .  Circumvention can i n  some ins tances  be e f f ec t ed  by supplying a 
product of a r eac t ion ,  as with co r t i sone  i n  adrena l  hyperplasia .  Drugs 
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are sometimes e f f e c t i v e ,  as wi th  the  use of penic i l lamine  t o  eliminate 
copper i n  Wilson‘s d i sease .  
poss ib l e  i n  some cases of methylmalonic acidemia wi th  vi tamin B I 2  and of 
homocystinuria wi th  pyridoxine;  apparent ly  t h e  enzymatic de fec t  i n  some 
cases involves  the  cofac tor  binding s i te .  I n  b i l i r u b i n  conjugat ion d e f e c t s  
some a l l e v i a t i o n  of jaundice  is  accomplished by t h e  adminis t ra t ion  of 
phenobarbi ta l ,  which induces a cons iderable  inc rease  i n  t h e  amount of a 
p a r t i a l l y  de fec t ive  enzyme. 
f i e d  i n  t h e  t reatment  of hemophilia o r  of agammaglobulinemia. F ina l ly ,  
t reatment  by t i s s u e  o r  organ t r ansp lan ta t ion ,  exemplified by kidney t rans-  
p l a n t a t i o n  f o r  he red i t a ry  polycys t ic  disease, is i n  e f f e c t  replacement of 
de fec t ive  genes. 

Res tora t ion  of enzyme a c t i v i t y  has  been 

Replacement of a de fec t ive  p r o t e i n  is  exempli- 

The polygenic d i so rde r s ,  those  which r e s u l t  from i n t e r a c t i o n  of  two 
o r  more genes, are by f a r  t h e  most common he red i t a ry  d i seases .  
somal and Mendelian d i s o r d e r s  toge ther  a f f e c t  about one per  cent  of indi-  
v idua l s  born i n  the  United States, whereas each of d i abe te s  m e l l i t u s ,  
schizophrenia ,  and e s s e n t i a l  hypertension has  a higher  incidence.  Preven- 
t i o n  of t hese  d i so rde r s  is not  p rac t i ced  a t c a l l  a t  t h e  p re sen t  time, 
l a rge ly  because t h e r e  is  inadequate undere J ding of t h e i r  pathogenesis. 
On t he  o t h e r  hand, t reatment  has  con t r ibu t .  ” much more, as wi th  t h e  use of 
i n s u l i n  and ant i -hypertensive agents .  Gene therapy f o r  t hese  condi t ions  
seems very  remote, p r i n c i p a l l y  because the  bas i c  gene d e f e c t s  are no t  
known and because gene therapy would need t o  be very  s a f e  t o  warrant  use 
i n  p a t i e n t s  f o r  whom t h e r e  are so many o t h e r  a v a i l a b l e  measures. 

All chromo- 

The only w e l l  def ined category of somatic gene t i c  d i sease  i s  cancer. 
It is now probable  t h a t  environmental agents  which i n i t i a t e  cancer  do so 
by a l t e r i n g  the  h o s t ’ s  genome. This change may a l s o  occur spontaneously. 
There is evidence t h a t  two o r  more s t e p s  are involved and t h a t  one may be 
i n h e r i t e d  i n  germ cel ls ,  thereby predisposing the  host  t o  cancer.25 These 
ind iv idua l s  may be considered along wi th  those  i n  o the r  gene t i c  ca t egor i e s  
as f a r  as prevent ion and t reatment  are concerned. 
should be viewed i n  t h i s  l i g h t  and gene therapy should not  be excluded from 
cons i d e r a  t i on .  

Even t h e  cancer i t s e l f  

It is too e a r l y  t o  say whether gene therapy w i l l  ever be added t o  
t h e  armamentarium aga ins t  any of t hese  ca t egor i e s  of d i sease .  It i s  an  
exc i t i ng  and dramatic concept. It a l s o  might present  new hazards which 
would outweigh i t s  u t i l i t y  i n  comparison wi th  o the r  measures. 
o the r  measures are so poorly developed t h a t  explora t ion  of t h i s  funda- 
mental ly  d i f f e r e n t  approach should be continued. 

S t i l l ,  t hese  
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Chapter 26. Reverse Transcription and I ts  Inhibitors 
M.A. Apple, University of California Medical School, $an Francisco 

I. INTRODUCTION 

A .  
ary transcription from a polyri bonucleotide strand into a polydeoxynucleo- 
tide. So far  as i s  now known,- process i s  the same(not the reverse) of 
t h a t  use 

simply another complementary transcription with 1 i t t l e  mechanistic unique- 
ness. Because of a prevailing belief t h a t  DNA in cells could only be tran- 
scribed into complementary RNA or repl icated(se1f-transcribed)into comple- 
mentary DNA, and t h a t  RNA once made could only function in protein synthesis 
( i  .e. information transfer was unidirectional as DNA*RNA+PROTEINS)it re- 
quired novel insight t o  discover t h  t RNA viruses carry or  produce enzymes 
which catalyze RNA-RNA repl icationt97and R N A - M N A  or "reverse" transcrip- 
t ion8~9 Both of the la t ter  processes were postulated as essential prior t o  
their actual discovery since DNA*RNA information flow was inadequate t o  ac- 
count for  the reduplication of RNA viruses. 

"Reverse transcription'' i s  the name given to  the process of complement- 

o transcribe a comp entary strand of messenger RNA from i t s  DNA 
templat$-50r t o  duplicate DNA. 43 Reverse transcription appears so f a r  t o  be 

t r a n s c r i p t i o n 1  
rep l p D  NA' tr- PROTEINS 
cationJ \ r 

B. 

t i o n  are those w i t h  a lytic l i f e  cycle(e.g.polio virus) in which the virus 
attaches t o  a ce l l ,  enters, uncoats i t s  R N A ,  replicates RNA-RNA, assembles 
new virus and releases new virus,killing the host cell .  Alternatively, RNA 
viruses which contain enzymes t h a t ,  under a specified set  of conditions can 
catalyze R N A 4 D N A  reverse transcription, have a non-lYtic l i f e  cycle 
which includes a potentially long-lasting eclipse or latent stage; viruses 
of this type are mostly cancerogenic or oncogenic-RNA(abbreviated t o  "on- 
corna")viruses; the early steps are similar t o  other RNA viruses just  de- 
scribed except the fourth step i s  RNA+DNA transcription. This new DNA pro- 
duct may (a)remain a s  free, dormant intracellular(intranuclear?)DNA, or ( b )  
replicate with or independently of cell mitosis, or  (c)transcribe i n t o  pro- 
ducts serving t o  complete new virion production or (d)transcribe i n t o  pro- 
ducts expressing information t h a t  converts normal cells into cancerous ones. 
If  the infection i s  productive, new virus particles may assemble and new 
particles will then bud off enc in cell membrane envelopes(virions) 
without killing their host cell!82''This unusual l i f e  cycle poses a differ- 
ent set  of problems t h a n  those posed by the standard viral targets of a n t i -  
viral vaccines and druqs which have been previously encountered. 

New Life Styles Among Viruses 
I t  now appears t h a t  RNA viruses which carry o u t  direct RNA*RNA replica- 

C. Biological Significance of Reverse Transcriptase 
Amonq the implications o f  RNA +DNA transcription are: (a ) t h a t  there i s  an 

oncorna i i ra l  enzyme catalyzing i t  which has unique properties, and select- 
ive blockade of this enzyme serving as a d r u g  receptor could(i)prevent on- 
corna v i r ion  progeny production or(i i  )prevent oncogenic viral transformation 
of normal cells  into cancer, ( b )  t h a t  any new RNA carried into cells could 
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have i t s  information content carried permanently a s  new DNA gene informa- 
t i o n ,  (c) that  this  r scription may provide a mechanism for the process of 
gene amplification18-fuby which a small p o r t i o n  of the cell  I s  DNA informa- 
tion i s  reduplicated extensively, possibly from an RNA copy of t h a t  por t ion  
of the original D N A ,  ( d ) t h a t  the DNA copy can help explain the long term 
ecli  e nd la ter  reexpression of oncorna viruses or their  RNA informa- 
tionPSl1%in infected ce l l s ,  (e) that  the oncorna viral enzyme catalyzing re- 
verse transcription may serve as a possible marker for oncogenic RNA viruses 
and r cancer cel ls  under a variety o f  diagnostic or prognostic circumstan- ces, is and ( f ) tha t  purified reverse transcriptases can be used t o  make pure 
DNA gene copies of available messeng r RNAs for various applications includ- 
ins specific qene transplantation!8-50 
D."  Polymerase Activities of Reverse Transcriptase 

There has been a lack of clarification of whether the R N A d N A  biocata- 
lyst  i s  specifically associated only with oncorna viruses and cancer ce l l s  
or i s  a more generally occurring biophenomenon. Further complicating this  
analysis i s  the fai lure  t o  develop generally acceptable c r i te r ia  for defin- 
ing reverse transcriptase t h a t  uniquely distinguishes i t  from other poly- 
mera ses . 

I t  i s  probable t h a t  two or  more types of enzymes can catalyze R N A 4 N A  
reactions: ( a )  a variety of similar b u t  immunologically distinguishable vi- 
ral enzymes which accept polyriboadeny1ate:ol igothymidylate as a n  
timal substrate, found only in virions of the oncorna-type viruses, 
one of several animal cellular D N b D N A  polymerases which accept a 

one or more bacterial cell  enzymes such as the D N k D N A  repair en 
Eschericia which accepts RNA templates as non-optimal substrates. 
relative ra te  a t  which enzymic synthesis of DNA occurs using RNA as  a tem- 
plate as compared t o  DNA as a template serves as a hallmark for finding the 
real reverse transcriptase among enzymes from different sources; e.g. for 
oncorna virus the rates are 50-500%, bacterial enzyme rates are<l%, inverte- 
bratescl% and primates4 %. 

ROUGH COMPARISON OF ACTIVITIES OF DIFFERENT DNA POLYMERASES(uni ts/mgm) 
Templa te/su bstrate oncorna virus bacterium invertebrate human 

poly-rA:ol igo-dT 800 100 15 50 
poly-d (A-T) 200 1 oooo+ 1000 4 00 
nicked DNA 200 1 oooo+ 1000 500 
R NA 400 100 50 5 

This table o f  very approximate estimates of re la t ive DNA synthesis rates 
indicates t h a t  any NA polymerase could show some measurable "reverse tran- 
scribing" act ivi ty ,  2P b u t  only in viruses i s  i t  the major preference. 
E.  Inhibitors: To Be or Not To Be, The Assay i s  the Question 

Analysis of the assay conditions in vi t ro  generally employed for reverse 
transcriptase determination reveals a variety of standard substrates and of 
interacting substances which inf e e observed rates catalysis or meas- 
ured inhibitor/activator effects,  Jg-Sf e.g. ,  detergents'gincrease catalyt ic  
ra te  and affect  ac t iv i t ies  of ansa-macrolides; cations a1 te r  catalyt ic  ra te  
(Mg+t,Mn++)differently with different substrates and are of course them-  
selves influenced by a variety of chelators or cation binding buffering 
agents?%hiols react w i t h  some potential inhibitors or otherwise influence 

59r;hu,;p- 
r '  t y  of double-stranded RNAs or RNA:DNA duplexes as non-optimal substrates S8-h%and 

hE!!8°7h 

pol y-rA 0 0 0 0 
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measured a~tivities?~These assay condition problems account for much m i y  
interpretation of relative activities or inhibitions and non-reproducibil i ty 
between laboratories now encountered. Reverse transcriptase assay conditions 
employed by twenty laboratories studying the enzyme showed these ranges:0.01- 
0.1 OMTr i s (hydroxymethyl )ami nomethane - HC1 buffer at pH7.8-8.6 , 0.5-2hM MgCl , 0- 
0.12SM KC1 or NaCl , 0.2-10hM dithiothreitol (or mercaptoethanol or reduce2 
glutathione),0.005-0.5% nonidet P-40 or triton X-100 and 0.2-2mM ethylenedi- 
aminetetraacetic acid with a variety of templates, the most common of which 
is polyriboadeny1ate:ol igodeoxythymidylate, at temperatures from 30°-41 C 
for periods o f  time from 10 t o  240 minutes. 
11. CLASSES OF MOLECULES WHICH BLOCK REVERSE TRANSCRIPTASES IN VITRO 
A. Ansamacrolides 

(1) Rifamycins have been reported as inhibitors of poxvirus 

of mamnalian viruses growth and block e of oncorna virus induced cancerous 

reverse transcription inh ition was reported in 197037Actions of the rifa- 
mycins have been reviewed$ A major mode of a t' n in cells of newer deriv- 
atives is blockade of D N b R N A  polymerases $,48Flost derivatives studied 
on DNA polymerase or on reverse transcription were 
substituted on one of the two indicated positions: 

DNA virus) 
maturation along with other ansamacrol ides, the streptovaricins. 4E Inhibition 
transformation in vitro by rifamycins 9 were reported in 1969 and cellular 

R2 IT- C H= N - N 

XI I I -CH=N-N 

When R2 was 11, 111, or IVY then thaCH(CH3)z 
rifamycin SV derivative was reported 
to be a selective inh itor of viral 
reverse transcriptase!PIf the Rp was V-X or t 
derivatives could fully inhibit purified leuk 
out selectivity for viral reverse transcriptase.4lMost derivatives in which 
R2 was -CH=N-NH-R3 where R3 was either a simple aliphatic chain or ring were 
very potent inhibitors of murine sarcoma virus reverse transcriptionf2 The 
stability, protein binding, solubility, partitioning , comparative activity, 
absorption, distribution, e imination and toxicity of rifamycins of clinical 
interest have been reviewed43~44Rifampicin(R2 is XIII), is reported to S 
press cancer formation induced by adenovirus-l2(a DNA virus)in hamsters, 
but not by a RNA tu r virus in mice.46 XI11 binds specifically to E.coli 
DNA-RNA polymerase!zf and can be cytotoxic while not blocking Rous Sarcoma 
Virus-induced cancerous transformation or new oncorna virus production.48 

The structure and n chemical properties of this group of ansa- 
macro1 ides have been studied!'yrOand a review of other propertigf pertinent 
to their action on reverse transcriptase will soon be available. A mixture 
of naturally occurring compounds called str ptovaricin complex is an inhibi- 

YE- 

(2) Streptovaricins 

tor of E. coli RNA (but not DNA) synthesis 55 and an inhibitor of E. coli 
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DNA-RNA polymerase. 
The complex consists of4'at least 
Streptovaricins A (R1, Rp, R3, and R4 
are respectively OH, OH, Ac, 0 H ) X V ;  B 
(H, OH, Ac, 0 H ) X V I ;  C(H, OH, H, OH) 
X V I I ;  D (H, OH, H, H ) X V I I I ;  E(H, =O, 
H, 0 H ) X I X  and G(OH, OH, H, 0 H ) X X .  F is 
the lactone ( X X I )  corresponding to XX 
with the involved groups indicated in 
dotted circles. 

Streptovari&ins are reported to inhibit murine leukemia viral re- 
verse transcription. Cancerous transformation by Maloney Sarc a virus in 
vitro was reported inhibited by streptovaricin-D but not by A.*' Streptovar- 
icin complex is reported by one group to be composed of inactive components 
A, E and F and weakly agive B and C and very active M L V  reverse transcrip- 
tion inhibitory D and G, while another roup reported A, C, D and C-triac- 
etate X X I I  are all inactive against M L V . 1 2  

transcription and D N e R N A  polymerase inhibiting activities.56 
B. Anthracyclines 

Geldanamycins and tolypomycins are a1 so ansamacrol ides with reverse 

Anthracycline ch i ry has been re- 
cently reviewed. gy,sb A number of na- 
tural products o f  t ' s  roup can in- 
tercalate into DNA. b6 3 68 X X I V  and XXV 
have a clearly clinic 
cancer effect in man. 
X X V I ,  X X V I I  and X X V I I I  but not X X I X  
block oncorna viral reverse transcrip- 
tase, and X X V - X X V I I I  are more potent 
revent oncorna virus replication in tis- 
sic ar stomatitis virus reproduction in 

vitro ( V S V  is a non-oncorna RNA virus). !4 
X X I V  Daunorubicin 
XXV Adriamycin 

X X V I  Cinerubin - C H z C H 3  - t c O - C H 3  H 

CH 0 

C H 3  H 

C H 3  H H 

X X V I I  Piperazino- 

XXV I I 1  Acetyladriamycin-$-CH20-G;.CH3 H 

X X I X  N-acetyl daunomyci n -C -CH 
The largest structure-activity s?udies of derivatives of ?his series57965 
suggested that most R derivatives, which in molecular models act to block 
the amino group's bonting to a polymerase polynucleotide substrate phosDhate 
are relatively ineffective as DNA polymerase inhibitors o tumor inhibitors. 
Alternatively X X V I  is more active than X X I V ,  and R1 variants of XXV in which 

Daunomyc i n 

H C H 3  -&CH H 
o A  0 
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Ri, P 
L-Thr 

R2+ ' 9  c3 both 

the R 1  group appears i n  molecular models t o  be directed a t  the enzyme of the 
enzyme-substrate complex, maintain or improve the i r  inhibi tory a c t i v i t i e s  
and block oncorna 'r reverse t ranscr ipt ion a t  concentrations around 

C .  Cactinomycins 
The mechanisms by which these d r u g s  work has been ~ o n s i d e r e d ~ ~ t o  be via 

intercalat ion of the phenoxazone chromophore in to  a double-stranded polynu- 
c leot ide s t ructure  along w i t h  choring due t o  i t s  polypeptide loops ex- 
t e n d i n g  i n  opposi te  direct ions ( n o t  i n  the same direct ion as  proposed 
earl  i er59) blocking fur ther  pol ynucl eotide synthesi s .70 971 

Derivative R1/R2 peptide component xxx 

moles/ml or l e s s .  H ,# 

C 1 / D  bo th  D-valine XXXI 
D-va ine,  D-alloIsoleucine 

XXXII 
D-a1 lo Is01 eucine 

XXXIII 

c2 

I t  has been repor ed t h a t  C3 i s  more 
inhibitory t o  the reverse t ranscr ip-  
tase  of Roy3 sarcoma virus than the 
other two, 
centration required t o  block this en- 

and t h a t  the i n  v i t ro  con- 

T h u s  C3 i s  the most potent inhibi tor  
per mole of any reported drug acting on oncorna virus reverse t ranscr ipt ion,  
although i t  i s  re la t ive ly  inactive on the Kornberg DNA+DNA enzyme. 
D .  Pol e t ides  

R 1  # n 
-HN-CHO xxxv 3 xxxv I 5 

XXXVII 2 

n+cins 

-HN-CHO CH3 XXXVI I I 2 
N H  N H  4 xxx I x 2 

The an t iv i ra l  a c t i v i t y  per mole of XXXVIII i s  about 1/7 of tha t  of X X X V ,  
while XXXVI i s  about 16-fold more ac t ive  than X X X V . 7 3  X X X V I  inh ib i t s  Friend 
Leukemia v '  us and Maloney sarcoma virus reverse t ranscr ipt ion by half a t  

tent an i n h i b i t o r  o f  Rous sar- 
coma virus reverse t ranscr ipt ion than X X X V I . 7 5  The b i n d i n g  of X X X V I  t o  poly- 
nucleotides appears t o  a f f e c t  enzyme attachment of DNA-RNA polymerase t o  
DNA and instant ly< stops i n i t i a t i o n  o f  new RNA chains, while chain elongation 
i s  r e s i s t a n t  t o  the action of the drug.74~75 

h c i n  ~ o m p l e x ~ ~ a p p e a r s  t o  i n h i b i t  murine leuke 'a virus re- 
verse t ranscr iptase b u t  not mouse lymphoma DNA+RNA polymerase." One com- 
ponent (A2) can be hydrolyzed to  yield 7 di f fe ren t  amino acidsY7%hich m i g h t  

79 

- HN - C -C H2-N H- C- NH 2 

2 0 ~ g / m l . ' ~  XXXVII i s  a t  l e a s t  3-fold less  

( 2 )  Bleom cins 

plant Olea sp. a r e  general virucides in v i t r o ,  
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l a t e  i s  preincubated with cystine, histidine or  lysine, 
while isoleucine, leucine and tyrosine showed no effect80 XLtK0cH3 CH2C00Ca4 XLI i s  reported t o  selectively inhibit murine leukemia 

H 
HQC CHO 

virus reverse transcriptase b u t  n o t  E.  coli polymer- 
ases .a2 ~- 

F:' Thiosemicarbazones were the f i r s t  significant antiviral d r u g ~ ~ ~ a n d  when 
N-methyl-isatin-thiosqlcarbazone produced dramatic results as a prophylac- 
t i c  agent for smallpox the era of drug-induced antiviral prophylaxis was 

thiosemicarbazones appear t o  inhibit  viral 
XLII works intracellularly on DNA viruses and ap- 

reverse 

pears t o  block either DNA-LRNA synthesis or the 
function of the RNA transcribed product .86,87 The 
reverse transcriptase inhibiting ac t iv i t ies  report- 
ed recently for drugs of this group are not  as sig- 

nificant &en the viral enzyme act ivi ty  i s  optimized by addition of thiols 
and represent a n  inhibition measured under sub-optimal assay condi tions34,85 
G .  Propanals 

imple carbohydrates are relatively 
non-toxic anti-cancer agents in m i ~ e ~ ~ , ~ ~ a n d  are readily reactive with the 
base-pairing region of the guanine of polynucleotides which could account 
for their  ' n  'tro inhibition of the Rous sarcoma virus reverse transcrip- 
tion assay. Others: The following compou s have been 65ported t o  in- 
hibit  i ra l  reverse transcriptase: congo re  $ axenomycin, ethidium bro- 

ti des , 
I1 I .  COMPARISONS OF REVERSE TRANSCRIPTASE INHIBITORS 

A .  Relative Inhibition of R N A M N A  - vs DNA-DNA 

Of the drug  groups showing significant act ivi ty  on viral reverse t r an -  
scription, for some members of the rifamycins, streptovaricins, cactinomy- 
cins, distamycins and thiosemicarbazones there i s  evidence supporting the 
thesis t h a t  their  major mode of a n t i  ' r  1 t ' o n  . t h r o u g h  blockade of nor- 
ma1 cellular DNA-RNA transcription. ij,86,85,46-1b8 I t  i s  thus rather inex- 
plicable t h a t  so much emphasis has been placed on developing selective re- 
verse transcription inhibitors t h a t  do n o t  inhibit  DNA+DNA replication when 
i t  appears t h a t  th is  replication may n o t  be the major obstacle, b u t  virtual-  
ly no effor t  has been spent on discovering or developing reverse transcrip- 
tion inhibitors t h a t  do n o t  also inhibit "forward" transcription from D N A ,  
R N A .  

A number of drugs of this  group 

m j  d e , f5 cy t o  s i n e a ra b i nos i de tr if@ s p ha t e 9 8  s i n g 1 e - s t ran ded PO 1 y n u c 1 e o- 
and lycori n a1 ka lo i  ds . 

-ijmGmm 

B. Relative Potency Scale 
Based on the most active reported members of each series discussed, 

w i t h o u t  regard t o  select ivi ty  of action, the potency on a per mole basis o f  
the reported reverse transcription inhibitors varies over a 10,000-fold 
range i n  vitro,suggesting an  approximate potency scale i n  which cactinomy- 
cins,anthracycl inesn distamycins rifamycins > el enolates hbleomyci ns a strep- 
tonigrins, thiosemicarbazones> propanal s > streptovaricins. This does n o t  
predict which group will ultimately produce the best i n  v i v o  drugs since so 
manv other factors are involved. 
C .  Prospects for Potent and Selective Inhibitors: unique opportunity. Al- 
t h o u g h  i t  was only recently discovered, the process of reverse transcription 
offers a historically unique new target for d rug  design. Either the viral 
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enzyme, or  the substrate of the enzyme-substrate complex can already by pre- 
pared in large an t i t i es  i n  fa i r ly  pure form w i t h  ease by currently a v a i l a -  
ble techniqueslay I t  i s  reasonable t o  presume t h a t  the enzyme offers a more 
potentially selective target than the substrate, b u t  t h a t  drugs aimed solely 
a t  the process of transcription would n o t ,  unless new d a t a  emerges, dist in- 
guish'lforward" from "reverse" transcription. An optimal d rug  m i g h t  block the 
E-S complex formation/action by being simultaneously able t o  recognize e i -  
ther the enzyme or the polynucleotide substrate as i t s  receptor. The design 
of such new drugs i s  clearly possible now. 
IV. REVERSE TRANSCRIPTASE INHIBITORS: RELATIVE BIOLOGICAL EFFECTS 

A .  

errors when drugs inhibiting virus production a t  an early replicative step 
are studied since viruses whose synthesis was past the point of d r u g  action 
when drug  was administered will become functional viral particles i n  the 
presence of the d rug .  Drugs shutting down cellular processes t o  the p o i n t  
of producing a delayed death or replicative fa i lure  of ce l l s  may give the 
false  impression of specific antiviral  act ivi ty  in vitro.  Assays requiring 
the progeny virus t o  be active t o  be counted in vi t ro  as plaques or foci are 
subject t o  virus being inactivated by a high extracellular d r u g  concentra- 
tion w i t h o u t  any real selective activity i n  infected ce l l s  as well as spur- 
ious cytotoxic effects.  An antitransforming act ivi ty  in vitro using a focus 
assay must be under conditions allowing normal cellular proliferation, t o  be 
valid. Preventing viral cancer formation in vivo requires t h a t  drugs be 
given af te r  virus penetration of ce l l s  b u t  before the ear l ies t  transformed 
ce l l s  begin proliferation so t h a t  antiproliferative agents will not  also 
give the false  impression of also being ant iviral .  A good i n  vivo assay 
should also measure actual cancer deve1opment;e.g. ,pre-leukemic splenomegaly 
inhibition can be induced by non-antiviral cytotoxic drugs .  
B. Blocking New Virion Progeny Production 

Only a few of the drugs reported as reverse transcription inhibitors 
have so fa r  been found t o  block production of new pro eny virions of on 

and rifamycinsl03but some observations are subject t o  the above criticisms. 
Observations of progeny production blockade strengthen the hypothesis t h a t  
R N b D N A  synthesis i s  a sine Qua non of oncorna virus reproduction, b u t  do 
n o t  assure i t  since these agents might affect  some other polynucleotide 
transcriptions t o  some degree as well. 
C .  Cancerous Transformation 

so diminished by their  transformation into cancer ce l l s  t h a t  discrete col 
nies(foci)of piled u p  ce l l s  appear and indicate the transformation event. 
The hypothesis t h a t  reverse transcriptase inhibitors m i g h t  block oncorna- 
virus-induced in vi tro oncogenic transformation has apparently been veri- 
fied usin the focus ass with several gro  ps of drugs including s t rept  

Any activity of the reverse transcriptase inhibiting drugs which prevents 
ce l l s  from forming discrete foci will be measured by this  procedure, b u t  i t  
i s  very rap id  ( 4 1  week) and  a reliable indicator of the viral oncogenic 
events. 
D .  

Methods of Study and Method Critiques 
Assay methods for new oncorna virus progeny production are subject t o  

78P"' virus. These include streptovaricins,~6cactinomycins~ 8 2 anthracycl ines I 

The property of contact inhibition of normal cell  movement and growth i s  
P64 

Po7 vari  ci ns!85cac ti  nomyci nstij2an t hracycl i nes] OY r i f amyc i ns48 and d i s tamyc i ns . 

In-vivo Chemoprophylaxis of Cancer: A N e w  Frontier 
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Among the ultimate uses of reverse transcription ibitors i s  the pos- 
sib1 e chemoprophylaxis against oncorna virus cancers .I8’ These d rug  agents 
show promise in this acid tes t  of their effectiveness: streptovaricins are 
reported t o  block pre-leukemic splenomegaly in oncorna virus infected 
micel08and only one injection of either cactinomycins oyo$nthracyclines can 
actually prevent RSV-induced a v a i n  sarcoma development. 
E. Reverse Transcriptase Inhibitors as Cancer Chemotherapeutics 

There i s  no a priori reason t o  expect reverse transcriptase inhibitors 
t o  be therapeutic in established cancers unless this enzyme function i s  
needed t o  maintain the transformed state as well as t o  ini t ia te  i t .  Since 
two of the most potent groups of viral reverse transcriDtase inhibitors, 
cactinomycins and anthracyclines, each have examples w i t h  notable clinical 
effects (e.g.,dactinomycin and adriamycin are occasionally curative i n  human 
cancer) and animal model studies show other groups of reverse transcriptase 
inhibitors t o  have some therapeutic effect, perhaps either the maintenance 
hypothesis deserves more exploration, or the clinically effective drugs are 
those which also act t o  inhibit DNA-directed transcriptions. 
F .  Reverse Transcriptase Inhibitors and Gene Amplification/Antibody 

m r a n s c r i p t i o n  has been imp1 icat in embryo gene amp1 ifica- 

transcriptase i s  further documented, some of these new drugs might prove 
useful for such activit ies as blocking the response t o  a particular new 
antigen without creating generalized immunosuppression, which would be an  
important  advance i n  the organ/tissue transplant f ield.  
V .  CONCLUSIONS 

information transfer from RNA t o  DNA with a variety of potentially signi- 
ficant biological implications in virus l i f e  cycles, cancer etiology and 
prediction, gene amplification, embryo differentiation, response t o  a n t i -  
gens, and gene transplantation. Chemicals blocking the reverse transcrip- 
tion process serve n o t  only as probes into i t s  significance, b u t  also as 
drugs with the power t o  prevent selected types of in vivo virus-induced 
cancer, virus replication, and an t ibody production in animal model stud- 
ies. More selective and specific drugs which act as reverse transcriptase 
inhibitors need t o  be developed and a variety of structure classes of com- 
pounds so far  studied have provided important leads. 

tion 6y*T85and possibly antibody synthesis. P 10 If this role of reverse 

Reverse transcription 5 s  a newly discovered process of enzyme catalyzed 
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Chapter 27. Drug Receptors 

Jasjit S. Bindra 
Pfizer Inc., Groton, Connecticut 

Various aspects of drug receptors and drug action have been r viewed 
in previous annual reports of this series by Bloom1,* and Mautner.' This 
report focuses on the several major advances that took place in this area 
since 1969, particularly with regard to the cholinergic receptor. 

of symposia7-lo on drug action Several  monograph^^-^ and proceedings 
and receptors have appeared during the last few years. Of special in- 
terest a e the volume by Triggle on neurotransmitter-receptor inter- 
actions,' and the much awaited series on drug design edited by Ariens. 
The reader is also directed to an engaging discussion on receptor isola- 
tion and characterization in the proceedings of a recent Ciba Foundation 
symposium. 9 

7 

Conformation of Drugs and Structure-Activity Relationships (SAR): The 
problem of structure and conformation of drugs has been reviewed 
Portoghese, in a comprehensive review has focussed on the role of stereo- 
chemical factors in the action of drugs on excitable tissue.13 
question whefker drugs engage the receptor in a preferred "pharmacophoric" 
conformation is still unresolved, and has led to the synthesis of con- 
formationally restricted and rigid analogs of neurotransmitters .15-19 
Burger has discussed the information that can be gained from SAR studies 
concerning the complementary receptor sites .20 
stituent constants and the use of molecular orbital methods in drug design 
are reviewed in Chapter 32. 

The 

Application of Hammett sub- 

Cyclic AMP and GMP: The relationshi between hormone receptors and adenyl 
cyclase continues to draw attention.31,22 It is all but certain that 
the adrenergic agonists act by catalyzing adenyl cyclase, and any general 
theory seeking to explain their action at a molecular level must be com- 
patible with visualization of the receptor as an integral part of this 
enzyme system. 
in cholinergic neurotransmission. 

Some recent data yyggests that cyclic GMP may be involved 

Receptor Theory: Neurotransmitters exert their effect on postsynaptic 
cells by interacting with specific sites or receptors on the excitable 
membrane. This interaction initiates and controls the permeability changes 
permitting ion movements and a Ytt3Eication of the electrical signal during 
propagation of nerve impulses. Although the precise molecular 
mechanism of ion-conductance is still a matter of speculationz6, there is 
good evidence that binding of the agonist induces a conformational change 
in the receptor, thus indirectly causing a change in ionic permeability 
of the cell membrane. An important characteristic of drug-receptor 
interaction is that not all agonists are equally effective in causing this 
permeability change. Different drugs are capable of producing an equal 
biological response when occupying different fractions of the receptor 
pool, an observation which led to the concept of "intrinsic activity" or 
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e f f i c a c y ,  i t s e l f  pure ly  an ope ra t iona l  t e r m .  

I m p l i c i t  i n  s e v e r a l  of t he  r ecen t  t h e o r i e s  of drug a c t i o n  i s  t h e  
view t h a t  a c t i v a t i o n  of t h e  r ecep to r  r e p r e s e n t s  a quan ta l  r a t h e r  than  
a graded t r a n s i t i o n .  Ef f icacy  is  thus  quant ized and is  i n t e r p r e t e d  as  a 
measure of t he  p r o b a b i l i t y  t h a t  a r ecep to r  w i l l  assume an  a c t i v e  config-  
u r a t i o n  as opposed t o  an  i n f i n i t e l y  v a r i a b l e  range of s ta tes  of t h e  re- 
ceptor  ranging from high t o  zero  e f f i c a c y .  This  concept of quant ized e f -  
f i c a c y  was t h e  most important  t h e o r e t i c a l  po in t  emerging from Pato 

Althou h experimental  evidence f o r  t he  theory is a t  p re sen t  inconclu-  
s i v e ,  33,29 t h e  idea  of a quant ized k i n e t i c  approach cont inues  t o  be devel-  
oped. 

o r i g i n a l  ra te  theory*' and t h e  modified d i s s o c i a t i o n  ra te  theory.  281S 

Recent ly ,  Rang and R i t t e r  noted t h a t  a f f i n i t y  of r e c e p t o r s  f o r  cer -  
t a i n  a n t a g o n i s t s  i nc reases  when appl ied  i n  t h e  presence of a g o n i ~ t s . ~ ~  
This l e d  t o  t h e  sugges t ion  t h a t  t he  agon i s t  causes  t h e  r ecep to r  t o  change 
t o  a desens i t i zed  s ta te ,  and t h a t  t h e  desens i t i zed  r ecep to r  has  a g r e a t e r  
a f f i n i t y  f o r  a n t a g o n i s t s .  Evidence w a s  p resented  t h a t  t h i s  change i n  
a f f i n i t y  is  due t o  a conformational  change i n  t h e  r ecep to r  ( c a l l e d  t h e  
me taph i l i c  e f f e c t )  brought about by the  a c t i o n  of a g o n i s t s  bu t  no t  of 
an tagon i s t s .  Resu l t s  of a s tudy of t h e  k i n e t i c s  of t h i s  phenomenon were 
c o n s i s t e n t  w i th  t h e  c c l i c  model f o r  d e s e n s i t i z a t i o n  o r i g i n a l l y  proposed 
by Katz and Thesleff  ,31 but  wi th  two r a t e - l imi t ing  i r r e v e r s i b l e  s t e p s ,  

AR +AR' ( d e n s i t i z a t i o n )  and R '  %>R ( recovery) .  The f i r s t  of t hese  is  
r e l a t e d  t o  r ecep to r  a c t i v a t i o n ,  s o  t h a t  Kd becomes a measure of e f f i c a c y  
of t he  drug.32 A good c o r r e l a t i o n  has been observed between desens i t i za -  
t i o n  and t h e  me taph i l i c  e f f e c t  a t  cho l ine rg ic  r ecep to r s ,  confirming t h a t  
a c lass  of an tagon i s t s  p r e f e r e n t i a l l y  b inds  t o  t h e  desens i t i zed  r e c e p t o r .  
The a u t o i n h i b i t o r y  e f f e c t  of ace ty l cho l ine  (ACh) binding t o  Torpedo e lec-  
t r o p l a x ,  observed a t  high concen t r a t ions  of t he  s u b s t r a t e ,  i s  prob b l y  
d i r e c t l y  r e l a t e d  t o  t h e  phys io log ica l  d e s e n s i t i z a t i o n  phenomenon. 

Kd 

33 

3 t  

Another theory t h a t  involves  t h e  quan ta l  approach i s  based on Monod's 
model f o r  a l l o s t e r i c  p r o p e r t i e s  of r egu la to ry  enzymes .35 
of t h i s  model t o  drug a c t i o n  w a s  proposed by K a r l i ~ ~ ~ ~  and by Changeux, 
who pos tu l a t ed  t h a t  t h e  r ecep to r  macromolecule e x i s t s  i n  two conformations 
o r  states which are i n  equi l ibr ium,  v i z . ,  an  a c t i v e  s t a t e  a s soc ia t ed  wi th  
increased permeabi l i ty  and an  i n a c t i v e  s t a t e ,  r e g a r d l e s s  of whether o r  no t  
a drug molecule i s  bound t o  t h e  r ecep to r .  Drugs a c t  as a g o n i s t s  o r  antag-  
o n i s t s  according t o  t h e i r  s e l e c t i v e  a f f i n i t y  f o r  t h e  two conformations,  
and e f f i c a c y  i s  simply a measure of i t s  r e l a t i v e  a f f i n i t y  f o r  t h e  two 
s ta tes .  Pa r t i a l  a g o n i s t s  such as decamethonium show a f f i n i t y  f o r  both 
forms of t h e  r ecep to r .  According t o  Changeux and h i s   colleague^^^-^^ t h e  
macromolecular r ecep to r  f o r  ACh i s  d i s t i n c t  from an  ionophore r e spons ib l e  
f o r  t h e  t r a n s l o c a t i o n  of s p e c i f i c  c a t i o n s  through t h e  membrane. The 
complex, e - r e c e p t o r  t oge the r  wi th  e - i o n o p h o r e ,  is  regarded as  t h e  
elementary s t r u c t u r a l  u n i t  of t h e  membrane which accounts  f o r  t h e  response 
t o  t h e  neu ro t r ansmi t t e r  and is  termed as t h e  ACh-protomer. Evidence i n  
favor  of t h e  a l l o s t e r i c  theory  is centered  around t h e  sigmoid n a t u r e  of 

The ex tens ion  
37 
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dose-response curves observed f o r  s e v e r a l  depo la r i z ing  agen t s  a c t i n g  on 
t h e  e l e c t r o p l a x  c e l l s .  When small amounts of decamethoniu are p r e s e n t ,  
t he  sigmoid cha rac t e r  of t h e  dose-response curves  is  lost ." This  
phenomenon is  s t rong ly  reminiscent  of a l l o s t e r i c  e f f e c t s  seen wi th  regula-  
t o r y  enzymes. However, a l though t h e  a l l o s t e r i c  theory  is q u i t e  a t t r a c t i v e ,  
o the r  a l t e r n a t i v e s  could exp la in  he observed sigmoid shape of concentra-  
t i on -e f f ec t  curves .  And as  Rang4' p o i n t s  o u t ,  un fo r tuna te ly  n e i t h e r  of 
t he  p i e c e s  of evidence brought thus  f a r  t o  bear  upon t h e  d i s t i n c t i o n  be- 
tween t h e  convent ional  occupat ion theory and t h e  a l l o s t e r i c  theory  
of drug a c t i o n  is  as y e t  conclusive.  

I s o l a t i o n  of Receptors  

There have been numerous a t tempts  t o  d e t e c t  t h e  binding of drugs  t o  
r ecep to r s  and t o  i s o l a t e  t he  r ecep to r  material, and t h e  e a r l i e r  a t t empt s  
a t  r ecep to r  i s o l a t i o n  have been reviewed.43 *46 

There are c e r t a i n  obvious similari t ies between t h e  problem of i s o l a -  
t i o n  of r ecep to r  material and t h a t  of i z g l a t i n g  and i d e n t i f y i n g  t h e  com- 
ponents of t he  a c t i v e  sites of enzymes. However, t h e  problem of enzyme 
i s o l a t i o n  is probably f a r  s impler  s i n c e  a c t i v i t y  of enzymes can be  moni- 
to red  i n  v i t r o  by fo l lowing  t h e  c a t a l y t i c  a c t i v i t y  of t h e  va r ious  f r a c t i o n s  
t h a t  are i s o l a t e d .  During r ecep to r  i s o l a t i o n ,  on the  o t h e r  hand, one is  
faced wi th  t h e  more formidable  problem of i d e n t i f y i n g  a system whose 
phys io log ica l  a c t i v i t y  is  dependent upon t h e  i n t e g r i t y  of t h e  c e l l u l a r  sys-  
tem and i t s  membrane components; once a t i s s u e  has  been homogenized o r  
otherwise d i s rup ted ,  i t s  phys io log ica l  responses  are no longer  p re sen t .  
For want of a b e t t e r  biochemical index t h e  i n v e s t i g a t o r  must t h e r e f o r e  
search  f o r  macromolecules t h a t  bind c o r r e c t  l i gands  wi th  appropr i a t e  a f -  
f i n i t y  and r e v e r s i b i l i t y ,  and t h a t  are p resen t  only i n  t h e  appropr i a t e  
amount i n  appropr i a t e  t i s s u e s .  

Techniques of Receptor I s o l a t i o n :  Two techniques have been used t o  moni- 
t o r  AChR i s o l a t i o n .  The use  of r e v e r s i b l e  binding technique which is  - 
conceptual ly  most a t t r a c t i v e  f o r  r ecep to r  i s o l a t i o n  i s  a t tended  by t h e  
danger t h a t  p ro t e in  dena tu ra t ion  o r  d i saggrega t ion  of t h e  r ecep to r  mosaic 
dur ing  e x t r a c t i o n  procedures  may s u f f i c i e n t l y  a l t e r  t h e  binding cha rac t e r -  
istics as  t o  i n t e r f e r e  wi th  t h e  recogni t ion  of i t  by means of techniques 
such as equi l ibr ium d i a l y s i s .  A l t e r n a t i v e l y ,  a f f i n i t y  l a b e l s  may be used 
t o  d e t e c t  and i d e n t i f y  t h e  r ecep to r  i n  v i t r o .  Even though t h i s  approach 
r e s u l t s  i n  i r r e v e r s i b l e  i n a c t i v a t i o n  of t h e  r ecep to r ,  t h e  r e c e p t o r s  can be 
l a b e l l e d  i n  the  i n t a c t  t i s s u e  and i s o l a t i o n  of t h e  s t a b l e  r a d i o a c t i v e  com- 
p lex  can then  be monitored by s tandard  biochemical techniques.  Thus, un- 
t i l  more informat ion  i s  a v a i l a b l e  concerning r ecep to r  s t r u c t u r e  and func- 
t i o n  t h e r e  are advantages i n  us ing  t h e  " a f f i n i t y  l a b e l  technique".  
t i o n  of a f u n c t i o n a l l y  pure r ecep to r  must even tua l ly  involve  t h e  appl ica-  
t i o n  of a r e v e r s i b l e  binding technique,  and i f  t he  t h e o r e t i c a l  p o t e n t i a l  
of such an approach i s  r e a l i z e d  i t  would permit  i s o l a t i o n  of t h e  c r y s t a l -  
l i n e  drug-receptor complex which could then  be subjec ted  t o  X-ray pro- 
cedures  success fu l ly  appl ied  t o  o the r  enzyme complexes. The merits of 
each approach t o  t h e  q u a n t i t a t i o n  and i s o l a t i o n  of pharmacological re- 

I so l a -  



265 - Chap. 27 Drug Receptors Bindra 

ceptors have been discussed in detail by Moran and Triggle46 and O'Brien 
et a1.47 -- 
Affinity Labeling: The methodology and technique f affinity labeling of 
protein active sites has been reviewed by Singer.48 Affinity labeling 
can be used to label not only the catalytic active sites of enzymes, but 
also allosteric or regulatory active sites, antibody active sites, or any 
other active sites exhibiting binding specificity but which do not contain 
any unusually reactive groupings. The method is thus potentially useful 
in the study of molecular properties of drug receptors. In combination 
with techniques of differential labeling to enhance specific site labeling, 
it provides a powerful tool for labeling and identification of drug- 
receptor macromolecules so as to permit their ultimate isolation and 
characterization. 
spin labels5' to active sites as probes to study changes that may accompany 
various physiological perturbations of intact membrane-bound specific re- 
ceptors. 
was first described by Westheimer51 continues to be used for investigation 
of active sites of soluble proteins and antibodies. Recently Singer et al. 
used photoreac ive aryl azides for affinity labeling of specific ACh sites 
on  membrane^.^' The specificity of these reagents, however, is by no 
means fully established. 

The method is also useful to attach fluorescent4' or 

The use of photolysable reagents for affinity labeling which 

Receptor Isolation by Irreversible Labeling: The best known receptor 
alkylating agents are the catecholamine antagonists related to dibenamine 
which are also irreversible blockers of AChR. Several attempts have been 
made to label receptors with these drugs,53 but in general it seems that 
the specificity of these drugs is low, so that non-specific binding is a 
serious problem. 
(e.g atropine sulfate) which were devised to improve specificity gave 
rather disappointing results . 54 

Various procedures with reversible protecting agents 

Recently Karlin and his co-workers devised a two-step procedure for 
obtaining relatively specific covalent labeling of AChR by the uaternary 
ammonium compound 4-maleimido benzyl trimethylammonium (MBTA) .53 9 56 The 
labeling compounds were applied after reduction of disulphide bridges in 
the electroplax to free sulfhydryl residues by dithiothreitol (DTT). 
Binding could be reduced by the competitive antagonist hexamethonium, as 
well as by the sulfhydryl reoxidizing agent cholinedisulfide. 
MBTA binds to the anionic subsite of AChR with the quaternary ammonium 
group while its maleimide group alkylates a nearby sulfhydryl group. 
Using tritiated MBTA to label the reduced receptor in single intact elec- 
troplax, Karlin et al. solublized the receptor and separated it from non- 
specifically labeled components by gel electrophoresis. 
component of the labeling accounted for at best betyzen 20 to 60 per cent 
of the total labeling and a range of 26 to 75 x 10- 
was calculated per ~ell.5~ 
of acetylcholinesterase in the cell. Purification of the solubilized re- 
ceptor material by polyacrylamide gel electrophoresis in sodium dodecyl 
sulfate gave a single polypeptide of molecular weight 42,000 having pro- 
perties previously inferred for the receptor.57 It is likely that this 

Presumably 

The specific 

moles of receptors 
This value is similar to the calculated amount 
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specifically labeled polypeptide component is either the receptor or a 
receptor subunit containing all or parts of the ACh-binding site. 

Other potent affinity labeling compounds that act on the reduced cell 
were designed by Silman and Karlin. 58 Affinity labels designed to react 
strongly with cholinergic receptors in the unreduce state are p-(tri- 
methy1ammonium)benzene diazonium f luoborate (TDF) , " benzil lcholine 
mustard (BCM) ,60 dinaphthyl-decamethonium mustard (DDM)3°,3q and 2-halo- 
gen~ethylamine.~~ 
good deal more specific than that of MBTA by the electroplax and it 
appears that the membrane protein which binds BCM consist largely of 
muscarinic receptors. DDM acts irreversibly as an antagonist of the 
motor'endplate, and has the interesting roperty that it exhibits increased 
affinity for desensitized receptors .32 33g 

The uptake of 3H-BCM by smooth muscle appears to be a 

a-Bungaratoxin, a basic polypeptide of molecular weight 8,000 isolated 
from the venom of the snake, Bungarus multicinctus, has an irreversible 
curare-li k7,g~tion on the postsynaptic membrane of vertebrate neuromuscular 
junction. These toxins also block depolarization of homologous 
synapses in electric tissue of Torpedo, Raja and Electrophorous and of 
skeletal muscle. 
is a specific but reversible antagonist of cholinergic receptors, indicat- 
ing that a-bungaratoxin interacted with the cholinergic receptors. The 
specificity of action of the toxin has been confirmed by several 
workers .63-65 

This effect could be prevented by d-tubocurarine, which 

The extraordinary specificity of bungaratoxin has been expl ited for 
isolation and purification of the cholinergic receptor protein. 6 E  These 
workers prepared radioactive labeled bungaratoxin of very high specific 
activity by iodination with l31I, and studied its binding to a protein 
component of cell membranes from Torpedo electric organs, which they solu- 
bilized by treatment with a detergent. The toxin-receptor complex was 
purified by chromatography and density gradient centrifugation, which 
clearly separated it from AChE.67 
of a tetrameric form of subunits of molecular weight about 80,000, and the 
number of bungaratoxin binding sites was approximately equal to the 
number of AChE catalytic sites in the Torpedo electric tissue. These 
results are in good agreement with results found by others using equili- 
brium dialysis methods with reversibly binding ligands .47 
that the a-BGT binding material is the receptor protein is based mainly on 
the finding that rate of binding of labeled toxin in membrane suspensions 
was decreased by preaddition of d-tubocurarine or carbamylcholine66whereas 
it was unaffected by physostigmine which is an inhibitor of AChE. 
must be noted that only a preliminary purification of the receptor has 
been achieved thus far. Moreover, there is evidence from work with 
muscles that about 15% of the toxin is bound non-specifically and only 
half of the toxin binding sites in frog muscle appear to be protected by 
curare.68 
sites which bind the a-toxin. 

The receptor protein seemed t o  consist 

Evidence 

It 

It is therefore possible that there are two or more kinds of 
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-: 
leagues isolated a particulate fraction from the electric organ of to 

These authors presented evidence that muscarone, which is a stable 
cholinomimetic, was bound to the particulate fraction in the way that 
would be expected for binding to an ACh receptor in terms of affinity.69 
All of the compounds known to act on cholinergic receptors reversibly 
inhibited the binding of tritiated muscarone, whereas a wide range of 
noncholinergic drugs did not. 
tween the potency of substances as agonists and their ability t o  inhibit 
muscarone binding. Using equilibrium dialysis, the Eldefrawi's and 
O'Brien have measured the affinity of several other cholinergic +fgands to 
subcellular preparations of electric tissue and house-fly brain. In the 
brain of the housefly the binding macromolecules were proteins and ex- 
hibited both nicotinic and muscarinic characteristics, whereas in the 
electroplax these macromolecules were phospholipoproteins endowed with 
nicotinic binding characteristics alone. When binding was measured over a 
restricted range of ligand concentration (O.l-lpM), only a single binding 
site was detected for each ligand; but when the concentration was extended 
(0.001-100~M), multiple sites for reversible binding of various ligands 
were revealed, two each for muscarone, nicotine and DMTC and three for 
decarnethoni~rn.~~ The two agonists muscarone and nicotine each showed a 
low affinity binding of approximately 0.5 nmole/g and a high affinity 
binding of approximately 0.1 nmole/g. The effect of hydrolases and the 
antagonism of binding by other cholinergic ligands suggests that binding 
is to two different sites which exhibit binding properties similar to 
AChR, and that both sites are on the same macromolecule.7~ 

Recently O'Brien and his col- 

electroplax which exhibits several of the characteristics of AChR. 4 7, i!l:% 

Moreover, there was a good correlation be- 

Eldefrawi et al. studied binding of 3H-ACh after organophosphates had 

Two affinity sites ( K 1  = 8 nM and K 2  = 68 nM) bound ACh reversi- 
been used to irreversibly inhibit all AChE present in electric tissue of 
Torpedo. 
bly and binding was blocked by nicotinic drugs .74 Characteristics and 
concentrations of these sites were similar to those binding muscarone and 
nicotine, indicating that all three ligands are bound by the same two 
sites. In further studies these authors have examined properties of 
lubrol-solubilized AChR from Torpedo electroplax and separated the ACh- 
binding macromolecules by ultraf iltration and gel chromatography. 75 Only 
a partial purification and characterization of the AChR has been achieved 
thus far, but improved techniques are expected to overcome this impa~se.7~ 

Changeux and his colleagues 77 '78 found that ultracentrifugation of 
crude homogenates of electric organs of Electrophorus in sucrose gradient 
afforded two classes of membrane fragments, one of which is rich in AChE 
and presumably originates from the innervated membrane of the electroplax. 
These membrane fragments form closed vesicles or microsacs in vitro (ap- 
proximately 0.3 pm in diameter) which respond to cholinergic ligands by a 
change in selective permeability to cations. The rate of efflux of 22Na+ 
from preloaded microsacs was markedly increased by cholinergic agonists 
carbachol and decamethonium and blocked by d-tubocurarine. Dose-response 
curves constructed by measuring flux data at increasing concentration of 
cholinergic ligands were identical with the curves obtained from electro- 
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78,79 physiological experiments on the monocellular electroplax. 

Evidence that much of the decamethonium was indeed bound to the chol- 
inergic receptor site comes from the fact that a-bungaratoxin, which 
specifically blocks cholinergic receptors but has no effect on acetyl- 
cholinesterase, blocked the binding of radioactive decamethonium to the 
microsacs to the extent of 72%. Saturating levels of d-tubocurarine dis- 
place bound decamethonium to almost the same extent, and the residual 28% 
is bound resumably to the catalytic centre of AChE present in the 
extract.8' An interesting feature of this study is that these purified 
membrane fragments are still excitable, in vitro, in the absence of any 
exogenous source of energy and in the absence of any electrochemical 
gradient. This suggests that the mechanism of excitation by cholinergic 
agonists is built into the excitable membrane just as the regulatory 
properties of allosteric proteins are bui+f into the three-dimensional 
organization of their polypeptide chains. Changeux has further shown 
that the AChR-bearing macromolecule can be extracted by deoxycholate in a 
soluble form and in appreciable amounts from the electric organs of 
Electrophorus electricus. The macromolecule, a protein distinct from the 
enzyme acetylcholinesterase, retains in vitro, and in solution, most 
specific binding properties of the physiological receptor .81 
protein contains a subunit of approximately 48,000 molecular weight which 
tightly binds a-bungaratoxin.82 

The receptor 

In an approach to receptor isolation specifically directed towards 
extracting a macromolecule presumably intimately bound into the lipoprotein 
structure of the membrane, De Robertis and his colleagues examined in or- 
ganic solvents the binding of cholinergic ligands and proteolipids extract- 
ed from brain and electric tissue.83 Receptor properties were localized 
in the junctional complexes and in the subsynaptic membrane as judged by 
binding studies with labeled transmitters, synaptic blocking agents and 
other drugs. When proteolipids extracted from nerve-ending membranes 
labeled with d-[ dimethyl-14C] -tubocurarine were chromatographed on 
Sephadex LH-20 the receptor-proteolipid was isolated by elution with 
chloroform and methanol. Similarly, these workers also studied the high 
affinity for binding 14C-ACh, 14C-hexamethonium, and 3H-TDF by chloroform- 
methanol extracts of lyophilized electric organs of Torpedo and Electro 
phorus. 
Sephadex LH-20 column, and the receptor proteolipid eluted with chloroform 
in a sharp peak which contained most of the bound radi~activity.~~,~~ 
Several physicochemical methods were used to study interaction of drugs 
and the receptor proteolipid $83 
in light scattering and polarization of fluorescence of the receptor from 
cerebral cortex and this effect was blocked by ACh, succinylcholine and 
hexamethonium.83 

After the binding, the lipid extracts were passed through a 

Notably, atropine sulfate produced changes 

The concentrations of receptor binding sites calculated by 
De Robertis and coworkers from their data for electric tissue of eel and 
Torpedo are much higher than those determined for these tissues by other 
workers .47 Moreover, the binding experiments by these authors have been 
carried out in nonionic, nonpolar solvents, under which circumstances the 
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cholinergic ligands which normally act reversibly were bound irreversibly. 
Thus, it has not been possible to determine affinity constants, which makes 
it difficult to compare their results with those of other laboratories. 
Recently some evidence has been presented that association of ligands with 
proteo ipids obtained by purification on Sephadex LH-20 may be artifac- 
tual. 8k 

Acetylcholinesterase and Acetylcholine Receptor: 
centrations of AChE are present at the neuromuscular junction and that 
this enzyme has several properties in common with the receptor indicate 
that they may be part of the same macromolecule, and that their anionic 
sites could be fully or partially coincident. However, on the basis of 
autoradiographic studies in the postsynaptic membrane of endplates (mouse 
diaphragm), Waser demonstrated that cholinergic receptors are different 
from the active centers of the AChE.87 
stratin this point are a ailable, and have been summarized by O'Brien 
-- et and by Belleau.8' Recent work on receptor isolation has shown 
it is possible to obtain separation of AChE activity from AChR. Using 
elution profiles in Triton, Miledi -- et a1.66 have shown that the receptor 
and enzyme are clearly separable into two distinct macromolecules. This 
is consistent with the observation that they are found on two different 
membrane fragments, and with the fact that the two proteins can be separa- 
ted by ultracentrifugation. 89 

The fact that high con- 

Several other pieces of data demon- 

Nevertheless, the striking similarity in the number of active sites of 
esterase with the number of toxin-bin j&j3;g6yjeptor sites observed by 
various workers requires explanation. 
tion, of course, is that the receptor and the enzyme are linked, perhaps 
as part of a polymer in the membrane. Belleau further suggests that the 
anionic regulatory unit of AChE is structurally homologous or analogous to 
the cholinergic receptor .91 In several experiments it has been shown that 
ACh agonists and antagonists must bind also to AChE since they affectg5he 
kinetics of hydrolysis of AChg2 and the methanesulfonylation of AChE. 
These kinetic effects are explained on the basis of conformation changes 
initiated in the anionic chain.91 

The most likely explana- 

The recent crystallization and preparation of pure AChE on a large 
scale have made it possible to initiate meaningful investigations into 
the physical and chemical properties of the enzyme.94 The molecular 
weight of AChE has been determined by sedimentation equilibrium to be 
260,000.95 
ethanol into four subunits, each of equal molecular weight. Examination 
of the C-terminal amino acid residues indicated that there were two types 
of polypeptide chains in AChE, one terminating in serine and the other 
in glycine. 
weight, which is consistent with a proposed dimeric structure of a262 
type.96 
further supported by labeling experiments with TDF and by equilibrium 
dialysis experiments performed with decamethonium. According to Leuzinger 
the a and 6 subunits Of AChE fulfill different functions.94 
a-chain of AChE contains the catalytic site while 6-chain bears some other 

The enzyme is split in the presence of guanidine and mercapto- 

Two active sites were found for AChE per 260,000 molecular 

The presence of a two-fold symmetry in the number of sites is 

Either the 
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function not yet known, or alternatively, a- and B-chain together form an 
active center in which a would furnish the esteratic site and f3 the 
anionic site. This hypothesis assumes that the @-chain is identical with 
AChR, a contention supported by the fact that TDF perferably labels the B- 
chain of AChEg4 and also interacts in vivo with AChR in an inhibitory 
way.59 There is also some thought that in an evolutionary sense the 6- 
chain (receptor) may have derived from the a-chain through mutation in the 
sequence of the amino acids of the esteratic site of the original AChE. 
Until an X-ray examination of the crystalline enzyme is possible, a 
sequence analysis of the two separated polypeptides would be of great 
interest. 

94 

Receptor Reconstitution: Prevailing ideas about membrane ultrastructure 
have been analyzed in an exquisite review by Hendler.97 
constitution is a promising approach to the elucidation of the molecular 
organization of proteins and lipids in the bi0membrane.9~ Recently, in- 
teresting results have been obtained with reconstitution of an active 
transport system. Redwood et al.” and Jain et al.loo studied the binding 
of membrane ATPase to a bilayer and obtained a system showing the charac- 
teristics of the Na+-K+ pump of biomembranes. 
demonstration by De RobertisB3 ,Io1 that a biophysical response to ACh can 
be evoked in artificial lipid membranes. 

Membrane re- 

Equally impressive is the 

AChE in situ and in solution have markedly different properties. Of 
special interest in this regard is the intriguing observation of Massouli6 
and Riegerlo2 that at least in the electric eel and in the torpedo fish 
there is no enzyme in situ which corresponds to the purified enzyme. 
Studies in which AChE has been incorporated into bilayers having a definite 
structure similar to natural membranes are therefore of special signifi- 
cance. Leuzinger found that it is possible to observe changes in the per- 
meability of lipid bilayers to ions by incorporating AChE into artificial 
membranes.103 These results have been confirmed and extended by Jain et 
- al.lo4 who found that the dramatic increase in membrane conductance eli- 
cited by addition of small concentrations of ACh or carbamylcholine to a 
black lipid membrane incorporating electroplax AChE is prevented by addi- 
tion of neostigmine or atropine to the system, The magnitude of the con- 
ductance increase of the AChE-treated membrane is proportional to the 
fourth power of the carbamylcholine concentration suggesting that four 
AChE subunits or molecules aggregate to form a potential ion-conducting 
channel. A separate cholinergic receptor independent of the AChE a282 
complex appears unnecessary on the basis of these experiments .Io3 

Conclusion: Discernible progress is being made towards isolation and puri- 
fication of receptor macromolecules. Biochemical characterization of the 
cholinergic receptor would be an important landmark in the development of 
molecular pharmacology, and would eventually pave the way to a clearer 
understanding of the pharmacological problems of drug-receptor interaction 
and a fuller explanation of the molecular basis of drug action. 
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Chapter 28  - Immediate H y p e r s e n s i t i v i t y :  I I .  Drugs i n  C l i n i c a l  Use 

E l l i o t t  M idd le ton ,  J r . ,  & Ronald G. Co f fey ,  C A R I H ,  Denver, Colo.  

I n t r o d u c t i o n  - The accumulat ion o f  knowledge i n  t h e  f i e l d  o f  immunology has 
taken p lace  a t  a d a z z l i n g  r a t e  i n  recent  yea rs .  Work i n  t h e  f i e l d  o f  i m -  
mediate h y p e r s e n s i t i v i t y  r e a c t i o n s  has been e s p e c i a l l y  reward ing and t h e  
fundamentals were w e l l  presented by Bach. l  T h i s  a r t i c l e  w i l l  rev iew t h e  
c u r r e n t l y  accepted pharmacologic approaches t o  management o f  t h e  c l i n i c a l  
immediate h y p e r s e n s i t i v i t y  s t a t e s ,  some hope fu l  g l  immers f o r  f u t u r e  drugs 
and a l s o  w i l l  a t t empt  t o  r e l a t e  t h e  e f f e c t  of these agents t o  t h e i r  b i o -  
chemical mechanisms o f  a c t i o n .  

Diseases o f  Immediate H y p e r s e n s i t i v i t y  - By d e f i n i t i o n ,  t he  diseases o f  
immediate h y p e r s e n s i t i v i t y  a re  reagin-mediated, i . e . ,  t h e  p a t h o p h y s i o l o g i -  
c a l  changes c h a r a c t e r i s t i c  o f  t he  c o n d i t i o n  a r e  i n i t i a t e d  by t h e  i n t e r -  
a c t i o n  o f  a s p e c i f i c  an t i gen  w i t h  homologous immunoglobul in E ( IgE)  a n t i -  
body bound t o  t i s s u e  mast c e l l s  o r  c i r c u l a t i n g  b a s o p h i l s .  The c l a s s i c a l  
diseases o f  immediate h y p e r s e n s i t i v i t y  a r e  seasonal and p e r e n n i a l  a l l e r g i c  
r h i n i t i s  and asthma, anaphy lax i s ,  c e r t a i n  cases o f  u r t i c a r i a  and angioedema, 
occas iona l  cases o f  a t o p i c  d e r m a t i t i s  (eczema), c e r t a i n  i ns tances  o f  food 
and drug r e a c t i o n s  and bee s t i n g  h y p e r s e n s i t i v i t y .  P a t i e n t s  w i t h  reag in -  
mediated d i s o r d e r s  u s u a l l y  show p o s i t i v e  s k i n  o r  mucosal t e s t s  t o  a p p r o p r i -  
a t e  an t i gens  ( a t  low c o n c e n t r a t i o n s ) ,  o f t e n  have e l e v a t e d  l e v e l s  o f  serum 
IgE and i n c u b a t i o n  o f  t h e i r  p e r i p h e r a l  leukocytes r e s u l t s  i n  t h e  re lease  o f  
h i s tam ine  f rom basophi 1s. I t  i s  impor tan t  t o  understand, however, t h a t  
these c o n d i t i o n s  may occur  i n  i n d i v i d u a l s  i n  whom i t  i s  imposs ib le  t o  demon- 
s t r a t e  an u n d e r l y i n g  immunologic r e a c t i o n  mechanism. I n  o t h e r  words, demon- 
s t r a b l e  a l l e r g y  i s  a s u f f i c i e n t  b u t  n o t  an e x c l u s i v e  cause o f  t h e  syndromes, 
even though t h e  pa tho logy  o f  t h e  n o n - a l l e r g i c  s t a t e  may be i n d i s t i n g u i s h -  
ab le  f rom t h e  a l l e r g i c .  T h i s  p o i n t s  t o  t h e  p r o b a b i l i t y  o f  t h e r e  b e i n g  
o t h e r  fundamental de fec ts  i n  c e l l  b i o c h e m i s t r y  t h a t  a r e  o f  pa thogene t i c  
importance whether a l l e r g y  c o e x i s t s  o r  n o t .  I n  s h o r t ,  t h e  a l l e r g i c  r e a c t i o n  
can be one o f  seve ra l  t r i g g e r s  t h a t  p r e c i p i t a t e s  t h e  c l i n i c a l  c o n d i t i o n .  
Never the less as o f  t h i s  w r i t i n g ,  pharmacologic  management d i f f e r s  l i t t l e  
between t h e  a1 l e r g i  c and non-a l  l e r g i  c groups. 

Pa thophys io log i c  Events - Whether o r  n o t  a l l e r g y  i s  a s p e c i f i c  p r e c i p i t a n t ,  
t h e r e  a re  a number o f  p a t h o p h y s i o l o g i c  events  one o r  more o f  which con- 
t r i b u t e s  t o  t h e  development o f  t h e  t y p i c a l  c l i n i c a l  p i c t u r e .  These t i s s u e  
events i n c l u d e  inc rease  i n  vascu la r  permeabi l i t y ,  smooth muscle c o n t r a c t i o n ,  
mucous g land  hypersec re t i on ,  l e u k o t a x i s  and e s p e c i a l l y  e o s i n o p h i l o t a x i s ,  
and i r r i t a t i o n  o f  sensory nerve endings.  Each o f  these t i s s u e  changes, i n  
the  case o f  immunologica l ly  mediated t i s s u e  i n j u r y ,  can be accounted f o r  by 
one o r  more o f  t h e  chemical mediators  o f  immediate-type a l l e r g i c  inflamma- 
t i o n :  h i s tam ine ,  s low r e a c t i n g  substance o f  anaphylax is  (SRS-A), eos ino-  
ph i  1 chemotact ic  f a c t o r  o f  anaphylax is  (ECF-A) and p o s s i b l y  t h e  k i n i n s ,  
p r o s t a g l a n d i n s  and o t h e r s  y e t  t o  be d i s ~ o v e r e d . ~ , 3  
changes come about i n  t h e  absence o f  an immunologic r e a c t i o n  remains t o  be 
determined b u t  i n  p a r t  i t  may have something t o  do w i t h  t h e  f i n a l  exp ress ion  

How these t i s s u e  
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o f  c e r t a i n  c e l l  enzyme a c t i v i t i e s  r e f l e c t i n g  a l t e r e d  ad renerg i c  and c h o l i n -  
e r g i c  f u n c t i o n s ,  as w i l l  be descr ibed.  

Immunologic chemical mediator  re lease by t h e  i n v o l v e d  c e l l s  i s  a non- 
c y t o t o x i c  process r e q u i r i n g  a p roes te rase ,  an i n t a c t  g l y c o l y t i c  system and 
ca l c ium and can be m o d i f i e d  by drugs and hormones which i n f l u e n c e  l e v e l s  o f  
c y c l i c  n u ~ l e o t i d e s . 3 - ~ ~  I n  the  case o f  h i s tam ine ,  re lease  from t h e  c e l l  ap- 
pears t o  be a s e c r e t o r y  process probably  i n v o l v i n g  m i c r o t u b u l a r  s t r u c -  
t u r e s . l 2 s 1 3  
s t a t e  ( o r  i f  so, o n l y  i n  minute q u a n t i t i e s ) .  
r e a c t i o n  a t  t he  c e l l  membrane must a c t i v a t e  a mechanism t h a t  leads t o  t h e i r  
f o rma t ion  and subsequent re lease .  Once re leased t h e  chemical mediators  
must t r a v e r s e  i n t e r c e l  l u l a r  m a t e r i a l  t o  i n t e r a c t  w i t h  s p e c i f i c  recep to rs  on 
e f f e c t o r  c e l l s  such as smooth muscle, mucous glands, vascu la r  c e l l s ,  nerve 
endings and perhaps o t h e r s ,  i n  which they produce a p a r t i c u l a r  change such 
as c o n t r a c t i o n ,  s e c r e t i o n ,  p e r m e a b i l i t y  changes, and sensory nerve s t imu-  
1 a t  i on. 

N e i t h e r  SRS-A  no r  ECF-A  e x i s t  i n  ( l ung )  t i s s u e  i n  a preformed 
There fo re ,  t he  immunologic 

R e l a t i o n s h i p  o f  C y c l i c  AMP and C y c l i c  GMP t o  Chemical Mediator  Release and 
Smooth Muscle Func t i on  - Before d i s c u s s i n g  va r ious  types o f  drugs used i n  
c l i n i c a l  management, i t  i s  necessary t o  review b r i e f l y  t h e  c y c l i c  nuc leo-  
t i d e s ,  c y c l i c  3 ' , 5 ' -adenos ine  monophosphate ( c y c l i c  AMP) and c y c l i c  3 ' , 5 ' -  
guanosine monophosphate ( c y c l i c  GMP) ,  and t h e i r  r e l a t i o n s h i p  as p r e s e n t l y  
understood t o  chemical mediator  re lease  and smooth muscle f u n c t i o n .  T h e i r  
p r o d u c t i o n  and i n t r a c e l  l u l a r  concen t ra t i ons  a r e  c o n t r o l  l ed  by c e r t a i n  key 
enzyme systems t h e  a c t i v i t i e s  o f  which a r e  m o d i f i e d  by many substances i n -  
c l u d i n g  some o f  t h e  drugs t o  be discussed. 

C y c l i c  AMP i s  formed from ATP and t h e  r e a c t i o n  i s  ca ta l yzed  by t h e  c e l l  
membrane enzyme adeny la te  cy j j lase,  t h e  a c t i v i t i y  o f  which i s  known t o  be 

by many hormones i n c l u d i n g  catecholamines, c e r t a i n  p r o s t a g l a n -  s t i mu 1 a t e d  
d ins  and h 
zyme guany 
b radyk i  n i n 
fo rma t ion .  
nuc leo t  i de 
p e c t i v e  cy 
subs tan  ces 

stamine. 
a t e  c y c l a s e ~ 5 , l h  

p r o s t a g l a n d i n  F and i n s u l i n  a r e  known t o  increase c y c l i c  GMP 
7 C y c l i c  AMP an$J;cyclic GMP a r e  hyd ro l ysed  i n  t h e  c e l l  by c y c l i c  
phosphodiesterases which may have v a r y i n g  a f f i n i t i e s  f o r  the res -  
l i c  nuc leo t i des .18 ,19  

C y c l i c  GMP i s  produced from GTP by a c t i o n  o f  t h e  en- 
Severa l  substances such as a c e t y l c h o l i n e ,  

The i n t r a c e l l u l a r  c o n c e n t r a t i o n  o f  these 
i s ,  t h e r e f o r e ,  a ba lance between t h e  hormonal d r i v i n g  fo rces  

causing t h e i r  f o rma t ion  and t h e  r a t e  o f  h y d r o l y s i s  by phosphodiesterases 
w i t h i n  t h e  c e l l .  

a c e t y l c h o l i n e  
cons ide r  t h a t  
n u c l e o t  i des i 
t h e  sympathet 
t h e  autonomic 
s h i p  i n  c e r t a  

Since catecholamines can s t i m u l a t e  accumulat ion o f  c y c l i c  AMP and 
can s t i m u l a t e  accumulat ion o f  c y c l i c  GMP, i t  i s  p o s s i b l e  t o  
a t  l e a s t  i n  c e r t a i n  c e l l s  t h e  concen t ra t i ons  o f  these c y c l i c  

a b iochemical  r e f l e c t i o n  o f  t h e  a c t i v i t y  (and balance)  o f  
c (ad renerg i c )  and parasympathet ic  ( c h o l  i n e r g i c )  d i v i s i o n s  o f  
nervous system. The p o s s i b l e  importance o f  such a r e l a t i o n -  
n d i s o r d e r s ,  e .g . ,  asthma i s  ev iden t .  

Evidence 
o f  rec i p roca 1 

t o  date i n d i c a t e s  t h a t  c y c l i c  AMP and c y c l i c  GMP have a s o r t  
o r  Y i n  Yang r e l a t i o n s h i p  i n  c e l l  f u n c t i o n . l 7  Such a r e l a t i o n -  
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s h i p  appears t o  h o l d  f o r  t h e  s t a t e  o f  smooth muscle c o n t r a c t i o n ’ 7  and pos- 
s i b l y  f o r  chemical med ia to r  r e l e a s e , l l  i .e . ,  man ipu la t i ons  t h a t  i nc rease  
i n t r a c e l l u l a r  c y c l i c  AMP concen t ra t i ons  lead t o  smooth muscle r e l a x a t i o n  
and decreased re lease  o f  chemical mediators ,  whereas increases i n  c y c l  i c 
GMP leads t o  t h e  oppos i te  e f f e c t s .  

M idd le ton ,  Co f fey  - 

Various t h e r a p e u t i c  measures (and c l i n i c a l l y  agg rava t ing  f a c t o r s )  may 
r e l a t e  c l o s e l y  t o  these c r i t i c a l l y  impor tant  enzyme systems and c y c l i c  
n uc 1 e o t  i des . 
Sympathomimetic Amines - Pharmacological  d i s s e c t i o n  o f  a d r e n e r g i c  recep to rs  
has l e d  t o  a s u b d i v i s i o n  i n t o  a lpha and be ta -1  and be ta -2  c lasses t h a t  a re  
s t  i mu1 a ted  t o  d i  f f e r e n t  degrees by va r ious  sympathomi met i c ami nes .20,21 
Beta-2 recep to rs  a re  p resen t  i n  t racheobronch ia l  smooth muscle and when 
s t i m u l a t e d  cause r e l a x a t i o n .  Sympathomimetic amines have long been u s e f u l  
i n  management o f  va r ious  d i s o r d e r s ,  e s p e c i a l l y  asthma, anaphy lax i s ,  r h i n i t i s ,  
u r t i c a r i a  and angioedema and bee s t i n g  r e a c t i o n s .  C l a s s i c  examples a re  
ep inephr ine ,  ephedr ine and i s o p r o t e r e n o l .  T h e i r  s a l u t o r y  e f f e c t s  r e s i d e  
main ly  i n  t h e i r  a b i l i t y  t o  s t i m u l a t e  b e t a  ad renerg i c  recep to rs  b u t  they may 
a l s o  have a lpha r e c e p t o r  s t i m u l a t i n g  a c t i v i t y  and ephedr ine a l s o  has i n -  
d i r e c t  a c t i o n s ,  i . e . ,  i t  causes re lease  o f  catecholamines. The be ta  agonis-  
t i c  catecholamines s t i m u l a t e  i n t r a c e l l u l a r  f o rma t ion  o f  c y c l i c  AMP and cause 
smooth muscle r e l a x a t i o n 2 2  and i n h i b i t i o n  o f  med ia to r  re lease  e s p e c i f l l y  i n  
the  presence o f  a phosphodiesterase i n h i b i t o r  such as t h e o p h y l l i n e .  Alpha 
ad renerg i c  agents,  on t h e  o t h e r  hand, may a c t u a l l y  enhance med ia to r  re lease  
w h i l e  l ower ing  c y c l i c  AMP l eve l s .11  

The usefu lness o f  t h e  o l d e r  sympathomimetics i s  l i m i t e d  by c e r t a i n  un- 
d e s i r a b l e  s i d e  e f f e c t s ,  e s p e c i a l l y  c a r d i a c ,  namely increased f o r c e  and r a t e  
o f  c o n t r a c t i o n ,  mediated by s t i m u l a t i n g  o f  be ta -1  recep to rs .  C e r t a i n  more 
recent  d e r i v a t i v e s ,  however, a r e  f r e e r  o f  t h e  beta-1 s t i m u l a t i n g  p r o p e r t i e s  
and a c t  ma in l y  on beta-2 recep to rs ,  which subserve smooth muscle r e l a x a t i o n ,  
necessary f o r  b r o n c h o d i l a t i o n  i n  asthma. Since asthma i s  one o f  t h e  most 
common and s e r i o u s  d i s o r d e r s  under d i scuss ion ,  t h e  a v a i l a b i  l i t y  o f  a se lec -  
t i v e  n o n t o x i c  b r o n c h o d i l a t i n g  agent would be welcomed. The combined use o f  
sympathomimetic amines and a s p e c i f i c  b e t a - I  r e c e p t o r  b l o c k i n g  compound such 
as p r a c t o l o l  has been suggested23 b u t  i s  n o t  w i t h o u t  r i s k  o f  agg rava t ing  
as t hma . 2 4  

Bronchodi l a t o r  drugs, e s p e c i a l l y  g i ven  by a e r o s o l ,  a c t  on mucosal b l o o d  
vessels and smooth muscle. I n  c e r t a i n  cases mucosal edema may be a promin- 
e n t  f e a t u r e  and the  a lpha r e c e p t o r  s t i m u l a t i n g  v a s o c o n s t r i c t o r  sympatho- 
mimet ics may be h e l p f u l .  R e l i e f  o f  b r o n c h i a l  smooth muscle spasm i s  b e s t  
achieved w i t h  beta-2 s t i m u l a t i n g  drugs. The most s e l e c t i v e  o f  these a r e  
sa lbutamol ,  t e r b u t a l i n e ,  and i s o e t h a r i n e  which p robab ly  a c t  as t h e  bes t  
(most s e l e c t i v e )  a c t i v a t o r s  o f  adeny la te  cyc lase.25 The s a l  i g e n i n  ( s a l -  
butamol)  and r e s o r c i n o l  ( t e r b u t a l i n e )  d e r i v a t i v e s  a r e  n o t  me tabo l i zed  l i k e  
i s o p r o t e r e n o l  t o  compounds w i t h  b e t a  ad renerg i c  b l o c k i n g  p r o p e r t i e s  ( 3 -  
methoxy - i sop ro te reno l ) .  The d u r a t i o n  o f  a c t i o n  o f  salbutamol i s  cons ide r -  
a b l y  l onger  than i s o p r o t e r e n o l  and i t  can a l s o  be g i ven  by mouth w i t h o u t  
caus ing s i g n i f i c a n t  c a r d i o v a s c u l a r  s i d e  e f f e c t s .  O f  course, t h e  e f f e c t i v e -  
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ness o f  any beta-2 s t i m u l a n t  depends u l t i m a t e l y  on t h e  a v a i l a b i l i t y  i n  t i s -  
sue o f  a c t i v e  recep to rs .  I n  many p a t i e n t s  w i t h  asthma, the  b e t a  recep to rs  
are no t  f u n c t i o n a l l y  normal,  as borne o u t  by s t u d i e s  o f  t he  theo ry  o f  be ta  
adrenerg i  c b 1 ockade o f  asthma .26-31 

Phosphodiesterase (Pde) I n h i b i t o r s  - Pde i n h i b i t o r s  a c t  by p r e v e n t i n g  t o  
some degree the  h y d r o l y s i s  o f  i n t r a c e l l u l a r  c y c l i c  AMP and a l s o  c y c l i c  GMP. 
The methy l -xanth ines a r e  t h e  bes t  ,known c l a s s . o f  compounds w i t h  t h i s  p r o p e r t y  
and t h e o p h y l l i n e  i s  t h e  bes t  known example. Asthma i s  f r e q u e n t l y  t r e a t e d  
w i  t h  theophy 1 1 i ne compounds. 

A very  p r a c t i c a l  p o i n t  about the  c l i n i c a l  pharmacology o f  t h e o p h y l l i n e  
i s  t h a t  d i f f e r e n t  p a t i e n t s  e x h i b i t  d i f f e r e n t  r a t e s  o f  metabol ism s o  i n d i v i d -  
ua l  i z a t i o n  o f  dosage becomes impor tant .32 

Severa l  forms o f  c y c l i c  n u c l e o t i d e  Pde a r e  known t o  e x i s t  w i t h  d i f f e r -  
en t  enz m a t i c  p r o p e r t i e s ,  a f f e c t i n g  h y d r o l y s i s  o f  bo th  c y c l i c  AMP and c y c l i c  
G M P . 1 8 9 Y 9  
i n  t h e  c e l l  has a c o n t r o l l i n g  i n f l u e n c e  on c y c l i c  AMP l e v e l s . 1 8  Much work 
i s  underway t o  syn thes i ze  Pde i n h i b i t o r s  w i t h  s e l e c t i v e  a c t i o n  on s p e c i f i c  
enzymes and w i t h  s p e c i f i c  t i s s u e  a f f i n i t i e s .  Chemical m o d i f i c a t i o n  o f  t h e  
xanth ine nuc leus has p r o v i d e d  Pde i n h i b i t o r s  o f  va r ious  po tenc ies .  Severa l  
imidazopyrazines have been found t o  have i n h i b i t o r y  a c t i v i t y  a g a i n s t  Pde i n  
c e r t a i n  t i s s u e s  i n c l u d i n g  r a t  lung.33 Two o f  these compounds had broncho- 
d i  l a t o r  a c t i v i t y .  A t r i a z o l e  compound (3-acetamido-6-methyl-8-n-propyl-s- 
t r i , a z o l e ,  I . C .  I .  58, 301) p r o t e c t e d  guinea p i g s  aga ins t  h i s tam ine  aerosol  
and a t  low concen t ra t i ons  decreased t h e  spasm o f  i s o l a t e d  guinea p i g  lungs 
per fused w i t h  h i s tam ine ,  a c e t y l c h o l i n e ,  s e r o t o n i n  o r  b r a d ~ k i n i n . 3 ~  I t  was 
repo r ted  t o  have no c a r d i o v a s c u l a r  o r  c e n t r a l  nervous system e f f e c t s .  I n  
man t h e  drug d i d  n o t  have b r o n c h o d i l a t o r  a c t i v i t y  b u t  i t  may f i n d  use as a 
p reven ta t  i ve o f  b ronchocons t r i  c t  i on .  35 
a t i v e s  a re  po ten t  Pde i n h i b i t o r s  w i t h  s p e c i a l  a c t i v i t y  i n  smooth muscle 
(beta-2) p repara t i ons .% 
s t r i p  r e l a x i n g  a c t i v i t y  were repor ted.  The u l t i m a t e  c l i n i c a l  u t i l i t y  o f  
any o f  these compounds remains t o  be determined. 

Indeed, t h e r e  i s  evidence t h a t  t h e  c o n c e n t r a t i o n  o f  c y c l i c  GMP 

Also,  c e r t a i n  i m i  dazol  i d i  none der i v- 

Bronchodi l a t o r  a c t i v i t y  and guinea p i g  t r a c h e a l  

C o r t i c o s t e r o i d s  - Much o f  t h e  l i t e r a t u r e  on metabol ism and c l i n i c a l  use o f  
c o r t i c o s t e r o i d s  i n  asthma p e r t i n e n t  t o  t h i s  rev iew has been s u m m a r i ~ e d . ~ ~  
Among t h e  many c o r t i c o s t e r o i d s  s t u d i e d  i n  t h e  management o f  va r ious  immuno- 
l o g i  ca 1 l y  mediated diseases seve ra l  have ou ts  tand i  ng an t  i - i n f  1 ammatory , 
a n t i - a l l e r g i c  a c t i v i t i e s  w i t h  r e l a t i v e l y  s l i g h t  tendency t o  produce adverse 
s i d e  e f f e c t s .  
p redn iso lone ,  and p redn iso lone ,  a1 1 o f  which a r e  r e l a t i v e l y  s h o r t  a c t i n g  
and t h e r e f o r e  possess less adrenal  suppress ive e f f e c t s .  These hormones 
a re  f r e q u e n t l y  used i n  t h e  management o f  t h e  more severe stages o f  immedi- 
a t e  h y p e r s e n s i t i v i t y  d iseases,  can be l i f e - s a v i n g  i n  s t a t u s  asthmat icus and 
pe rm i t  a more o r  less normal e x i s t e n c e  f o r  p a t i e n t s  w i t h  i n t r a c t a b l e  asthma. 
Most o f t e n  they a re  admin i s te red  by o r a l ,  in t ravenous o r  t o p i c a l  ( a l l e r g i c  
dermatoses) routes.  When g i ven  o r a l l y ,  i t  i s  now accepted t h a t  a l t e r n a t e  
day therapy g i ven  i n  t h e  morning i s  bo th  t h e r a p e u t i c a l l y  e f f e c t i v e  and 
less l i k e l y  t o  cause undes i rab le  s i d e  e f f e c t s . 3 7  

These a r e  h y d r o c o r t i s o n e  ( c o r t i s o l ) ,  prednisone,  6-methy l -  
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Recent ly ,  a new s t e r o i d ,  beclomethasone, has been i n t r o d u c e d  f o r  aero- 
sol a d m i n i s t r a t i o n  i n  t h e  t rea tmen t  o f  asthma.38,39,40 As an a l t e r n a t i v e  t o  
o r a l  therapy a t  proper  dosage i t  i s  r e p o r t e d  t o  be very h e l p f u l  and f r e e  o f  
adrenal  suppress ive p r o p e r t i e s  by sys temic  a b s o r p t i o n  b u t  t h i s  may occur  i f  
excess ive q u a n t i t i e s  a re  i n h a l e d . 4 1  

The mechanism o f  a c t i o n  o f  c o r t i c o s t e r o i d s  i n  m o d i f y i n g  a l l e r g i c  i n -  
f lammation i s n ' t  w e l l  understood. However, r e c e n t l y  i t  has been shown t h a t  
i n  p a t i e n t s  w i t h  asthma, a d m i n i s t r a t i o n  o f  c o r t i c o s t e r o i d s  r e s t o r e s  respon- 
s iveness o f  l eukocy te  adenylate cyc lase  t o  i s o p r o t e r e n o l  s t i m u l a t i o n , 2 9  
whereas u n t r e a t e d  p a t i e n t s  usual  l y  show absent o r  depressed leukocy te  ade- 
n y l a t e  cyc lase  s t i m u l a t i o n  w i t h  i s o p r o t e r e n o l  .29930 A l s o  l eukocy te  and 
p l a t e l e t  ATPase a c t i v i t i e s  a r e  g e n e r a l l y  e l e v a t e d  i n  asthma and p a t i e n t s  
r e c e i v i n g  c o r t i c o s t e r o i d s  show a r e v e r s a l  o f  t h e  abnormal i ty .42 
ATPases a r e  known t o  be assoc ia ted  w i t h  c e r t a i n  c o n t r a c t i l e ,  s e c r e t o r y  and 
t r a n s p o r t  processes, t h e  p o s s i b l e  importance o f  t h i s  f i n d i n g  i s  e v i d e n t .  
Also,  i n  h i g h  concen t ra t i ons  h y d r o c o r t i s o n e  has been shown t o  i n h i b i t  Pde 
as w e l l  as A T P ~ s ~ ~ ~  i n  broken c e l l  p r e p a r a t i o n s .  F i n a l l y ,  h y d r o c o r t i s o n e  
has a d i r e c t  s t i m u l a t i n g  e f f e c t  on l eukocy te  adeny la te  cyc lase  a c t i v i  t ~ . ~ 9  
I t  a l s o  i s  c la imed t h a t  c o r t i c o s t e r o i d s  may d i r e c t l y  r e l a x  smooth muscle 
and i n h i b i t  endogenous h i s t a m i n e  f 0 r m a t i o n . ~ 3  O f  g r e a t  i n t e r e s t  i s  t h e  ob- 
s e r v a t i o n l 7  t h a t  c o r t i s o l  t reatment  s i g n i f i c a n t l y  reduced r a t  l ung  c y c l i c  
GMP l e v e l s .  I f  b r o n c h o c o n s t r i c t i o n  i s  indeed mediated by c y c l i  GMP as 
suggested by exper iments w i t h  o t h e r  smooth muscle  preparation^,'^'^^ t h i s  
f i n d i n g  may represent  t h e  most s i g n i f i c a n t  advance i n  o u r  unders tand ing  o f  
t he  mechanism o f  g l u c o c o r t i c o s t e r o i d  a c t i o n .  

and y e t  c e r t a i n  p r o s t a g l a n d i n s  may have t h e r a p e u t i c  p o t e n t i a l i t i e s . ' 5  The 
p ros tag land ins  have many pharmacologica l  a c t i o n s  e s p e c i a l l y  a f f e c t i n g  smooth 
muscle systems and they a r e  known t o  a f f e c t  adeny la te  cyc lase  a c t i v i  t y . 4 6  
Human lung con ta ins  ag land ins  o f  b o t h  t h e  E and F s e r i e s ,  E2 and Fza: 
b e i n g  most abundant. t$:tb P r o s t a g l a n d i n  E2 and F z 4  a r e  released from ana- 
p h y l  c t i c a l l y  s e n s i t i z e d  guinea p i g  lung i n  v i t r o  on cha l l enge  w i t h  a n t i -  
gen.&g P r o s t a g l a n d i n  Fzq c o n t r a c t s  t racheobronch ia l  smooth muscle whereas 
PGEl and PGE2 relax.5O 

s e n s i t i v e  t o  t h e  b r o n c h o c o n s t r i c t o r  e f f e c t s  o f  PGF2, admin i s te red  by aero- 
~ 0 1 . 5 1  
b r o n c h o d i l a t o r s  i n  some p a t i e n t s  w i t h  asthma. I n  animals PGE2 and i sop ro -  
t e r e n o l  were o f  app rox ima te l y  equal  potency b u t  i n  as thmat i cs  PGE2 was about 
one- tenth as p o t e n t  (on a we igh t  b a s i s )  and i t s  peak e f f e c t  was delayed by 
a few minutes.45 Upper a i rway i r r i t a t i o n  cough and e x p e c t o r a t i o n  may f o l l o w  
PGEl  o r  PGE2 i n h a l a t i o n  (more w i t h  t h e  f r e e  a c i d  than t h e  s a l t )  and occa- 
s i o n a l l y  f r a n k  aggrava t ion  o f  asthma may occur  which can be r e l i e v e d  by 
i sopro te reno l  .45 

Since 

P ros tag land ins  - The p r o s t a g l a n d i n s  mayplay a r o l e  i n  a l l e r g i c  i n f l  mmation 44 

Human exper imen ta t i on  has d i s c l o s e d  t h a t  asthmat ics a r e  e x q u i s i t e l y  

On t h e  o t h e r  hand, PGEl  and PGE2 have been r e p o r t e d  t o  be e f f e c t i v e  

The i n  v i t r o  b r o n c h o c o n s t r i c t o r  e f f e c t  o f  PGF2a (which m igh t  be medi- 
c y c l i c  GMP17) can be i n h i b i t e d  by a n a l g e s i c  a n t i - i n f l a m m a t o r y  

5:E,"s'1z2 The b r o n c h o c o n s t r i c t o r  e f f e c t  o f  PGF2, f o l l o w i n g  i n h a l a t i o n  i n  
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normal s u b j e c t s  cou ld  be complete ly  reversed by i s o p r o t e r e n o l  b u t  o n l y  pa r -  
t i a l l y  reversed by PGE .51 ,53  
cromoglycate d i d  not  a? fec t  PGF2@ b r o n c h o c o n s t r i c t i o n . 4 5  PGF2, a l s o  i n -  
duces coughing and a f e e l i n g  o f  subs te rna l  i r r i t a t i o n .  

P r i o r  i n h a l a t i o n  o f  a t r o p i n e  o r  d isodium 

The syn thes i s  o f  p r o s t a g l a n d i n s  i s  i n h i b i t e d  by ana lges i c  a n t i -  
in f lammatory compounds l i k e  a s p i r i n ,  indomethacin and t h e  fenamate drugs 
( f l u f e n a m i c  and mefanamic ac ids )  .54 Whi le  i n h i b i t i n g  syn thes i s  o f  p r o s t a -  
g landins t h e  analges ics a l s o  i n h i b i t  t he  smooth muscle s t i m u l a t i n g  e f f e c t s  
o f  PGF2, b u t  n o t  t h e  e f f e c t s  o f  PGE2 ( a s p i r i n ,  fenamates, and phenyl -  
butazone) .s2 

Human b r o n c h i a l  smooth muscle c o n t r a c t i o n  i n  v i t r o  by PGF2, i s  a l s o  
i n h i b i t e d  by p o l y p h l o r e t i n  phosphate,55 a h i g h  mo lecu la r  we igh t  p o l y a n i o n i c  
p o l y e s t e r  o f  phosphor ic  a c i d  and p h l o r e t i n .  I n  v i v o ,  i n  animal exper iments,  
p o l y p h l o r e t i n  phosphate i n h i k i t e d  PGF2q induced b r o n c h o c o n s t r i c t i o n  b u t  no t  
t h e  r e l a x a n t  e f f e c t  o f  PGE2.  No d e t a i l e d  s t u d i e s  i n  man have been repo r ted .  

Immunologic re lease  o f  h i s t a m i n e  by human leukocytes can be i n h i b i t e d  
by p ros tag land ins  i n  t h e  f o l l o  i n g  descending o r d e r  o f  potency:  E l  = E 2  > 
A] = A J B l  Fla = F2a 0.52 The i n h i b i t o r y  c a p a c i t y  co inc ided  c l o s e l y  
w i t h  t6e  a b i l i t y  o f  a p a r t i c u l a r  p r o s t a g l a n d i n  t o  i nc rease  t h e  accumulat ion 
o f  c y c l i c  AMP i n  leukocytes.  A s i m i l a r  e f f e c t  o f  PGEl  and PGF2, on immuno- 
l o g i c  re lease  o f  h i s t a m i n e  i n  human lung fragments has been repo r ted57  and 
t h e  i n h i b i t o r y  a c t i o n  c o u l d  be r e l a t e d  t o  increased c y c l i c  AMP l e v e l s .  

These c o n s i d e r a t i o n s  suggest t h a t  p r o s t a g l a n d i n s  may be i n v o l v e d  i n  
t h e  c o n t r o l  o f  b r o n c h i a l  smooth muscle tone and thus i n  t h e  pathogenesis o f  
asthma, p o s s i b l y  through a l t e r a t i o n  o f  a normal balanced r e l a t i o n s h i p  be- 
tween PGF2, and PGE2. 
d i l a t o r  a c t i v i t y  o f  PGE2 and E l  suggests c l i n i c a l  u t i l i t y  b u t  t h e  s e r i o u s  
disadvantage o f  upper a i rway i r r i t a t i o n  o r  i n d u c t i o n  o f  b r o n c h o c o n s t r i c t i o n  
w i l l  have t o  be overcome. Also,  t h e  d u r a t i o n  o f  a c t i o n  i s  o n l y  about one 
hour ,  cons ide rab ly  less than t h e  beta-2 a g o n i s t s .  I n h i b i t i o n  o f  p r o s t a -  
g l a n d i n  syn thes i s  i n  t h e  lung ( e s p e c i a l l y  PGF2c,) i s  a p o s s i b l e  approach, 
i . e . ,  through use o f  such a n a l g e s i c  a n t i - i n f l a m m a t o r y  drugs as ment ioned 
above. Indeed, occas iona l  p a t i e n t s  seem t o  be b e n e f i t t e d  by c e r t a i n  o f  
these drugs, b u t  some asthmat ics a r e  unquest ionably  worsened by hem and 
t h e i r  exper imenta l  use i n  asthma shou ld  be c a r e f u l  ly moni tored.5&,59 

T h i s  remains t o  be documented, however. The broncho- 

Alpha Adrenerg i c  An tagon is t s  - Severa l  r e p o r t s  su gest  t h a t  a lpha adrener-  
g i c  b l o c k e r s  such as phentolamine,60 thymoxamine67 and dibenamine62 may be 
u s e f u l  i n  t h e  management o f  asthma. There i s  ample evidence t h a t  mam- 
mal i an  ( i n c l u d i n g  human) t racheobronch ia l  smooth muscle possesses a lpha  
ad renerg i c  receptors63 t h a t  can be s t i m u l a t e d  by a lpha ad renerg i c  a g o n i s t s  
t o  produce c o n t r a c t i o n .  R e l a t i v e  t o  c h o l i n e r g i c  b r o n c h o c o n s t r i c t i o n  a lpha  
ad renerg i c  e f f e c t s  a r e  p robab ly  r e l a t i v e l y  minor  unless t h e r e  i s  a s i g n i f i -  
c a n t l y  g r e a t e r  p o p u l a t i o n  o r  h y p e r - r e a c t i v i t y  o f  a lpha  recep to rs  i n  smooth 
muscle i n  asthma. Alpha adren r g i  b l o c k i n g  agents (phento lamine and phen- 
oxybenzami neb4 and thymoxami ne z 5 3 6 E )  i n h i b i t  t h e  p r o d u c t i o n  o f  a i rway  na r -  
rowing caused by h i s tam ine .  Thymoxamine does n o t  have s i g n i f i c a n t  a n t i -  
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h i s t a m i n i c  p r o p e r t i e s .  A p o s s i b l e  mechanism o f  a c t i o n  f a lpha  a n t a g o n i s t s  
has been worked o u t  in s t u d i e s  o f  as thmat i c  leukocytes .g7 Leukocyte adeny l -  
a t e  cyc lase  c o u l d  be d i r e c t l y  s t i m u l a t e d  by phentolamine and t h i s  e f f e c t  
cou ld  be b locked by p r o p r a n o l o l  suggest ing t h a t  phentolamine was a c t i n g  as 
a be ta  a d r e n e r g i c  a g o n i s t .  A l s o ,  i s o p r o t e r e n o l  responsiveness o f  as thmat i c  
l eukocy te  adeny la te  cyc lase  was r e s t o r e d  by phentolamine. 

Disodium Cromoqlycate (DSC) - DSC now en joys  an e 
an e f f e c t i v e  a d j u n c t  i n  the  management o f  asthma 
s i b l y  reduc ing  Type I I I immunologic l ung  i n j u r y . 6 8  
an ae roso l  and i s  n o n - t o x i c .  i t s  major  advantage i s  t h a t  i t  f r e q u e n t l y  
a l l o w s  a r e d u c t i o n  i n  s t e r o i d  requi rements.  I t s  mechanism o f  a c t i o n  i s  
unknown b u t  t he  p r i n c i p l e  e f f e c t  i s  t he  i n h i b i t i o n  o f  med ia to r  re lease  i n  
s e n s i t i z e d  t i s s u e s  o c c u r r i n g  a t  a s t e p  a f t e r  a n t i g e n - a n t i b o d y  r e a c t i o n  and 
b e f o r e  med ia to r  re lease.  The i n h i b i t i o n  o f  b r o n c h o c o n s t r i c t i o n  i n  a l l e r g i c  
as thmat i cs  on i nha la  on o f  a l l e r g e n s  can be prevented by DSC as can e x e r -  
c i se - induced  asthma.Si DSC does n o t  i n t e r f e r e  w i t h  t h e  un ion  o f  a n t i g e n  
and an t i body ,  does n o t  antagonize the  e f f e c t s  o f  h i s t a m i n e  o r  S R S A  and i s  
n o t  a d i r e c t  b r o n c h o d i l a t o r .  I t  i s  most e f f e c t i v e  when admin i s te red  s h o r t l y  
b e f o r e  a n t i g e n .  C 1  i n i c a l l y ,  i t s  e f f e c t i v e n e s s  i s  n o t  l i m i t e d  t o  r e a g i n -  
mediated asthma; i t  i s  a l s o  h e l p f u l  i n  p a t i e n t s  w i t h  i n t r i n s i c  asthma, sug- 
g e s t i n g  t h a t  i t  may a f f e c t  s m e  fundamental c e l l  processes r e l a t e d  t o  the  
p r o d u c t i o n  o f  b r o n c h o c o n s t r i c t i o n ,  e.g., s t a b i l i z a t i o n  o f  mast c e l l  mem- 
branes.72 
and top  i ca 1 1 y i n ve rna 1 ke r a t  ocon j unc t i v i t i s ,77 

I t  i s  admin i s te red  as 

B y  t he  nasal  rou te ,  i t  may a f f o r d  r e l i e f  i n  a l l e r g i c  r h i n i t i s 7 3 - x  

I n h i b i t i o n  by DSC o f  i n  v i t r o  med ia to r  re lease  from s e n s i t i z e d  human 
lung  e x h i b i t s  a p e c u l i a r  dose response r e l a t i o n ~ h i p . ~  
t i o n  i s  noted a t  0.1 t o  1 0 p g / m l  b u t  a t  h i g h e r  c o n c e n t r a t i o n s  the  i n h i b i -  
t o r y  e f f e c t  vanishes. Thus, i t  i s  conce ivab le  t h a t  c l i n i c a l  e f f e c t i v e n e s s  
c o u l d  be l o s t  w i t h  excess ive dosage. I n  r a t  pass i ve  cutaneous anaphy lax i s  
exper iments i t  was found, i n  the  presence o f  D S C ,  t i s s u e  mast c e l l s  may be 
d e s e n s i t i z e d  t o  one a n t i g e n  w i t h o u t  a l t e r i n g  t h e i r  c a p a c i t y  t o  r e a c t  t o  a 
second a n t i g e n  w i t h  mediator  re lease .  T h i s  o b s e r v a t i o n  r a i s e s  the  i n t e r -  
e s t i n g  t h e r a p e u t i c  p o s s i b i l i t y  o f  s p e c i f i c  d e s e n s i t i z a t i o n  t o  an t i gens  
admin i s te red  w i t h  DSC. 

S i g n i f i c a n t  i n h i b i -  

D ie thy l ca rbamaz ine  (DEC) - T h i s  a n t i f i l a r i a l  d rug  appeared t o  have a bene- 
f i c i a l  e f f e c t  on asthma w h i l e  i t  was b e i n g  g i v e n  f o r  concu r ren t  i n f e s t a -  
ti or^.^^ Subsequent ly ,  shown t o  i n h i b i t  immunologica l ly  mediated 
re lease  o f  R S A  i n  thei:a::59 and b o t h  h i s tam ine  and S R S - A  from monkey and 
human lung.” A s y n e r g i s t i c  e f f e c t  o f  DEC w i t h  be ta  a d r e n e r g i c  agents b u t  
n o t  w i t h  methyxanthines was noted and no obvious r e l a t i o n s h i p  t o  t h e  a d e n y l -  
a t e  c y c l a s e - c y c l  i c  AMP system has been s A r e l a t e d  compound, p i p e -  
co lamide,  was even more a c t i v e  than DEC.$Pwtike DSC,  DEC appears t o  a c t  
a f t e r  u n i o n  o f  a n t i g e n  and an t i body  and b e f o r e  chemical med ia to r  re lease .  

C l i n i c a l  s t u d i e s  a r e  l i m i t e d  i n  number and t o  da te  no major  use f o r  
DEC has emerged i n  asthma t h e r a ~ y . ~ 3 * ~ ~  

82 

A t r o p i n e  -As thma has been considered p o s s i b l y  t o  be a d i s o r d e r  o f  autonomic 
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imbalance w i t h  parasympathet ic  ( cho l  i n e r g i c )  predominance, and t h a t  the 
c h a r a c t e r i s t i c  h y p e r i r r i t a b i l  i t y  o f  t he  a i rways may e a t t r i b u t a b l e  t o  
t h i s .  Recent evidence suppor ts  t h i s  o l d  contention.'5 S t i m u l a t i o n  o f  t h e  
s u b e p i t h e l i a l  i r r i t a n t  recep to rs  o f  t h e  t racheobronch ia l  t r e e  by d u s t s ,  
S02, c o l d  a i r  o r  a n t i g e n  i n  s e n s i t i z e d  s u b j e c t s  d s humans) i n i t i a t e d  a 
vagal  r e f l e x  which induced b r o n c h o c o n s t r i c t i o n .  8 5 3 ' g 9 8 7  The r e f l e x  increase 
i n  a i rway  r e s i s t a n c e  c o u l d  be abo l i shed  by i n t e r r u p t i n g  the  vagal a f f e r e n t  
o r  e f f e r e n t  l imbs o f  t he  r e f l e x  o r  by the  a d m i n i s t r a t i o n  o f  a t r o p i n e  s u l -  
f a t e  i n t ravenous ly  o r  by a e r o s o l .  C 1  i n i c a l l y ,  t he  major  disadvantage o f  
a t r o p i n e  i s  i t s  d r y i n g  e f f e c t  which cou ld  f a v o r  mucous p l u g  fo rma t ion .  
There may be, however, c e r t a i n  p a t i e n t s  who would respond w e l l  t o  a n t i -  
cho l  i n e r g i c  drugs and t h e r e  i s  renewed i n t e r e s t  i n  c l i n i c a l  research i n  
t h i s  area. S ince anaph l a x i s  i s  assoc ia ted  w i t h  increased vagal a f f e r e n t  
and e f f e r e n t  dischargesg5 and s i n c e  chol  i n e r g i c  (muscar in ic)  drugs enhance 
med ia to r  r e l e a s e , l l  i t  i s  p o s s i b l e  t h a t  a t r o p i n e  may i n h i b i t  med ia to r  r e -  
l ease  as w e l l  as i n h i b i t  c h o l i n e r g i c a l l y  induced smooth muscle c o n t r a c t i o n .  
S ince  chol  i n e r g i c  s t i m u l a t i o n  b r i n g s  about increased c y c l  i c  GMP accumulat ion 
i n  c e r t a i n  t i s s u e s , l 7  i t  may be t h a t  increased c y c l i c  GMP l e v e l s  f a v o r  i n -  
creased med ia to r  re lease  and smooth muscle c o n t r a c t i o n  and t h a t  a t r o p i n e  
i n h i b i t s  t h i s  sequence. 

C y c l i c  AMP Analoqs - I f  increased l e v e l s  o f  c y c l  i c  AMP tend t o  d i m i n i s h  t h e  
d e l e t e r i o u s  e f f e c t s  o f  immediate h y p e r s e n s i t i v i t y  r e a c t i o n s ,  then i t  i s  
l o g i c a l  t o  consider  c y c l i c  AMP i t s e l f  o r  some o f  i t s  analogs t o  be u s e f u l  
t h e r a p e u t i c  agents.  A number o f  ana ogs have been synthes ized and some 
have smooth muscle r e l a x i n  e f f e c t s  3 b  and i n h i b i t  chemical  med ia to r  re lease  
from lung  t i s s u e  i n  v i t r o . 7 1  C l i n i c a l  usefu lness o f  any analogs remains t o  
be determined. 

A n t i h i s t a m i n e s  - These drugs have been used f o r  many years i n  the  manage- 
ment o f  many a l l e r g i c  d i s o r d e r s  most n o t a b l y  a l l e r g &  r h i n i t i s  and u r t i c a r i a .  
A n t i h i s t a m i n e s  may e i t h e r  worsen o r  improve asthma, I n  genera l ,  they a c t  
by i n h i b i t i n g  the  a c t i o n  o f  h i s tam ine  on t a r  e t  c e l l  r ecep to rs ,  However, 
some a n t i h i s t a m i n e s  a t  concen t ra t i ons  o f  and 10% a r e  s a i d  t o  be non- 
t o x i c  r e v e r s i b l e  i n h i b i t o r s  o f  a n t i g e n i c  h i s tam ine  re lease .  l o  
s tudy o f  t h i s  a c t i o n  i s  c e r t a i n l y  warranted. 

F u r t h e r  

M isce l l aneous  - Chlorphenesin,  a muscle r e l a x a n t  carbamic c i d  d e r i v a t i v e ,  

h i s tam ine  and S R S 4  re lease  from monkey lung.9s T r i m e t o q u i n o l ,  a unique 
t e t r a h y d r o i s o q u i n o l  i ne  d e r i v a t i v e ,  has be ta  a g o n i s t i c  and papavar ine-1 i k e  
qua1 i t i e s g l  and i s  a good c l i n i c a l  b r o n ~ h o d i l a t o r . 9 ~  An a l c o h o l i c  e x t r a c t  
o f  t y l o p h o r a  i n d i c a  i s  s a i d  t o  be an e f f e c t i v e  long l a s t i n g  broncho- 
d i l a t o r . 9 3  I t s  mechanism o f  a c t i o n  i s  unknown. 

i n h i b i t s  immunologic h i s tam ine  re lease  i n  huma leukocy tes  89 and b o t h  
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Chapter 29. Delayed Hypersensitivity: Its Mediation Through 
Products of Activated Lymphocytes 

Ross E. Rocklin, M.D., Allergy-Immunology Service, Walter Reed 
General Hospital, Washington, D. C .  20012 

The existance of delayed hypersensitivity or cell-mediated immunity 
has been known for some time but its importance in health and disease has 
only recently been appreciated. Some of the functions ascribed to cell- 
mediated immunity include: resistance to infection by certain bacteria, 
fungae, viruses and intracellular parasites (l), immunologic responses to 
neoplastic cells(2), rejection of homografts(3) and some autoimmune dis- 
eases(4). It has also been established that cell-mediated reactions in- 
volve both immunologically specific and non-specific components. The 
reaction of antigen with a few specifically sensitized lymphocytes results 
in the recruitment of a large number of non-sensitive macrophages(5). Re- 
cognition of the central role played by lymphocytes and macrophages in 
this reaction has stimulated intensive study into its mechanism. It has 
been proposed, on the basis of much in vivo and in vitro experimental 
work, that the interaction of these cells may result from the production 
of soluble lymphocyte factors(Reviewed in 6,7) .  Moreover, the production 
of these mediators may serve as a means of communication between sensitive 
lymphocytes and macrophages and perhaps other cells(polymorphonuc1ear 
leukocytes) involved the cell-mediated reaction. Some of the properties 
of these substances and their role in cell-mediated immunity will be dis- 
cussed as well as their clinical significance in human disease. 

Definition of Delayed Hypersensitivity or Cell-Mediated Immunity- A Clas- 
sic example is the Tuberculin PPD skin reaction, When tuberculin is in- 
jected intradermally into an appropriately sensitized individual, there 
ensues an inflammatory reaction characterized by erythema and induration 
which reaches its peak within 24-48 hrs and gradually subsides. It differs 
from immediate hypersensitivity or arthus reactions because the latter 
phenomena begin minutes to a few hours, respectively, after injection of 
antigen and are mediated by antibodies. Cell-mediated reactions, on the 
other hand, are mediated by immunocompetent lymphocytes or cells having 
the potential to engage in an immunologic reaction. 

Lymphocyte Mediators- When lymphocytes are activated by non-specific 
mitogenic(eg. phytohemagglutinin, Concanavalin A) or specific antigenic 
(eg. Tuberculin PPD, Monilia, Streptokinase-streptodornase) stimuli & - vitro a number of soluble substances are elaborated which have a variety 
of biological activities(8). Some of these are listed in Table 1. Because 
these mediators are produced in such minute 
isolated in pure form, several problems remain unanswered; 1) whether 
these biologic activities are produced by the same molecule assayed in 
different in vitro systems or 2) whether these are all chemically distinct 
molecules and 3) how many of these substances are relevant to the in vivo 
state of cell-mediated immunity, Evidence will be summarized which su 
gets that at least some of these biological activities can be separatej- 

quantities and have never been 
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by physico-chemical means. Moreover, their function in in vivo cell-medi- 
ated immunity may be to serve as biologic amplifiers, attracting and re- 
cruiting other inflammatory cells in the microenvironment to participate 
in the reaction. 

Table 1. Mediators Elaborated by Activated Lymphocytes 

Migration Inhibitory Factor (MIF) 
Macrophage Aggregating Factor 
Macrophage Activating Factor 
Chemotactic Factors for: Macrophages, Neutrophils, Eosinophils and 

Cytotoxic Factor or Lymphotoxin 
Growth Inhibitory Factors: Clonal Inhibitory Factor 

Skin Reactive Factors 
Blastogenic or Mitogenic Factor for Lymphocytes 
Interferon 
Transfer Factor 

Lymphocytes 

Proliferation Inhibitory FActor 

Migration Inhibitory Factor(M1F)- Sensitized lymphocytes, when stimulated 
in vitro by specific antigen, elaborate into the culture medium a soluble 
material that inhibits the migration of normal peritoneal exudate cells 
(macrophages) from capillary tubes(9-11). MIF was produced only in the 
presence of specific antigen and was not found in the cell-free superna- 
tants of lymphocytes cultured in the absence of antigen or in the presence 
of unrelated antigen. It was detected within the first 24 hours of cul- 
ture and for as long as 4 days(l2). The inhibitory activity was found to 
be non-dialysable and heat stable at 56'C for 30 minutes(l3). MIF activ- 
ity is not diminished when the material is treated with RNAse and DNAse(l4) 
but is inactivated by enzymatic digestion with Trypsin(l5) and chymotryp- 
sin(l6). Furthermore, puromycin (an inhibitor of protein synthesis) pre- 
vents MIF production by lymphocytes and also affects macrophages so that 
they no longer respond to MIF. Actinomycin D(an inhibitor of DNA depend- 
ent RNA synthesis) also prevents lymphocytes from elaborating MIF(17). 
Immunosuppressive agents such as cortisone and prednisone do not prevent 
MIF production in vitro in non-toxic doses although they are effective in 
obliterating the delayed hypersensitivity skin test(7). Their effect may 
be on the macrophage response to MIF(18). 

Attempts to estimate the size of MIF by sucrose density centrifuga- 
tion and gel filtration on Sephadex(G-100) indicate that guinea pig MIF 
has a MW 35-55,000(19) and that human MIF is slightly smaller (MW 25,000) 
(20). Results employing electrophoresis on acrylamide gels demonstrated 
that guinea pig MIF migrated anodally to albumin(more acidic)(l9), and 
that incubation with neuraminidase(c1eaves terminal sialic acid residues) 
destroys its activity, suggesting that sialic acid moieties may be neces- 
sary for its biologic activity(l6). Isopycnic centrifugation (determines 
buoyant density) verified the glycoprotein nature of guinea pig MIF(16). 
Human MIF appears to be less acidic(migrates with albumin on gel electro- 
phoresis), is not inactivated by neuraminidase, and has the buoyant 
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density of a protein(20) 

A factor(macrophage aggregating factor) has also been described 
which causes the agglutination of macrophages in test tubes and is pro- 
bably similar if not identical to MIF(21). 

Macrophage Activating Factor - Studies in mice have shown that macrophages 
isolated from animals surviving an infection by intra-cellular organisms 
such as L. Monocytogenes appear “activated” when observed in vitro(22). 
These cells are larger, have higher rates of phagocytosis and are more 
bactericidal for a variety of organisms than macrophages from non-immune 
animals. The question raised by these findings is whether this activated 
state can be simulated in vitro by mediators such as MIF and indeed pre- 
liminary studies indicate a possible role for these substances. Several 
investigators have shown that culture supernatants’ obtained from antigen- 
stimulated lymphocytes cause macrophages to become more adherent to their 
culture vessel(23) and more bactericidal(24). Furthermore, Nathan et a1 
(25) have shown that macrophages from normal guinea pigs become enlarged, 
exhibit increased ruffed membrane activity, motility, glucose oxidation 
through the Hexose Monophosphate Shunt Pathway, and rates of phagocytosis 
following exposure in vitro to partially purified MIF. Macrophages acti- 
vated with supernatants containing MIF activity were also protected from 
extensive infection by Listeria monocytogenes(26). The factor which acti- 
vates macrophages and that which inhibits macrophage migration (MIF) are 
at present inseparable by physico-chemical means. Macrophage activating 
factor, like MIF, has a molecular weight of approximately 35-55,000, be- 
haves as an acidic glycoprotein and loses its activity by incubation with 
neuraminidase(27). 
lymphocyte mediators(28). It is of interest that activation is observed 
after 3 days but migration inhibition of these cells can be detected with- 
in 24 hours. If the two effects on macrophages were mediated by the same 
substance, then the initial event would be a slowing of migration followed 
by an increased rate of migration after several days. 

Human blood monocytes are also activated by human 

Chemotactic Factor - Although chemotactic activities have been described 
for most inflammatory cells, only the macrophage factor has been charac- 
terized in some detail. This material, produced by antigen-stimulated 
lymphocytes, induces rabbit, guinea pig or human monocyte-macrophages to 
migrate thru a millipore filter toward the chemotactic gradient(29). Like 
MIF, it is non-dialysable, is heat stable at 56°C for 30 minutes and has 
a similar MW(35-55,000)(30). Chemotactic factor can, however, be sepa- 
rated from MIF by disc electrophoresis(30). When Sephadex fractions con- 
taining chemotactic factor were further fractionated by acrylamide gel 
electrophoresis, mononuclear chemotactic activity was regularly found in 
the same gel fraction with albumin; by contrast, MIF migrated anodally to 
albumin. In addition, chemotactic factor has a buoyant density similar to 
that of protein(a1bumin) and does not lose its activity when incubated 
with neuraminidase(31). 

Cytotoxic Factor or Lymphotoxin - Cytotoxic factors have been produced by 
sensitized lymphocytes in response to specific antigen(32) and with 
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mitogens(33). This material is assayed in vitro by its lytic effect on 
susceptible target cells such as mouse fibroblasts. Guinea pig lympho- 
toxin is heat labile at 56°C for 30 minutes and thus differs in this re- 
spect from MIF and chemotactic factor(32). It is also non-dialysable, 
has a MW of 35-55,000, migrates with albumin gel electrophoresis, has a 
buoyant density similar to that of protein and is resistant to treatment 
with neuraminidase(31). Human lymphotoxin is larger (MW 80-90,000), re- 
sistant to DNAse and RNAse and trypsin(34). Its production by lymphocytes 
is prevented by drugs such as puromycin, cyclohexamide, 2.4-DNP and corti- 
sone(35). Furthermore, Cytochalasin B (a drug which affects microfilament 
and other cell functions) has also been shown to interfere with the pro- 
duction of lymphotoxin by sensitive lymphocytes (35a). 

Growth Inhibitory Factors - Clonal inhibitory factor is a substance pro- 
duced by antigen stimulated human lymphocytes which prevents the cloning 
of HeLa cells in culture(36). The material is non-dialysable and heat 
labile(56"C for 30 minutes). This inhibitory effect on the growth cycle 
appears to be reversible and differs from human lymphotoxin because it 
does not kill the target cell, Proliferation inhibitory factor is an 
activity detected in cell-free supernatants obtained from mitogen stimu- 
lated lymphocytes(37). This material prevents the proliferative response 
of HeLa cells and other human tissue culture lines in vitro. Prolifer- 
ation is measured by incorporation of 3H-thymidine into cell DNA. The 
factor is stable at 85°C for 30 minutes, non-dialysable, non-sedimentable 
at 90,OOOg and is destroyed by trypsin. These factors and lymphotoxin may 
serve to kill or suppress the growth rate of rapidly proliferating cells 
(e.g. neoplasns) , 

Skin Reactive Factors - The appearance of an accelerated delayed-type hy- 
persensitivity reaction resulting from the injection of Sephadex fractions 
containing MIF activity into the skin of normal guinea pigs gave the first 
indication that the lymphocyte derived mediators may have some in vivo 
importance(38). The skin reactive factor could be induced by stimulating 
lymphocytes with specific antigen(39,40) or with mitogens(41,42). The 
reaction was characterized by the development of erythema and induration 
at 3-5 hrs, reaching a peak by 8-12 hours and disappearing by 30 hours. 
Histologically the lesion simulated a delayed hypersensitivity reaction 
in that the infiltrate was comprised primarily of mononuclear cells(38). 
This activity could be partially destroyed by trypsin and papain but was 
resistant to DNAse and RNAse(43). Furthermore, drugs such as puromycin, 
chlorphensin and actinomycin prevented its production(41). 
however, had no effect on its productim in vitro although it could pre- 
vent its expression in vivo(43). Sincc the preparation used for in vivo 
experiments contain MIF, chemotactic factor and lymphotoxin, it is not 
clear at present whether one or a combination of these are responsible 
for the skin reaction. 

Cortisone, 

Blastogenic or Mitogenic Factor - Supernatants from mixed human leukocyte 
cultures(44) and antigen stimulated lymphocytes(45,46) have been shown to 
contain materials which activate non-sensitive lymphocytes so that they 
increase their DNA synthesis and undergo blast transformation, The factor 
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is  non-dialysable ,  h e a t  l a b i l e  a t  56°C f o r  30 minutes and not  sedimentable  
a t  100,000 g.  The e x i s t a n c e  of a mitogenic  f a c t o r  which can a c t i v a t e  o r  
r e c r u i t  non-sens i t ive  lymphocytes t o  p a r t i c i p a t e  i n  an on-going r e a c t i o n  
could provide a mechanism f o r  expanding a c e l l u l a r  r e a c t i o n  and en la rg ing  
the  popula t ion  of ce l l s  t h a t  are producing mediators .  

I n t e r f e r o n  - Lymphocytes have been shown t o  produce i n t e r f e r o n  when stimu- 
l a t e d  by va r ious  v i r a l  i n t e r f e r o n  inducers(47)  and by s p e c i f i c  an t igen (48) .  
The m a t e r i a l  is s t a b l e  a t  pH 4-10 a t  4°C f o r  24 hours ,  non-sedimentable a t  
100,000 g.  f o r  2 hours ,  r e s i s t a n t  t o  D N A s e  and RNAse,  bu t  des t royed  by 
t r y p s i n .  Its e f f e c t  was s p e c i f i c  f o r  c e l l s  of human o r i g i n  and d i d  not  
p r o t e c t  mouse f i b r o b l a s t s ,  chicken embryo f i b r o b l a s t s  o r  r a b b i t  kidney 
c e l l s  aga ins t  t h e  v i r u s e s  t e s t e d .  The product ion of i n t e r f e r o n  dur ing  o r  
fol lowing a s p e c i f i c  immunologic r eac t ion  may be of g r e a t  importance t o  
t h e  h o s t .  Since p a t i e n t s  wi th  depressed c e l l u l a r  immunity a r e  plagued 
wi th  v i r a l  i n f e c t i o n s  i t  w i l l  be of in te res t  t o  l e a r n  whether t h e  ant igen-  
induced i n t e r f e r o n  produced by lymphocytes could p lay  a s i g n i f i c a n t  r o l e  
i n  t h e  development of immunity t o  these  organisms, 

Transfer  Fac tor  - Stud ies  by H.S. Lawrence have demonstrated t h a t  delayed 
h y p e r s e n s i t i v i t y  may be t r ans fe red  i n  man by means of whi te  blood c e l l  
e x t r a c t s ( 4 9 ) .  I f  one prepares  an e x t r a c t  from the  leukocytes  of a human 
donor wi th  a p o s i t i v e  s k i n  test  t o  Tubercul in  PPD(or o t h e r  an t igens )  and 
i n j e c t s  i t  i n t o  a r e c i p i e n t  who lacks  PPD s e n s i t i v i t y ,  t h e  r e c e i p i e n t  w i l l  
develop a p o s i t i v e  PPD s k i n  test  ( o r  o t h e r  p o s i t i v e  s k i n  t es t  of t h e  donor) 
i n  1-2 days.  This d i a l y s a b l e  m a t e r i a l  appears  t o  s e n s i t i z e  lymphocytes so  
t h a t  they can respond t o  s p e c i f i c  an t igen  i f  subsequent ly  s t imu la t ed  by 
t h a t  an t igen(50) .  Following s t i m u l a t i o n ,  t h e s e  s e n s i t i v e  c e l l s  can pro- 
l i f e r a t e  and produce mediators  such as MIF(49). The mechanism by which 
t r a n s f e r  f a c t o r  permits  lymphocytes t o  respond t o  s p e c i f i c  an t igen  i s  no t  
known a t  p re sen t .  I n  a d d i t i o n ,  l i t t l e  i s  known concerning t h e  n a t u r e  of 
t he  a c t i v e  moiety. The material i s  known t o  be resistant t o  d i g e s t i o n  by 
D N A s e ,  RNAse and t r y p s i n  and its MW is less than 10,000, 

C l i n i c a l l y ,  t r a n s f e r  f a c t o r  appears  t o  show promise as a means of 
immunologically r e c o n s t i t u t i n g  p a t i e n t s  wi th  depressed c e l l u l a r  immunity. 
Thus i t  has  been used t o  t rea t  p a t i e n t s  wi th  chronic  o r  r ecu r ren t  in fec-  
t i o n s  such a s  chronic  mucocutaneous cand id ia s i s (51 ) ,  Wiscott-Aldrich 
syndrome(52), l eprosy(53) ,  t ube rcu los i s (54 ) ,  and coccidiomycosis(55) .  I n  
many of t hese  cases a n t i b i o t i c s  a lone  were no t  e f f e c t i v e  i n  e r r a d i c a t i n g  
the  i n f e c t i o n s  o r  i f  e f f e c t i v e  i n  prevent ing  recur rences .  The adminis t ra -  
t i o n  of t r a n s f e r  f a c t o r  i n  conjunct ion wi th  appropr i a t e  a n t i b i o t i c s  would 
appear t o  be  a u s e f u l  approach t o  therapy i n  these  p a t i e n t s .  

C l i n i c a l  S ign i f i cance  of Mediators - Stud ies  have shown t h a t  t h e  pro- 
duct ion of s o l u b l e  mediators  by lymphocytes from normal s u b j e c t s  gene ra l ly  
c o r r e l a t e s  with t h e  i n  v ivo  s t a t e  of cel l -mediated immunity of t he  donor.  
These subs tances  are no t  produced by an t igens  which f a i l  t o  e l i c i t  a posi-  
t i v e  delayed s k i n  test (56,57) .  It i s  of i n t e r e s t  then  t h a t  lymphocytes 
from p a t i e n t s  wi th  depressed cel l -mediated immunity and cutaneous anergy 
(negat ive  delayed s k i n  tests t o  m u l t i p l e  an t igens)  do n o t  produce these  
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mediators in response to antigenic stimulation. For example, lymphocytes 
from some anergic patients with the DiGeorge syndrome or thymic aplasia 
(58), sarcoidosis(59), chronic mucocutaneous candidiasis(60), Wiscott- 
Aldrich syndrome(52), Hodgkins disease(61), and Rheumatoid arthritis(62) 
do not produce MIF. In some cases, however, the proliferative response 
to antigens and mitogen may be normal although MIF production is depressed 
( 6 3 ) .  
mediator production by their lymphocytes. 
other anergic patients that MIF production and the proliferative response 
is normal indicating intact lymphocyte function(61). 
ities in macrophage function, the inflammatory response per se or in the 
skin might explain the anergy observed in these latter patients. 

The cutaneous anergy in these patients may be due to a lack of 
Of interest is the finding in 

Perhaps abnormal- 

The MIF assay has also been of use in the detection of sensitized 
lymphocytes in patients with certain diseases whose pathogenesis may in- 
volve an immune mechanism. 
from certain patients with glomerulonephritis produce MIF in response to 
glomerular basement membrane antigens(64,65). Furthermore, lymphocytes 
from some of these patients also react to group A streptococci, antigens 
known to cross-react immunologically with human glomeruli(66). Although 
these studies suggest that the lymphocyte may play a significant role in 
the pathogenesis of certain glomerular lesions, they do not permit one to 
distinguish whether this involvement is primary to the initiation of dam- 
age or secondary and causing progression of the disease. Similar findings 
of MIF production by sensitized lymphocytes in response to tissue antigens 
have been demonstrated in patients with thyroiditis(671, pernicious amenia 
(68), Multiple Sclerosis(69) and the Guillain-Barre syndrome(69). 

For example, it can be shown that lymphocytes 

Relation of Lymphocyte Mediators to In Vivo Delayed Hypersensitivity 

That products of activated lymphocytes may play a role in the express- 
ion of delayed hypersensitivity was shown by studies involving skin re- 
active factor described earlier. This material induces mononuclear cells 
to rapidly accumulate at the point of injection. Recent studies have also 
shown that extracts prepared from normally evolving delayed hypersensit- 
ivity skin sites contain biologically active materials when tested in vivo 
and in vitro(70). For example, when these soluble extracts are injected 
intraperitoneally into normal animals the macrophage content of exudates 
recovered from these animals are increased. They also induce a mono- 
nuclear infiltrate. when injected into the skin of normal animals. In 
addition, these materials contained chemotactic activity for macrophages 
and lymphocytes when assayed in vitro but did not possess MIF activity. 
Extracts prepared from the sites of arthus reactions only contained chemo- 
tactic activity for neutrophils. 

The recovery of substances having mediator activity under conditions 
where immunologic processess are occuring adds further evidence in favor 
of their pathogenetic significance. In this regard, it was of interest 
that substances having MIF, chemotactic and mitogenic activities have been 
detected in cultures of lymphocytes recovered from a patient undergoing 
an allograft rejection(71). Lymphocytes isolated from the rejected kidney 
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were cultured in vitro without further antigenic stimulation and the super- 
natants assayed for mediator activity. Activities for the above named 
factors were present in significant amounts in the culture supernatants as 
well as a procoagulant material (tissue factor) which shortened the clot- 
ting time of normal plasma. Supernatants obtained from peripheral blood 
lymphocytes or irradiated kidney lymphocytes cultured in parallel did not 
contain significant mediator activity, These findings suggest that per- 
haps the cells isolated from the kidney were involved in its rejection. 

Since the usual means for eliciting mediator production is by cultur- 
ing lymphocytes in vitro, it was of interest to learn that MIF and inter- 
feron activity could be detected in serum obtained from animals(72). Serum 
collected from mice immunized with Bacillus Calmette-Guerin and then de- 
sensitized by receiving a large dose of Old Tuberculin antigen intrave- 
nously was found to contain MIF and interferon activities. When this 
serum was filtered on Sephadex G-100 gels both activities were found in 
the same fraction (MW 45,000). 

Willoughby and co-workers(l3) have described a vasoactive material 
recoverable from guinea pig lymph node cells that increases vascular per- 
meability within 30 minutes after injection into normal skin. This mate- 
rial, termed lymph node permeability factor(LNPF) , was extracted from 
lymph nodes of immunized animals but could also be obtain,ed in equal a- 
mounts from non-immune animals. Extracts prepared from other tissues in- 
cluding spleen, thyroid, lung, kidney, liver and muscle also contained 
LNPF activity. This activity could be differentiated from other known 
permeability factors such as histamine, 5-OH-trypamine, bradykinnin and 
Kallikrein. LNPF was found to retain its activity between pH.5-9, was 
stable at 100°C for 30 minutes, and was excluded from Sephadex gels(G-100) 
indicating a MW greater than 100,000(74). It was also shown to be resis- 
tant to digestion by RNAse, DNAse, trypsin, chymotrypsin and papain al- 
though it was inactivated by pronase. LNPF appears to be different in 
many respects from the other mediators already discussed. It is released 
without an immunologic stimulus and is found in numerous tissues suggest- 
ing that it may not play a primary role in the delayed hypersensitivity 
reaction. It may, however, play a secondary role by contributing to the 
inflammatory process per se through its release subsequent to cell or 
tissue damage. Of interest is the observation that skin reactive factor 
prepared by immunologic activation of lymphocytes also seems to possess 
vasoactive properties(75). This material(MW 39,000) induces the extra- 
vasation of Evans blue dye between 20 minutes and 4 hrs following its 
intradermal injection, The increased permeability induced by SRF was not 
blocked by inhibitors of histamine or 5-OH-trypamine but was affected by 
inhibitors of the kinnin system. It is possible that SRF and LNPF mediate 
their effects through different pathways. 

Pharmacologic Modulation of Mediator Activity - It is well known that 
cyclic 3'5'- adenosine monophosphate(C-AMP) plays an important role as a 
"second messenger" in the regulation of intra-cellular metabolism. 
possibility that C-AMP is involved in the expression of biologic activity 
of mediators such as MIF on their target cells or on lymphocyte mediated 

The 
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cytolysis has been recently investigated. 
logic reactions such as lymphocyte mediated cytotoxicity and the inhibi- 
tion of macrophage migration by MIF are abbrogated by agents which raise 
C-AMP levels. This is in contrast to normal secretory mechanisms where 
increased levels of C-AMP result in increased production of cell products. 
For example, drugs such as isoproterenol(l0-3M), epinephrine(l0-4M), and 
prostaglandin Ei(5 ug/ml) which raise C-AMP levels by stimulating adenyl 
cyclase and theophylline(l0-4M) which retards its breakdown, interfere 
with the MIF induced inhibition of guinea pig macrophages from capillary 
tubes(76). 
not due to inactivation of MIF by the drugs. The dibutyryl derivative of 
C-AMP is also effective in blocking MIF activity. There is preliminary 
data to suggest that isoproterenol, theophylline and dibutyryl C-AMP may 
also block the production of MIF by lymphocytes(76). In related studies 
C-AMP levels in macrophages have been shown to be lowered in the first 24 
hrs of incubation with MIF(77). 

It has been shown that immuno- 

The effect appears to be on the macrophage response to MIF and 

Cell-mediated cytotoxicity by sensitized mouse lymphocytes on masto- 
cytoma target cells is also prevented by agents which raise C-AMP levels, 
Thus isoproterenol, theophylline, histamine, prostaglandin El and E2 and 
dibutyryl C-AMP are all effective in inhibiting this immunologic reaction 
(78). Furthermore, propranolol reverses the inhibitory effect of isopro- 
terenol on cytotoxicity. C-AMP levels in the effector lymphocytes were 
shown to be elevated following exposure to these drugs. Other workers 
have made similar observations(79). In this latter study prostaglandin El 
cholera toxin and theophylline were all effective in abbrogating the cyto- 
toxic response of sensitized lymphocytes in the mouse system. Of interest 
was the finding that cholinergic agents enhanced the amount of cell lysis, 
possibly by raising cyclic guanosine monophosphate (C-GMP) levels. This 
enhancement of cytotoxicity could be blocked by atropine. These studies 
indicate that the secretory processes of lymphocytes involved in immuno- 
logic reactions are modulated by cyclic nucleotides such as C-AMP and 
C-GMP. 
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In  recent years the demarcations between the various c l a s s i c a l  div- 
i s ions  of chemistry, i . e .  organic E. inorganic E. biochemistry, have 
become more and more d i f fuse .  In  pa r t i cu la r ,  the interfacing of inorganic 
chemistry with the biological  sciences has provided a very fe r t i l e  area.  
The spreading momentum of t h i s  i n t e rd i sc ip l ine  is r e f l ec t ed  i n  a number 
of recent reviews and books. 1'4 

This report  w i l l  deal  with the inorganic aspects of physiological 
and medicinal chemistry, and with the  p r a c t i c a l  use of inorganic chemistry 
by organic chemists a s  a "tool" i n  the laboratory. 
may seem d i s t i n c t  it is well t o  remember t h a t  the same chemical p r inc ip l e s  
def ine the scopes and l imi t a t ions  of both.) 

(While these areas  

The chemistry and biochemistry of a l k a l i  (group I a )  and a l k a l i n e  
ea r th  (group I I a )  metals have received considerable a t t en t ion  s ince  the 
discovery of the crown e t h e r s s g 6  and the inophorous an t ib io t i c s . '  Pr ior  
t o  these discoveries the paucity of s t a b l e  complexes was the outstanding 
f ea tu re  of the chemistry of t he  Ia and IIa cat ions,  and i t  contrasted 
sharply t o  the chemistry of t r a n s i t i o n  metal ions. A wealth of data  now 
confirm t h a t  the solut ion behavior and complexing tendencies of the Ia 
and Ia ions,  a s  w e l l  a s  t h e i r  so l id  state behavior, is determined mainly 
by the s i z e  of the ion, or  more accurately the charge/size r a t i o  of t he  
ion. 
enthalpy and large pos i t i ve  entropy contributions t o  the f r e e  energy of 
the process. Cations with a high charge and small s i ze  w i l l  a t t r a c t  
anions or  negative dipoles  more strongly th$n l a r  er ions with lower 
charge. Consequently small ions such a s  L i  , Be', Mg*, and A1* tend 
t o  form strong bonds with considerable covalent character.  
chemistry of a lkyl l i thium o r  Grignard reagents r e f l e c t s  the polar izat ion 
of an ion ic  bond (R-, M+) i n t o  a more o r  less covalent bond 
by the high e l e c t r o s t a t i c  charge density on the small cation. 

Complexation is an equilibrium process favored by l a rge  negative 

The organic 

(R - M) 

In some cases,  entropy e f f e c t s  control  the complexation behavior of 
Ia and IIa cations.  A macromolecular ligand may f r e e  many individual 
solvent molecules when i t  complexes with a cat ion,  thereby creat ing very 
l a rge  pos i t i ve  entropy contributions.  This is nicely i l l u s t r a t e d  by the 
finding' t h a t  the equilibrium constants f o r  solvent-separation of the 
9-fluorenylsodium ion p a i r  i n  tetrahydrofuran by a series of glymes, 
CH,O(CH,CH O)nOCH,, increased from 1.4 when n=2 t o  800 when n=6. 
e t r i c  s tud ie s  indicated only very small enthalpy changes, which i m p l i e s  

Calorim- 



295 - Chap. 30 Medicinal Inorganic Chemistry Hanzlik 

that the entropy effects of chelation alone are responsible for driving 
the reaction. 

A very important feature of such polydentate chelation has become 
known as the "template effect," and is illustrated here by a synthesis 
of a crown ether c ~ m p l e x . ~  The fact that only polymer forms in a slow 

reaction 

+ 

if 

(PTs 
2tBuOK 3 DMSO ' 

(OTs 

t e t r abu ty lammonium 

c;f ,* l .. 84%, 0 So- 

hydroxide is used instead of potassium t- 
Ts 

butoxide suggests that the potassium ion serves to gather the loose ends 
of the reactants thereby making the cyclization an essentially intra- 
molecular process. 

Crown ethers, Cryptates. Antibiotics, and Aspirin - The crown ethers, the 
cryptate or "football" ligands, and the antibiotics valinomycin, gram- 
icidin-A, nigcricin, X-537A, monesin, enniatin B, nonactin, monactin, 
dinactin, and trinactin, all have in common the ability to form strong 

2\ ( C H  C H  0) C H 2 C H  +el N-( / C H 2 C H 2 0 ) , C H 2 C H y  2 2 n  

\ ( C H * C H 2 O ~ , C H 2 C H 2  

A,B = 0, NH, S 
n = 1 , 2 , .  . . (m op n = 1 OP 2 )  

+ complexes with Ia and IIa cations, and with certain others such as NH , 
silver (I), and thallous ion. They all possess or can fold up to form a 
large ring of 14 or more members including a more or less symmetrical 
arrangement of -CO-, -MI-, -0-, or -S- groups in the ring which serve to 
bond to the metal. The x-ray structures of many of these and related 
complexes have been reported. 

One outstanding feature of these ligands is their ability to dis- 
solve or extract ionic salts such as KC1 into an organic phase. 
very useful property makes possible the preparation of benzene solutions 
of K(crown)OH" and K(crown)MnO,, "purple benzene", l 2  for clean and fast 
homogeneous reactions with organic molecules. 
hold considerable promise for use with Grignard and alkyllithium reagents 
(much as Me,NCH,CH,NMe, is now used with RLi reagents), for use in non- 
aqueous electrochemistry and for use in modifying dissolving metal re- 
ductions, although these areas are still largely unexplored. 

This 

The crown ligands also 

Another outstanding feature of this group of ligands is their selec- 
tivity in complexation of ions. Discrimination is according to the rela- 
tive sizes of the ligand cavity z. the ion. Selectivity with a given 
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ligand is high i n  methanol and low i n  water because water is a b e t t e r  
competitor than the crowns f o r  solvat ing the cat ions,  
a n t i b i o t i c  complexes are usually stronger than crown complexes. 
quently the cryptate  l igands and a n t i b i o t i c s  are even more cation- 
s e l e c t i v e  than the crown e the r s ,  

The c ryp ta t e  and 
Conse- 

Biological Action and Ion Carriers - There is a high po ten t i a l  energy 
b a r r i e r  t o  the passage of an ion from one aqueous phase, through a l i p i d  
membrane, i n t o  another aqueous phase. 
t ransport  of ions observed e.g. across  nerve membranes are known as the  
"carrier" hypothesis and the "pore" hypothesis. In the c a r r i e r  model a 
molecule within the thickness of the membrane picks up a cat ion a t  one 
surface,  d i f fuses  through the membrane, releases the  ion a t  the  o the r  
surface and returns  empty, l i k e  a shuttlebus.  The pore model p i c tu re s  
channels o r  tubes through the  thickness of t he  membrane which ions could 
use t o  "tunnel" through the  po ten t i a l  b a r r i e r .  Experimental support has 
been found f o r  both of these theories ,  but t h e  work has been confined t o  
a r t i f i c i a l  membranes f o r  t he  most part . '  

and n ige r i c in '  

Two theories  t o  explain the f a c i l e  

I n  the  simplest experimental systems, valinomycin' 
have been found t o  t ransport  potassium ions across a chloroform b a r r i e r  
i n  the  bottom of U-tube i n  response t o  a potassium ion concentration 
d i f f e r e n t i a l  between aqueous layers  i n  the arms of the U-tube, 
ical  po ten t i a l  of an anion concentration gradient between the  two arms 
can a l s o  d r ive  (or i n h i b i t )  the t ransport  of potassium. These systems 
display sa tu ra t ion  k ine t i c s  a t  high potassium concentrations where i t  i s  
d i f f i c u l t  f o r  t he  c a r r i e r  t o  unload. Thus they model important f ea tu re s  
of t he  biological  systems. 

The chem- 

More sophisticated experiments with phospholipid b i l aye r s ,  thought 
by some t o  be synthet ic  o r  model membranes, a l s o  demonstrate the ease r ,16 
with which carrier molecules can t ransport  ions through l i p i d  membra-8. 
In  these experiments a phospholipid bi layer  ca. 70 A. t h i ck  separates  two 
aqueous solut ions of ions and creates  a very low e l e c t r i c a l  conductance. 
When crown e the r s  or  ionophorous a n t i b i o t i c s  are "dissolved" i n  the  l i p i d  
b i l aye r  t h e  conductance increases l i n e a r l y  with the  concentration of 
"carrier".  The conductance a l s o  increases l i n e a r l y  with potassium con- 
centrat ion but again a sa tu ra t ion  plateau is reached a t  high concentra- 
t ions.  
responsible f o r  the conductance, r a the r  than the carriers stacking up t o  
form a tube o r  pore through the  membrane. 
esis is an old one and na tu ra l  c a r r i e r  molecules have ye t  t o  be identified,  
t he  above experiments and others  reviewed by L&ger161end credence t o  the 
c a r r i e r  hypothesis. 

These r e s u l t s  are taken t o  mean t h a t  a 1:l K+: carrier complex is 

Although the carrier hypoth- 

The f e a s i b i l i t y  of ionic  conduction through membranes v i a  pores is 
a l s o  an experimental f a c t .  An a n t i b o t i c  provides the model, but again no 
na tu ra l  pores i n  membranes have been iden t i f i ed .  
peptide of M.W. 1880, increases the  conductance of phospholipid membranes. 
It is suggested tha t  t h e  peptide c o i l s  i n t o  a h e l i c a l  s t r u c t u r e  with a 
hollow central channel about 4A i n  diameter. 

Gramicidin A, a poly- 

Conductance mediated by 
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gramicidin A is far too efficient for a shuttlebus mechanism and a pore 
model best reconciles the data with calculations. 7 

In addition to passing through membranes, metal ions are also com- 
They may neutralize excess negative charge on the ponents of membranes. 

membrane or bind various components to give structural integrity to the 
membrane. The binding of metals such as calcium to artificial phospha- 
tidylserine bilayers reduces the nagative surface charge on the membrane. 
As the surface charge becomes less negative the approach of a cation from 
an aqueous phase becomes energetically less favorable. 
calcium ion decreases thenonactin mediated transport of potassium through 
phosphatidyleerine membranes. Conversely, the approach of anions is fa- 
cilitated by a less-negative surface charge, and transport of I; through 
phosphatidylserine is enhanced by calcium ions. 
of this concept involves the effects of salicylates on the ionic conduct- 
ance of human erythrocyte and molluscan neuronal membranes. ' 
molluscan nerve membrane the normal relative permeability of K+ is  
1.0:0.06. 
cylates indicate a large increase in K' conductance, a small increase in 
Na+ conductance, and a decrease in C1' conductance. 
pendent on the dose of the salicylate and for a variety of salicylates a 
correlation was found between the magnitude of the permeability effect 
and the octanol-water partition coefficient. 
alteration of the net surface charge on the membrane, as a result of the 
salicylate dissolving into it, "is the basis for the analgesic action of 
salicylate". The anti-inflammatory action of salicylates, and an in- 
direct reduction in pain, is presumably related to inhibition of pros- 
taglandin biosynthesis or release. ' ' 2 o  

inhibit the transport of calcium across mitochondria1 membranes2' is a 
good illustration of a fundamental difference between some transition 
metal ions and the fa/IIa cations. 
labile toward substitution of one ligand for another, while some of the 
former, particularly d3 and d6 ions such as Cr(II1) and Co(III), tend to 
be kinetically inert toward ligand exchange. CO(NH,),~ is quite stable 
in aqueous solution over a considerable range of pH; otherwise it would 
be pointless to discuss this ion in a biological system. 

Special Properties of Transition Metals - Many of the biological and abio- 
logical reactions involving metals have been reviewed, 22-26 but some rec- 
ent examples serve nicely to illustrate the scope of metal involvement in 
reactions of interest. 
properties that transition metals contribute t o  the systems. 

As expected, 

An interesting extension 

With the 

Absolute conductance measurements in the presence of sali- 

The effects were de- 

The authors propose that an 

The hexaannninecobalt (111) ion, CO(NH,),+~ , which has been found to 

The latter all tend to be highly 

They also illustrate the intrinsic and unique 

Optical Activity: 
enzymes. 
determine right- and left-handedness in substrates such as citric 
acid. 
trate (meso) with isomerically pure *-aeonitate and threo-D-(ZR,X)- 
isocitrate is a result of coordination of the reactants on one face of an 

The best known optically active organic catalysts are 
They discriminate between enantiomers of substrates and can 

It is not generally appreciated that the inter-conversion of ci- 
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octahedral Fe(I1) in the enzyme a ~ o n i t a s e . ~ ~  
chelate was found to decarboxylate 
give alanine with 25-30% enrichment of the L-isomer .28 
attempts to confer optical activity to products from racemic or meso sub- 
strates by use of optically active reagents are far short of the perfec- 
tion of most enzymes. 
cently. 
was resolved into its optically pure isomers and using the resolved cat- 
alyst it was possible to synthesize 90% optically pure L-amino acids by 
reducing a = precursor compound.29 Resolving a pound of catalyst 
rather than tons of product should facilitate manufacture of L-dopa, an 
anti-Parkonsonism agent, and L-phenylalanine, a potential low-calorie 
sweetener. An interesting resolution of amino acids based on a transi- 
tion metal complex has been reported re~ently.~' A racemic amino acid is 
absorbed by a resin containing an optically active Cu(I1) chelate, and the 
isomer bound less strongly (usually D) is displace by ethylenediamine. 

An optically active metal = a-methyl-a-aminomalonic acid to 
Nearly all 

A stark exception to this rule was reported re- 
A rhodium hydrogenation catalyst having chiral phosphine ligands 

Template Effects: 
infrequently in organic chemistry. 
magnesium carbonate" for 
use of zinc ion in controlling stereochemistry in aldol condensations3 
(yeast aldolase also uses zinc at the catalytic site) ,3 
synthesis of corrins.34 Other examples have been given in previous re- 
views. Recently an elegant example of metal ion stabilization of protein 
tertiary structure has emerged from studies of concanavalin A,35 a tetra- 
meric protein from the Jack bean which binds carbonhydrates in the fash- 
ion of an antigen-antibody complex.36 
binding to glycoproteins on the surfaces of cells transformed by DNA 
tumor viruses or chemical carcinogens, but it does not bind to normal 
cell surfaces. Before carbonhydrate binding can occur, each Con A sub- 
unit must bind, in succession, a manganous ion and a calcium ion. The 
crystallographic space group, and presumably the solution conformation, 
changes as a result of metal ion binding.35 
preference for octahedral coordination and probably serves to "generate" 
the Ca* site by ligand gathering. Calcium, typical of Ia and IIa ions, 
has more flexible coordination geometry, and fits into an irregular pen- 
tacoordinate site of high negative charge. 
site" is located about 22 A from the carbonhydrate binding site, the 
metals must affect 
(allosteric) effects. 

Template or ligand gathering effects have been used not 
Examples include the use of "methyl- 

carbomethoxylation of active methylenes , ' the 
and in the 

It has the unique feature of 

Manganous ion has a distinct 

Since this unique "double 

carbohydrate binding through long range conf ormational 

Probe Properties: The use of metal ions as probes of molecular environ- 
ments by virture of their spectral or magnetic properties has been 
reviewed. 

Lewis Acidity: 
and most ligands are Lewis bases. 
that a coordinated nucleophile would be less reactive than a free nucleo- 
phile. However, evidence that coordinated nucleophiles can have appreci- 
able reactivity has been accumulating. The generally accepted mechanism 
for carbonic anhydrase action envisions activation of water by coordina- 

Transition metal ions are moderate to soft Lewis acids 
From this one would a priori predict 
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tion to Zn(I1) with loss of a proton. 
active hydroxide which attacks the neutral CO, molecule to produce bicar- 
bonate. 

The result, at neutral pH, is an 

A simpler example of the same type of process may be a re- 
ported3’ thought to proceed = complex I. An alter- 

I I1 

nate formulation I1 makes the transition state more like that of carboxy- 
peptidase A, i.e. enhancement of carbonyl electrophilicity rather than 
hydroxyl nucleophilicity. 40 9 41 Detailed studies of hydrolysis of peptides 
and amino acid esters by Co(II1) complexes have shown’ that both type I 
and type I1 mechanisms operate under various conditions. 42 Another inter- 
esting zinc catalyzed transesterification has been proposed as a model for 
the nucleoside diphosphokinase reaction, ATP + GDP f ADP + GTP. The 
mechanism involves two steps with a phosphorylated enzyme histidine in- 
termediate. In the model, 111, the oxime substitutes for the nucleoside 
diphosphate in the role of phosphate a~ceptor.~’ The reaction is facil- 
itated by template and Lewis acid effects. There is a certain similarity 

between this process and the reactivation of a phosphorylated active site 
of acetylcholinesterase IV by pralidoxime (shown) or 1-methylnicotinic 
hydroxamic acid. 

Redox Properties: 
biological and synthetic oxidations and reductions depend on metal 
species as reagents, catalysts, or active site components. Therefore 
this discussion is arbitrarily restricted to oxygen complexation andlor 
activation by chemical and biological systems. There has been a great 
deal of effort spend in investigatigating both mixed function oxidases 
and cytochrome P450 , and numerous reviews have been written. 44-48 
few of these have actually addressed the question of the nature of enzy- 
matically activated oxygen and the mechanism of the atom transfer step. 

It is probably an understatement to say that 80% of 

However, 

In the past few years great advances have been made in studying the 
reversible binding of oxygen to inorganic compounds. Bound oxygen clearly 
has different properties from free oxygen and some of the com lexes under- 

perhaps the type VIS1 r 5 2  reactions ar 
coordinated oxygen to have the form MP2-02-2 , i.e. nucleophilic coordin- 
ated peroxide. The type V and perhaps the type VI reactions may involve 
coordination of the 0-acceptor prior to 0-transfer. 

go further irreversible or catalytic chemistry. The type VII e 9 9 5 0  and 
consistent with considering the 

With type VI system@ 
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G-0 
VII (03P)2Pt02 + Me2C0 _j (ia3P)2Pt’QMe2 

VIII (Pr3P)4M + O 2  j (g3P12M02 , M = N i ,  Pd, P t  

olefins are not effective 0-acceptors and autoxidations catalyzed by type 
V complexes are probably free radical in nature. Hydroperoxides are 
the primary products which secondarily decomplse to produce epoxides and 
alcohols, or unsaturated ketones. 
of hydroperoxide formation views the reaction as an “ene” reaction of 
singlet oxygen and olefin within the coordination sphere of the diamagne- 
tic complex.55 
peroxidation and chemical evidence implicating its generation by enzymes 

However an interesting interpretation 

Singlet oxygen has been postulated in enzymatic hydro- 

has been obtained.56 
oxygen enters and the hydrogen departs from opposite sides of the ally1 
plane, contrary to the concerted cyclic mechanism pictured for singlet 
oxygen.” The Cr(V1) complex Et0*Cr0(02)2 was proposed to furnish sing- 
let 02 but a reinvestigation implicated traces of H2Cr0, impurity as the 
oxidant,58 
same product distribution as singlet oxygen. 59 

However enzymatic studies have shown that the 

A related Cr(V) complex K3Cr0, reacts with olefins giving the 

Other metals in high oxidation states containing 0x0 or peroxo 
groups oxygenate olefins. 

(HMPA)Mo0(02)2 + 2C-C 2 ref. 60 

This group includes MnO;, RuO,, and OsO,, and 
those non-catalytic 

- 
Fe01, + C=C epoxide and/or glycol ref. 61 

ref. 62 

Superoxide anion is a popular candidate for many enzymatic oxidation 
reactions, and superoxide dismutase is being persued as a test for the 
intermediacy of free superoxide as well as for its own interesting pro- 
perties, 
an enzymic intermediate, and recently it has been possible to isolate 
Co(II1) superoxide complexes and to study them by physical methods (IR, 

Coordinated superoxide may be a more attractive candidate as 
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ESR, and photoelectron spectroscopy) . 6 4 - 6 6  

compounds form 0, adducts formulated as Co(II1)O;. 
plexes are reactive and binuclear peroxides M-0-0-M are ultimately formed. 
Some of these complexes are formed reversibly, as are certain Ir com- 
plexes analogous to type V. ' 

A large number of Co(I1) 
Usually these com- 

There are two reports that Co(II1) compounds related to the oxygen 
carriers can introduce oxy en into organic compounds; 
phenols as 0-acceptors. 6 8  

oxidation has been observed with similar compounds. 'O  

chelates potentially capable of forming superoxide adducts are highly 
efficient catalysts for organo-phosphine oxidation. " 

both cases involve 
Weak and irreproducible catalysis of olefin 

Other Co(I1) 
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Chapter 31: Reactions o f  Interest in Medicinal Chemistry 

Herbert T. Nagasawa and Dwight S. Fullerton 
Veterans Administration Hospital, and 

Minneapolis , Minnesota 55417 
College of Pharmacy, University of Minnesota, 

Thk recent publication of the following useful reference books on 
the synthetic applications of organic reactions should be noted: the com- 
pletely revised edition of Modern Synthetic Reactions by H.O. House, 
Volume 3 of Reagents .in Organic Synthesis by Mary Fieser and Louis F. 
Fieser, Compendium of Organic Synthetic Methods by I.T. Harrison and S. 
Harrison, and Annual Reports in Organic Synthesis, 1971 by J. McMurry 
and R.B. Miller. The journal Synthesis continues to abstract interesting 
synthetic reactions selected from the world literature (about 800 ab- 
stracts in 1972). 

Review articles will be cited in the appropriate sections. Because 
of space limitations, the reactions actually presented are necessarily 
highly selective. 

Computers - Advances in the use of computers for the design of synthetic 
schemes have been described by E.J. Corey and coworkers.1*2,3,4 
application of computer graphics to input and output chemical structures, 
the development of a computer program to effectively perceive structural 
units and relationships, and the use of a computer system to generate a 
"tree" of possible intermediates starting from a given target molecule 
are discussed. 

The 

Useful Reactions (not elsewhere classified) - The facile use of stereo- 
se lec t ive  hydrocyanation has been de~cribed.~ ,' 9 7  

tion can be converted to methyl as well as to a variety of functional 
groups, the conjugate addition of HCN has wide application. The use of 
organosulfur compounds in organic syntheses has also been reviewed' and 
covers most of the literature since 1955. 

Since the nitrile func- 

Organic reagents linked t o  polymeric resins have been prepared to 
simplify reaction work-up. Resins containing Wittig reagents have been 
reported to eliminate the problem of phosphine oxide removal from the 
crude  product^.^ 
styrene has solved the problem of urea removal.1° 

Similarly, the use of carbodiimide linked to poly- 

The bicyclic amidines 1,5-diazabicyclo[4.3.O]non-5-ene (DBN) and 
198-diazabicyclo[5. 4.Olundec-7-ene (DSU) have proven to be superior to 
pyridine, N,N-dimethylaniline, and other common amines in dehydrohalogena- 
t i o m  of very sensitive molecules. 
hydrohalogenations, condensations, and rearrangements 

A review summarizes their use in de- 

Modifications of the Claisen rearrangement have been used to intro- 
duce angular methyl groups ,12 to synthesize unsaturated aldehydes (by 
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Requential Claisen and Cope rearrangements) , I 3  to convert ene-thiols to a 
variety of products including derivatives of thiophene and 2H-thiopyran,l4 
and to convert ally1 esters to the corresponding y,b-unsaturated acids 
under very mild conditions.15 

a-Chloronitrones have been explored as l'enophilesl' that would under- 
go 4t2 eyeloadditions with isolated olefinic double bonds, even though the 
double bond is not activated.16 The a-chloronitrone adduct can be 
converted in high yields to useful synthetic intermediates. 

Protective Groups and Their Removal - BF3-etherate is often better than 
TsOH for catalyzing the rapid formation of 0-tetrahydropyrmy 2 derivatives 
of alcohols. 19 
stable than trimethylsiloxy may be used as an alternate to the tetrahydro- 
pyranyl group for protection of alcohols.20 
center and its stability to catalytic hydrogenolysis or to mild chemical 
reducing agents, as well as to conditions of the Wittig reaction or the 
Jones (CrO3) oxidation, offer wide latitudes for potential application. 
The dimethyl-m-butylsiloxy ethers are rapidly cleaved to alcohols with 
2-3 equivalents of tetra-n-butylammonium fluoride in THF or with HOAc-H20 
(2: 1) at room temperatures. 

The dimethy 2 - m - b u t y  Zsi Zoq group which is l o 4  times more 

The absence of a chiral 

Very sensitive acetaZs can be oxidatively cleaved with triphenyl- 
carbonium ion.21 (Conversely, the acetonide of a diol can be oxidized to 

- 0 (&Q 
~.!-'fi!.* + CPh3 - 

R1 R1 

an a-hydroxyketone by this method.) Ketones or aldehydes protected as 
thioketaZs or thioacetaZs are readily regenerated by co version to the 

iodide in moist acetone,23 followed by hydrolysis. Dialkyl and phenyl 
ethyl ethers are cleaved under essentially neutral conditions with tri- 
phenyldibromophosphorane , PhgPBr2. 24 

The a-picozinyz group, which can be selectively removed by mild acid 

reactive sulfonium salts with Meerwein's reagent2* (Et3 8 BF;) or methyl 

hydrolysis in the presence of Cu(I1) ions, has been used as an amino pro- 
tecting group in peptide synthesis. 25 o-Hydroxysubstituted aromatic ket- 
intines of amino acids have also been utilized in this manner.26 The pro- 
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t e c t i v e  group is  removed wi th  80% HOAc a t  80° -- condi t ions  which leave  
t h e  t-BOC group i n t a c t .  A p r o t e c t i v e  group t h a t  is s t a b l e  t o  a c i d  or alka- 
l i n e  t reatment  bu t  which is cleaved by t reatment  wi th  Ac2O a t  room temper- 
ature is t h e  l-oq-2-picoZyZ (OP) group.27 

Funct ional  Group Transformations - Phenols a r e  smoothly converted t o  a ry l -  
andnes v ia  4-aryloxy-2-phenylquinazolines which are thermally rearranged 
t o  3-aryl-2-phenyl-4 (3)-quinazolinones , then hydrolyzed. 28 
a l s o  be prepared from phenols by amination of t h e i r  d ie thylphosphate  esters 
wi th  KNH2. 29 

AniZines can 

Trimethylsilyl ethers of aromatic  hydroxy n i t r o g e n  hetero-  
cyc le s ,  i nc lud ing  pur ines  and t h e i r  
p ro t ec t ed  nuc leos ides  , can be  aminated 
with  NH3 o r  lo and 2' amines i n  t h e  
presence of 0.1-0.2 equ iva len t s  of 
L e w i s  ac id .  30, 31 

0 Q OSiMe3 

il 
HgC12/14S0 

Stereospe&fic conversion of a lcohols  t o  amines wi th  e s s e n t i a l l y  
complete invereion of conf igura t ion  has  been e f f e c t e d  by r e a c t i n g  t h e  alco- 
h o l w i t h l e q u i v a l e n t  each of  d i e t h y l  azodicarboxylate ,  Ph3P, and phthal-  
imide (o r  s icc in imide)  . 32 The product is an N-alkylphthalintj.de from which 
t h e  amine can be  l i b e r a t e d  wi th  hydrazine-hydrate.  
cohols have been converted t o  t h e  corresponding unrearranged c h l o r i d e  wi th  
high s p e c i f i c i t y  us ing  Ph3P-CC14. 3 3  

lo and 2' a l l y l i c  a l -  

Reductive dechlorination of organic  h a l i d e s  wi th  'LiAlH4 appears  t o  
be a genera l  r e a c t i o n  t h a t  can be extended t o  t h e  hydrogenolysis  of v i n y l ,  
bridgehead and cyclopropyl  ha l ides .  34 A modified Curtius degradation 
u t i l i z e s  t r i m e t h y l s i l y l  a z i d e ,  which is nonhazardous by v i r t u e  of i ts 
thermal s t a b i l i t y .  3 5  A f l e x i b l e  and d i r e c t e d  syn thes i s  of unsymmetrical 
trans-aaoqalkanes which involves  t h e  a l k y l a t i o n  of a l k y l  d i a z o t a t e s  has 
been descr ibed.  36 

5-Fluorouraci l  has been prepared d i r e c t l y  from u r a c i l  i n  85% y i e l d  
by electrophilic f luorination wi th  CF30F. 37 
and ADP can be  ch lo r ina t ed  d i r e c t l y  t o  t h e  8-chZoronueZeoside o r  nucleo- 
t ide  with  t h e  reagent  , t e t rabuty lamonium iodo te t r ach lo r ide  
(n-CqHg)qNIC14. 38 This procedure is amenable f o r  t h e  p repa ra t ion  of t h e  
1%-labeled 8-chloronucleoside ( t i d e ) .  

S imi l a r ly ,  adenosine,  AMP, 

An e legant  method f o r  t h e  conversion of nuc leos ides  t o  t h e i r  5'- 
d e o q  derivatives involves  t h e  t ransformat ion  of t h e  primary 5'-hydroxy 
groups t o  nuc leos ide  5'- (pyrimidine-2-yl-thio)-5'-deoxy d e r i v a t i v e s  f o l -  
lowed by Ra-Ni desu l fu ra t ion .  39 Unprotected pu r ine  and pyrimidine r ibo-  
nucleosides  r e a c t  wi th  e t h y l  trichloromethanephosphonate [C13CP(O)(OEt)2] i n  
t h e  presence of Et3N t o  g ive  2'(3')-ribonucleotide ethyl  es ters  which can 
be transformed d i r e c t l y  t o  2'(3')-nueZeotides by t reatment  wi th  a l k a l i .  
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ehvdes and Ketones - The t ransaminat ion of amines us ing  benzothiazole- 
2-carboxaldehyde and a base appears  t o  be  a u s e f u l  method f o r  prepar ing  
aldehydes and ketones.  41 Reaction of carbonyl compounds wi th  t h e  e a s i l y  
prepared42 l i t h i o  d e r i v a t i v e  of methyl (methylthiomethyl) su l fox ide  fo l -  
lowed by hydro lys is  or s o l v o l y s i s  w i th  e t h y l  or thoformate g ives ,  respec- 

t i v e l y  , a-hy droqa ldehy des o r  a- hy droqa ldehy de die thy lace ta l s  . Alpha- 
hydroxyaldehydes can a l s o  be  prepared by hydro lys is  of t h e  dichloromethyl  
ca rb ino l s  produced when a l k y l  a r y l  ketones are reac ted  wi th  dichloromethyl  
l i t h ium i n  THF at 

Ph COR -CHC12 K2CO3 Ph 

L i t h i o  de r iva t ives  of tetrahydropyranyl-protected propagyl ic  alco- 
ho l s  can b e  converted V i a  pro tec t ed  a l l e n i c  e t h e r s  t o  a,  B-unsaturated 
aldehydes 0 45 

A q j l  ketones have been produced from ac id  ch lo r ides  and arenes wi th  
only c a t a l y t i c  amounts (1%) of CF3S03H. 46 Friedel-Craf ts  acy la t ions  using 
trace amounts of non-Friedel-Crafts c a t a l y s t s  ( i ron ,  copper,  i od ine ,  metal 
h a l i d e s ,  ac ids )  have been summarized. 47 

Carboxvlic Acids and Derivatives. - Quarternary ammonium salts of carboxy- 
l i c  ac ids  (unl ike  Ag, Pb, a l k a l i  metal, o r  t e r t i a r y  amine s a l t s )  are con- 
ve r t ed  t o  t h e i r  esters at room temperatures i n  d i p o l a r  a p r o t i c  s o l v e n t s  
even wi th  r e l a t i v e l y  un reac t ive  h a l i d e s .  4 0  
ac ids  ( s t rong  ac ids  included)  can b e  e s t e r i f i e d  wi th  dimethyl s u l f a t e  i n  
t h e  presence of aqueous o r  anhydrous a l k a l i  s i n c e  t h e  r eac t ion  center is 
two atoms removed from t h e  bulky R group. 49 

Sterically-hindered carboxyl ic  

Carbonyl compounds are converted t o  t h e  next higher carboqjlic acids 
by r eac t ion  wi th  a-metalated isocyanomethyl a r y l  su l fones  followed by 
hydro lys is  of oxazol ine in te rmedia tes .  5 0  

As shown on t h e  next page, a-keto esters are produced when t h e  read- 

By bromination of a -a lkylace toace ta tes  and subjec t -  
i l y  a v a i l a b l e  2-carbethoxy-1,3-dithiane is a lky la t ed  and t h e  product oxi- 
d a t i v e l y  de th ia ted .  51 
i n g  t h e  a-bromo-a-alkylacetoacetates t o  a Japp-Klingemann r eac t ion  wi th  
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base, a-monobromo esters  and a-monobromo acids can be prepared.52 A new 
procedure for the Darzens synthesis of g Z y c i d i c  es ters  is based on prior 
generation of the a-haloester anion with lithium b i s  (trimethylsily1)amide 
in THF at - 7 O O .  53 Propargy l i e  esters  can be prepared in good yield from 
trialkynylborane and ethyl diazoacetate. 54 
esters or ketones (prepared by the condensation of aldehydes with ethyl 
diazoacetate or acyl diazomethane) with BF3-Et20-CH3CN solution gives 
acetylenic es ters  or ketones.55 
duced from 5-pyrazolones (prepared from 8-keto esters and hydrazine) by 

Treatment of a-diazo-B-hydroxy- 

High yields of 2-alkynoic esters are pro- 

R=OEt , i-pro, t-butyl, Ph 9H 
RCHECOR - RCZCOR 

N2 

reaction with thallium(II1)nitrate in methanol. 56 

0 
ON02 -TlON02, -NO3 , -N2 

RECCOOCH3 
HOCH3 

Primary aliphatic, olefinic and aromatic mono- and diamides have 
been converted to n i t r i l e s  in >90% yields by trimethylsilylation of the 
nitrogen followed by treatment of the TMS derivatives with acetyl or ben- 
zoyl chloride.57 Nitriles can also be prepared in 70-90% yields by treat- 
ing aldoximes with cyanuric chloride in pyridine.50 
the tosylhydrazines of ketones gives 1,2-addition products, which on ther- 
molysis, likewise yield nitriles. 59  

Addition of HCN to 

Oxidations, Reductions, and Epoxidations - Because of its lower vapor 
pressure, potassium osmate is a much safer alternative to osmium tetroxide 
for making l,%dioZs. 6 o  
chloroperbenzoic acid can be made to react in inert solvents at elevated 
temperatures in the presence of radical inhibitors to yield epoxides. 6 1  

Double bonds which normally do not react with m- 

Alcohols or enols may be protected as diethylphosphates (DEP) or 
tetramethylphosphordiamidates and reductive Zy deoxygenated in lithium 
ethylamine solution. 62  
over the Wolff-Kishner reduction. Enones may also be deoxygenated to the 
isomeric olefins by hydroboration. 

In some cases, this reaction has some advantages 
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1 )  L i ,  EtNH2 
2) THF, t-BuOH * 

1 )  L i ,  NH3 
2) C1PO(NMe2)2 * 

Selective reduction of t h e  conjugated double bond of a ,  8-unsaturated 
aldehydes and ketones has been accomplished wi th  "rhodium complex" and 
t r i e  thy l s i  lane .  It 

Ace tone  
OSiEt3 MeOH 

Et3SiH 
$HO (Ph3) 3RhCl 

A mild method f o r  t h e  oxidation of alcohols t o  ketones o r  aldehydes 
There is l i t t l e  varia- should be  u s e f u l  wi th  very s e n s i t i v e  molecules .65 

t i o n  i n  opt imal  condi t ions .  

The numerous uses  of a l k y l  aluminum hydr ides  and alkoxyaluminum 
hydrides  have been reviewed. 66 
s u l f i t e )  r e a d i l y  reduces 'sulfoxides  t o  the corresponding sul f ides .  
su l fox ides  are converted t o  alkoxysulfonium s a l t s ,  sodium s u l f i t e  w i l l  
a l s o  accomplish t h e  reduct ion  q u a n t i t a t i v e l y .  6 7  Amines may be  reductive1 
methyluted with  formaldehyde and sodium cyanoborohydride i n  a c e t o n i t r i l e .  
The mild cond i t ions ,  high y i e l d s ,  and ease of experimental  manipulat ion 
make t h i s  a method of choice.  

Sodium hydrogen s u l f i t e  (but  no t  sodium 
I f  t h e  

it3 

C-C and C-C Bond Formation - Organol i th io  reagents  prepared from e t h y l  3- 
bromopropylacetaldehyde a c e t a l  are u s e f u l  f o r  t h e  i n t r o d u c t i o n  of t h e  
hydroxyypropyl group.69 The reagents  are s t a b l e  f o r  s e v e r a l  months a t  -3OO. 
The o r g a n o l i t h i o  reagent  can a l s o  be converted t o  t h e  corresponding l i t h i o  
organocuprate.  

- 
A modified Hooz r e a c t i o n  which involves  t h e  r e a c t i o n  of e t h y l  diazo- 

acetate wi th  d i a l k y l  chloroboranes r e s u l t s  i n  a two carbon homologated 
product .  70 Ally1  a l coho l  adds a v a r i e t y  of organol i th ium reagents  
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r e g i o s p e c i f i c a l l y  t o  give 2-subs t i tu ted  1-propanols. 7 1  

The direct ion of azkylation of a,B-unsaturated esters has been 
s tudied .  The e n o l a t e  ions  generated wi th  l i t h i u m  N-isopropylcyclohexamide 
i n  THF a t  - 7 8 O  a l k y l a t e  predominately a t  t h e  a-carbon j u s t  a s  wi th  a,B- 
unsa tura ted  ketones.  72 The a-position t o  the nitrogen i n  secondary amines 
can be  a c t i v a t e d  by N-ni t rosa t ion ,  then  metalated and a lky la t ed  wi th  
e l e c t r o p h i l i c  reagents .  7 3  Simi la r ly ,  pyridine-1-oxides may be  d i r e c t l y  

s u b s t i t u t e d  on t h e  a -pos i t ion(s )  by t reatment  wi th  n-butyl l i thium i n  THF 
a t  - 6 5 O  followed by add i t ion  of an aldehyde o r  a ketone.74 

Chloroheterocycles  may be  aZky Zated and aZkeny Zated by r e a c t i o n  wi th  
2 equiva len ts  of an appropr i a t e  Wi t t ig  reagent  and t h e  new Wi t t ig  reagent  
sub jec t ed  t o  hydro lys is  t o  g ive  an a lky l - subs t i t u t ed  he t e rocyc le  o r  
reac ted  wi th  carbonyl compounds t o  e l a b o r a t e  an o l e f  i n i c  s ide-chain.  75 

4- 2CH2=PPh3 - [a CHzPPh3 ] 
PhCHO A \ 

' N' CkCHPh 

A novel  way of prepar ing  o l e f i n s  has  been explored i n  pre l iminary  
experiments.  
i s i n g  methods ex t rude  carbon dioxide and s u l f u r  o r  n i t rogen  and s u l f u r . 7 6  

The method uses  a two-foZd extrusion, and t h e  two most prom- 

Methyltriphenoxyphosphonium i od ide  i n  hexamethylphosphoramide (HMPA) 
has been s tud ied  a s  a means of selectively dehydrating secondary a l coho l s  
without  rearrangement.  The y i e l d s  were good, and t h e  more s t a b l e  a lkene 
predominated. 77  
converted t o  terminal oZefins by t r e a t i n g  t h e  corresponding l i t h i o  a lkoxide  
wi th  o-phenylenephosphorochloridate a t  Oo i n  THF. 78 
similar r e a c t i o n  f o r  t h e  p repa ra t ion  of te rmina l  o l e f i n s  from non-enoliz- 

Readily a v a i l a b l e  8-hydroxyalkyl phenylsu l f ides  can be 

A mechanis t ica l ly  
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a b l e  ketones has a l s o  been described. 79 

Acetylenes - Aldehydes can be converted t o  terminal acetylenes i n  a one- 
carbon homologation r eac t ion  by using a modified Wit t ig  reagent prepared 
from triphenylphosphine and CBr4. 8o The r e a d i l y  prepared 3-bromo-l-tri- 
methylsilyl-l-propyne i s  use fu l  f o r  the  propargy lation of ketones with  the  
advantage t h a t  t he  i n i t i a l  t r ime thy l s i ly l a t ed  product can be e a s i l y  sepa- 
r a t ed  from t h e  s t a r t i n g  material by d i s t i l l a t i o n .  81 

0 
10% KOH 

CH CZCH 
C H ~  1) Na, t-amyl0H 

2) BrCH2ECSiMe3 MeOH 

Organocopper ReaRents - A review descr ib ing  t h e  vast p o t e n t i a l  uses of  
organocopper reagents  i n  organic  syn thes i s  has  appeared, 82 and a review of 
organocopper conjugate additions has been published. 8 3  
copper reagents  have been repor ted  i n  1972, and t h e  fol lowing examples 
i l l u s t r a t e  advances i n  t h e  f i e l d .  

Many new organo- 

Use of mixed cuprate  reagents  of t he  type RtRrCuLi, where R t  is  the  
group t o  be s e l e c t i v e l y  t r ans fe r r ed  and R r  is  the  r e s idua l  group l o s t  dur -  
i ng  work-u saves valuable  R t  groups and inc reases  t h e  e f f i c i ency  of the  
r eac t ion .  8E' Oxygen func t iona l ized  organocopper reagents  of t h e  t y  es 

Vinyl copper reagents  have a l s o  been r e p ~ r t e d . ~ ~  Cyanomthy2 copperg0 
shown below have been successfu l ly  used i n  con ugate  E 6,87 ,88  

and carboethoxymethyI coppergl react with a l l y l i c  ha l ides  t o  give,  respec- 
t i v e l y ,  y,6-unsaturated nitriZes and y ,&unsaturated esters i n  good 
yields. Organocopper reagents  have a l s o  been used t o  prepare aryZ 

CuCH2CN [COOEt ] + ) e C H C H z B r  - *CH2CA2CN [COOEt] 

acetylenes. 9 2  

Cvclopropane Formation - A z inc-s i lver  couple has  been found t o  be supe- 
r i o r  t o  zinc-copper couple i n  many Simmons-Smith r eac t ions  of o l e f i n s  wi th  
methylene iodide.  Yields  a r e  o f t e n  b e t t e r ,  r eac t ion  times reduced, and 
only a s l i g h t  excess of reagent is necessary t o  complete t h e  reac t ion .93  

oyclopropanes with triphenylphosphonium isopropyl ide  [Ph3P=C(CH3) 2 1. 94 
Cyclopropane de r iva t ives  are a l s o  formed by r eac t ing  a,B-unsaturated 
n i t r i l e s ,  ketones, and esters with a new, e a s i l y  prepared cyanosulfonium 
methylide. 9 5  

a,B-Unsaturated esters can be converted e f f i c i e n t l y  t o  gem-dimethyt- 

A review descr ibes  phenyl(trihalomethy1)mercury compounds 
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X=CN, COOEt,  COPh, C0CH-j 
Y=H, CN, COOEt 

Et’ ‘Y cpfCH ‘Y R2=Ph, PhCO, H 

R 1 8 0  /x R2\ /x 
‘S-CH-CN + R P - m C  FH>C 

as versat i le  dihalocarbene precursors. 96 
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Chapter 32 - Quantitative Structure-Activity Relationships 

W. J. Dunn, 111, College of Pharmacy 
University of I l l i n o i s ,  Chicago, I l l i n o i s  

Introduction - In attempting t o  formalize, i n  numerical terms, how 
changes i n  chemical s t ruc ture  within a series of c losely re la ted  biologi- 
ca l ly  act ive agents effect  d i f fe ren t  levels  of pharmacologic response, 
invest igators  r e l y  mainly on three  approaches: 1) the s miemperical 
l inear-free energy re la ted  model proposed by Hansch,l * 2 p 5 a * 2 b  2 )  t h e  - de - nova model pro osed by Free and Wilson3, and 3) quantum mechanically 
based methods.! From urveying t h e  l i t e r a t u r e  of  the  period s ince t h i s  

in  applications has increased. Correlations of s t ruc ture  with a c t i v i t y  
are being determined f o r  much more complex systems, and more laborator ies  
are  d i rec t ing  t h e i r  a t ten t ion  t o  these approaches. 

area was l a s t  reviewed 2 it i s  obvious t h a t  t h e  degree of sophis t icat ion 

Ut i l iz ing  t h e  Hansch approach one attempts t o  relate a change i n  
level  of  biological a c t i v i t y  with a change i n  the physical and chemical 
propert ies  of the  s e r i e s  within the framework of equation 1. Ai is  the  
a c t i v i t y  of the  i t h  member of the s e r i e s  and can be i n  terms of  a stan- 
dard o r  r e l a t i v e  biological  r e s p o n ~ e . ~  For optimum information and com- 

parative purposes the  standard response (Ai = the  reciprocal of the  molar 
concentration required t o  e l i c i t  a predetermined response, EDs0, Is0, 
e tc . )  is preferred,  but t h e  use of a r e l a t i v e  biological  response as the  
dependent var iable  i n  structure-function analyses can be useful.  The 
advantages and disadvantages of  the  form of  the  a c t i v i t y  term are d is -  
cussed by Tute.S 

The term, P i ,  of equation 1 i s  the  p a r t i t i o n  coef f ic ien t  of the  
drug between the  nonpolar biophase of the biological  system and i t s  
aqueous phase, and accounts f o r  the  l ipophi l ic  character of  the drug.6 
The k's a r e  constants determined by regression analysis.  
a function of the  s ter ic  and e lec t ronic  nature  of the  drug's subst i tuents  
these a re  assumed t o  be included i n  the term k3 which can be factored 
according t o  equation 2 .  
constants. 

If a c t i v i t y  is 

Es and u are  t h e  well-known Taft-Hammett 

kg = f ( E s ,  (I, etc.) 2) 

The model derived by Free and Wilson3 i s  given i n  equation 3 where 
Ai i s  the a c t i v i t y  of t h e  i t h  member, P i s  the overal l  average a c t i v i t y  

o r  contribution t o  a c t i v i t y  from t h e  constant par t  of t h e  molecule, and 
a is t h e  contribution from the  j t h  subst i tuent  i n  posi t ion p. This j ,P 
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technique, i n  essence, ranks the subst i tuents  i n  each posi t ion according 
t o  t h e i r  contribution t o  a c t i v i t y .  I t  ha3 been proposed t h a t  the Hansch 
and Free-Wilson approaches , i n  some cases,  can be interrelated. '  

Quantum mechanical approaches t o  quant i ta t ive s t ruc tu re -ac t iv i ty  
The receptor fo r  a relat ionships  have t h e i r  roots  i n  receptor theory. 

s p e c i f i c  drug is thought t o  have s i t e s  through which it can i n t e r a c t  with 
the drug which, f o r  optimum response, must be i n  a conformation t h a t  w i l l  
allow i ts  heteroatoms t o  i n t e r a c t  with the s i t e s  of t h e  receptor.8 
determining the intramolecular distances between heteroatoms i n  the  pre- 
ferred conformation o f  agents which a re  known t o  i n t e r a c t  with a receptor 
responsible for  a s p e c i f i c  response, new drugs can be designed with the 
appropriate distances fixed between c r i t i c a l  atoms. 

By 

The application , i n  a quan t i t a t ive  sense,  of the approaches mention- 
ed requires some sophis t icat ion i n  computer techniques and information 
handling. Recognizing t h i s  and i n  an attempt t o  accelerate  the acquisi-  
t i o n  of  new pharmacological knowledge , t he  Chemical/Biological Informa- 
tion-Handling Program of N I H  i s  developing computer-based research too l s  
f o r  invest igators  i n  t h i s  area. 
which employs a dedicated, time-sharing computer avai lable  v i a  telephone 
l i nes .  The system, t o  be made avai lable  t o  selected users r 1 9 7 3 ,  o f f e r s  
a va r i e ty  of hardware/software options which should f a c i l i t a t e  work i n  the 
determination of s t ruc tu re -ac t iv i ty  re la t ionships .  

Linear Free Energy Models - By far the  most extensively used method f o r  
determining quant i ta t ive s t ruc tu re -ac t iv i ty  re la t ionships  i s  the mode 
proposed by Hansch.l This model i s  an extension of  the work of Meyerl 
and Overtonll who showed t h a t  narcot ic  potency i s  a l i n e a r  function of 
l i poph i l i c  character according t o  equation 4. An extensive compilat 
of s t ruc tu re -ac t iv i ty  re la t ionships  of  t h i s  type have been published 
with 1-octanol/water p a r t i t i o n  coe f f i c i en t s  as  a reference f o r  l i p o p h i l i c  

One such too l  i s  the PROPHET systemJ9 

8 
isn 

log Ai = a log Pi + b 4) 

character.  
t ionship,  was considered a measure of  the s e n s i t i v i t y  of  the system t o  
hydrophobic e f f e c t s .  Structure-act ivi ty  re la t ionships  f o r  which a>O. 85 
were c l a s s i f i e d  as hydrophobically sens i t i ve ,  those with 0.40<a<0.84 were 
considered o f  intermediate hydrophobic s e n s i t i v i t y ,  and those with a<0.40 
were considered hydrophobically insensi t ive.  Processes associated with a 
slope greater  than 0.85 a re  cha rac t e r i s t i c  o f  drugs in t e rac t ing  with mem- 
branes while processes characterized by a slope i n  the range 0.40 - 0.84 
a re  indicat ive of drugs in t e rac t ing  with protein.  

In t h i s  report ,12 a, t he  slope of the l i nea r - f r ee  energy r e l a -  

Equation 4 can be considered a special  case of equation 1 which 
predicts  t h a t  a c t i v i t y  i s  parabol ical ly  r e l a t ed  t o  l i p0  h i l i c  character.  
This has received addi t ional  t heo re t i ca l  j u s t i f i ca t ion15  14  and a recent  
report  by Hansch and Clayton15 examines the parabolic case fo r  173 
equations i n  which the  addition of  the higher order term of equation 1, 
-k log*Pi, i s  highly s ign i f i can t  s t a t i s t i c a l l y .  
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The underlying assumption t h a t  makes the model operational i s  tha t  
a nonpolar solvent can be used as a reference system fo r  i n t e rac t ion  of 
drugs with l i po ida l  biophases. There has been considerable i n t e r e s t  i n  
t h i s  assumption from the standpoint of  which solvent best  approximates 
l i p o p h i l i c i t y ,  1-Octanol has been most extensively used but t h e r e  i s  
concern among some workers i n  t h i s  f i e l d  because of i t s  thermodynamic 
nonideal nature.  On the  basis  of t h e i r  more ideal  behavior, nonaromatic 
hydrocarbon solvents have been proposed t o  bes t  describe apolar i n t e r -  
actions16 and group contributions of t e methylene group i n  a v a r i e t y  of 
nonpolar solvents have been rep0rted.l '  In cases where it has been 
possible t o  ac tua l ly  measure in t e rac t ions  of drugs with biological  phases, 
1-octanol/water p a r t i t i o n  coe f f i c i en t s  have been a s u f f i c i e n t  model f o r  
estimating the  interaction.l2,18,19 
appl icat ions,  t h a t  t he  invest igator  be famil iar  with the system he uses 
and know i ts  l imitat ions.  

I t  is most important, i n  model 

I t  i s  assumed t h a t  the p a r t i t i o n  coe f f i c i en t  i s  an additive- 
cons t i t u t ive  property of organic molecules6 according t o  the r e l a t ionsh ip  
7 l X  = log Px-log P H . ~  
defined as the difference i n  the logarithm of  the  1-octanol/water p a r t i -  
t i o n  coeff ic ient  of t he  subs t i t u t ed  compound and t h a t  o f  t he  parent.  I t  
is  known t h a t  t he re  a re  exceptions t o  the a d d i t i v i t y  assumption and the  
breakdown i n  some systems has been shown t o  r e s u l t  from intramolecular 
e l ec t ron ic  and s t e r i c  i n t e rac t ions  .20*20a 

rX is the  hydrophobic subst i tuent  constant and is 

For quan t i t a t ing  some in t e rac t ions ,  other  than those of an apolar 
nature,  chemical s h i f t  values have been exploreds21s22 a method f o r  
estim t i n g  molar a t t r a c t i o n  constants has been reported b 
Y i i ~ , ~ !  and it has been suggested by Deardon and T o m l i n ~ o n ~ ~  t h a t  s u b s t i t -  
uent constants derived from t h i n  layer chromatography be used. 

Cammarata and 

There a re  p i t f a l l s  i n  using multiple va r i ab le  regression techniques 

Also, guidelines and format f o r  data  presentation i n  order t h a t  
as a too l  f o r  i n t e rp re t ing  biological  da t a  and some have been discuss- 
ed.25s26 
optimum information may be obtained from structure-function correlat ions 
have been suggested.27 

For those involved i n  drug design and s t r u c t u r a l  modification with 
l imited access t o  da t a  handling systems, operational schemes f o r  analog 
synthesis  from a "lead" compound have been proposed by Topliss.28 
has as i ts  base t h e  Hansch approach and from a p rac t i ca l  point of  view 
t h i s  i s  one o f  the more s ign i f i can t  developments during the  period 
covered by t h i s  review. 
where analog synthesis  involves several  s t eps  and, after synthesis ,  t he  
biological  response f o r  t h e  analog can be obtained rapidly.  By using 
the schemes proposed by Topliss ( Topliss Trees) the s t ructure-funct ion 
r e l a t ionsh ip  can be rat ional ized i n  terms of the hydrophobic, s t e r i c ,  
and e l ec t ron ic  changes. 
s t r u c t u r a l  modification occurs on an aromatic nucleus and one f o r  
s t r u c t u r a l  modification of  an alkyl  s i d e  chain. 

I t  

This approach is p a r t i c u l a r l y  useful i n  the  case 

A scheme has been proposed f o r  t h e  case where 

By using the  appropriate 
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scheme the most ac t ive  members o f  a series can be obtained with a 
minimum of synthet ic  e f f o r t .  
could have been ut i l ized29 and t h e i r  application t o  a problem i n  t h e  
design of ant ineoplast ic  agents has been reported.  30 

Cases have been c i t ed  where the schemes 

One type of biological  response f o r  which few quan t i t a t ive  
s t ruc tu re -ac t iv i ty  re la t ionships  have been determined is tha t  for ant i -  
neoplast ic  ac t iv i ty .  
are being attempted. Structure-cytotoxicit  re la t ionships  among 
sesquiterpene lactones have been determinecl'l and it  was shown t h a t  
cytotoxici ty  is l a rge ly  a function of  t he  l i p o p h i l i c i t y  of  t h e  lactones.  
Lipophilic character was found t o  be important i n  a c t i v i t y  against  L-1210 
i n  mice f o r  22 N-nitrosoureas of general s t r u c t u r e  (I) .32 The quantita- 
t i v e  relat ionship i s  given i n  equation 5 where C i s  the  molar concentra- 
t i on  required t o  give a T/C of 175% or an increase i n  l i fespan o f  75% f o r  

I t  is encouraging t h a t  applications i n  t h i s  a r ea  

OZN 0 
I It 

X-CH2CH2-N-C-NH-R 

I 

t r ea t ed  animals, 
the der ivat ive d(1og l/C)/d(log P) was found t o  be -0.60 which indicates  
t h a t  a c t i v i t y  against  L-1210 is greater  for  N-nitrosoureas with low 
l ipoph i l i c  character. 
ships  f o r  a series of  imidazole carboxamides of s t r u c t u r e  (11) , where 
R1 and R2 a r e  H ,  alkyl , or alkylaryl?2 If R1' and R2 a r e  both greater  than 

The optimum l i p o p h i l i c  character , log Po , obtained from 

Also reported were s t r i tc ture-act ivi ty  r e l a t ion -  

log 1/C = -0.057(+0.07) - 10g2P - 0.069(+0.17)10g - P + 4.527(+0.17) - 5) 

N = 22 R = 0.922 s = 0.163 

methyl no a c t i v i t y  i s  obtained. 
series by equation 6. 
the concentration required t o  give a T/C value of  150%. For t h i s  s e r i e s  
log Po w a s  found t o  be 1.10 and the  negative coeff ic ient  f o r  Es, t h e  Taft-  
steric constant, was interpreted t o  mean t h a t  bulky groups enhance anti- 
tumor a c t i v i t y .  

Act ivi ty  i s  r e l a t ed  t o  s t ruc tu re  i n  t h i s  
The standard response selected for t h i s  s e r i e s  was 

In regard t o  carcinogenic a c t i v i t y  of polycylic aromatic hydro- 
carbons, it has been reported t h a t  these agents induce a r y l  hydrocarbon 
hydroxylase (benzopyrene hydroxy1ase)and inducing potency is a function 
of hydrophobicity, chemical r e a c t i v i t y ,  and the  a b i l i t y  t o  p a r t i c i p a t e  i n  

log 1 / C  = -0.280(+0.14) - log2P + 0.539(+0.18) - log P 

-0.168(+0. - 15)Es + 3.430 (+O. - 14) 6) 

N = 10 R = 0.969 s = 0.104 
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charge-transfer interact ions .s3 The rate-determining s t e p  was pro osed 
t o  be t h e  formation of a K-region metabolite of  t he  hydrocarbons. 35 

Linear-free energy relat ionships  have appeared deal ing with t h e  
hydrolysis of pn i t ropheny l  e s t e r s  by a - c h y m o t r y p ~ i n , ~ ~  the  inh ib i t i on  of 
acetylcholinesterase by d i e thy l  phenylphosphates ,35 t he  inh ib i t i on  of  
alcohol dehydrogenase by e s t e r s  alcohols,  and amides ,36 the  inh ib i t i on  
of urease by hydroxamic acidsD3? and the inh ib i t i on  o f  phenethanolamine 
N-methyltransferase by amphetamines. 38,39 
ing due t o  hydrophobic e f f e c t s  was found t o  be important i n  the  mechanism 
of a c t i v i t y  studied. 

In a l l  the cases c i t e d ,  bond- 

Closely r e l a t ed  t o  the  enzyme s tud ie s  are  those of  microsomal drug 
r n e t a b ~ l i s r n , ~ ~ ~ ~ ~  which indicates  t h a t  hydrophobic e f f e c t s  a r e  important i n  
i n  v i t r o  and i n  vivo drug metabolism. 

l i d e   antibiotic^^^,^^ and the  s t ruc tu re -ac t iv i ty  re la t ionships  f o r  t h e  
antimicrobial e s t e r s  of 4-hydroxybenzoic acids have been reported.  44 
survey of t he  requirements f o r  antifungal a c t i v i t y  has appeared.45 
use of physicochemical parameters and regression analysis  i n  pes t i c ide  
design has a l so  been ~ u r v e y e d . ~ 6  

-- 
Antibacter ia l  agents have received a t t en t ion ,  e spec ia l ly  the  macro- 

A 
The 

Dillingham, Mast , Bass , and A ~ t i a n ~ ~  ,47a have described the tox i -  
cological propert ies  of a s e r i e s  of methyl and halogen subs t i t u t ed  
alcohols,  and using both the Hansch and Free-Wilson approaches, Lawrence, 
Bass, Purcell  , and A ~ t i a n ~ ~  determined the s t ruc tu re - tox ic i ty  require- 
ments f o r  e s t e r s  of  a c r y l i c  and methacrylic acids i n  mice. The l a t t e r  
report ,  which found t h a t  t he  charge on the carbonyl carbon and log P were 
important i n  determining the tox ic  response, i s  important i n  view of  t he  
usefulness of t he  agents studied as monomers i n  the manufacture of poly- 
meric dental  supplies.  Other invest igat ions using the Hansch a 
have ap eared which include s tud ie s  of antihypertensive a ents,  

matory agents ,54 and bronchodilaters.  54a 
agents ,50 sS1 s 5 1 a  protein bindingDS2 general anesthet ics ,  55 antiinflam- 

Free-Wilson De Novo Model - The most important information t o  be gained 
from a Free-Wilson analysis  is  the r e l a t i v e  rank o f  subst i tuent  group 
contributions t o  a c t i v i t y  a t  each posi t ion.  
aspects of  i n t e rp re t a t ion ,  and s t a t i s t i c a l  requirements f o r  i ts  use a re  
t o  be found i n  a report  by Craig.S5 
contributions t o  ant imalar ia l  a c t i v i t y  of a s e r i e s  of sixty-nine 2-phenyl- 
quinoline-4-carbinols (111) were assessed by Craig.56 
subst i tuents  were found t o  be R 1  = 6-methyl-2-piperidylD R3 = methoxy, 
R4 = iodo, and R6 = R7 = R8 = tr if luoromethyl.  
support the a d d i t i v i t y  concept assumed by t h e  Free-Wilson approach. 
attempt t o  analyze the data  i n  terms o f  the Hansch multiparameter approach 
was unsuccessful. 56 

The methods of  appl icat ion,  

Using t h i s  approach t h e  subst i tuent  

The most e f f ec t ive  

The r e s u l t s  s i g n i f i c a n t l y  
An 

The r e l a t i v e  contribution of subst i tuents  toward t h e  antihyperten- 
s ive  a c t i v i t y  f o r  a s e r i e s  of 2g-lD2,4-benzothiadiazine 1,l-dioxides (IV) 
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were determined by Tinland, Decoret, and Baden.57 
posi t ion 8 made l i t t l e  contribution t o  a c t i v i t y  while R3 = A3-cylopent- 
enyl, R5 = bromo, and Rg = R7 = trifluoromethyl made t h e  greatest  
contributions t o  a c t i v i t y  i n  the  respect ive posi t ions.  

Substi tuents i n  

The o r ig ina l  

HC OH 

I11 I V  

report4' of the antihypertensive a c t i v i t i e s  were accompanied by a Hansch 
analysis which showed a marked dependency of  a c t i v i t y  on the IT values of 
subst i tuents  i n  posi t ions 6 and 7. 
posit ions 6 and 7 ,  t h e  tr if luoromethyl group was the  most l ipophi l ic58 
with the exception of I T R ~ = I  = 1.32 VS ITR7,CF3 = 1 .22 .  The Free-Wilson 
analysis ,  therefore ,  corroborates the analysis  of Topliss and Y ~ d i s . ~ ~  

uantum Mechanical Approaches - This approach t o  drug design has been 
:ermed quantum pharmacology by Cammarata.4*4a I t  is i n  i t s  e a r l y  s tages  of 
development and as p rac t i ca l  r e s t r i c t i o n s  a re  being overcome the  method 
i s  becoming more applicable.  Most applications t o  problems o f  i n t e r e s t  
t o  the pharmacologist and medicinal chemist can be categorized i n t o  two 
general areas:  calculat ing parameters which can be used as indices of 
chemical and physical propert ies  of  pharmacological agents, and 2) deter-  
mining preferred conformations o f  medicinal agents. 

For t h e  subst i tuents  present i n  

1) 

In t h e  former case indices such a s  superdelocal izabi l i ty ,  t h e  
energies of  t he  highest  occupied molecular o r b i t a l  (HOMO) o r  lowest 
unoccupied molecular o r b i t a l  (LUMO) , o r  charge dens i t i e s  a t  p a r t i c u l a r  
s i t e s  a re  calculated.  These indices a re  then used as independent 
variables i n  conjunction with regression techniques i n  order t o  determine 
changes i n  a c t i v i t y  as a function of changes i n  the e 
medicinal agents. I t  has been pointed out by Andrews" t h a t  care must be 
exercised i n  using indices obtained by various quantum mechanical methods 
and he has suggested t h a t  CND0/2 and -- ab i n i t i o  methods a re  probably 
adequate f o r  predict ing q u a l i t a t i v e  charge var ia t ions i n  atoms separated 
by as many as th ree  bonds from a molecular modification while EHT methods 
of  calculat ion of charge var ia t ions may be inadequate. 

c t ron ic  nature  of 

Using t h i s  approach Millner and Purcel160 determined the change i n  
net charge dens i t i e s  on quaternary nitrogen, carbonyl carbon, and carbonyl 
oxygen i n  a series of  9 butyrylcholinesterase inh ib i to r s  of s t ruc tu re  V 
where R = NHCOR1, o r  CONR2R3. 
inh ib i to ry  potency on the charge dens i t i e s  calculated.  
i n  agreement with e a r l i e r  findings61 t h a t  inhibi tory potency was dependent 
upon the  l i poph i l i c  nature  of R.  

There was found t o  be no dependence i n  
The r e s u l t s  were 



319 .- Chap. 32 Structure-Activity Relationships Dunn 

Applications of  t h e  l a t t e r  type are  exemplified i n  the receptor 
mapping technique of Kier8 who has determiped the  preferred conformations 
of sweetening agents .62 Schallenberger and A ~ r e e ~ ~  have proposed a 
receptor which w i l l  accommodate sweet molecules. 
an electronegative atom B and a polar izable  A-H group. 
is  found t o  be 2.5 - 4.0 A i n  sweet molecules, From calculat ions of 
preferred conformations of known sweetening agents a t h i r d  s t r u c t u r a l  
featut?  capable of charge transfer o r  dispersion bonding has been pro- 
posed 
Because of i n t e r e s t  i n  a r t i f i c i a l  sweeteners t h i s  proposal w i l l  surely 
receive a t t en t ion .  

This model cons i s t s  of 
The A-B dis tance 

and i ts  posi t ion r e l a t i v e  t o  the  B and A-H centers is given below. 

V 

A recent evaluation of t h e  receptor mapping technique f a i l e d  t o  
y i e ld  an agent which would block oxotremorine induced tremors. 64 

Other molecular systems of biological  importance on which computa- 
t i ona l  s tud ie s  were performed are acetylcholine and i t s  a onists,muscarine 
and nicotine65 prostaglandin E l  ,66 g a s t r i n  tetrapeptide.69 and phenethyl- 
mines .68 
preferred conformations of 9 phenethylamines68 suggested possible  features  
of t h e i r  receptor, and fu r the r  studies6g of sympatholytic agents containing 
the  C ~ H S - X - C H ~ N H ,  grouping (X-0-CH2, -NHCH2, -0-) suggest t h a t  only those 
drugs with X = -0-CH2 w i l l  e x i s t  i n  a conformation similar t o  t h e  phen- 
ethylamines. 69 

An evaluation of  interatomic dis tances  calculated from t h e  
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Chapter 33. Metal Carbonyls as Reagents and Intermediates for 
Organic Synthesis 

Howard Alper, Department of Chemistry, 
State University of New York at Binghamton, Binghamton, New York 

Introduction - The past twenty years have witnessed an increased aware- 
ness of tly3importance of transition metal organic compounds in chemical 
research. The major part of this research has been concerned with the 
utilization of these compounds as stoichiometric reagents for organic 
synthesis. This chapter reviews the recent organic chemistry of trans- 
ition metal carbonyls, a class of organometallics important as reagents 
and as intermediates for organic synthesis. The outstanding chapter by 
Calderazzo, Ercoli, and Natta in Wender and Pino's book on "Organic Syn- 
theses via Metal Carbonyls" is recommended as an introduction to the 
structure, synthesis, and chemical reactivity of metal carbonyls. Sev- 
eral reviews dealing in whole, or in part, with metal carbonyls as re- 
agents exist in the literature. 5- 8 

Metal Carbonyls as Reagents 

~ ~ ~ T - a l k y ~ a l l y l ,  and benzyl halides- to hydrocarbons in-good yields. 
Allylic bromides gave the isomerized as well as the expected products. 

It has been known for some time that allylic bromides react with 
nickel tetracarbonyl [Ni(CO),,I to form T-allylnickel bromide complexes 
(e.g., A), which, in turn, can be coupled with the same or with a dif- 
ferent bromide (or iodide) to give simple or functionalized alkenes. 
This reaction sequence has recently been applied to the synthesis of 
monoterpene derivatives, including geranyl acetate. ' 
halide intermediate need not be isolated in certain instances, e.g., 
treatment of ethyl a-bromomethylacrylate with Ni(CO), gave 2 in 70% 
yield, ' T-Allylnickel bromide complexes have been used in two dif- 

The T-allylnickel 

COOC 2H5 
1 

BrCH,C=CH 

1 - 0 0 n II 
C,H,OCCCH,CH CCOC,H, 

It II 
CH2 a, 2 - 

ferent preparations of Coenzyme Q'. l 1  " 
coupling of an appropriate allylic dibromide by Ni(C0) 
pyrrolidone to form a macrocyclic lactone has been communicated and shows 
promise as a new approach to theee important compounds. ' 

~n example of intramolecular 
in N-methyl- 
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Dicobalt octacarbonyl [Co,(CO),J is a useful reagent for converting 

geminal and vicinal-dihalides to alkenee . I4 

[Fe(CO) 5]1 for effecting the same transformations had been described 
earlier. 

The use of iron pentacarbonyl 

Mono or dihalogenomethyls can be obtainef,when polyhalogenomethyls 
are treated with Ni(CO), in tetrahydrofuran. 
the preeence of monohalides (z+i) and haf6been used in a new, stereo- The reaction can occur in 

selective synthesis of augar derivatives. ~ 1 7  

0 0 

- 3 - 4, 62% 
Reaction of Fe(C0)s with various aryl and alkyl a-bromo (lo, 2" ,  or 

3') ketones in hot 1,2-dimethoxyethanc, and subsequent aqueous work-up, 
generally gives the coupled 1,4-diketones and reduced monoketones in good 
yields (@-epoxy ketones are sometimes formed. a-Deuttrio ketones are 

COCH 2 Br 

m 4J 
63% 

4J 
30% 

formed when the reaction is worked up using D,O instead of H,O. 
metrical 1,Gdiketones can be prepared by first isolating the intermediate 
organoiton bromide [from cGbromo ketone and diiron enneacarbonyl 
(Fe2(CO),) at room temperature] and then reacting the latter with a dif- 
ferent Ctbromo ketone in the presence of Fe(CO),. The mechanism of this 
reaction is apparently similar to that of other useful coupling reactions 
effected by5Pe(CO)5 including the synthesis of alkenes from- or gem- 
dihalides,lg and the preparation of thiolsulfonate esters from sulfonyl 
chlorides. Two convenient disulfide syntheses, one from sulfonyl chlo- 
rides and group VI metal carbonyls [M(CO),, M = Cr, Mo, WIp2O and the 
other from sulfenyl halides and Cr(CO),, Fe(CO)5, or NI(C0)4,21 may also 
occur by a pathway similar to that for the wbromo ketone-Fe(CO)5 re- 
action. 

of 1,3-dienes2, or enamines2 ' represents an elegant approach to 4-cyclo- 
heptenones and 2-cyclopentenones, respectively. 
similar to that described for the a-bromo ketone-Fe(C0) 
been proposed for these cyclization reactions. 

Unsym- 

The reaction of a,a'-dibromo ketones with Fe, (CO) in the presence 

A mechanism, initially 
reaction, has 
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BrOBr 
I Ill Fe, (CO) CH 3 CHCCHCH 3 + 

Fe, (CO) ,C6H6, 25 

3 100% 

0 

77% 

Biphthalidylidene has been isolated in 23% yield from the interesting 
reaction of ptthaloyl dichloride with sodium tetracarbonylferrate (-11) 

---- 11. Carbonylation ----- ------ - In 1970, Cookep6 reported that primary (but not 
benzylic) bromides and a secondary bromide could be converted into alde- 
hydes (50-993) using Na2Fe(CO) ,, and triphenylphosphine in tetrahydrofuran. 
Complementing this reaction is the preparation of aromatic aldehydes in 
24-65% yields when Fe(C0) was rapidly added to a dilutep7ther solution 
of an aryl lithium at -60 (followed by acidic work-up). The inter- 
mediate acyl tetracarbonylferrate (in situ) of the last reaction can also 
be generated by reaction of an acid chloride with N@Fe(C0)4 in tetra- 
hydrofuran. 2$cidification gave aldehydes (aliphatic and aromatic) in 
good yields. 

~Na2Fe(CO),l. 

ir 

Of greater potential than the Na2Fe(CO)4 mediated conversion of 
bromides to aldehydes is the synthesis of ketones by ca$konylation of 
bromides, iodides, or tosylates using the same reagent. This stereo- 
specific reaction can be executed in a number of ways including treatment 
of the dianion successively with two different halides to form unsym- 
metrical ketones, 
of an alkyl tetracarbonylferrate (0) [from N%Fe(C0)4 and halide or ' 
tosylate] , 3 0  * 3 1  carbonylation t o  the acyl tetracarbonylferrate, followed 
by treatment with a different halide. 
sequence was previously reported by other workers. 

The latter can also be produced by initial generation 

The last step of the reaction 

n-CS HI 3 n-C6 H1 3 
I I 

I 
CH 3 -CH 

CH,-C=O 

C H 3  CH 
I 
OTs 

s- (+I R- (-1 

High yields of ketones were obtained by carbonylation of aryl mer- 
curic chlorides or bromides using Cop (CO) 8 in tetrahydrofuran, 
Ni(C0) in N,N-dimethylf~rmamide.~~ These reactions can be applied with 
moderate success to alkyl mercuric halides. 

or 
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Olefins can undergo stoichiometric hydroformylation with cobalt 

tetracarb!?;&,hydride in non-polar solvents to give aldehydes and 
co, (CO) 8 Markovnikov addition to unsymmetrical alkenes is gen- 
erally the predominant process, resulting in the formation of branched 
chain aldehydes. The straight chain aldehyde is occasionally favored 
when the reaction is effected under one atmosphere of carbon monoxide. 
The catalytic hydj~f~~mylation reaction has been investigated in con- 
siderable detail. 

Irradiation of equimolar quantities of vinyl cyclopropanes and 
Fe(CO), [or Fe,(CO)s] in benzene or hexane solutlgn results in a novel 
1.5-carbonyl insertion to give 2-cyclohexenones. Another carbonyla- 
tion-cyclization process takes place when a mixture of dithenylketene 
and diary1 acetylene is reacted with Fe(CO)5 or Ni(C0)4. 3-Cyclo- 
pentene-l,bdiones or 4-cyclopentene-1,3-diones were the major reaction 
products, subject to the nature of the metal carbonyl reagent. 
ly, alkynes react with benzyl bromide or B-bromostyrene and Ni(CO), to 
form dimers of y-but-2-enolactones in 30-65% yield. 41 

Similar- 

Iron pentacarbonyl can effect carbonyl insertion by reaction with 
aliphatic and cycloalkyl nitro compounds in dry diglyme at 120-132' to 
give formamides and ureas in modest yields.42 The same reagent can con- 
vert non-aromatic nitrosamines to tetrasubstituted ureas (and formamides 
as by-products). 43'44 

111. Reduction - The double bond of a,@-unsaturated carbonyls and --------------- 
nitriles can be selectively hydrogenated by hydridoiron carbonyl com- 
plexes, which were generated in situ by reaction of Fe(CO), with a small 
quantity of base in moist s 0 1 z n z 5  The stereochemistry of the re- 
action varies. 

Iron pentacarbonyl is a useful reagent for deoxygenating amine oxides, 
azoxy benzenes, nitrones , 
effecting reductive coupling of aromatic nitro compounds to azo, azoxy 
compounds and/or amines, the nature of the product(s) subject to reagent 
concentration, and the substitution pattern in the benzene ring. Simple 
aromatic nitroso compounds react with Fe(C0)s to form azobenzenes while 
the latter, amines and/or benzoquinones are possible products when a 
nitrosophenol was the organic reactant. Treatment of aromatic nitro- 
samines with Fe(CO), or Mo(CO), results in the formation of secondary 
amines in high yields [Cr(CO), and W(CO), were less effective reagents]4.w4 

The hydridoundecacarbonyltriferrate anion [me, (CO);,] , generated 
It specifically 

A carbon- 

and sulf oxides. " It is also important for 

-7 in situ from triiron dodecacarbonyl [Fe,(C0)12] and methanol, is a 
promising new hydride reagent for organic synthesis. 
reduces aromatic nitro compounds to amines in the presence of function- 
alities such as NH,, COOR, OH, ketone, halide, or amide.47 
nitrogen double bond of a heterocyclic diazine or of Schiff bases con be 

4a easily reduced using this reagent. 
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IV. Miscellaneous - Iron carbonyls react with benzylidene and ------------------ 
alkylidene phosphoranes (phosphorus ylids) in refluxing tetrahydrofuran 
to give stilbenes in low to moderate yields.49 
ed from reactions of Fe(C0)s with phenacylidene phosphorus, nitrogen, or 
sulfur ylids. 
bonates, 
stereospecificity. 

1,bDiketones were isolat- 

Olefins can also be obtained from Fe(C0)S and thionacar- 
Yields range from 10.5-79.1% and the reaction displays little 

Maleic anhydride-iron tetracarbonyl is a useful reagent for protein 
modification. 

Metal Carbonyls as Intermediates for Organic Syntheses 

----------L---- Olefin I. Alkyne .......................... and Arene Metal Carbonxl ----- Complexes ----- - A poten- 
tially important new route to optically active amino acids has been 
described. 5 2  
beneyliminoglyoxalate, obtained by treatment of the ligand Schiff base 
with Fea(CO)g, was converted to D-(+)-phenylalanine (77xI optical purity, 
53% yield) by reaction with benzyl bromide, and subsequent hydrogenation. 

The iron tetracarbonyl complex of L-(+)ethyl a-methyl- 

Stereospecific deoxygenation of epoxides to olefins [retention of 
configuration] can be accomplished by use of sodium (cyclopentadienyl) 
dicarbonyl ferrate as the reagent.” Sodium iodide was used to liberate 
the olefin from the intermediate olefin(cyclopentadieny1)iron dicarbonyl 
cation. 

Transoid steroid dienes can be isomerized to the thermodynamically 
less stable homoannular cisoid isomers 9 diene-iron tricarbonyl com- 
plexes. Reaction of the pentadienyl iron tricarbonyl cation derived 
from cholesta-1,3-diene or cholesta-2,4-diene, with nucleophiles followed 
by oxidative cleavage gives cholesta-1,3,5-triene. 5 5  Hydroboration of 
the uncomplexed double bond of acyclic or cyclic triene-iron tricarbonyl 
complexes and subsequent oxidation gives good yields of unsaturated 
alcohols difficult to synthesize by other routes. 56 

Fe 

LFeC1, 

CH3 
B2H6 

CH3 2. OH-, H202 Fe 
(CO) 3 (CO) 3 
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A simple preparation of cyclobutadienopleiadene, and a dimethylene 

cyclobutene, from cyclobutadiene-iron tricarbonyl has been c~mmunicated.~~ 
Also reported is the conversion of cycloheptatrienes to azulenes 
heptafulvene-chromium tricarbonyl . 

Phenylmethylidynetricobalt nonacrbonyls [ArCCo 3 (CO) 9 1 undergo 
Friedel-Craf ts acylation at the pera-position. 5 9  

ion gives 4-keto benzoic acids. 
cobalt nonacarbonyls suggests the development of reactions useful for 
organic synthesis. '6 Acetylenes react with C02 (CO) 8 to f o m  acetylene 
dicobalt hexacarbonyl complexes. Complexes derived from diarylacetylenes 
(e.g., diphenylacetylene) also undergo Friedel-Craf ts acylation at the 
=-position, and on oxidative cleavage, give the substituted acetylenes 
in reasonable yields.59 
traceptives is the use of the dicobalt hexacarbonyl moiety as a pro- 
tecting group for an alkyne function in a steroid while effecting various 
manipulations on a double bond present in the same molecule. 

Oxidation with ceric 
New chemistry of other alkylidynetri- 

Of particular interest in the area of oral con- 

62 

Treatment of readily prepared arene mangenese tricarbonyl cations 
with cyanide ion, followed by oxidative cleavage, results in the conver- 
sion of arenes to nitriles in good yield.63 

11. Carbonyl Carbene Com AeEE! - Group VI metal carbonyl carbene 
complexes prepared from kflCof6Tbf - Cr, Mo, W and organolithium rea- 
gents, 64  " react with a,&unsaturated estersi6 and ethers6 in stereo- 
specific fashion to give cyclopropane derivatives (along with other 
products) and with alkylidenetriphenylphosphoranes in ether at room tem- 
perature to form ethers in high yields (Wittig type reaction).68 
synthesis of 2-pyrones has been achieved by initial reaction of cyclo- 
propylidene chromium or molybdenum pentacarbonyl carbene complexes with 
pyridinium ylids to form pyran-2-ylidene carbene carbonyl complexes. 
latter were converted to 2-pyrones by treatment with lead tetraacetate. 
The anion, formed by removal of a proton on a carbon atom adjacent to the 
metal-carbon double bond of a carbonyl carbene complex, can undergo con- 
densation with aldehydes or methylation with methyl fluorosulfonate. '' 

Hydrogen transfer from nitrogen to carbon has been observed in the 
reaction of secondary amino(pheny1)carbene chromium pentacarbonyl com- 
plexes with excess pyridine. Schiff bases were obtained in good yield 
by this route. 

----------- ---------- -- 

A novel 

4: 

7 1  

------ 
known whereby a metal atom $$places a hydrogen attached to an ortho- 
position of a benzene ring, The nitrogen-donor cobalt tricarbonyl 
complex 2 [from azobenzene and Co 2(CO) 
to give the 2-quinolone (5) in good yield and a cobalt complex 1. 73 
Should this reaction prove to be a general one, it would constitute a 
simple route to 2-quinolones. Carbonylation of 2 in methanol gave 2- 

reacts with hexafluoro-2-butyne 
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q-!, CF,CECCF docF3 + Cl9HgCoF6N2O3 

co C6H5 MIC6H5 
(CO) 3 

- 5 - 6, 65% - 7, 25% 

carbomethoxyhydrazobenzene in low yield, 
obtained in 48% yield by ferric chloride treatment of the ortho- 
metallated complex derived from N-benzylideneaniline and Fez (CO) 9 .  'Is 

similar conversion of the anil of 2-naphthaldehyde to l-oxo-2-phenylbenz- 
[ f ] ieoindoline has been described. 7 6  

N-Phenylphthalimidine was 

A 

Thiobenzophenones react with Fez (CO) 9 in benzene at room tempera- 
ture to give sulfur-donor ligand ortho-metallated complexes (of type g) 
in good-excellent yields. ' Irradiation of these air-s table complexes 
in ethanol or treatment with ceric ion gives thiolactones (3) in 58-81% 
yield, thus providing a simple (two-step) entry into the isobenzothio- 
phene ring system. 7 0  

R P 

R R 



329 Chap. 33 Metal Carbonyls Alper - 

1. 

2. 

3. 

4. 

5. 
6. 
7. 
8. 
9. 
10. 

11. 
12. 

13. 
14. 
15. 
16. 

17. 

18. 
19. 
20. 
21. 
22. 

23. 

24. 

25. 

26. 
27. 

28. 

29. 

30. 

References 

M.L.H. Green, "Organometallic Compounds, The Transition Elements", 
Volume 2, Metheun and Co. Ltd., London, 1968. 
R. B. King, "Transition-Metal Organometallic Chemistry", Academic 
Press, New York, 1969. 
For a guide to the literature of transition metal organic chemistry 
from 1950-1970, see M.I. Bruce, Adv. Organometal. Chem., l.0, 274 
(1972). 
F. Calderazzo, R. Ercoli, and G. Natta in "Organic Syntheses via Metal 
Carbonyls", Vol. 1, I. Wender and P. Pino, Eds., Wiley-Interscience, 
New York, N.Y., 1968, p. 1. 
M. Ryang, Organometal. Chem. Rev., A, 5, 67 (1970). 
M. Ryang and S. Tsutsumi, Synthesis, 55 (1971). 
E.W. Abel and F.G.A. Stone, Quart. Rev., 24, 498 (1970). 
J. Tsuji, Fortschr. Chem. Forsch., 28, 41 (1972). 
B.L. Booth and B.L. Shaw, J. Organometal. Chem., 43, 369 (1972). 
K. Sato, S. Inoue, S. Ota, and Y. Fujita, J. Org. Chem., 37, 462 
(1972) and references cited therein. 
K. Sato, S. Inoue, and R. Yamaguchi, ibid., 37, 1889 (1972). 
L.S. Hegedus, E.L. Waterman, and J. Catlin, J. her. Chem. SOC., 94, 
7155 (1972). 
E.J. Corey and H.A. Kirst, ibid., 94, 667 (1972). 
D. Seyferth and M.D. Millar, J. Organometal. Chem., 38, 373 (1972). 
C.E. Coffey, J. Amer. Chem. SOC., 83, 1623 (1961). 
T. Kunieda, T. Tamura, and T. Takizawa, J.C.S. Chem. Commun., 885 
(1972). 
T. Tamura, T. Kunieda, and T. Takizawa, Tetrahedron Lett., 2219 
(1972). 
H. Alper and E.C.H. Keung, J. Org. Chem., 37, 2566 (1972). 
H. Alper, Tetrahedron Lett., 1239 (1969). 
H. Alper, Angew. Chem. Int. Ed., 4, 677 (1969). 
E. Lindner and B, Vitzthum, ibid., 8, 518 (1969). 
R. Noyori, S. Makino, and H. Takaya, J. Amer. Chem. SOC., 93, 1272 
(1971). 
R. Noyori, K. Yokoyama, S. Makino, and Y. Hayakawa, ibid., 94, 1772 
(1972). 
R. Noyori, Y. Hayakawa, M. Funakura, H. Takaya, S. Murai, R. 
Kobayashi, and S. Tsutsumi, ibid., 94, 7202 (1972). 
T. Mitsudo, Y. Watanabe, M. Tanaka, K. Yamamoto, and Y. Takegami, 
Bull. Chem. SOC. Japan, 45, 305 (1972). 
M. P. Cooke, Jr., J. Amer. Chem. Soc., 92, 6080 (1970). 
M. Ryang, I. Rhee, and S. Tsutsumi, Bull. Chem. Soc. Japan, 37, 341 
(1964). 
Y. Watanabe, T. Mitsudo, M. Tanuka, K. Yamamoto, T. Okajima, and 
Y. Takegami, ibid., 44, 2569 (1971). 
J. P. Collmann, S.R. Winter, and D.R. Clark, J. Amer. Chem. SOC., 94, 
1788 (1972). 
W. 0. Siegl and J.P. Collmann, ibid., 94, 2516 (1972). 

' 



- 3 30 Sec t .  V I  - Topics i n  Chemistry Wiley, Ed. 

31 
32 
33. 

34. 
35. 
36. 
37. 
38. 

39. 

40. 
41. 

42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 

53. 

54. 
55. 
56. 

57. 
58. 

59. 
60. 

61. 

62. 
63. 
64. 
65. 

66. 

J.P. Collmann, J . N .  Cawse, and J.I. Brauman, i b id . ,  94, 5905 (1972). 
Y. Sawa, M. Ryang, and S. Tsutsumi, J. Org. Chem., 35, 4183 (1970). 
D. Seyfer th  and R.J .  Spohn, Trans. N.Y. Acad. S c i . ,  Se r .  11, 33, 
625 (1971) and re ferences  c i t e d  the re in .  
Y. Hi ro ta ,  M. Ryang, and S .  Tsutsumi, Tetrahedron Let t . ,  1531 (1971). 
W. Rupi l ius  and M. Orchin, J.  Org. Chem., 37, 936 (1972). 
M. Orchin and W. Rupi l ius ,  Ca ta lys i s  Reviews, 5, 85 (1972). 
F.E. Paul ik ,  i b i d . ,  a, 49 (1972). 
E.H. Pryde, E.N. Frankel ,  and J . C .  Cowan, J. h e r .  O i l  Chem. SOC., 
- 49, 451 (1972). 
R. Vic tor ,  R. Ben-Shoshan, and S.  Sarel, Tetrahedron L e t t . ,  4253 
(1970). 
K. Kinugasa and T. Agawa, Organometal, Chem. Syn., 1, 427 (1972). 
M. Ryang, Y. Sawa, S.N. Somasundaram, S .  Murai, and S. Tsutsumi, 
J .  Organometal. Chem., 46, 375 (1972). 
H. Alper, Inorg. Chem., ll, 976 (1972). 
H. Alper and J . T .  Edward, Can, J. Chem., 48, 1543 (1970). 
H. Alper, Organornetal. Chem. Syn., L, 69 (1970/1971). 
R. Noyori, I. Umeda, and T. Ishigami, J.  Org. Chem., 37, 1542 (1972). 
H. Alper and E.C.H. Keung, Tetrahedron L e t t . ,  53 (1970). 
J . M .  Landesberg, L. Katz, and C. Olsen, J. Org. Chem., 37, 930 (1972). 
H. Alper, i b id . ,  37, 3972 (1972). 
H. Alper and R.A. Partis, J. Organometal. Chem., 44, 371 (1972). 
J. Daub, V, Trautz ,  and U. Erhardt ,  Tetrahedron Lett . ,  4435 (1972). 
R.W. Giese and B.L. Vallee, J. Amer. Chem, SOC.,  94, 6199 (1972). 
J .Y.  Chenard, D. Commereuc, and Y. Chauvin, J.C.S. Chem. Comun., 
750 (1972). 
W.P. Gier ing,  M. Rosenblum, and J. Tancrede, J. Amer. Chem. SOC.,  94, 
7170 (1972). 
H. Alper and J .T .  Edward, J. Organometal. Chem., l.4, 4 1 1  (1968). 
H. Alper and C.C. Huang, i b i d . ,  50, 213 (1973). 
C.H. Maudlin, E.R. Biehl ,  and P.C. Reeves, Tetrahedron L e t t . ,  2955 
(1972). 
B.W. Roberts and A. Wissner, J. Amer. Chem. SOC., 94, 7168 (1972). 
J.A.S. Howell, B.F.G. Johnson, and J. L e w i s ,  J. Organometal. Chem., - 42, C54 (1972). 
D. Seyfer th  and A.T. Wehman, J. h e r .  Chem. SOC., 92, 5520 (1970). 
J .E .  Hallgren, C.S. Eschbach, and D. Seyfer th ,  i b id . ,  94, 2547 
(1972). 
D. Seyfer th ,  J .E .  Hal lgren,  R . J .  Spohn, A.T. Wehman, and G.H. 
Williams, XXIIIrd I n t e r n a t i o n a l  Congress of Pure and Applied 
Chemistry, Volume 6, Butterworths, London, 1971, p. 133. 
K.M. Nicholas and R. P e t t i t ,  Tetrahedron L e t t . ,  3475 (1971). 
P.J.C. Walker and R. J .  Mawby, J.C.S. Chem. Commun., 330 (1972). 
E.O. Fiecher ,  Pure Applied Chem., 30, 353 (1972). 
D. J. Cardin, B. Cetinkaya, and M.F. Lappert, Chem. Rev., 72, 545 
(1972). 
K.H. Dotz and E.O. F ischer ,  Chem, Ber., 105, 1356 (1972). 



331 Chap. 33 Metal Carbonyls Alper - 

67. 
68. 
69. 
70. 

71. 
72. 
73. 

74. 
75. 

76. 
77. 
78. 

E.O. F i scher  and K.H. Dotz, i b i d . , - m ,  3966 (1972). 
C.P. Casey and T.J. Burkhardt, J. h e r .  Chem. SOC., 94, 6543 (1972). 
C.W. Rees and E. von Angerer, J.C.S. Chem. Commun., 420 (1972). 
C.P. Casey, R.A. Boggs, and R.L. Anderson, J. Amer. Chem. SOC., 94, 
8947 (1972). 
J .A.  Connor and P.D. Rose, J. Organometal. Chem., 46, 329 (1972). 
G.W. P a r s h a l l ,  Accounts Chem. Res., 2, 139 (1970). 
M.I. Bruce, B.L. Boodall, A.D. Redhouse, and F.G.A. Stone, J.C.S. 
Chem. Comun., 1228 (1972). 
R.F. Heck, J. h e r .  Chem. SOC., 90, 313 (1968). 
M.M. Bagga, W.T. Flannigan, G.R. b o x ,  and P.L. Pauson, J. Chem. 
SOC. ( C ) ,  36 (1968). 
W.T. Flannigan, G.R. Knox, and P.L. Pauson, i b i d . ,  2077 (1969). 
H. Alper and A.S.K. Chan, Chem. Comun., 1203 (1971). 
H. Alper and A.S.K. Chan, J. Amer. Chem. SOC., i n  press .  



Chapter 34. Biopharmaceutics and Pharmacokinetics 

Ho-Leung Fung, School of Pharmacy 
State University of New York at Buffalo 

B IOPHARMACEUT I C S 

Bioavailability - The subject of bioavailability has aroused much discus- 
sion among governmental, industrial and various professional groups. A 
conference for the purpose of discussion on the capabilities of bioavaila- 
bility testing and control, as well as the perceived need for public stan- 
dards, was held late in 1971, and the proceedings are now available in a 
text' entitled, "Bioavailability of Drugs." The Food and Drug Administra- 
tion has recently outlined proposed regulations2 which define bioavailabil- 
ity, methods for establishing bioavailability of a drug and general re- 
quirements for establishing bioavailability. The Canadian Health Protec- 
tion Branch of the Department of National Health and Welfare has elected 
to consider as acceptable a bioavailability of 80% or more of a reference 
standard3. This blanket criterion for all drugs was rightly challenged4 
on grounds of individual drug dose-response relationships and the possib- 
ility of capacity limited metabolism. The inappropriateness of classical 
hypothesis testing techniques when applied to comparative bioavailability 
trials was pointed out. 
conf indence intervals was then proposed. Chiou6 and Ritschel' both point- 
ed out the importance of sufficient data collection beyond the absorptive 
phase when areas under the curve are to be used in bioavailability deter- 
minations. 

An alternate statistical treatment utilizing 

The ori inal work on the bioavailability of digoxin tablets by Lind- 
enbaum et al.' stimulated a number of studies on the subject. In that 
report "Lanoxin" tablets were shown to be more bioavailable than other 
brands. On the other hand, Shaw et al.' showed little bioavailability 
difference among these brands. These conflicting results could arise 
from the fact that the two studies utilized different formulations of 
"Lanoxin" which had significantly different dissolution characteristics. 
Huffman and Azarnoff ' showed that "Lanoxin" tablets are 75% bioavailable 
when compared with an oral solution of digoxin which is completely ab- 
sorbed. 
tablet brands of diazepam l 2  

tion of doxycycline hyolate' ', 
among commercial brands were found for tetra~ycline'~ , sulfamethizole' 
and ampicillin". 
not be correlated with dissolution data obtained using the U.S.P. or other 
methods. The biological availability of intact alprenolol" and proprano- - 1ol"were both affected by dose dependent first pass elimination. There 
exists a threshold dose level (approximately 30 mg for both drugs) below 
which the drugs are completely unavailable to the general circulation be- 
cause of complete biotransformation during first pass through the gastro- 
intestinal tract and the liver. 
ionic methylene blue in man, although not in the dog''. 

10 

While little bioavailability differences exist between three 
and between oral E. intravenous administra- 

significant bioavailability differences 

In the last two studies, in vivo differences could 

Extensive absorption was observed for the 
Pfeffer and 
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Schor20 showed that disappearance of isotropine methylbromide in an 2 
vivo intestinal loop of the rat does not reflect circulatory uptake of the 
drug. A significant portion of the drug appears to be reversibly bound to 
the intestinal wall and is not available to the general circulation. Sig- 
nif icant hydrolysis in the gut was shown for propantheline bromide2 ; the 
oral absorption of intact drug was estimated to be less than 50%. Simi- 
larly, only 68X of an oral dose of aspirin reached the peripheral circu- 
lation intact2‘ because of hydrolytic degradation to salicylic acid. 

Effects of Adjuvants on Absorption - Vaidhyanathan2 
considerations which allowed a priori prediction of whether complex for- 
mation will lead to enhancement or reduction of the transport rate of a 
drug across biological membranes. 
plexation with dialkylpropionamides was demonstrated using a modified & 
- situ rat intestine technique which allowed for maintenance of a constant 
concentration of the complexing agent2‘. The absorption of a variety of 
non-steroidal drugs was not affected by N.N-di-n-DrODVlDrODiOn~ide,.even 
though complexation between these drugs and the amide in an organic sol- 
vent, as well as enhanced transfer through an artificial lipoid barrier, 
could be demon~trated~~. Stupak and Batesz6 showed that the fraction of 
the oral dose absorbed in the rat was three times greater with the 1:5 
reserpine-polyvinylpyrrolidone coprecipitate than with either the pure 
drug or the 1:5 reserpine-PW physical mixture. 
data correlated well with in vitro dissolution characteristics. 
a carboxylic acid, was completely orally available. Surprisingly, tablet 
formulations with an extraordinarily long disintegration time or with an 
alkalinizing agent did not alter absorption characteristics2 ’. Increase 
in in situ absorption of guinine and chlorpheniramine with anions28 cannot 
be solely attributed to the partition behavior and surface activity of 
ion-pair complexes. 

presented theoretical 

Increase in steroid absorption by com- 

The in vivo absorption 
Naproxan, 

Adjuvants may have an effect on the tonicity of drug solutions, 
which in turn cause net water flux accompanying drug absorption. 
fahrt and Winne” assumed that different osmolality did not change the 
permeability coefficient and surface area and suggested that water net 
flux influenced absorption of aminopyrine and antipyrine by interaction 
between water and drug molecules within the lipid part of the cell mem- 
brane (solvent drag). 
in the permeability of the membrane to the hypotonic and isotonic sulfa- 
ethidole solutions was observed if suitable corrections for volume and 
surface area changes are made. 
to hypertonic solution was, however, significantly decreased. 

Ochsen- 

Kojima et al.30 showed that no apparent difference 

The apparent permeability of the membrane 

-- Effect of Physical& Chemical Derivatization on Availability - The 
question of as irin polymorphism has not yet been resolved; conflicting 
evidence f ~ r b a g a i n s t ~ ~  the existence of the more absorbable Form I1 
has been presented. The methanesulfonate and chloride salts of ralidox 
- ime, when given on an equimolar basis, gave comparable plasma levels +- 
Oral activity was conferred on carbenicillin when the 5-position is modi- 
fied by forming the indanyl ester, which is absorbed and subsequently 
cleaved by serum and tissue esterases to yield the parent antibiotic3‘ . 
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2.2 1-Anhydro-ara-C3 and 2,2 '-Anhydro-l-B-D-arabinofuranosyl-5-f luorocy- - tosineS8 possess much higher oral activities than their parent compounds 
against intraperitoneally and intracerebrally inoculated mouse leukemia, 
possibly due t o  decreased biotransformation on first pass. A 9 -Tetra- 
hydrocannabinol, which is resinous and insoluble in water and, therefore, 
difficult to study pharmacologically, can be converted t o  bifunctional 
esters which are water soluble37. 

Dru 

- sodium alginate, 
the specialized absorption sites in the small intestine3e. 
chanism can be invoked to rationalize increased absorption of riboflavin 
when co-administered with propantheline" and to explain differences in 
riboflavin absorption in hypothyroid, euthyroid and hyperthyroid child- 
ten4'. 
rate of absorption of pivampicillin and tetracycline in man were observed 
after pretreatment with metoclopramide, which stimulates peristalsisand 
atropine, which has the opposite effect. Increased absorption of amino- 
pyrine when co-administered with barbital is rationalized by neutraliza- 
tion of the inhibitory effect of aminopyrine on gastric emptying4*, Increase 
in pseudoephedrine absorption by concurrent administration of alum- 
inum hydroxide gel" was ascribed t o  an increase in the amount of the more 
absorbable non-ionized form, although pKa considerations indicate very 
little increase in the fraction of non-ionized form. Different dosage 
forms of activated charcoal were found to significantly inhibit the ab- 
sorption of aspirin'*. 
absorption of sodium fusidate in the rat"; prolonged administration of the 
anionic exchange resin to rats also resultedin significantly decreased serum 
- iron, tissue nonheme iron stores and serum vitamin B12 levels associated 
with decreased hematocrit and hemoglobin levels4b. It was possible to a- 
void interference of oral tetracycline absorption by * if the latter is 
administered not less than three hours before or two hours after tetracy- 
cline47. Diphenylhydrantoin was found to inhibit absorption of folic acid48; 
this may explain, at least in part, the association of diphenylhydrantoin 
therapy and folate deficiency. 

Absorption Through Other Routes of Administration - Buccal absorption data 
of substituted phenylacetic and toluic acids have been analyzed quantita- 
tively by using a two-phase compartmental diffusion The polarity 
of the lipoidal buccal membrane appeared to resemble that of isobutanol. 
Solid flakes of pilocarpine alginate deposited in the cul-de-sac of the 
rabbit eye gave prolonged release characteristics when compared with a 
solution containing the same amount of the drug alginate50. Absorption 
of a number of drugs from the rat lung is shown to be much more rapid than 
from the gastro-intestinal tract. Lung absorption data could be explained 
in terms of diffusion of solutes through at least three different popula- 
tions of aqueous membrane pores of various diameterss1. The absorption of 
disodium chromoglycate through the lung is rapid, but most of the inhaled 
dose is swallowed and is not available for absorption from the gastro- 
intestinal tract. About half of the absorbed drug is excreted in the bile. 
Similarly, a majority of an aerosol dose of salbutamol is swallowed5*. 

Interactions Affecting Oral Absorption - The absorption of riboflavirt 
5 TB phosphate was enhanced when co-administered with the highly viscous 

which allowed for prolonged retention of the vitamin at 
This same me- 

Similar, though not as dramatic, results41 with respect to the 

Cholestyramine was found to significantly inhibit 
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However, improvement of lung function after aerosol administered salbut- 
am01 was observed before there were measurable plasma levels of the drug, 
Thus, it appeared that the aerosol acts topically and physiologic effects 
cannot be correlated with blood levels. 
factors affecting percutaneous absorption were reviewedS3. 
cokinetics of several e hedrine analogs after percutaneous and oral admin- 
istrations were c o m p a r h s o r p t  ion through the percutaneous route is 
always slower and did not correlate with the partition coefficient of the 
drug. Intravenously administered emulsions of barbiturates were shown to 
give a more prolonged duration of sleep when compared to aqueous IV sol-  
utions of their sodium saltss5. 
both preparation forms of the ultra-short acting barbiturates, but a slight 
prolongation was noticed with emulsions of the short acting barbituric acids. 

The methods of measuring and 
The pharma- 

The onset of action was immediate for 

PHARMACOKINETICS 

Correlation with Pharmacological Effects - The use of pharmacokinetic par- 
ameters to describe time dependent clinical or pharmacological effects is 
a major achievement of the discipline of pharmacokinetics. Reviews on the 
kinetics of reversible pharmacologic effects in intact animals including 
man5' and in pediatric pharmacology5' have been presented. Utilizing en- 
gineering optimization techniques and computer simulation, Smolen et al?' 
demonstrated the use of time-optimal drug input systems which can theoret- 
ically produce optimum response in the desired pharmacological effect with- 
out exceeding toxic response intensities in other simultaneously occurring 
pharmacological effects. Smolen et al!' also derived mathematical rela- 
tionships between dose, effect, time and biophasic drug levels , which in 
principle would allow for determination of biophasic drug levels from ob- 
served intensities of pharmacological responses. A three-compartmental 
linear model, in which the site of action resides in the central compart- 
ment, has been constructed for d-tubocurarine by Gibaldi et al!' This 
model successfully predicts the pharmacologic effects on various dosage 
regimens and can be used to rationalize the dose-dependent duration of the 
neuromuscular blocking effect of d-tubocurarine in patients with renal 
failure61. Using tubocurarine as an example, these authors showed that 
the rate of decline of pharmacologic effects of drugs with multicompart- 
ment characteristics decreases with increases in dose. This is in contract 
to the dose independent relationship in cases when the drug is eliminated 
monoexponentially62. Jusko6 delineated the dose-ef f ect relationships 
of teratogens through extension of the deterministic approach to the bi- 
molecular and irreversible interaction of chemicals with receptors which 
he previously applied to antineoplastic drugs. 
effect curves, teratogens are classified into two categories, viz.: (i) 
those which have no minimum embryopathic dose and (ii) those which require 
a threshold number of drug-receptor complexes before teratogenic effects 
take place. 

Mathematical Properties of Pharmacokinetic Models and Parameters - Through 
the use of general input and disposition functions, the method of partial 
fractions for solving Laplace transforms, and a multiple-dosing function, 
Benet' 

On the basis of the dose- 

derived extremely useful general mathematical treatments which 



- 336 Sect. VI - Topics in Chemistry Wiley, Ed. 

treatly simplified derivation of equations for any linear mammillary com- 
partment model with any first-or zero-order input process. 
Gibaldi' 
parameters of the two-compartment open model upon a change of magnitude in 
the elimination rate constant (k,l). The theoretical predictions are con- 
sistent with experimental data of (i) reduced benzylpenicillin renal clear 
ance by be e and (ii) several drugs in patients with renal fail- 
ore", m ' 5 d e r i v e d  the mathematics of a physical model for the 
absorption of drugs applicable to situations in which the diffusional flux 
of the drug mi ht be influenced by the bulk fluid flow and surface pH. 
Notari et alm6' pointed out that the absorption rate constant calculated 
from appearance of drug in the blood was an apparent constant which was 
the sum of all individual rate constants for simultaneous first-order loss 
of drug from the absorption site. Using the "first pass" phannacokinetic 
models, Gibaldi and Feldman" examined the influence of route of adminis- 
tration on drug and metabolite levels in the tissue, the percent of dose 
excreted in the urine as unchanged drug and the composition of total 
metabolites in the urine. Pharmacokinetic properties of a number of 
drugs can be predicted by these models. By using area analysis following 
intravenous administration, blood flow information and clearnace concepts, 
Rowland7'derived a mathematical relationship which allows an estimate of 
the availability of a completely absorbed, orally administered drug, which, 
.however, is subjected to "first pass" metabolism. 

Jusko and 
examined the mathematical behavior of various phannacokinetic 

Phannacokinetic Data - During the past year, a large number of papers were 
published which provide useful pharmacokinetic data for various drugs in 
man and other animals. However, it is beyond the scope of this review to 
offer a comprehensive documentation of these papers, and many studies 
which only provide classical pharmacokinetic treatments of specific drugs 
will not be included here. 
and a pharmacokinetic model based onTf low limitation" to successfully pre 
dict plasma concentrations of Ara-C and Ara-U in man following intravenous 
administration of the parent compound. 
that when drugs are eliminated by parallel first order and Michaelis-Men- 
ten kinetics, such as in the case of the salicylates, the ratio of plateau 
level to dose increases with increasing dose. This might be the cause of 
adverse and toxic effects of these drugs during chronic therapy. DiSanto 
and Wagner73 showed that plasma and tissue level data for methylene blue 
in a dog appeared to be better fitted with a nonlinear heterogeneous, one- 
compartment open model than with a classical linear two-compartment open 
model. Through simulated data, the same  author^'^ cautioned that due to 
limitation of assay sensitivity, data which were derived from a non-linear 
tissue binding model might, however, be erroneously assigned to the class$ 
cal linear two-compartment open model. A consectBve first order absorption 
(dissolution and/or stomach emptying followed by transfer of drug across 
the gastro-intestinal membrane) two-compartment open model has been pro- 
posed75 for propoxyphene. One of the two first order absoaption constants 
could well be ascribed to the established first pass effect of the drug.76 

Dedrick et &?' used & vitro metabolic data 

Tsuchiya and Levy72 pointed out 

Distribution - Various studies on the distribution of drug from plasma to 
the target tissue area have been reported. The stratum corneum was shown 
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to be a readily accessable compartment for griseofulvin, which accumulates 
rapidly in the skin after oral administration, and falls off more rapidly 
in skin than in blood upon discontinuation. 
fulvin into skin is somewhat dependent on the climatic environment 
Isosorbide administered orally 
where the drug is more rapidly eliminated than in plasma7'. 
of ampicillin and cloxacillin into synovial fluid was rapid following oral 
administration of the antibiotics. The total level of cloxacillin (highly 
protein bound) in synovial fluid was much lower than that in serum, al- 
though the levels of free drug were similar in both fluids. Total levels 
of ampicillin in the two fluids were similar because the drug is not high- 
ly protein bound7'. 
centrations in saliva were proportional to those in plasma after oral ad- 
ministration of aspirin, and that salicylic & had similar half-lives in 
both fluids. This study suggested that measurement of salivary concentra- 
tione of salicylic acid may be useful in biopharmaceutical studies of 
aspirin and other salicylates. 

The distribution of g$+seo- . 
to rabbits also rapidly enters the eye 

Distribution 

Graham and Rowland" found that salicylic & con- 

Metabolism - There were two very important contributions toward the under- 
standing of metabolism in relation to pharmacokinetics in the past year. 
Wan et al?' showed that the kidney makes an appreciable contribution to 
the total body metabolism of benzoic &, salicylic & and p-aminoben- -- zoic acid in animals. The renal contribution toward overall metabolism 
was quantitated by the utilization of apparent clearances and true renal 
clearances of the metabolites. Levy and coworkers82 showed that hydro- 
xylated metabolites of diphenylhydantoin and phenylbutazone inhibit the 
elimination of their parent drugs in the rat. 
mechanism may be operative in the dose-dependent elimination kinetics of 
drugs where the rate of decrease of drug concentrations at a given plasma 
concentration in the post-distributive phase decreases with increasing 
dose. 
been described. Pretreatment with MK-486, a peripheral decarboxylase in- 
hibitor, decreases the elimination of L-dopae 3 ,  thereby increases patient 
peak plasma dopa levels three-fold, while simultaneously decreasing over- 
all excretion and urinary levels of dopamine and homovanillic &. Oral 
contraceptive use was found to decrease serum folic acid and vitamin BIZ. 
levels'", prolong the plasma half-life of antipyrine, but not that of 
phenylbutazone ' 5  A transient enhancement of warfarin-induced hypopro- 
thrombinemia by triclofos was observed, which can be accounted for by a 
displacement of warfarin from human albumin by trichloroacetic &, a 
metabolite of triclofose6. Champion et al?7 showed that aspirin does 
not alter indomethacin phannacokinetics in man, thus providing negative 
evidence for a previously reported drug interaction between the two drugs. 

This product inhibition 

Various drug interactions in which metabolism is affected have also 

Effects of Physiologic & Pathological Factors on Elimination - Water 
loading was shown to increase the fraction of drug excreted free and the 
apparent renal clearance of sulfamethazine, sulfisomidine and sulfathia;; - zole. 
Lower plasma 
than in c o n t r e s s i b l y  due to increased metabolism of the drug in 
the gastrointestinal tract or during first pass through the liver. The 

The metabolic clearance of these drugs, however, was unaffected" . 
henacetin concentrations were found in cigarette smokers 
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metabolism of salicylamide in volunteers during episodes of pyrogen-in- 
duced fever shows a significant reduction in the half-life of excretion 
of metabolites and alteration in the proportion of metabolites excretedg0. 
Elimination of chloramphenicol in patients with liver cirrhosis correlated 
well with serum albumin and serum bilirubin concentratione but not with 
prothrombin activityg1 (all three parameters are biochemical tests indi- 
cative of extent of hepatic cirrhosis). 
however, does not correlate with any of these tests. 
compensatory elimination of propranolol metabolites is achieved by a 
higher faecal excretiong2. Increase in serum half-life of chlorpropamide 
is not proportional to the reduction of glomerular filtration rate but is 
related to the urinary clearance of the drug, which takes place mainly at 
the renal tubulesg '. 

Elimination of thiamphenicol, 
In renal failure, 

Biliary Excretion - Studies on the biliary excretion of lidocaineg 
epironolactone' and riboflaving6were reported. Dunn and Beck'? s owed 

related hyperbolically, the total amount of drug excreted per unit'time is 
linearly related to bile flow. 
cited clinical effects which subsided after two hours to be followed by 
recurrence at about six hours. 
in plasma level of the drug, probably due to enterohepatic cycling, and 
is supplimented by a slow build-up of an active metaboliteg8. The effects 
of drug metabolism inducers and inhibitors on the biliary excretion of 
3-methylcholanthrene and its metabolites were studied, and it was conclud- 
ed that metabolism is the rate-limiting step in the biliary excretion of 
the parent drugg9. Hirom et al, l o o  showed that there is a species depend- 
ent threshold molecular weight for appreciable biliary excretion of anions 
Similarly, biliary excretion of sulfonamides' 
lecular weight, although the extent of excretion above this threshold is 
not directly proportional to molecular weight. 

that while the bile concentration and the blood level of Telepaqu i are 
Intravenously administered diazepam eli- 

This recurrence is matched by an increase 

requires a threshold mo- 
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COMPOUND NAME AND CODE NUMBER INDEX 

4261 CB (tetrazepam), 37 
60-389a, 12 
61-425, 12 

A-31960, 45 
Abbott 29590, 219 
3-acetamido-6-methyl-8-n-propyl- 

8-acetamidoperathiepine, 2 
2-acetamidothiazole, 57 
2-acetoxy-4'-chloro-3,5-diiodo- 

benzanilide (dioxamide), 145 
17a-acetoxy-6-fluoro-l~,2~- 

methylene-9f3,1Oa-pregna-4,6- 
diene-3,20-dione, 194 

17a-acetoxy-6-fluoro-16-methylene- 
9B,lOa-pregna-4,6-diene-3,20- 
dione, 194 

s-triazole, 276 

acetylcholine, 86, 319 
acetylcholines terase, 317 
N-acetyldaunomycin, 254 
acetyladr iamycin , 254 
3-acetylpyridine, 229 
acrolein, 238 
actinomycin, 151 
actinomycin D, 128, 131 
2-acylimino-5-nitro-N-acyl-4- 

thiazoline-3-acetamide9 144 
1-8-2-arabinofuranosyl-pyrimidine 

3',5'-cyclic phosphate, 229 
adenylate cyclase, 274, 275, 277 
adriamycin, 128, 131, 254 
AH 5158, 
AHR-2666 6-(N-methylcarbamoy1)- 

3-(m-chlorophenoxy) - 
pyrrolidine) , 39 

AHR-2776 CN-ethyl-3-(m-trifluoro- 
methylpheny1)-1-pyrrolidine 
carboxamide) , 39 

alcohol dehydrogenase, 317 
aletamine, 3 
6-alkoxycrotonic esters, 146 
alkylimidazopyridyl carbamates, 145 
17a-allenyl-19-norandros t-4- 

en-176-01-3-one, 194 
aloxiprin, 217 
alprenolol (H 56/28), 7, 53, 64, 

333 

AlthesinB (CT 1341), 35 
alytesin, 95 
ambenoxan, 38 
amedalin, 2 
amicarbalide diisothionate, 145 
4-amidinophenyl pyruvic acid, 77 
amiloride (MK-870), 83, 85, 88 
2-aminoadenosine, 7 5 
o-aminoalkylbenzhydrols, 44 
p-aminobenzoic acid, 337 
2-amino-5-bromobenzoylpyridine, 5 
y-aminobutyric acid (GABA) , 38 
2-amino-6-hydroxyaminopurine 

3-amino-2-oxazolidinone, 55 
3-amino-2-phenylpropiophenones, 5 
aminopyrine, 333, 334 
2-amino-quinazoline antifolates, 

aminorex, 46 
amoxycillin, 109 
amphetamine, 42, 43, 44, 45, 46, 

amphotericin B, 86, 116, 117, 123 
ampicillin, 332, 337 
angiotensin, 56 
2,2-anhydro-l-8-D-arabino- 

2,2'-anhydro-ara-C, 334 
2-anilinobenzothiazoles, basic 

ethers, 14 
2-anilinobenzoxazoles, basic 

ethers, 14 
anniatin B, 295 
antibiotic K16, 142 
antihistamines, 280 
antimycin, 121 
antipyrine, 333, 337 

ara-C (cytarabine) , 128, 336 
ara-U, 336 
arnebin, 136 
arvin, 77 
l-aryl-7-azaindole-3a-piperidine 

N-aryl-1,5-benzodiazepinones, 5 
arylsulfonylpyrazoles N-substituted, 

riboside, 75 

14 2 

235 

furanosyl-5-fluorocytosine, 334 

AP-237, 25 

methanol, 142 

145 
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aspirin, 73, 74, 278, 333, 334, 

ascorbic acid, 220 

Atabrin& hydrochloride 

ATP, 274 
ATPase, 277 
atropine, 278, 279, 280, 334 

axenomycin, 256 

AY-22093 (11-deoxyprostaglandin El), 

337, 338 

2-AT-1, 66 

(quinacrine hydrochloride), 166 

AU-15'1129, 2 

AY-8794, 101 

96 
AY-22,214, 3 
Az-55, 54 
5-azacytidineS 130 
azaindoles, 145 
azathioprine (ImuraB) , 162 
6-azauridineS 128 
azidocillin, 109 

baclofen (Ciba 34647-Ba), 38 
barbital, 334 
barbiturates, 335 
BAYa 1040 (nifedipine), 57, 69 
BAY 2502 (3-methyl-4-(5'-nitro- 

furfury1ideneamino)tetrahydro- 
4H-1,4-thiazine-l,l-dioxide),l43 

BAYa 6781, 52 
Baymix@ (0,0-diethyl-0-(3-chloro- 

4-methyl-2H-l-benzopyran-7- 
yl) phosphorothionate) , 145 

BB-K 8, 106 
BC-2605, 20, 21, 22 
BCNU (carmustine), 128, 129, 130 
beclomethasone, 27 7 
benlate (methyl 1-(butyl-carbamoy1)- 

2-benzimidazole carbamate), 116 
benorylate, 218 
benzarone, 79 
benzodiazepines, 240 
benzoic acid, 337 
benzopyrene, 235 
benzothiadiazole salicylamides, 

benzphetamine, 42 
benzydamine, 219 

145 

2-benzylaziridine, 5 
1-benzylcyclopropylamines, 44 
benzylpenicillin, 336 
bicyclomycin, 112 
bimetopyrol, 219 
2,2-bipyridine. 99 
dl-bisi&homo-prostaglandin Fp a' 179 
bis(4-methanesulfonoxybutyl)ether, 

bisobrin lactate (EN 1661), 79 
129 

BL-2365, 75, 217 
BL-20803, 166 

BL-S 339, 108 
BL-1322 (cephapirin), 108 

bleomycin, 132, 255, 256 
bombesin, 95 
BPPga (SQ 20,881), 56 
bradykinin, 86, 90 
brinolase , 78 
bromazepam, 5 
8-bromo cyclic AMP, 228 
4'-bromo-2,6-dihydroxybenzanilide 

(terenol) , 145 
BS-7715, 2 
buclizine, 49 
buformin, 78, 79 
bumetanide, 84 
buprenorphine (R&S 6029-M), 21 
burimamide, 97 
busulfan, 128 
butirosin A, 105 
butirosin B, 105 
l-(N-t-butylformimin0)-2-(3- 

indolyl) indoline, 85 , 88 
l-[t-butylimino)methyl]-2-(3- 

indolyl) indoline, 229 
5-butylpicolinic acid (fusaric 

acid), 55 
BX 24 (lauroyl glycyrrhetinic 

acid), 98 

cactinomycin Cp, 255 
cactinomycin Cg, 255, 257 
cadmium, 52 
caerulein, 94, 95 
calcium elenolate, 256 
camptothecin, 134 
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candicidin, 121 
carbamazepine, 239 
1-carbamoylbenzodiazepines, 5 
carbamylcholine, 224, 226 
carbenoxolone, 98 
carbidin, 2 
carmustine (BCNU), 128, 129 
Catapresa (clonidine) , 52 
catecholamines, 274, 275 
cefazolin, 109 
cefoxitin, 106 
cephacetrile (CIBA 36278-Ba), 108 
cephalexin, 108 
cephanone, 109 
cephapirin (BL-P 1322), 108 
cephradine, 108 
cesium, 4 
CG603, 163 
charcoal, activated, 334 
chlorambucil, 128, 129 
chloramphenicol, 338 
chlorcyclizine, 240 
chlorimipramine, 6 
chlorite oxidized amylose (OOAM) , 

chlormerodrin, 88 
c hlo rmez anone, 3 7 
2-chloroadenosine, 226 
p-chloroamphetamine, 46 
1,3-bis- (p-chlorobenzylideneamino) 

guanidine, 144 
tris-(p-chlorobenzylideneamino) 

guanidine, 144 
chlorocanfamide, 99 
2-chlo ro- 2 ' -deoxyadenos ine 

8-anomer, 130 
p-chloromercuribenzoic acid, 79 
a-chloromethyl-2-methyl-5-nitro- 

155 

imidazole ethanol (Ro 7-0207), 
144 

4-chlorophenethylamine, 3 
6-chloro-4-phenyl-2 (1H) quina- 

zolinone, 5 
chloroquine, 141 
chlo ro t hiaz ide, 
chlorphenesin (3-~-chlorophenoxy~ 

chlorpheniramine, 333 

2 29 

1,2-propanediolJ, 137, 163, 280 

chlorphentermine, 42, 46 
chlorpromazine, 224 
chlorpropamide, 240, 338 
cholecalciferol, 199 
5,6-trans-cholecalciferol, 200 
cholecystokinin, 94 
choles tyramine, 334 
chondroitin sulfate, 191 
chylogastrone, 95 
a-chymotrypsin, 317 
Ciba 34647-Ba (baclofen), 38 
CIBA 36278-Ba (dephacetrile), 108 
cinanserin hydrochloride, 

cinerubin, 254 
cinnarizine, 76 
ciprazepam, 5 
clamidoxic acid, 218 
Cleocin phosphate@ (clindamycin 

phosphate, U-28,508), 142 
clindamycin, 110 
clindamycin phosphate (Cleocin 

phosphate@, U-28,508), 142 
clofazimine, 220 
clof ibrate, 187 
clonidine (Cataprefi) , 52 
clorazepate dipotassium, 1, 4 
clortermine, 42 
clotrimazole, 116, 117, 121 
cloxacillin, 337 
clozapine, 2 
COAM (chlorite oxidized amylose, 

coenzyme Q10, 141 
coherin, 95 
combendazole, 144 
congo red, 256 
coralyne, 133 
Co-Rol@ (0,O-diethyl-0- (3-chloro- 

4-methyl-2H-l-benzopyran-7-yl) 
phosphorothionate) , 145 

corticosteroids, 276, 277 
cortisol (hydrocortisone), 276 
cotinine, 236 
coumaphos (O,O-diethyl-0-(3-chloro- 

4-methyl-2H-l-benzopyran-7-yl) 
phosphorothionate) , 145 

(SQ 10643), 162 

155 

coumarins, 76, 77 
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CP14445, 144 

CT 1341 (Althesinq, 35 
p-cyanoaryloxyalkylamines, 44 
cyclazenine, 53 
cyclazocine, 20 
cyclic AMP, 73, 96, 97, 180, 274, 

cyclic GMP, 180, 274, 275, 276 
cyclobenzaprine (MK-130), 39 
cyclocytidine, 130 
cycloheximide, 151 
2-cyclohexylamino-l-phenylethanol, 

cyclohexylamine, 240 
cyclo leucine, 216 
178- (cyclopent-1 '-enyloxy) - 

CS-370, 30 

275, 276 

34 

androsta-lB4-dien-3-one and 
derivatives, 196 

cyclophosphamide (cytoxan) , 128, 
129, 238 

cyproheptadine, 46, 49 
cytarabine (cytosine arabinoside, 

ara-C), 128, 336 
cytochrome P-450, 236 
cytosine arabinoside triphosphate, 

256 
cytosine arabinoside (cytarabine), 

128 
cytoxan (cyclophosphamide, endoxan), 

128, 129 

DA-2370 (prenazone), 218 
daledalin, 12 
dantrolene sodium, 40 
dapsone, 236 
datiscoside, 135 
daunomycin (daunorubicin, 

rubidomycin) , 128, 131, 237, 254 
daunorubicin (daunomycin, 

rubidomycin), 128, 131, 254 
DCI (dichloroisoproterenol), 7 
DDD, 161 
g,g'-DDD (mitotane) , 128 
DBAP - fluorenone, 164 
DEAE - fluorenone, 164 
DEAP - fluoranthene, 165 
debrisoquin , 53 

DEC (diethylcarbamazine), 279 
dehydrobenzperidol, 65 
11-demethyl-4'-depropyl-4'-(R)- 

and -( S) -n-pentylclindamycin 
hydrochloride (U-24,729A), 142 

demoxepam, 240 
11-deoxyprostaglandin El (AY-220931, 

a-1-N-desmethyl methadol, 239 
dextran, 74 
dextrothyroxine, D-TI, (D-thyroxine) , 
DH-581 (probucol, Biphenabid@) , 190 
dialkylpropionamides, 333 
2,4-diamino-5-(3,4,5-trimethoxy- 

phenoxy)-pyrimidine, 142 
2,4-di(4-arylpiperazino)-3- 

pentanone, 144 
2,6-diarylpyridyl-4-methanol 

derivatives, 141 
9,lO-diazatetracycloundecene 

derivatives, 143 
diazepam, 37, 99, 332, 338 
5-diazouracil, 130 
diazoxide, 56 
dibenamine, 27% 
dibenz (a,h) anthracene, 235 
dibromodulcitol, 238 
dibromomannitol, 128 
dibutyryl cyclic AMP, 226, 229 
DIC (5-(3,3-dimethyl-l-triazeno) 

dichloroisoproterenol (DCI) , 7 
dichloro-MTX, 131 
dichlorphos, 145 
2-diethylaminoethylamino-4,6- 

diethylcarbamazine, 144 
diethylcarbamazine (DEC), 279 
O,O-diethyl-O-(3-chloro-4-methyl- 

2H-1-benzopyran-7-yl) phos- 
phorothionate (coumaphos, 
Baymi&, Co-Rol@), 145 

0,O-diethyl-S- [ (ethylthio) methyl] 
phosphorodithionate (Thimet@) , 
145 

96 

185, 190 

imidazole-4-carboxamide),l28, 129 

diamin0-5-nitrosopyrimidine~ 144 

N,N-diethylnicotinamide, 229 
diethylpropion, 42 
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diethylstilbestrol, 48 
dif enoxine, 238 
6,6-difluoronorethindrone, 194 
6a,9a-difluoroprednisolone, 

diformyl diaminodiphenylsulfone 

digoxin, 332 
2,3-dihydro-4(1H)carbazolones, 3 
3,5-dihydro-4H-benz-[2,3]diazepin- 

4,5-dihydro-1,3-dimethyl-lH- 

esters of, 196 

(DFD), 142 

&ones, 6 

pyrazolo[3,4-b][1,4]benzo- 
xazepine derivatives, 218, 219 

5,6-dihydro-6-methoxynitidine, 134 
2,3-dihydro-2-oxobenzofuran-3- 

1,25-dihydroxycholecalciferol, 199 
11f3,17a-dihydroxy-17-[3-methyl- 

2-oxazolidinyl)carbonyl]- 
androsta-l,4-dien-3-one, 196 

carboxanilides, 219 

dilantin, 234 
[ 2,4-dileucine]oxytocin, 89 
(-)-5, 6-dimethoxyaporphine (-)- 

nuciferine) , 4 
3-dime thylamino-9- (aminoalky 1) 

thioacridines, 144 
p-dimethylaminobenzonitrile, 143 
5- (2-dimethylamino-ethoxy) 

carbacrol acetate (thymoxamine) , 
40 

6 4  [ 3- (dimethylamino) propyl] thio 1 
8,9-dihydro-7H-cyclopenta[b] 
[1,2,5]thiadiazolo-[3,4-h] 
quinoline, 74, 75 

6-1 [ 3-(dimethylamino)propyl] thio) 
7,8,9,10-tetrahydro[l,2,5] 
thiadiazolo[ 3,4-c]acridine, 
74, 75 

6-C [ 3- (dime thylamino) propyl] thio 1 
[1,2,5]-thiadiazolo[3,4-c] 
acridine, 74, 75 

N,N-dimethyl-l-isopropylamino-3- 
(l-naphthyloxy)-propan-2-01 
iodide (UM272), 65 

16,16-dimethylproetaglandin Ep 
methyl ester, 96, 179 

dimethyl sulfoxide, 220 

5-(3,3-dimethyl-l-triazeno)- 
imidazole-4-carboxamide (DIC), 
128, 129 

diminazene aceturate (phenamidine 
isothiurate), 145 

dinactin, 295 
17B-(1',4'-dioxan-2'-yloxy)estra- 

1,3 , 5 (10) -trien-3-01, 
diphenidol, 66, 235 
diphenoxylate, 234, 238 
2,6-~-diphenylhexamethylcyclo- 

tetrasiloxane, 199 
diphenylhydantoin, 334, 337 
2,6-diphenyl-4- (l-pyrrolidinyl) 

199 

cyclohexyl-pyridine (Su-15049) , 
86 

diphenylsulfones-guanidine 
derivatives, 142 

2-dipropanolamino-4-p iperidino- 
pyrido[3,2-d]pyrimidine, 78 

N,N-di-n-propyl-propionamide, 333 
diprenorphine (R&S 5050-M), 21 
dipyridamole (Persantine@) , 73, 

disodium cromoglycate (DSC), 278, 

distamycin-A, 255, 256 
dithiocarbanilate, 146 
DMAE - fluorenone, 164, 165 
DMAE - xanthone, 165 
L-dopa, 55, 298, 337 
dopastin, 56 
doxycycline, 109 
doxycycline hyclate, 332 
D(-)penicillamine, 219 
DS-210 (2-phenyl-5,8-dimorpholino- 

pyrimido(4,5-d)-pyridazine, 86 
DSC (disodium chromoglycate, 278, 

279 

74, 76, 229 

279, 335 

ECF-A (eosinophil chemotactic 
factor of anaphylaxis, 273, 274 

E.L. 974 (a,a,a-trifluoro-2,6- 
(methyl) -1-p ip er idine- thio- 
carboxy-m-toluidide, 145 

eledoisin, 56 
ellipticine, 136 
EN-1620A (nalmexone) , 21 
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COMPOUND NAME AND CODE NUMBER INDEX 

EN-1639A (naltrexone), 21 
EN-1661 (bisobrin lactate), 79 

endoxan (cytoxan) , 128, 129 
eosinophil chemotactic factor of 

ephedrine, 275, 335 
epinephrine, 275 
estriol-3-cyclopentyl ether, 199 
ethacrynic acid, 83, 87, 88 
ethanol, 237 
ethidium bromide, 256 
ethmosine, 67 
N-ethyl-3- (m-trifluoromethyl- 

pheny1)-1-pyrrolidine carbox- 
amide, (AHR-27761, 39 

1- (N- 8-ethylmorpholine) -5-nitro- 
imidazole (nitrimidazine, 
Naxogin@) , 144 

EN-3047A, 79 

anaphylaxis (ECF-A), 273, 274 

ethyloestrenol, 78 
etorphine (R&S 99-M), 21 

fenfluramine, 42, 43, 46 
fenoptofen, 75, 218 

flazalone (R-760), 216 
flufenamic acid, 79, 278 
flunidazol (MK 915), 143 
5-fluoro-2,2'-anhydro-arabino 

5-fluorocytosine, 116, 117 
cis-5-fluoro-2-methyl-l-[p- 

n-1060, 106 

cytosine, 130 

(methyl-sulf inyl) -benzylidene] 
indene-3-acetic acid, 217 

5-f luorouracil (5-FU), 128, 130 
fluphenazine, 1 
fluphenazine decanoate, 1, 2 
fluphenazine decanoate (WFB 99771, 

fluphenazine enanthate, 29 
flurazepam, 29 
f lurbiprof en, 218 
FMS U, 48 
folic acid, 334, 337 
follicle stimulating hormone 

N5-formyltetrahydrofolic acid, 131 
5-FU (5-fluorouracil), 128, 130 

2 

(FSH), 210 

fumarylcarboxamido-L-2,3-diamino- 
propionyl-L-alanfne, 111 

furosemide, 75, 83, 84, 87, 88 
fusaric acid (5-butylpicolinic 

acid), 55 

GABA (y-aminobutyric acid), 38 
gastric inhibitory polypeptide 

(GIP), 95 
gastrin, 93, 94 
gastrin tetrapeptide, 319 
gatavalin, 111 
GB-94 (mianserin) , 11 
GC-46, 11 
GC-94, 11 
gentamicin B (Sch. 14342), 105 
geldanamycins, 254 
GH (growth hormone), 209 
GIP (gastric inhibitory poly- 

peptide), 95 
glibenclamide, 229 
GLPS, 99, 100 
glucuronolactone, 77 
Gn-RH (gonadotropin releasing 

hormone), 206 
gold, 220 
gonadotropin releasing hormone 

(Gn-RH), 206 
GP-41299, 6 
GP-45437, 11 
gramicidin A, 295, 296 
GRF (growth hormone releasing 

griseofulvin, 116, 117, 337 
growth hormone (GH), 209 
growth hormone releasing factor 

(GRF), 208 
growth hormone release inhibiting 

factor (SRIF), 208 
GTP, 274 
guanadrel (U-28,288D), 53 
guancydine, 53 
guanethidine, 53 
guanylate cyclase, 274 

H 56/28 (alprenolol), 7, 53, 64, 

factor), 208 

333 
HA-966, 38 
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HQ-355, 31 
halofenate (MK-185) , 190 
haloperidol, 224 
l-halophenyl-3-thiazolylcarbamido- 

ylurea, 146 
haloprogin, 118, 123 
hamycin, 116 
harringtonine, 135 
heparin, 76 
hexahydroindenopyridine, 13 
2,3,4,4a,5,6,-hexahydro-U3- 

hexamethylmelamine, 130 
histamine, 86, 274, 275, 280 
hamofolic acid, 130 
homoharringtonine, 135 
o-homoprostaglandin El, 76 
o-homoprostaglandin El heptyl 

hydrochlorothiazide, 84 
hydrocortisone (cortisol), 276 
6-hydroxyaminopurine riboside, 75 
l-hydroxy-3-aminopyrrolidone-2 

y-hydroxybutyric acid, 38 
5,6-trans-25-hydroxychole- 

cis-p-hydroxycinnamic acid, 162 
14-hydroxydaunomycin (adriamycin) , 
6-hydroxydopamine, 224 
N-hydroxynorchlorpromazine, 2 
p-hydroxynorephedrine, 46 
N-hydroxyphenmetrazine, 48 
4-hydroxy-l-substituted-UI-thieno- 

(2,3-c)pyrazole, 144 
5-hydroxytryptophan, 6 
hydroxyurea, 128, 142 

pyrazino-[ 1,2-a]quinoline, 144 

ester, 75 

(JU-966), 38 

calciferol, 200 

254 

ibuprofen, 218 
icarugamycin, 143 
ICI 50172 (practolol), 64 
ICI 53165, 12 
ICI 58834, 14 
ifosfamide (isophosphamide) 

imidazolidinone, 276 
imidazo(1,2-a)pyridinea, 145 

(NSC-109,724), 128 

imipramine, 6, 101, 226, 236 
immunoglobulin E, 273 
Imurana (azathioprine) , 162 
indan-l-carboxylic acids (BL-2365). 

indanyl carbenicillin, 334 
indomethacin, 224, 239, 278, 338 
indoramine, 53 
INPEA, 7 
inofal, 1 
ipr indole , 16 
iron, 334 
isobutanol, 334 
3-isobutyl-l-methyl xanthine, 229 
isoetharine, 275 
isoharringtonine, 135 
isophosphamide (ifosfamide) 

isoproterenol, 86, 89, 100, 275 
isosorbide, 337 
isosorbide dinitrate, 68 
isotropine methylbromide, 333 

217 

(NSC-109,724), 128 

jolipeptin, 111 

ketazolam, 5 
KO 1173, 67 

L 5418, 219 
Lampita (3-methyl-4-(5'-nitro- 

furfury1ideneamino)tetrahydro- 
4H-1,4-thiazine-l,l-dioxide, 
143 

lapachol, 136 
lauroyl glycyrrhetinic acid 

(BX 24), 98 
LB 46 (pindolol), 64, 65 
leucomycin Ag, 110 
levomepromazine, 1 
levomethadyl acetate, 21 
LH (luteinizing hormone), 210 
LH-150, 218 
L-histadine, 220 
lidocaine, 235, 338 
lidoflazine, 76 
lincomycin- (chlorinated analogues) , 
lithium, 14 

142 
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lividomycin A, 105 
lividomycin B, 105 
LL 1558, 191 
lobendazole (SKF 24529) , 144 
lorazepam (WY-40361, 30, 240 

luteinlzing hormone (LH) , 210 
LU3-010, 101 

maytanisine, 135 
mazindol, 42, 44 
M&B 15,944, 54 
M&8 18,706, 1 
mechlorethamine (nitrogen mustard), 

medazepam, 240 
mefanamic acid, 278 
mefruslde, 85 
melanocyte stimulating hormone, 90 
melanocyte stimulating hormone 

inhibiting factor (MIH), 208 
melanocyte stimulating hormone 

releasing hormone (MRH), 208 
melphalan (l-sarcolysin) , 128 
mephenesin, 37 
mepiprazol, 4 
2-mercaptopropionylglycine 

(thiola), 58 
6-mercaptopurine (6-MP) , 128 
a-l-methadol, 239 
methadone, 236, 239 
methamphetamine, 46 
methiothepin, 2 
methotrate (MTX) , 128 
3-methoxy-4-hydroxyphenylglycol, 47 
B-methoxyphenethylaminea 

(SKF 1-39728) , 44 
[2-(4-methoxyphenyl)-thiazol-4- 

ylacetic acid, 215 
p-methylamphetamine, 46 
methyl CCNU, 130 
1- (N-methylcarbamoyl) -3- (m- 

3-methylcholanthrene, 338 
methyl clofenapate, 191 
a-methyldopa, 55 
methylene blue, 333, 336 
methylguanidine , 89 

128 

chlorophenoxy)-pyrrolidine, 39 

N-methyl-isatin-B-thiosemicarba- 
zone, 256 

methyl-l-[methoxycarbonylthio- 
carbamoyl] -benz imidazole 
carbamates, 144 

amino) tetrahydro-4H-l,4- t hiaz ine 
-1, l-dioxide (Nifurtimos, 
Lampit@, BAY 25021, 143 

2-(N-methylpiperazino)-4-thio- 
morpholino-pyrido [ 3,2-d] 
pyrimidine, 78 

34ethyl-4- (5 '-nitro f ur furylidene- 

6-methylprednisolone, 276 
15(R)-methylprostaglandin Ep, 180 
15(R)-methylprostaglandin E p  

methyl ester, 180 
15(S)-lS-rnethylprostaglandin Ep, 

methyl ester, 96, 178, 179 
methylselenoperathiepine, 2 
2-methyl-l-substituted-S-hydroxy- 

6-methy1thiopurines 130 
metiapine, 2 
metoclopramide, 334 
metolazone, 84, 85 
metronidazole (FlagylB) , 144 
metyrapone, 161 
mianaerin (GB-94), 11 
miconaeole, 118, 122 
MIH (melanocyte stimulating hormone 

minocycline, 109 
minoxidil, 53 
mithramycin, 128 
mitomycin C, 132 
mitotane (~,E'-DDD), 128 
mitragynine (SKF-12,711), 25 
MJ 1999 (sotalol), 64 

MK-130 (cyclobenzaprine) , 39 
MK-185 (halofenate), 190 
MK-486, 337 
MK-870 (amiloride), 83, 85, 88 
MK-915 (flunidazol), 143 
MK-950, 53 
monactin, 295 
moneein, 295 

alkyl-4-nitroimidazoles, 143 

inhibiting factor), 208 

M J  9022-1, 3 
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6-MP (6-mercaptopurine) , 128 
MRH (melanocyte stimulating 

MTX (methotrexate) , 128 
muscarine, 319 
mycophenolic acid, 133 
myxin, 118 
MZ-144 (ProbonB), 21 

hormone releasing hormone), 208 

nafenopin (SU-13,437, Melip&, 190 
nalmexone (~~-1620A). 21 
naloxone, 20 
naltrexone (EN-1639A) , 21 
naproxen, 218, 333 
nebramycin factor 6 (tobramycin), 

nefopam (Riker 738), 38 
negamycin, 111 
neocarzinostatin, 133 
nifedipine (BAY a1040), 57, 69 
Nif ur t i m o s  ( 3-me thyl-4- ( 5 ' -nitro- 

furfury1ideneamino)tetrahydro- 
4H-1,4-thiazine-l,l-dioxide), 
14 3 

104 

niridazole (analogues), 143 
nicotine, 236, 319 
nicotinic acid, 189, 191 
nigericin, 295, 296 
nitidine, 133, 134 
nitrated l,l'-dirnethyl-2,2'- 

biimidazoles, 143 
nitrimidazine, (naxogin, 1- (N-p- 

ethylmorpholine)-5-nitro- 
imidazole) , 144 

l-nitro-g-(substituted amino)- 
acridines, 136 

nitrofurantoin, 75 
nitrofurfuraldehyde sulfonyl- 

2-(5-nitro-2-furyl)vinyl-thieno 

nitrogen mustard (mechlorethamine), 

nitroglycerin, 68, 69 
3-nitro-4-hydroxyphenylarsonic 

nitro imidazoles , 14 3 

hydrazone, 143 

(3 , 2-d) pyrimidines , 

128 

143 

acid (roxarsone) , 143 

5-nitro-imidazolylvinyl-amino- 
1,3,4-oxadiazoles, 143 

D and L-l-(4-nitrophenyl) -2450- 
propylaminoethanol hydrochloride, 
79 

aminoquinazolines, 145 

amide, 144 

144 

butyranilide, 196 

2-(5-nitro-2-thienyl)-4-substituted 

5-nitrothiophene-2 (or 3) carbox- 

4-nitro-thiophene-2-sulfonamides, 

4'-nitro-3'-trifluoromethyliso- 

nonactin, 295, 297 
norfenfluramine, 47 
nortetrazepam, 5 
NSC-46015 (pyran copolymer), 164, 

NSC-109 , 724 (ieophosphamide) , 128 
NSC-143,416 (rifamycin-11) , 253 
NSC-144,123 (rifamycin-111) , 253 
NSC-144,126 (rifamycin-IV), 253 
NSC-143,448 (rifamycin-V) , 253 
NSC-143,451 (rifamycin-VI) , 253 
NSC-143,484 (rifamycin-VII) , 253 
NSC-143,446 (rifamycin-VIII) , 253 
NSC-143,455 (rifamycin-IX) , 253 
NSC-143,470 (rifamycin-X) , 253 
NSC-145,607 (rifamycin-XI), 253 
NSC-145,606 (rifamycin-XII) , 253 
NTA-194 (tiaramidel , 25 
(-)-nucinfeine ( (-) - 5,6-di- 

methoxyaporphine) , 4 
nylidrin, 100 
nystatin, 116, 118, 123 

166, 167 

octoclothepine, 2 

oncovin (vincristine) , 128 
orphenadrine, 236 
orudis (RP-19583), 218 
ouabain, 87 
1,2,4-oxadiazolo(4,5-d)-1,4- 

ll-oxaprogesterone, 197 
oxazepam, 240 
D-oxaeepam hemiauccinate, 5 

01-77, 11 

diazepines, 5 
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L-oxazepam hemisuccinate, 5 
oxisuran, 163, 217 
oxopropanal (propanals) , 256 
oxotrernorine, 239 
oxprenolol, 53, 79 
oxyprothepin enanthate, 2 

panidazole, 144 
pargyline, 15 
partricin, 121 
pentaerythritol tetranitrate, 68 
papetanone, 100 
pepstatin A, B, C, 100 
perathiapine, 2 
perazine, 241 
perhexiline, 86 
perhexilene maleate, 70 
perlapine, 30 
Persantin@ (dipyridamole) , 73, 
phenamidine isothiurate (diminazene 

phenanthrene-9-amino alcohols, 141 
phenanthrene-9-amino alcohole 

substituted, 141 
phendimetrazine, 48 
phenesterin, 129 
2-phenethylpiperidinecarbox- 

amides, 13 
phenformin, 48, 78, 79 
phenobarbital, 234 
phenoxybenzamine, 278 
phentolamine, 278, 279 
phenylacetic acids, 334 
L-phenylalanine, 298 
erythro-2-phenyl-3-ainobutanes, 

2-phenyl-as-triazine dione, 143 
2-phenyl-azacytosine derivatives, 

phenylbutazone, 224, 337 - trane-2-pheny~cyc~opropy~amin8 
(tranylcypromine) , 13 - cis-2-phenylcyclohexylamine, 15 - cis-2-phenylcyclopropylamine, 13 

phenylephrine, 224 
phenylmethyloxadiazole, 220 
2-phenylquinoline-4-carbinol 

74, 76 

aceturate) , 145 

15 

144 

antimalarials, 141 

phosphodieeterase, 274, 276 
phosphomannans, 152 
PIF (prolactin release inhibiting 

factor), 208 
pilocarpine alginate, 334 
pimaricin, 116, 117 
pindolol (LB 46), 64, 65 
p iperazino-daunomyc in, 254 
2-piperazino-4-piperidino-pyrido 

[3,2-d]pyrimidine, 78 
2-piperazino-4-thiomorpholino- 

pyrido[3,2-d]pyrimidine, 78 
pivampicillin, 109, 334 
PK 8, 13 
poly I C, 166 
poly d-lysine, 155 
polyphloretin phosphate, 278 
poly-rA: oligo-dT (polyribo- 

adenylate: oligothymidylate), 
252, 253 

poly rI:rC, 164 
polyriboadenylate: oligothy- 

midylate, 252, 253 
polyriboinosinic-polyribo- 

cytidylic acid (poly R1:poly RC), 
151, 156 

polysaccharides, 152 
practolol (ICI 50172), 6, 53, 64, 

pralidoxime, 299, 334 
prazepam, 33, 37 
prednisolone, 276 
prednisone, 276 
prenazone (DA-2370), 218 
PRH (prolactin releasing hormone), 

primidone, 32 
PRL (prolactin), 210 
probenecid, 336 
ProbonB (MZ-144), 21 
probucol (DH-581, Biphenabidq , 190 
procainamide, 239 
procarbazine hydrochloride, 128 
prolactin (PRL), 210 
prolactin release inhibiting 

factor (PIF), 208 
prolactin releasing hormone (PRH) , 

208 

275 

208 
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pronethalol, 7 
propanals (oxopropanal) , 256 
propanolol (propranolol) , 53, 63, 

64, 65, 66, 69, 70, 100, 240, 
333, 338 

propantheline, 333, 334 
propiram, 21 
17B-propoxy-3'H-cycloprop[l6a,l7a] 

-5a-androstano[2,3-d]isoxazole, 
195 

propoxyphene, 337 
propranolol (propanolol) , 53, 63, 

64, 65, 66, 69, 70, 100, 240, 
333, 338 

prostaglandin A p ,  55 
prostaglandin Cl, 178 
prostaglandin Dl, 178 
prosta landin El, 55, 73, 76, 86 
A8( 2 ,  f3-prostaglandin E , 

(SC-24665), 96, 173, 214, 319 
prostaglandin E p ,  74, 90, 214, 

277, 278 
ent-11,15-epi-prostaglandin E p ,  

prostaglandin F p c i ,  214, 277, 278 
ll-epi-prostaglandin Fqa, 176 
prostaglandin F p B ,  180 
pseudoephdrine, 334 
pyran copolymer (NSC-46015), 164, 

166, 167 
pyrantel pamoate (Antimintha, 

Cobantrin@), 144 
pyrazolopyridines, 228 
pyrazolopyrimidines, 228 
pyrazolotriazines, 228 
pyrene, 235 
3- (4-pyridyl) -5- (2-chlorophenyl) - 
2-pyridyl-thioacetamide, 98 
pyrrolnitrin, 117, 123, 239 

quinacrine hydrochloride (Atabr in& 

quinine, 141, 333 
quinoline carbinol antimalarials 

QM-6008, 5 
QZH-6, 67 

175 

1,2,4-oxadiazole (RJ-64) , 39 

hydrochloride), 166 

2-substituted, 141 

QZH-7, 67 

R-760 (f lazalone) , 216 
RA 233, 74 

RC 61-91 (Vadilex@) , 55, 65, 66 
reptilase, 77 
reserpine-polyvinylpyrrolidone, 

retrosteroids, 194 
r ibo f lavin-5 ' -phosphate , 3 34, 338 
ribostamycin (SF 733), 105 
rif ampicin (ri famycin, 110, 253 
rifamycin (rifampicin), 253 
rifamycin-I1 (NSC 143,416). 253 
rifamycin-I11 (NSC 144,123), 253 
rifamycin-IV (NSC 144,126), 253 
rifamycin-V (NSC 143,448), 253 
rifamycin-VI (NSC 143,4511, 253 
rifamycin-VII (NSC 143,4841, 253 
rifamycin-VIII (NSC 143,446), 253 
rifamycin-IX (NSC 143,4551, 253 
rifamycin-X (NSC 143,470), 253 
rifamycin-XI (NSC 145,6071, 253 
rifamycin-XI1 (NSC 145,6061, 253 
rifamycin-SV, 253 
Riker 738 (nefopam), 38 
RJ-64 (3-(4-pyridyl)-5-(2-chloro- 

phenyl)-l,2,4-oxadiazole), 39 
RMI 7822, 75 
RNA, 251, 252, 253, 254, 255, 256 
RNA, double stranded, 152 
t-RNA methyltransferase, 137 

RA 433, 74 

333 

RO 4-2137, 53 
RO 4-4602, 227 
RO 5-4528, 5 
RO 7-0207, 144 
Rofenaifl, 143 
rosamicin, 110 
roxarsone (3-nitro-4-hydroxyphenyl- 

RP 16584, 2 
RP 19583 (orudis), 218 
RP 19609, 2 
RF' 21682, 2 
R&S 99-M (etorphine), 21 
R&S 5050-M (diprenorphine) , 21 
R&S 6029-M (buprenorphine) , 21 

arsonic acid), 143 
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rubidium, 14 
rubidomycin (daunorubicin, 

rugulovasine, 32 
rugulovasine A, 56 
rugulovasine B ,  56 

daunomycin), 128, 131, 254 

S-992, 45 
S-1530, 30 
S 1702, 75 
1,4-saccharolactone, 77 
SaH 41-178, 15 
salbutamol, 100, 275, 335 
salicylamide, 338 
salicylates, 297, 336, 337 
salicylic acid, 337 
l-sarcolysin (melphalan) , 128 
SC 3123, 54 
SC 15396, 98 
SC 24665 (A8(12) l3-prostag1andin EI) , 
Sch. 14342 (gentamicin B ) ,  105 
SF 733 (ribostamycin), 105 
SF 837, 110 
SF 837 A2, 110 
Shell 15803 (vincophos) , 145 
shikonin, 136 
SKF-12,711 (mitragynine) , 25 

SKF-24,529 (lobendazole) , 144 
SKF-36,914 (triethylphosphino-gold), 

SKF-1-39,728 (B-methoxyphene- 

96 

SKF-24,260, 57 

221 

thylamines) , 44 
SKF-70,948, 45 
SL 573, 26 
slow reacting substance of 

anaphylaxis (SRS-A), 273, 274, 
2 79 

sodium alginate, 334 
sodium fluoride, 220 
sodium fusidate, 334 
sodium omadine, 116 
sodium pentobarbital, 49 
sotalol (MJ 1999), 64 
SP 54, 79 
spectincrmycin hydrochloride, 106 
s -PI ,  100 

spironolactone, 83, 338 
SQ-10643 (cinanserin) , 162 
SQ-11579, 219 
SQ-2o9o09, 6 
SQ-20,881 (BPP9 ) , 56 
SRIF (growth hogmone release 

inhibiting factor), 208 
SRS-A (slow reacting substance of 

anaphylaxis), 273, 274, 279 
stanozolol, 78 
statolon, 153, 154 
streptokinase, 78 
s t r ep tonigr in, 2 56 
streptovaricin A, 254 
streptovaricin B, 254 
streptovaricin C, 254 
streptovaricin D, 254 
streptovaricin E, 254 
streptovaricin F, 254 
streptovaricin G, 254 
streptozotocin, 128 
2-styryl-5-nitroimidazoles, 143 
SU-13437 (nafenopin, Melipan@), 190 
SU-15049 (2,6-diphenyl-4- (l-pyrrol- 

idinyl) cyclohexyl-pyridine) , 86 
SU-21524, 218 
sulfaethidole, 333 
sulfamethazine, 338 
sulfamethizole, 332 
sulfamothepin, 2 
sulfathiazole, 338 
sulfinpyrazone, 74 
sulfisomidine, 338 
sulfonamides, 338 
2-sulfonylalkylbenzimidazoles, 145 
sufoxicam, 219 
p-sydnonylaryloxyalkylamines, 44 

TA-404, 23 
Telepaque@, 338 
terbutaline, 275 
terenol, 145 
2,3,5,6-tetrachloro-4-pyridinol, 77 
tetracycline, 332, 334 
A 9-tetrahydrocannabinol, 237, 334 
tetrahydrofurfurylamines, 12 
tetraeepam (4261 CB), 37 
thalidomide, 163 
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theophylline, 89, 275, 276 
thiabendazole, 144 
thiamphenicol, 338 
4-thio cyclic AMP, 229 
thioguanine, 128 
thiola (P-mercaptopropionyl- 

glycine), 58 
thiopeptin, 111 
thiosemicarbazones, 137 
thiotepa, 128 
thymoxamine (5-( P-dimethylamino- 

ethoxy)carvacrol acetate), 40, 
278 

thyroid stimulating hormone (TSH), 
210 

thyroid stimulating hormone 
releasing hormone (TRH), 204 

thyrotropin-releasing hormone 
(TREI), 11 

thyroxine, 160 
D-thyroxine (dextrothyroxine, D-Tq), 

185, 190 
tiaramide (NTA-194), 25, 219 
tilorone (bis-DEAE-fluorenone) , 

tilorone hydrochloride, 163, 164, 

tilidine, 21, 25 
tinidazole (Fosigynq , 144 
tobramycin (nebramycin factor 6), 

tolbutamide, 227 
tolnaftate, 117, 118 
toluic acids, 334 
tolypomycin, 254 
tolypomycin Y, 110 
tosyl-L-arginylsarcosine, 77 
tranylcypromine (trans-2-phenyl- 

cyclopropylamine), 13 
TRH (thyrotropin-releasing hormone), 

11 
triamterene, 83, 88 
triazolopyrimidines, 228 
tribenoside, 79 
trichlorophon, 145 
triclofos, 337 
triethylphosphino-gold (SKF-36,914), 

153, 154 

165, 166, 169 

104 

221 

2-trif luoromethyl-4,5-bis (p-methoxy- 
phenyl) imidazole, 76 

a,a,a-trifluoro-2,6-(methyl)-l- 
piperidine-thiocarboxy-m- 
toluide (Ticarbodhe@, E.L. 974), 
145 

triiodothyronine, 14, 16, 160 
trimagill (trimonil) , 143 
t rimetoquinol, 280 
trimonil (trimagill), 143 
trinactin, 295 
tripdiolide, 135 
triptolide, 135 
S-trityl-pcysteine, 136 
S-trityl-L-cysteine (3-tritylthio- 

0- tTi ty l-&-serine , 
tropane-28,38-diol acetals, 14 
trypanomycin, 143 
L-tryptophan, 16 
tylophora indica, 280 
d-tubocurarine, 335 

L-alanine) , 136 
13 6 

U-38,288D (guanadrel), 53 

U-28,508 (clindamycin phosphate), 
U-24,7298, 142 

142 
U-31,889, 30 
U-33,030, 30 
UM-272, 65 
urease, 317 
urogastrone, 95 
urokinase, 78, 79 

valinomycin, 295, 296 
vasoactive intestinal peptide (VIP), 

vasopressin, 95 
Velbafl (vinblastine) , 128 
verapamil, 239 
vermicillin, 142 
vinblastine (Velbanq , 128 
vincophos (Shell 15803), 145 
vincristine (oncovin), 128 
viomycin, 111 
VIP (vasoactive intestinal peptide), 

viquidil, 76 

95 

95 
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vitamin B i z r  334, 337 
VK 744, 74 
WJFB 9977 (fluphenazine decanoate), 

2 

warfarin, 77, 337 
WR-149,024, 55 
Wy-4036 (lorazepam), 30 
Wy-23409, 12 

X-537A, 295 

Y-6047, 5 
YG 19,256, 4 

zanthoxylum budrunga, 220 
zolimidine, 99 
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