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PREFACE

Readers will find again this year a deliberate attempt to intro-
duce new and timely topics on a one-time or intermittent basis. In
Volume 8, fifteen of the thirty-four chapter topics were not discussed in
the previous volume.

The number of medical fields in which it is becoming possible to
discuss mechanisms at the molecular or enzymatic level is increasing at
an accelerating rate. In the present volume, at least nine chapters (3,
9, 10, 11, 18, 23, 27, 28, 29) include a significant discussion of cyeclic
AMP, at least four (9, 11, 18, 22) discuss involvement of endogenous
prostaglandins and at least three (16, 17, 29) discuss the role of inter-
feron in resistance to infection. The story of apparent involvement of
viruses in the development of neoplasms via molecular biological mech-
anisms continues to unfold and is discussed in several chapters.

The interrelationship of diseases through common or similar
mechanisms causes redundancy problems for chapter authors and editors,
On the other hand, this redundancy serves to emphasize the commonality of
many so-called distinct diseases and teaches the medicinal chemist that
he must follow the literature in related fields as well as his own. To
this end Annual Reports may be able to serve an increasingly useful
purpose.

Kalamazoo, Michigan Richard V. Heinzelman
June, 1973
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Section I - CNS Agents

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

Chapter 1. Antipsychotic and Antianxiety Agents

Charles L. Zirkle and Carl Kaiser
Smith Kline & French Laboratories, Philadelphia, Pa. 19101

Introduction - Two drugs belonging to these classes were marketed in the
United States in 1972; these are fluphenazine decancate, a new ester of
fluphenazine with utility in antipsychotic maintenance therapy, and clor-
azepate dipotassium,’ an antianxiety drug of the benzodiazepine type.
Structure-activity relationships (SAR) among antipsychotic and psychotropic
agents,? ™ their mechanism of action,®™® clinical utility,’’'® pharmacolog-
ical actions'' and methods for their pharmacological evaluation'? were sub-
jects of recent reviews. Most research on the actlons of antipsychotics
still centers on the dopaminergic (DA) blocking effects of these drugs.'?

A most interesting report describes a DA-sensitive adenylate cyclase in the
neostriatum that is suggested to be a DA receptor.'®

Tricvclic antipsychotics - The use of long-acting fluphenazine'? in the

management of schizophrenia and its comparison with conventional therapy
was reviewed.'® Studies of other 6-6-6 tricyclics have included several
new phenothiazine derivatives. A diazabicyclononane analog la of chlor-
promazine (CPZ), one of a series, presented a typical neuroleptic profilel?
The sulfone derived from thioridazine, i.e., inofal ( Q), caused improve-
ment in two-thirds of a group of chronic schizophrenic females.'® A val-
eroylphenothiazine, MkB 18,706 (1c), was a selective and more potent fusi-
motor depressant than CPZ,'? In SAR studies_ of phenothiazines 1, [X=H,

2- or 3-Cl, 2-CFy, 2-C1-530; R=(CH,);N(CH;), ] a high oil: water partition
coefficient (which has been associated with neuroleptic potency) was relat-
ed to toxicity in a goldfish test?® and to serum albumin binding.?’
Numerous tricyclic compounds were examined for their ability to inhibit
glutamate dehydrogenase; however, a clearcut correlation with antipsychotic
efficacy was not observed.??

@ ® c) X=CO(CH, ); CH; ; R=CH, CH(CH; )CH, N(CH, ),
O O‘J d) X=Cl; R=(CH, )3 NH(CH, ), NH,
X e) X=CF; ; R=(Cl-l;’),NH(CH¢z)gNH¢
1 ] f; X=OCHj ; R=m,c1-x(m,)<(:u,m;m, (@)
) . g) X=OCHy ; 550; R=CH, CH(CH; )CH,N 2
a) x=C1; R=(CH, )’@'CH’ h) X=OH,’5-)O; Rmm(msgaizn(m,c}){:
b) X=S0,CHy ; R=(CH, ); i) X=0CH,, 590; R=CH, CH(CH; )CH, NHCH,

Metabolic studies of piperazine-bearing phenothiazine antipsychotics
in rats and dogs demonstrated the formation of ethylenediamine derivatives
Ad and le from prochlorperazine and trifluoperazine, respectively?? Levo-
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mepromazine metabolites isolated from human urine were RP 16584 (1f),

RP 19609 (1g), RP 21682 (1h)** and the demethyl sulfoxide 1i.?? Some new
types of CPZ metabolites were isolated from red blood cells. The drug was
found here as a mixture of N-hydroxynorchlorpromazine and its sulfoxide.
Additional amounts of these metabolites were present as conjugated forms2$

Other 6-6-6 compoundsincluded a series of aminoalkyl- and amino-
alkylidene-substituted xanthenes, thioxanthenes, and related compounds.
The aminopropyl derivatives 2a and 2b were nearly equipotent with CPZ in
several neuropharmacological tests, whereas the cis (2) ~aminopropylidene
analogs 3a and 3b were even more potent.?

7
X 7
L, 0., G0
CH, )3 N(CH; ),

H” ™ (CH, ), N(CH; ), E\:']
2 a) X=0. b) X=S 3 a) Xx=0. b) X=S s CH,

Among antipsychotic 6~7=-6 compounds considerable interest has
focused on clozapine which does not cause catalepsy or antagonize apomor-
phine-induced emesis.,’? It increased cerebral turnover of DA in rats,
antagonized prochlorperazine-induced catalepsy?’® and was reported to be a
clinically-effective antipsychotic.??’3® A benzothiazepine, metiapine (%)
compared favorably withtrifluoperazine in a double blind evaluation in
chronic schizophrenics.?’ Continuing SAR studies in the 10-(l-methyl-
piperazinyl)-lo,ll-dihydrodibenzo[b,f thiepin (perathiapine) series were
described in 1972. The neuropharmacological properties of the racemic
8-c1 derivative, octoclotheplne, and its enantiomers were similar.??
Methiothepin (za_), a CHy; S congener of perathiepine, had neuroleptic activ-
ity.?? Oxyprothepin enanthate (5_@_), the most extensively studied member
of a series of esters of alcoholic perathiepine derivatives,’* had a
duration of neurcleptic potency comparable to that of fluphenazine enanth-
ate in dogs, rats and rabbits.*® The decanoate 5c (VUFB 9977) also had
long-lasting neuroleptic activity in dogs and rats.>$ Introduction of an
8-acetamido (5d) substituent markedly reduced perathiepine's neuroleptic
potency in rotating rod and motor activity (MA) tests in mice and in a
catalepsy test in rats; however, similar CH;Se (5e¢) substitution signifi-
cantly increased potency. Although it was only about half as potent as
the CHy S counterpart 5a in the rotating rod test, 5e was 4 times more
potent in the catalepsy assay. The unsaturated congener _6_ was also
very potent (4-32X CPz) in the various neuropharmacological tests.’” An
8-(CH; ), NSO, derivative, sulfamothepin (5£), had potency equal to, or
greater than, that of perphenazine in these tests for neuroleptic activity
in mice and rats.’® In the same pharmacological systems several perathie-
pine congeners, e.g. 5g-5}, in which the 10-piperazinyl substituent is
replaced by a 3,8—diazabicyclo[_3.2.l octyl system, were considerably less
potent than their Cl-(octoclothepine) and CH, S-(5a) counterparts. The
congeners 5g and Sh were about half as potent as their piperazinyl parents
whereas their isomers 3i and 5j were even less effective,?? Neuroleptic,
antiemetic and antiserotonin activity were claimed for the piperidinyl-
substituted dibenzocycloheptane ik_;“’ however, some 'ring-opened?
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congeners, e.g. 7, caused only weak depression of MA and potentiation of
thiopental-induced sleep in mice.'' Another tricyclic relative, AY-22,214
(8)*? caused a taming effect in aggressive rats at doses well below those
causing ataxia.*?

O X 8 d) X=S; Y=NHCOCH; R=N Jcw,

e) X=8; Y=CH, Se; R=r{ )wcu
O £) X=S; Y=(C:-I )2 NSO, ; R=;®CH,
2 R ’ '3 /2 b
a) X=S; Y=CH,S; R=N JiCH, g) x-5; ¥=cl; R-(hoH,
b) X=5; Y=CH, S; R=N(CH, ),0C0-n-CH,, h) X=S; Y= S; R=N{NCH,
c) X=8; Y=CH;S; R=if N(CH, );0CO-n-CyH, 4 1) X=5; ¥=C1; R=N]NCH,
3) X=8; Y=CH; S; R=K)NcH,
k) X=CHy; Y=Cl; R=—( NCH,

0 _— \SeCH, C6HS (CHZ’ )2 C|H-N:\NCH3
Co Hy
X, z

Butyrophenones, B-aminoketones, aralkylamines and related compounds - SAR,
syntheses, receptor binding, metabolism and clinical utility of the butyro-
phenone-type antipsychotic agents have been reviewed.**'*% A summary of
15 years clinical experience with haloperidol was I:n:vt-':sentecl."6 The distri-
bution and metabolism of azaperone (9a), a neuroleptic which induces rapid
sedation,"? was studied in rats and pigs.*® In a series of cyclopropyl
analogs of antipsychotic butyrophenones greatest potency was demonstrated
by 9b, which was equipotent with trifluperidol (10X CPZ) in a test for
depression of MA in mice.*® Some secondary L-aminobutyrophenocne deriva-
tives, 10a and 10b, were considerably more potent than CPZ in behavioral
(loss of righting reflex, traction, chimney, pedestal and nicotine
antagonist) tests in mice.’® 1In a related saturated (cyclohexyl) series,
the trans derivative 10c was one of the most potent compounds, based on
overt end points and in blocking uptake of NE and 5-HT by the heart and
spleen, It was more potent than the cis-isomer ( >10X), 10a, and 10b in
most tests.’%'3' The most effective members of a series of butyrophenone-
related 8-azaspiro [4.5] decane-7,9-diones were lla-llc, which induced CAR
blockade ( >CP2Z) in rats and caused tranquilization in monkeys.’? Of
particular interest was 11b (MJ 9022-1) which, despite its potent neuro-
leptic activity, caused only mild sedation and hypothermia and was almost
devoid of analgetic and a-adrenergic actions,??

0
p_©_§:on F—@—CO(CH, ),NH-A—@—X DQ«(C&. W R
a) R=(cH, )5 § I ) L o &
_ H a) A= ; X=F a) R=2-pyridyl
b) R-'V'G"zoé H-4-F D) A:8: ; X=SCH, b) R=2-pyrimidyl
c) A= y-esj X=F c) R=leCHy ~2-pyrimidyl

In a series of 2,3-dihydro-4(1H)carbazolones the most potent member
was 12, a structural relative of molindone. It decreased MA in mice
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(MED=k4 mg/kg, i.p.).>* Several members of another series of B-amino-
kxetones, the piperazines 13, caused neuroleptic effects (;_a_. 0.1X CP2) in
several mouse tests.’? Anti-aggressive activity in mice was produced by
YG 19'256 (14)%¢ which was clinically effective in aggressive oligo-
phrenics.?? Another p-aminoketone 15a showed a high degree of activity
(0.3-0.5X CP2) in tests for decreased MA, inhibition of mouse fighting
behavior and in a CAR test in rats.’® In general the alcoholic deriva-
tives 15b and 15c were more potent depressants of MA in mice than their
ketonic precursors. Thus 15b was equipotent with CPZ in this test,
although its overall pharmacological profile was more akin to that of
chlordiazepoxide. The alcohol 15¢c was equipotent with CPZ in a CAR test in
rats.>® Another piperazine derivative, mepiprazol (16), produced improve-
ment in 6M% of chronic schizophrenics, but placebo was effective in 48% of
the group(;” CH, 0

1o (c)
S SR e R P

13 (x=F,C1,CH;)

H 12
a) X=F; R,R'=0
ey O Ka) B wets o
Rt =Cg Hy
14 15 ¢) X=H; R=OH;
Rt=H
cl
\LCH,
D Qeonrll, Q0
6 | 17 18 G

To determine 1f the cisoid or transoid phenethylamine moieties are
responsible for the catalepsy and EEG changes induced by bulbocapnine“’ in
animals, transoid tricyclic phenethylamines 17 and 18, as well as two
cisoid relatives were studied. Potent cataleptic activity was noted for
the transoid compounds, but not for their cisoid relatives. Also the
transold derivatives were much more effective in blocking the response of
rat vas deferens to DA.S' (-)-Nuciferine, (-)-5,6-dimethoxyaporphine, the
most potent of a series of six, presented a neuroleptic- and, to a lesser
extent, a morphine-like pharmacologlcal profile, Although considerably
less potent than CPZ, it blocked a CAR, prevented the convulsant effects
of tryptamine, and protected against amphetamine-induced lethality in ratsS?

Benzodlazepines and related compounds - Recent reviews have treated the
pharmacological, biochemical, metabolic,®? clinical aspectsf* and SARSS*66

of benzodiazepines with antianxiety activity. Clorazepate dipotassium,’
marketeg én the United States in 1972, was studied additionally in the
clinic, *9° 6777% 45 animals?® and was reviewed.?”’> Extensive pharmacolog-
ical examination of a 5-(2,6-diflucrophenyl) derivative 19a indicated it
was more potent than diazepam [6x diazepam in a pentylenetetrazol (PTZ)-~
antagonism test in mice].”® S-1530 (19b) was effective as a depressant of



Chap. 1 Antipsychotic, Antianxiety Agents Zirkle, Kaiser S5

spontaneous MA, 1n inclined plane, fighting and rotarod tests in mice
(5-10X diazepam). It was also effective in an anti-PTZ assay (2X diazepam),
but was less active in a CAR test in rats (0,.3X diazepam).?® Substitution
of a cyano group (19c, Ro 5-4528) for diazepam's 7-Cl resulted in reten-
tion or enhancement of potency in various behavioral tests; however, 19¢
was only half as potent as the parent in a mouse anti-PTZ test.’® 1In a
series of l-carbamoylbenzodiazepines, 19d was the most potent compound.

It was equipotent with, or more potent than, diazepam in a battery of
tests for antianxiety activity, but it was not as effective as an antagon-
ist of PTZ-induced clonic convulsions in mice.’® Potent CNS depressant
activity (ca. 0.3X diazepam) was also shown by 19e in tests measuring
anticonvulsant end points.”’® An N—cyclopropyl relative, ciprazepam (19f)
had antlianxiety properties similar to those of chlordiazepoxide; however,
a 5~cyclohexenyl derivative, nortetrazepam (19g), was more sedating than
its phenyl analog.® The D-isomer of oxazepam hemisuccinate (19h) was
much more potent than the L-form in anticonvulsive, narcosis-potentiating,
and muscle relaxant tests; however, the L-isomer was more effective in
depressing spontaneous MA.77

?9 f) 1-H, 2=NCH,~y, 430, 5-CiHy
s g) 1-H, 2-(l-cyclohexenyl), 7-Cl
@ =N h) 1-H, 3-0C0(CH,),COH, 5-CgHy, 7-Cl
1@ ® 1) 1-H, 40, 5-CgHs, 7-C1, 9-OH
2 §) 1-H, 9~OH, 5-C4Hs, 7-C1
a) 1-H, 5-(2,6-F,CH;), 7-C1 k) 1-H, 3-OH, 5—(4-Ho<:ﬁu), 7-C1
b) 1-CH;, 5-C¢Hs, 7-NO, 1) 1-H, 3-OH, 5-(3-or 4-HO,CH;0C¢H;),
c) 1-CH;, S5-C¢Hs, 7-CN 7-C1

d) 1-CONHCH,CH=CH,, 5-C¢Hs, 7-C1 m) 1-H, 5-(2-pyridyl), 7-Br
e) 1-CONHCH; , 5-CgHs, 7-Cl

In metabolism studies, two metabolites, 191 and 191, of demoxepam
were characterized by synthesis.’® Biotransformations of oxazepam in man,
plgs and rats gave 6-chloro-i-phenyl-2(1H)quinazolinone, three ring-opened
metabolites, two 5-phenyl hydroxylated products, %25 and 191, and various
conjugates.?? Urinary metabolites of bromazepam (19m) in several species
included two major ring-opened products, 2-amino-5-bromobenzoylpyridine,
and a glucuronide of the corresponding 3-hydroxyl derivative,S?

Other new 1,4-benzodiazepines included ketazolam (20), said to be an
effective antianxiety agent,®’ and CS-370 (21), whose pharmacological
profile suggested somewhat greater potency than diazepam.®? thesls of
a related series of 1,2,4-oxadiazolo(4,5-d)~1,l4-diazepines (22) was
accomplished by 1,3-dipolar cycloaddition of appropriate nitrile oxides to
1,4-benzodiazepines.®? 1In a study of a series®® of thienodiazepinones in
various tests for antianxiety potential, one of the most effective was
Y-6047 (23; 2-3X diazepam in an anti-PTZ test in mice).®® Another thieno-
diazepinone, QM-6008 (24) also was active in this test (0.15X chlordiazep-
oxide),®* but it increased MA to a greater extent.%6

Many N-aryl-1,5-benzodiazepinones, e.g. 258,27 and related N-aryl
(and heteroaryl)-2,4-diones, e.g. 25b,%8 have significant antianxiety-like
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pharmacological actions. Conversely, derivatives of 3,5-dihydro-4H-benzo-
2,3) diazepin-lone, e.g. 26, differ from the 1,4-benzodiazepine anti~
anxiety drugs. At doses above 250 mg/kg, p.o., 26 caused sedation and
ptosis in mice.®® sQ 20,009 (27) was studied in an attempt to correlate
antianxiety and phosphodiesterase-inhibitory activities. In a punishment
conflict procedure in monkeys, cats and rats it was more potent than
chlordiazepoxide,?? '?’

cy o H O CP; 0
s
|
) - cdn, =2-C1
2C1C5H~ GeHs °-N
2 2L 23
(R=H, CH, X=0,H, ;
Y=CgHg , CgHgCO,
:§ cung),pnzou)
:24 g EE{
a) x-ﬂ2 b) x=o
NHN=C(CH; ),
Hy G, 0, € t
S NH,
N O _ 0 CL
[ N o
G Hy CH, N(CH; ),
22 28 29

Other structures with antianxiety or antipsychotic activity - Several
miscellaneous structures have antianxiety-like activity. A dibenzothie-
pine GP 41299 (28) was an effective antianxiety agent, with mild side
effects, in neurotic patients receiving an average dose of 200 mg per
day.’? The pyrrolidone HA—966 (29) caused flaccid catalepsy and tran-
quilization at 6 mg/kg, i.v., in mice. It also decreased MA, but unlike
conventional neuroleptics, had little effect on the toxicity of ampheta-
mine in aggregated mice.?3 S5-Hydroxytryptaophan, the precursor of central
5-HT, administered together with a peripheral decarboxglase inhibi tor,
produced improvement in 6 of 7 schizophrenic patients.’® This combination
also suppressed muricidal behavior in rats.’® Triiodothyronine was
effective in schizophrenic children who generally became less withdrawn
and more responsive,?¢

B-Adrenergic blocking agents, such as propranolol which was effec~
tive in 8 of 12 schizophrenics’’ and in patients with various other
psychiatric disorders,’® have useful antianxiety properties. The central
action of these drugs has been reviewed.’? It appears that they produce
their antianxiety actions via a peripheral mechanism. Thus practolol,
which does not enter the CNS in significant amounts, produces notable
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improvement in patients with anxiety.'®® Depression of spontaneous MA has
been noted in mice treated with alprenolol, INPEA, DCI and propranolol, but
not with pronethalol.'??

Biological ocbservations and hypotheses - Reviews'?27'07 and reports con-
tinue to emphasize the "dopamine" hypothesis for schizophrenia and the
anti-DA actions of the antipsychotic drugs. An abnormal dopaminergic
activity may be part of the inherited vulnerability to schizophrenia,'®?
This postulate links many observations from the clinical level down to the
neuronal level and, perhaps, even to the molecular level if the suggestion
that an adenxlate cyclase may be the DA receptor in the neostriatum proves
to be true.’ Many schizophrenic patients appear to be in a state of over-
arousal and neurcanatomical studies indicate that CA pathways'? are
important components of arousal systems. The nigrostriatal DA pathway is
viewed as a behavioral arousal and locomotor system without which practi-
cally no forms of behavior can occur. It has been suggested that the
dorsal noradrenergic (NA) pathway is a part of the reticular activating
system mediating tonic arousal of the cortex and that the ventral NA path-
way constitutes a second arousal system involved in reinforcement or reward
mechanisms.’®® However, to the considerable evidence that brain self-
stimulation, which is readily antagonized by the neuroleptics, 1s mediated
by a NA system has been added recent observations that DA patlways to the
limbic forebrain and neostriatum may be involved in this behavior.'9%’'10
The neostriatum seems to be an important site of action of the anti-
psychotics, at least for the production of extrapyramidal symptoms,'? and
Klawans gg.gl.’°5 have marshalled arguments that the DA system in this
center may be involved in the pathophysioclogy of the behavioral manifesta-
tions of schizophrenia. Although the functional roles of the mesolimbic
DA system are not known, the regions of the limbic system innervated by
this pathway would also seem to be likely targets for the actions of the
antipsychotics.'®? It was observed that haloperidol increased turnover of
DA (as indicated by increased levels of homovanillic acid) in both the
limbic system and neostriatum of rabbits, but antichelinergic treatment
attenuated this effect only in the striatum.''' This finding, taken with
clinical experience that antipsychotic-induced EPS can usually be allevi-
ated without compromising the therapeutic effects, suggests that parts of
the limbic system may be sites of drug actioh for antipsychotic activity.
Amphetamine, thought to be an indirect acting DA (and NA¥ agent, increases
arousal levels, induces stereotyped behavior, and causes psychosis
resembling parancid schizophrenia; its effects are selectively antagonized
by the antipsychotics. The possible mechanisms of action of amphetamine
and the implications of amphetamine psychosis as a model of schizophrenia
have been extensively reviewed.'92°''%* additional studies suggest that
neuronal systems other than the usually clted nigrostriatal DA pathway may
be involved in the production of drug-induced stereotyped behavior and in
its antagonism by neuroleptics.''?''"3 The interrelationship of DA and
cholinergic systems has also been studied further''2'''* and a *choliner-
glc-adrenergic" hypothesis of psychiatric disorders has been advanced.''®

In recent years clinicians have been concerned with tardive dyskines-
ias which sometimes develop in patients on long-term neuroleptic therapy.
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Paradoxically, this syndrome, prominent features of which are lingual-
facial-buccal dyskinesias, produced by drugs thought to block dopaminergic
activity resembles the dyskinesias produced by the dopaminergic agent
L-dopa. Both types of dyskinesla are reduced by agents which deplete DA

or counteract DA activity. It is suggested that the antipsychotics cause

a functional denervation of DA receptors and thus receptor hypersensitivity
develops leading to DA overactivity.'®%’'''¢ Amphetamine-induced stereo-
typed behavior, which bears some resemblance to the tardive dyskinesias,
has been proposed as a model for the clinical disorder.’?

Concerning the actions of antipsychotics at the neuronal and
molecular levels, the most interesting development was a report on an
adenylate cyclase identified in homogenates of the caudate nucleus of rat
brain that is activated selectively by low concentrations of DA or
apomorphine.'* The stimulatory effect of DA was blocked by low concentra-
tions of CPZ or haloperidol., Further research stemming from this provoca-
tive finding will be followed with great interest. In a thorough review
Seeman’'? again points out the similarities between neuroleptics and local
anesthetics suggesting that they have a common mode of action at neuronal
membranes. However, York found that iontophoretically applied CPZ in the
putamen antagonized DA actions even after its local anesthetic effect had
worn off.'1®
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Chapter 2. Antidepressives and Stimulants

Carl Kalser and Charles L. Zirkle
Smith Kline & French Laboratories, Philadelphia, Pa. 19101

Introduction - No new type of drug with clearly demonstrated utility in
the treatment of depressive disorders emerged in 1972. However, reports
that thyrotropin-releasing hormone (TRH) produced rapid improvement in a
few depressed patients have generated considerable interest and publicity.
Although research on the tricyclic antidepressives and amphetamine-like
stimulants continues at a brisk pace, no major advances in the understand-
ing of the actions of these drugs materialized. With the uncertain value
of some animal tests for predicting antidepressive activity in man,’ it is
difficult to decide what experimental drugs, other than modifications of
the standard tricyclics, should be included in the review, It is also
sometimes difficult to tell from the limited data reported whether an
agent i1s a potential antidepressive or is an amphetamine-like drug. So it
is possible that we have either excluded some noteworthy compounds or have
mislabeled others that have been included. A recent review on psycho-
tropic drugs summarizes advances in antidepressive research.?

Tricyclic compounds with antidepressive activity - 6C-94 (la), Gc-46 (1b),
and GB-9% (1lc, mianserin), which lack the pharmacological properties of
antjidepressives in animals, were selected for clinical study on the basis
of their EEG effects in normal volunteers.? In depressed patients GC-94
had antidepressive efficacy equivalent to that of amltriptyline. Slight
sedation was a side effect.* Mianserin (lc) was especially effective in
endogenous depression.’ A phenanthridine, 0I-77 (2), also selected on the
basis of quantitative EEG studies, was of benefit to acutely depressed
patients.6 In a series of tetrahydrofurfurylamines, a relative (2) of
amitriptyline showed potency similar to that of desipramine (DMI) in tests
for prevention of reserpine-~induced ptosis in mice and tetrabenazine-
induced depression in rats, but it was less effective in preventing
oxotremorine-induced hypothermia in mice.?” In a quantitative study of the
anticholinergic action of several tricyclic antidegressives on an lsolated
rat fundal strip, GP 45437 (4) was the most potent.

1 a) X=0; R=CH, 3 L3
b) X=0; R=H
c) X=CH, ; R=H

The potency of tricyclics as antidepressives and as inhibitors of
catecholamine (CA) uptake by rabbit aortic’ and rat cerebral cortical
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strips'® has been related to molecular conformational similarities to
phenethylamines.'! Like many antidepressives, two carbazoles 60-38%a (5a)
and 61-425 (5b), as well as several tricyclic tropanyl ethers, e.g.
BS-7715 (6), inhibited uptake of CA by rat brain synaptosomes. The
carbazole S5b was highly specific as an inhibitor of dopamine (DA) uptake.'?
A tricyclic-side chain bridged compound (2) inhibited norepinephrine (NE)
uptake by rat vas deferens. Also, it caused increased motor activity (MA),
but it did not prevent tetrabenazine-induced catalepsy in mice.'?

9 o &L

(&), o '@‘C“’ N ) N(cy), T (G ) NHGH
5 z _§ a) X=0. b) X=H,
a) R=H. b) R=CH,

The metabolism'* of tricyclic antidepressives and their interactions
with other drugs'? have been reviewed. A gas chromatographic method
enabled accurate and specific quantitative determination of nortriptyline
and some of its metabolites in human plasma and urine.'6

Certain phenyl-substituted indolines, phthalans, phthalides and
related bicyclics, which can be looked upon as ring-opened analogs of the
tricyclic antidepressives, demonstrate antidepressive-like pharmacological
activity. Amedalin (8a) and daledalin (8b) were the most potent of a
series studied for potentiation of adrenergic mechanisms.’ The phthalan
9 was the most effective (4X amitriptyline) of a series of styryl deriva-
tives in a mouse test for tetrabenazine antagonism.'® Antidepressive
properties were also suggested for ICI 53,165 (10) which increased turn~
over of brain NE, but not DA or serotonin (5-HT), in rats.'? Several
1,5-benzothiazepines related to the antidepressive thiazesim produced
neuropharmacological actions similar to those of the parent. In rats, one
of these (11) had selective antimuricidal activity (1.5X thiazesim).2?

¢ \l
|
(@) ey )y csad-ocH, HGp (am)yN(aw), (& ),N(as),
2 10 1

Other compounds with antidepressive activity - Several heterocyclic
compounds have notable antidepressive-like pharmacological properties.

Wy-23409 (12) reversed reserpine-induced hypothermia in mice and enhanced
weight loss caused by methamphetamine in mice, yet it had little influ-
ence on MA and was not anticholinergic.?’ A related imidazo/l,2-c/-
quinoline, AW-15'1129 (13) had typical antidepressive pharmacology with
strong adrenergic and anti-REM effects. In clinical studies it increased
the duration of non-REM sleep.?? A y-carboline, carbidin (14), is said
to have both antidepressive-~ and neuroleptic-like properties in man and
animals.’’ Imipramine-like activity, along with sedative and analgetic
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effects, was noted for a series of pyridyl-substituted carbolines, e.q.,
K 8 (1 ‘_2) which potentiated the action of dopa in pargyline-pretreated
mice.? Related pentacyclic B-carboline derivatives, 16a and 16b, were
equivalent to imipramine in this test, but were less effective in a mouse
anti-reserpine test.?? The tetracyclic carbazole 17, as well as its
pyrazine ring-reduced analog, also displayed antidepressive-like pharma-
cmlcgy.“'6 Both epimeric hexahydroindenopyridines l§, analogs of the
antihistamine phenindamine, had an antidepressive profile similar to that
of DMI in rats 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.??

Seamorlian e

H H
3 14 LN
{ |
PO EIIG € Lo
CeHs
16 a) R=CgH; 17 18

T b) R=C,Hy

Several newly reported antidepressives are aralkylamines. Aletamine
(Cg Hy CH, CH(NH, ) CH, CH=CH, ) presented a general pharmacological profile
similar to that of the tricyclic antidepressives. It was more potent than
imipramine in an anti-reserpine test and decreased spontaneous MA in
mice.’® 1In a study of ring- and side chain-substituted phenethylamines,
L.chlorophenethylamine was among the most potent; it inhibited uptake of
NE and 5-HT by brain tissues (Iyo=6.2-6.4uM).2? Inhibition of NE uptake
in rat vas deferns was examined for some conformationally-restricted
phenethylamines. The cis (phenyl-CH;)aziridine (19) was 7 times more
potent than its geometrical isomer. Also trans-2-phenylcyclopropylamine
(tranylcypromine) was 600 times more effective than its cis-isomer. These
results suggest an anticlinal conformation of phenethylamines may be
preferred for inhibition of NE uptake by both peripheral and CNS tissue.??
Tetrahydropaveroline, a possible DA metabolite, antagonized reserpine and
oxotremorine effects, but unlike many antidepressives it did not potenti-
ate amphetamine responses in animals.’’ Another tetrahydroisoquinoline
20, one of a series, was equivalent to imipramine in preventing reserpine-
Tnduced ptosis in mice.??

Among a series of 2-phenethylpiperidinecarboxamides maximum potency
in a modified dopa-potentiation test in mice was produced by 21 (ca.
equipotent with amitriptyline).?? The most potent of a series of al aryloxy-
propanolamines was 22; it counteracted various reserpine-induced effects
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at 5-10 mg/kg, i.p., and potentiated amphetamine-induced hyperactivity and
pyrexia in mice and rats.?* The most effective of a series of tropane-
2B,3B-diol acetals was 23 which prevented (10 mg/kg, 1 i.p.) and reversed

(1 mg/kg. i.p.) reserpine-induced ptosis in rats.’® Other aryloxyalkyl-
amines with potential antidepressive activity included some basic ethers
of 2-anilinobenzothiazoles, e.g. 24&, and benzoxazoles, e.g. 24b which
were potent (2X imipramine) reversers of reserpine-induced hgpothermia in
mice.’® Antidepressive properties were also noted for ICI 58,834 (25).

In mice this morpholine had anti-reserpine and anti-tetrabenazine effects
comparable to those of DMI at 0.3-1.0 mg/kg, P.c.,’? and it caused a rapid
onset of antidepressive action in depressed patients.?

CON(C, Hs ),
q;:>(q% CH; O (Cm)'c;r
@% oj@/ CO,@ l)f_?«—cw,

5
0-CH,
HY) Qi ¢ ﬁj
Bl cHy N~ - ol o N oC;Hy K
23 2k a) Xx=s. b) X=0 25

Several groups®® ™! presented clinical evidence that thyrotropin
releasing hormone (TRH) may be useful in the treatment of depression. In
small controlled studies a single injection of TRH produced prompt, but
brief, improvement in depressed patients without causing undesirable side
effects. Although the mechanism of TRH's antidepressive action is not
understoed, it potentiated the effects of dopa in both normal and hypo-
physectomized pargyline-pretreated mice. Thus, the potentiation is
independent of the release of thyroid stimulating hormone from the
pltuitary gland.'? An imipramine-triiodothyronine combination caused
greater behavioral responses to L-dopa than either drug alone. Also, the
combination, but neither compound alone, decreased adrenal tyrosine
hydroxylase levels and caused marked hyperthermia in rats,'

Rubidium and cesium salts produce antidepressive-like actions in
animals. Unlike lithium salts, which decreased MA in mice, Rb and Cs
caused increased MA when given s.c. for 7 days.““ In rats, Cs increased
5-HT turnover without producing major NE and DA changes. In contrast, the
main effect of Rb was a 300% increase in NE turnover. Additionally, Rb
increased shock-induced aggression in rats, but Cs did not.'® 1In a
clinical study Rb (0.5-1.5 g/day for 20-86 days) improved 5 depressed
patients. Although no serious toxicity was noted, the half=life (50-60
days) of Rb may present safety problems in its clinical use,'$

With the discovery of several different forms of monoamine oxidase
(MAO) having different substrate specificities, tissue distribution and
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varied responses to inhibitors, interest has been rekindled in antidepres-
sive drugs acting by a MAO-inhibitory mechanism. Such agents might be
therapeutically-useful i1f peripheral and CNS actions can be separated. Of
course, knowledge of the structure, function, kinetics, and mutual inter-
actions of MAO's 1s important to progress in this area. Much of the
present understanding has been summarized.*?™? Although a number of
reports describe new MAO-inhibitors, these are largely ones related to
previously described chemical classes with this type of activity, and will
not be reviewed here, The mode of interaction of pargyline and related
compounds with MAO suggested that the flavin moiety of the enzyme is the
target of the propynylamine-type of inhibitors.’® In studies of tranyl-
cypromine, the more potent MAO-inhibitory (+)-isomer was shown to have the
absoclute 1S:2R configuration. Thus, (+)-amphetamine and (+)-tranylcypro-
mine have the same stereochemistry at the chiral center a to the amino
?toup 31 This is in contrast to the finding that (+)-amphetamine and

- -;::'anylcypromine are the more potent inhibitors of NE reuptake in the
CNS.

Central stimulants - Pharmacological and stereochemical studies indicating
that the effects of amphetamines on DA and NE may account for the major
symptoms of amphetamine psychosis were reviewed.’? To investigate the
possibility that amphetamine might induce its diverse pharmacological
effects by reacting with with various receptor sites in different confor-
mations, the phenethylamine nucleus was incorporated into rigid and semi-
rigid structures. The increased MA induced in mice by erythro-2-phenyl-3-
aminobutanes, e.g. CgHs CH(CH; )CH(CH; )NH; , and conformationally-related
gis~-2-phenylcyclohexylamine, su gested such an orientation might be
required to cause this effect;®* however, in a related trans decalin
series even the lisomers having this orientation were ineffective.3%

Numerous new amphetamine derivatives have been reported; however,
only those with novel structural differences from the prototype are
reviewed here. Bridging of the a-methyl and amino groups, i.e. 2-benzyl-
aziridine, resulted in loss of MA stimulating activity and a marked
decrease (0.1X amphetamine) in anti-reserpine activity in mice.’¢ A
benzylamine 26 caused marked MA stimulation and shortened thiopental-~
induced sleeping time in mice.?? Some 3-amino-2-phenylpropiophenones
produced marked stimulant activity in mice; e.q., 27, caused this effect
at 10 mg/kg, i.p.’® Other CNS stimulants included the pemoline relative
28 which was effective in a mouse dopa-potentiating test,’? and the
Sulfamide SaH 41178 (29) which showed potent pentylenetetrazol-like
properties in mice and cats.b0

O _ NHCH, C=CH

oty NeiCcty )y p CG*%OOCHCHz@ J—I (vso
26 28 29

Biological observations and hypotheses ~ Various aspects of depressive
ilinesses and the putative neurotransmitters possibly involved in these

disorders' have been reviewed and a modified "amine" hypothesis for
affective illness has been advanced.$ It is suggested that changes in
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the balance between transmitter avallability and receptor sensitivity are
involved in depressions. Another postulate considers central cholinergic-
adrenergic imbalances in depression and mania.®? In a study of depressed
patients, those who excreted the lesser quantities of 3-me thoxy-4-hydroxy-
phenylglycol (MHPG) prior to antidepressive treatment had the best response
to medication and excreted greater quantities of normetanephrine and MHPG,
relative to the predrug period. Those patlents who responded least well
had a decrement in the excretion of these two metabolites of NE.S3

Clinical depressions which occurred following withdrawal of amphetamines
after prolonged abuse were temporally associated with a decrease in
excretion of MHPG; as the depressions subsided, MHPG excretion increased.t*®
Clinical pharmacological and biochemical data have been reported supporting
the postulate that neurotransmitter CA are functionally increased prior to
the switch from depression to mania.b® Although amitriptyline does not
appear to have much effect on NE uptake or turnover in animals, a bio-
chemical study in depressed patients indicated that it did cause changes
in the metabolism of this amine.f® Decreases in MHPG and vanillylmandelic
acid (VMA) excretion were observed during amitriptyline treatment suggest-
ing a decreased synthesis of NE in the brain as well as in peripheral
sympathetic nerves. Increases were observed in the normetanephrine:MHPG
and normetanephrine:VMA ratios suggesting the decrease in NE synthesis is
accompanied by, possibly even caused by, a decrease in deamination of NE.
In a trial lasting & weeks, 7 patients with primary depression responded
equally well to imipramine (150 mg daily) or to L~tryptophan (9 g daily)
Triiodothyronine enhanced the therapeutic response to imipramine but not
to L-tryptophan. In cases of depression seen in general practice,f®
triiodothyronine also enhanced the therapeutic response to amitriptyline.
Ancther study®® failed to show an effect of triiodothyronine on the anti-
depressive activity of imipramine; the design of this study has been
criticized (ref. 69, p. 55).

In rats, imipramine potentiated the increase in MA, but not the
stereotyped behavior (SB), induced by L-dopa in combination with a
decarboxylase inhibitor, an observation consistent with the fact that the
antidepressant inhibits NE uptake but not DA uptake and the belief that
SB is mediated by DA. Pretreatment, but not posttreatment, with imipra-
mine and chlorimipramine obviated the L-dopa-induced 5-HT depletion. It
is suggested that these tricyclic drugs may be useful in eliminating 5-HT
mediated L-dopa effects.”’® Chlorimipramine was 6-10 times more potent in
inhibiting 5-HT uptake than in inhibiting NE uptake in mouse brain in
vitro and in vivo. Potentiation of L~dopa by the drug in mice was greater
than expected from its inhibition of NE uptake.?’’ The tricyclic anti-
depressant :I.pr::h'mlole,1 unlike DMI, altered neither the initial accumula-
tion nor the metabolism of tritiated NE in brain or heart of the rat.

Like the other tricyclics, iprindole increased brain levels of amphetamine
(A) in the rat by inhibiting its p-hydroxylation.”?

Although the SB induced by amphetamine (A) is generally believed to
be mediated by DA, the roles of DA and NE in mediating the increase in
locomotor activity (LA) induced by A are not yet clearly defined.' Coyle
and Snyder?® found that (+)-A was 10 times more potent than (-)-A in
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inhibiting uptake of NE by telencephalic tissue of rats but that the two
isomers were equipotent in inhibiting DA uptake by striatal tissue., These
data have been used as bases for the interpretation of various experimental
and clinical findings. Thus it has been proposed that: A-stimulated LA
in rats is mediated by NE and A-induced SB is mediated by DA, based on
respective 10:1 and 2:1 potency ratios of (+)- to (~)-A in eliciting these
behaviors;?’* A-induced psychosis is DA-mediated since (+)- and (-)-A were
about equipotent in eliciting psychosis;?® in the hyperkinetic syndrome in
children, aggression and hostility may be DA-related phenomena since (+)-
and (-)-A were about equipotent in attenuating them, and anxiety and over-
activity may be NE-related since (+)-A was much more effective than (-)-A
in alleviating these symptoms." In a study of intracerebral self-
stimulation (ICSS) in rats, (+)- and (-)-A were about equipotent in
enhancing ICSS when the stimulating electrodes were placed in the substan-
tia nigra but (+)-A was much more potent than (-)-A when the electrodes
were positioned in the medial forebrain bundle., It was suggested that
A-enhanced ICSS in the latter situation was mediated to a large extent by
NE.?? However, other workers’®’7? have not duplicated the results of
Coyle and Snyder. In one study,’? the A isomers were found to be equi-
potent in inhibiting uptake of NE by telencephalic tissue whereas (+)-A
was 5 times more potent than (-)-A in inhibiting DA uptake by striatal
tissue. Certaln details of other pharmacological and biochemical compar-—
isons of the two isomers®® ™®? also do not support the hypothesis that the
relative potencies of (+)- and (~)-A in eliciting a behavioral effect may
be an indication of the nature of the CA pathway involved., Thus caution
should be exercised in the application of this concept. The possible
involvement of CA pathways in minimal brain dysfunction (hyperkinetic
syndrome) and the possible mechanism of action of A-~like drugs in allevi-
ating the symptoms of this disorder were discussed in a recent
symposium,83 8%
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Chapter 3. Narcotic Antagonists and Analgesics

Robert A. Hardy, Jr.
lederle laboratories, A Division of American Cyanemid Company, Pearl
River, New York 10965

The 1972 literature is noteworthy for the lack of new analgesic
agents being brought to advanced investigations including clinical trials.
However, 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
studies of several interesting new systems are evident. Clinical trials
of new antegonists are in progress. New methods of delivery and new
combinations are being studied. More detailed examination of the mode of
action of known agents, including pharmacokinetics eand metabolism, is also
evident.

Narcotic Antagonists - The resurgence in entagonist resea.rc:hl was marked
by the symposium on Narcotic Addiction and Drug Abuse ,2 and the First
International Conference on Narcotic Antagoniats.3 legislation was en-
acted giving the Special Action Office for IDrug Abuse Prevention special
powers to coordinate resources on national problems of drug abuse, in-
cluding research. This has also included government contracts for pre-
clinical and elinical testing of promising candidates.

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

The major disadvantages of present antagonists tried for supportive
treatment of post-addicts are relatively short duration (e.g. naloxone),
poor oral activity (compared to parenteral ) 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 poly-lactic acid polymer matrix
and then inserting the blend into the body by surgery or injection.™s
Folymers containing cyclazocine, naloxone and (- )-BC-2605 (IIIa) are
being studied. An alternajive method is the use of insoluble salts for
sustained-release actions.

Another interesting direction in current antagonigt research hes
been the mcorporgtion of a small amount of naloxone with an orally active
narcotic agent.7: Naloxone alone 1is extremely potent in precipitating
abstinence when given parenterally, but is 100-1000 times less potent
orally. Thus, naloxone does not block an agonist when the mixture is
given orally but prevents the euphoric effect of the mixed drug when
subjected to parenteral abuse. Mixtures of naloxone with morphine,
methadone and oxycodone have shown promising results in animals.
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New Clinical Studies - Current reports do not include any new structures.
Naimexone (EN-1620A, N-dimethallyl-noroxymorphone), a mixed antagonist-
anelgesic, was compared to morphine for post-operative pa.in;9 the equi-
valent dose was rather high, 70-90 mg intramuscularly. MNaltrexone (EN-
1639A, N-cyclopropylmethyl-noroxymorphone) in daily doses of 50-100 mg
produced the ia.me degree of antaegonism ass 4-8 mg of cyclazocine without
side effects, O and is therefore a candidate as an antisbuse asgent.
Similar studies with (-)-BC-2605 have been initiated.l9 ILevomethadyl
acetate, a methadﬂei%ike agonist, was studied as & substitute for metha-
done maintenance;*"’ its longer duration permitted 3 times per week
administration instead of daily dosing.

Additional trials with tilidine were reported 13,14 as vell as a
continuing trial of propirem (ca 1/9 morphine 1m).15 With the previously
reported homopyrimidaigle derivative MZ-14k (Probon) 300 mg orally equal-
led 30 of codeine;™" the chemistry of this series was also reported in
detail.lT Etorphine (R&S 99-M), the high potency agonist in the 6,lh-endo-
ethenooripavine serles, has been introduced in veterinary medicine for the
immobilization of large animals; tge anagonist diprenorphine (R&S 5050-M,
Ia) is then used as the antidote.l

Structure-Activity; Agents under Investigation

Opiate Derivatives - Ivo ¢ ds of the 6,lh-endo-ethanooripavine series
remain of special interest.l” Diprenorphine (R&S 5050-M, Ia) is & pure
sntagonist more potent than naloxone and somewhat longer acting ,20 and is
therefore a candidate for a non-addicting drug to block the euphoric
effects of opiates.l The closely related buprenorphine (R&S 6029-M, Ib)
is a mixed agonist (ca 70-90 x morphine )-antagonist with pentazocine-like
physical dependence capacity in animals. In man it aigears to have anal-
gesic actions at low doses without dysphoric effects. Additional
chemistry of this seriles was published,zl as well as additional agonist-
antagonist data on newer compounds (esp. T-oxo compounds ).22

The new codeinone-6-oxirane (II) and the new 6-methylisocodeine
obtained by reduction were synthesized; both had analgesic activity in
the codeine range (mouse hot-plate).23 The chemical synthesis of
morphine-3-ethereal sulfate, its inactivity as an analgesic and its iso-
lation frgg the urine of rats following administration of morphine was

reported.



22 Sect. I - CNS Agents Engelhardt, Ed.

Morphinans - The N-substituted-3,lh-dihydroxymorphinans?? 26 are a new ,
fully synthetic series which parallel the lli-hydroxymorphinone series in
their varied antagonist vs agonist properties. The principal activity is
found in the (-)-isomers, a&s with other 3-hydroxymorphinans. (- )-BC-2605
(I1Ia) ie a potent antagonist (equiv to naloxone ) with weak agonist
properties. IIIb is a weaker antagonist (like cyclazocine ), and IIIc is
about 1/10 naloxone. With IIId and IIle egonist properties predominate,
each being more potent than morphine (mouse writhing); IIId is also an
antagonist but IIle is weak or inactive as an a.ntagonist.25

M o, <] s, A A7

B D, ~CH,CE=CE,(+) :
H ¢, -CH,CsCH (-) §
8, -oiC> (-)
III e, -CH,CE=CMe,(-) IV, (+)-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 trisl in man have been
initiated. This series includes new morphinans oxygenated in the 1, 2,
3, or & position and with allyl s Gimethallyl and cyclopropylmethyl N-sub-
stituents.

The N-furfuryl compound (V) is a weak antagonist (ca 1/k n%orphine)
with egonist properties also (ca 2/3 codeine, mouse hot-plate }.<0 Tnis
represents a new series of N-substitutions which provides awide range of
antagonist to agonist properties (see VI).29,30

o Gy U
|

X £ o b,-C | | c |
B £ il 10

V, (-)-isomer VI

6,7-Benzomorphans - A new gradation of antagonist to agonist properties
has been obtained by various N-furylmethyl substituents with both
morphinans and benzomiorpl:‘a.m;.29:3:L VIa is a pure antagonist (c_a._ 1/2
nalorphine ). VIb is a mixed antagonist and weak agonist, and VIc is a
strong agonist (ca 1/2 morphine, mouse hot-plate ) with weak antagonist
asctions. VIg is a pure agonist (ca 1/2 morphine), but does not suppress
abstinence.?

Other new benzomorphans (VII) have included 9 »9-dialkyl éleri\ra.t:i.ves?2
Introduction of a second methyl group in the 90-monomethyl series (such
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as phenazocine, cyclazocine, pentazocine, etc.) leads to compounds that
are pharmacologically similar but more potent and longer acting. Direct
introduction of oxygen on the benzylic cerbon (VII, R8) produces another
subseries with a varied mix of agonist-antagonist properties.33 The
8-oxo enalog of cyclazocine (RN-cyclopropylmethyl) is a potent agonist

e

N‘RN

/ z R &, -CH,CH=C
: R 395 : e, -C L—(J
A oy e

Vil VIII

HO 5

and weak antagonist. 'The 8- and 9-acﬁtamido derivatives lacking the
2'-hydroxyl have also been prepared.3 A modified synthesis of pentazo-
cine has been described.3? The N-methyl-homobenzomorphanes with marked
agonist activity have been extended to the N-substituted compounds VIII
with antagonist activity.36

Bridged-aminotetralins, Benzazepines and Benzazocines - Several addi-
tional modifications of the rigid snalgetic benzomorphans are providing
interesting new leads. The common theme in these families is modifica-
tion (or elimination) of the piperidine ring but maeintaining s 2-carbon
unit between the aromatic ring and the basic nitrogen together with bulk

R
R]_o e (CH,), Ma, Ryw Me, Re Me, n =2 E.CEY
leuan b,§ll=H,R-l‘h,n-=2 B ~CH3
c,R1=H,R-Et,n-2
d, Bjw Me, R = Me, n = 3
X e,Rl-H,Rnk,n-:s X

and/or favorable steric factors provided by bridged rings or by 7- and 8-
membered rings conta;,n%gg the nitrogen. Some of the new l,3-bridged-2-
aminotetraline (IX)37~39 were more potent than morphine (rat tail-flick)
and also possessed antagonist actions. A 5-carbon bridge was optimal,
hydroxy substitution gave greater activity than methoxy on the aromatic
ring, and ethyl at the bridgehead carbon gave greater analgesic potency
than methyl. The a.nglgesic EDso's of K¢ and IXe were 0.25 and 0.47 mg/kg
(im), respectively.3

TA-404 (X) shows, similar elements of structure and was the most
potent of its series.!'O It vas about 1/3 morphine (mouse hot-plate) and
did not suppress abstinence in morphine-dependent mn.keys.2 An inde-
pendent study of this series as eanalogs of profadol (see XV) was also
reported.tl Mhe 1-(2-tetralyl )-U-spiropiperidine XI was a potent adreno-
lytic, but also was an analgesic ca 8-10 times codeine (writhing; best of
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series ).l’a The adrenolytic activity appeared to be equal to or greater
than the analgesic activity; this compound was selected for clinical
trials. Synthesis of simplei tetrahydro-2-naphthylamines for analgesic
purposes has also continued.*3

f ™\ a, -CH,CH<CH,
49 . ;‘Bs uo;@_f“ﬁ b, -CHCH-CHe,
XI @ XII

The tetrahydro-lﬂ-3-benzazepinesm represent another modification of
the tricyclic benzomorphans. A large number of 7-hydroxy (XxII) and 7-
methoxy derivatives were examined for analgesic and antagonist act:lons;h5
compounds with hydrogen, methyl, ethyl, propyl or cyclopropylmethyl groups
on nitrogen were weak or inactive. However, XIIa and XIIb had antsgonist
actions in the nalorphine range depending on the test method and route of
administration. They did not show anelgesic asctivity and, thus, re-
sembled the pure antagonist actions of naloxone. Similarly, an extension
of previous work on 3-benzazocines which had poor analgesic activity has
given a new class of 6-substituted derivatives XIII as potent a.na.lgea:tc:sli6

B 6 ) B oocty o, ozl
° b, ‘CHEDLCI%

R
XI1I X1v

Piperidines and Pyrrolidines - Previous conclusions that antegonists are
not readily found by N-substitution in the W-phenylpiperidine series are
being modified. Antagoniste are now be obtained with a phenolic
m-hydroxyl and suitable N-substituents. XIVe was a weak analgesic (ca
1/3 codeine, mouse hot-plate) that did not suppress abstinence, while
XIVb vas & potent agonist (ca 1/2 morphine ) with complete suppression.28

In the pyrrolidine series which includes the mixed agonist-antago-
nist profadol (XV; RywMe, Romn-Pr, Ry=OH) additional ﬁ&u&ies with branched-
3-alkyls and longer N:alkyl provided no improvement.*9:;%9 e N-allyl
and N-cyclopropylmethyl derivatives (R;sMe, R,=OH) are now being explored
as selective antagonists.’® A series of pyratolidines5l vas modeled
after the pyrrolidine analgesics, and XVI, the best compound, was an
analgesic (ca 2/3 codeine, mouse hot-plate). Six-membered piperidazine
analogs appeared to be weak or inactive.dl
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Miscellaneous Co ds - Stereochemical studies and the absolute confi-
guration of the (+)- and (- )-isomers of tilidine were reported.’2 fhe
piperazine derivative AP-237 (XVII) was more effective than morphine or
pentazocine in the rat inflemed-paw pressure test.)3 AP-237 was found to
be clinically effective in Japan (1970).°3 The (S)-optical isomer of 1-
cyclohexyl-l- (1 ,2-diphenglethyl Jpiperazine was reported to have morphine-
like analgetic activity.o*

CH, (CH, )2CO-NC\}W-05203-CB»© @1\1@&

XVII (CH, );N(CH, ),
XVIII
A series of imidazolo-benzimidazole deriva.tive55 > was studied as an
extension of the older 2-benzyl-l-(dialkylaminoalkyl )benzimidazoles.

XVIII was the most effective compound; anelgesic EDSO'S (po) were 6.0
(mouse writhing) and 9.0 mg/kg (mouse hot-plate).

A detailed pharmacological evaluation of the indole alkaloid mitra-
gynine (SKF-12 , 111, XIX), isolated from the leaves of the Malayan tree
Mitragyna speciosa, showed oral esic activity slightly less that of
codeine with minimal side effects.’© Poor subcutanecus activity sug-
gested the oral activity might be due to a metabolite.

' B.ZCO- O— CH,CH,0H

CH3OCH-= --COOCII3
XIX p o 4
Antiinflammatory Anelgesics - This class of compounds is discussed in

Chapter 22. Details of analgesic testing were reported for several anti-
inflammatory compounds. Tieramide(NTA-194, XX) was about 1/2-1/5 the
potency of codeine in 3 analgesic procedures (rat tail-flick, rat tail-
pinch 5 mouse writhing ) and was a stronger antipyretic than phenylbuta-
zone.
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The recent interest in analgesic 1&-quina.zoli.nones28 has continued,
but current emphasis appears %0. be on 2-quinazolinones which are pre-
dominantly ua.m::Lfuxf:l.a,mma.'t'.ary.5 329 1-Cyclopropylmethyl-6-methoxyquin-
azolin-2(1H)-one (SL 573) had 2-4 times the analgesic activity of mefen-
amic acid a.gd was about equal to phenylbutazone (mouse writhing, rat
paw-pain ).”

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

The Nilsen method (mouse, electricel stimulation to the tail) ap-
pears to be equal or superior to present tests, including mouse writhing,
for detegting analgesis in compounds having dual agonist-antagonist
actions. Naloxone applied to discrete brain regions of morphine-
dependent rats showed marked differences in ability to precipitate severe
abstinence suggesting that the sites of adaptation to morphine have
neurcanatomical specificity. 1 Cyclic AMP antagonized the effects of
morphine in naive mice, and repeated administration increased the rate
of development of tolerance and appeared to enhance the withdrawal re-
sponse (jumping) precipitated by naloxone. Competition for specific
binding of tritiated naloxone to rat brain homogenates by various agonists
and antegonists, which rgduced the binding, closely paralleled their
pharmacological potency. 3

Several new aspects of methadone metabolism and pharmecokinetics were
reported. The N-oxide was found in the urine from addicts on methadone
treatment.6u The time course of methadone in the plasma of subjects re-
ceiving methadone maintenance was etudied.65 Stgreoselectivity and dif-
ferential metabolism of (+)- and (- )-methadone (°H) suggested the forma-
tion of an active meggbolite in rat brain from the (-)-isomer but not
from the (+)-isomer. 0~ (- )-Methadol and - (- )-N-demetg;{lmethadol are
metabolites of (+)-methadone, and are potent analgesics.

Metabolism and distribution of racemic and optically active 3H-pro-
dines were investigated in mice; the results suggested the large potency
differences between isomers were primarily due to stereose%gctive events
at the CNS receptors and not to differences in metabolism. %he physio-
logic disposition of 3H-alphaprodine was also studied in dogs.09
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Chapter 4. Sedatives, Hypnotics, Anticonvulsants and General Anesthetics

A. D. Rudzik and W. Friis
The Upjohn Company, Kalamazoo, Michigan 49001

Introduction - During the last year there has been a proliferation of re-
ports of compounds possessing depressant activity. Some of the compounds
will be considered in other chapters, but because of reports of sedative-
hypnotic and anticonvulsant activity in certain compounds, they may also
be covered in this section. This is especially true in the case of the
benzodiazepines where it is difficult to separate antianxiety from seda-
tive-hypnotic activity. An attempt was made to cover those compounds
where more than preliminary screening data is available or where novel
structural types of compounds were presented.

Sedatives and Hypnotics - Insomnia is among the most common disorders
dealt with in medical practice and despite much research work in recent
years, sleep and insomnia are not well understood. The causes of insom-
nia and its management have recently been reviewed by Johns.! 1In his re-
view, he describes both the intrinsic and extrinsic factors which can
cause insomnia and the practical aspects of its treatment.

In an effort to better understand sleep and the effects of hypnotic
drugs on sleep patterns, numerous studies have been undertaken to evalu-
ate the effect of drugs on polygraphically monitored sleep in man. These
studies have been evaluated critically by Freemon.® He describes the way
that sleep laboratory studies are done, the division of sleep into its
various stages, and the numerous pitfalls in this kind of research. The
review by Freemon includes a summary of the results obtained in 65 dif-
ferent studies with both new experimental compounds and currently avail-
able hypnotic and central nervous system drugs.

The clinical choice of sedative-hypnotic drugs for the management of
insomnia has also been reviewed recently by Greenblatt and Shader.® The
authors review the clinical conditions in which hypnotics should be used
as well as the advantages and disadvantages of currently available hypno-
tic agents. They conclude that current evidence favors benzodiazepine
derivatives since suicide is virtually impossible with them and they do
not interact with oral anticoagulants.

A characteristic of most benzodiazepines is their propensity to pro-~
duce sedation and hypnosis in both animals and man. Numerous papers have
appeared in the last year describing the hypnotic activity of flurazepam
(I) in man.*>8,® The effect of various hypnotics on performance (vigi-
lance, eye-hand coordination, cognitive-association and decision making)
was reported by Bixler et gl? who found that in general secobarbital pro-
duced a more consistent and greater decrement in performance than
flurazepam. ’
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Sleep laboratory studies on lorazepam (WY 4036, II) have shown that
this compound depresses REM sleep but there is no rebound increase in REM
during the post-drug nights. Stage 4 sleep was not decreased by loraze-
pam.” No changes were seen in clinical laboratory studies or physical
examinations.

The potent activity of the triazolobenzodiazepines (U-31,889, III
and U-33,030, IV) has been summarized.® The effect of one of these deri-
vatives, compound (III1) in sleep laboratory studies has been reported by
Itil et al? who conclude that compound III could be useful in chronic
sleep disturbances and in patients with nightmares, somnambulance and
night terrors.
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H
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NOg ‘ = Cl ‘ =N
g -
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Compound V (§-1530), the l-methyl derivative of nitrazepam, a mar-
keted hypnotic agent, has been shown to have both antianxiety and hypno-
tic activity clinically.® 1In animals compound V was found to be more
potent than either nitrazepam or diazepam as a muscle relaxant, anticon-
vulsant and "sleep inducer'.!

Compound VI (CS-370) was found in the process of screening deriva-
tives of the benzodiazepine derivative, oxazolam. This compound is more
potent than oxazolam in laboratory tests and has a lower toxicity than
does diazepam.l®

The animal pharmacology of perlapine (VII) has recently been re-
viewed and the compound has been postulated to differ in mechanism of
action from other sleep promoting agents.!® Moreover, the compound
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differs pharmacologically from potent neuroleptics and also from the
benzodiazepines. oy
s

c@ "/LCH-?F
Vil VIII

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

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.'® Compound VIII also possessed more potent anticonvulsant

activity.

K. Nagarajan et al’® have reported the CNS depressant activity of a
gseries of derivatives of benzodiazepinones. One of the derivatives, com-
pound IX, showed dose related sedation, ptosis and ataxia. The compounds
had low toxicity.

CHZ0 0 N
‘ [
CHg 0 ~Nelp X00C .y~ CHa *HNO;

CHy CH, CHCg Hg

X X - X=CH,
XI - X=C;;H5

The methylimidazole derivatives (X, XI) resemble general anesthe-
tics, as doses causing loss of righting reflex lie close to those affect-
ing loss of other reflexes.!” At non-hypnotic doses, the compounds (X,
XI) potentiated the hypnotic effect of sodium phenobarbital.
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Two oxazolinone derivatives (XII, XIII) were found to exhibit seda-
tion and muscle relaxation.}® Compound XII 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 bicyclononanol derivatives.'® 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-
biturgte, and enhanced the similar potentiating effect of reserpine in
mice.?°

Anticonvulgants = Although primidone has been in clinical use since 1952,
little work has been done on its metabolism in man. Baumel et al®! found
that after a single oral dose of primidone in man, PEMA (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. PEMA was found to have anti-
convulsant activity in rats and also potentiated the anticonvulsant acti-
vity of phenobarbital. These results correlate with the recent evidence
from animal studies that the total anticonvulsant action of primidone ex-
ceeds that attributable to phenobarbital alone.

One of the properties of many central nervous system depressant
drugs is their ability to antagonize seizures produced by convulsant
agents or electroshock. The benzodiazepine derivatives are especially
active in this regard with pronounced activity against chemically induced
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seizures in animals but with less activity against electroshock seizures.
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The l-allylcarbamoyl benzodiazepine (XVI) is equipotent to diazepam
in antagonizing convulsions induced by nicotine, thiosemicarbazide,
strychnine and pentylenetetrazol and electroshock.®! The ED50 value to
antagonize the chemically induced convulsions is significantly lower than
that required to antagonize maximal electroshock-induced seizures.

The 2,6-difluorobenzodiazepinone (XVII) also possesses potent anti-
convulsant activity against chemically induced convulsions.®?® It is
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.

The pharmacological properties of prazepam (XIX) have previously
been published,®3 however, a more extensive study by Boissier et al®*
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
mice.?® The compound has been tested clinically in preoperative sleep
disturbances and found to be very effective.3®
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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.?” Cyclic compounds (XXII) derived from XXI showed less activity
under the same test conditions.

NHAc 0 NHAc
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XXIII X=H XXv X=H
XX1V  X=Cl XXVI X=C1

XXVII  X=NO

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.®® Succinimides and glutarimides having the D(R)
configuration exhibit activity equal to or greater than the activity ex-
hibited with the L(8) anticonvulsants. Compounds XXIII, XXIV, XXV, XXVI
and XXVII have activity which compares favorably with the activity of
drugs of clinical significance.

CHg N

N\
(o
X |
COOH
XXVIII X=n05 Hl a XXIX

Y=n C4H9



Chap. 4 Depressants Rudzik, Friis 35

Fernidndez-Tomé et al®° have reported on the synthesis of a series
of 2,5 dihydro-1,2,4 benzothiadiazepine 1,1l-dioxides of which compound
XXVII1 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.3°

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.®! It is a potent intra-
venous anesthetic in animals which produces rapid induction of anesthesia
without vascular irritation. Initial trials of CT 1341 in man appear to
substantiate the finding in animals.®® 1In 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.32®

Thirty-four halogenated methyl ethyl ethers were evaluated as vola-
tile general anesthetics by Terrell et al.®* Twelve of the compounds had
good anesthetic properties in mice. Compounds XXX and XXXI are currently
undergoing clinical trial,

F3 HCOCHC1CF 4 FzHCOCF5 CHCLF

XXX XXX1

An additional series of methyl pentahaloethyl and methyl heptahalo-
isopropyl ethers were evaluated as anesthetic agents.®® 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.'”® 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 grolong 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,
N
< Ry Rz

I CH2-<] CeHs

Ccl -— IT CH, _<:>

Rz

Clinical studies relating to the use of tetrazepam
(4261 CB, I1) report varying degrees of effectiveness in
relieving spasticity. In one study,’ patients with skeletal
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.®

Recent studies have examined further the nature of the
SMR activity of diazepam.®s!? 1In cats, diazepam may exert
its depressant effects on spinal reflexes by enhancing pre-
synaptic inhibition.!!s!? The action appears to be

independent of any effects on supraspinal structures.!?

*Dedicated to the memory of the late Dr. Hugh B. Donahoe,
Professor of Chemistry, St. Louis University, who was one
of the original authors.
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Baclofen (Ciba 34647-Ba, III), a
HaN-CH.CH-CH,C0.H 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.!*~'® side effects are

c1 reported to include nausea and muscular
weakness. The site of action may be
III localized in the area of the spinal

cord made up of afferent nerves going from muscle spindles
to o-motoneurons.!’

l-Hydroxy-3-aminopyrrolidone-2
(HA-966, IV) which structurally resembles
the cyclic form of GABA, elevates the NH
threshold to strychnine convulsions in 2
mice.!® It abolishes the polysynaptic
flexor reflex in cats possibly by a dep-
N 0

ression of central interneurons. The N
delayed action of HA-966 is consistent 6H
with the proposal that it undergoes
metabolic conversion to an active form, v
possibly GABA or y-hydroxybutyric acid.
Nefopam (Riker 738, V),
O a cyclic analog of diphen-
hydramine, has significantly
less antihistamine and anti-
cholinergic activity than the
parent molecule.!? In cats,
nefopam blocked patellar
CHs reflex facilitation induced
v 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,??

0 HoNHCH.CH,0CH,CH,0CH,
VI
0

Ambenoxan (VI) reduces decerebrate rigidity in
rabbits.?! 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
CHCH2CH2N(CHs) 2 treatment of sgasticity at
30-70 mg/day. However,
in a double-blind crossover
trial, it was ineffective at
60 mg/day.??

— N \

VII

RJ-64 (VIII), an oxadiazole,
acts in a manner similar to chlor-
zoxazone in animal studies.?

In rats, RJ-64 proved to be

seven times more potent than N
chlorzoxazone with regard to e/
antistrychnine activity. 1In a C
subsequent structure-activity ‘\0/’

study involving thirty-five

1,2,4-oxadiazoles,?® none was VIII
found substantially more effec-

tive than VIII.

AHR-2666 (IX), exhibits both central and peripheral
effects, blocking cat spinal interneurons, and directly
depressing skeletal muscle.? 26  1n spite of these combined
actions, no impairment of respiration was seen.

] ~N
Q) L.
/l c1
S
N N
0=C o=é\

NHCH, NHC - H»

IX X

A structurally related compound, AHR-2776 (X),
selectively blocked cat polysynaptic reflexes, indicating no
direct depressant effects on muscle.?’ AHR~2776 also
inhibited the effects of reticular formation stimulation
on the patellar reflex.



40 Sect, I - CNS Agents Engelhardt, Ed.

The o-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.2?® In normal volunteers, using a
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.2?%,2%

The amino-hydantoin dan-
trolene sodium (XI), originally

suggested as acting mainly via [ |
the CNS®? has subsequently been N-N=CH- NO
found to exert its major action 0 2
peripherally, possibly on the 0# =
excitation~contraction couplin? N

mechanism of skeletal muscle.?® Na.xHa0

Double-blind clinical studies XT

have demonstrated the effective-

ness of dantrolene in relieving

human spasticity.32r%% gide effects were minimal and
included drowsiness, weakness, and "drunk” feelings. Most

of these effects disappeared during the first week of
treatment.

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.

References

1. E. L. Englehardt and C. A. Stone in Medicinal Chemistry,
3rd ed., Part II, ed. A. Burger, (Wiley), N.Y., 1528
{(1970).

2. J. Malatray, Prod. Probl. Pharmaceut. 23, 425 (1968).

3. Conf. Proc.-Arzneim, Entwickl., Wirkung, Darstell.
2nd ed., 1, 278 (1972).

4. W. Schallek, W. Schlosser, and L. 0. Randall, Adv.
Pharmacol. Chemotherap. 10, 120 (1972).

5. F. J. Rosenberg and W. J. Cooke, J. Pharmacol. Exptl.
Therap. 155, 145 (1967).

6. I. M. Levine, P. B. Jossmann, D. G. Friend, and
V. DeAngelis, Neurology 19, 510 (1969).

7. J. Lavagna, J. Becle, M. Gizy, and G. Darcourt, Marseille
Med. 108, 73 (1971).

8. P. Grimaud and J. Chevrier, Sem. Hop. Paris 47, 953
(1971).

9. T. C. Tseng and S. C. Wang, J. Pharmacol. Exptl. Therap.
178, 350 (1971).



Chap. 5 Skeletal Muscle Relaxants Landes, Stopkie, Spaziano 41

10. R. D. Hudson and M. K. Wolpert, Neuropharmacology 9,
481 (1970).
11. R. F. Schmidt, M. E. Vogel, and M. Zimmermann, Naunyn-
Schmiedeberg's Arch. Pharmakol. 258, 69 (1967).
12. W. Schlosser, Arch. int. Pharmacodyn. 194, 93 (1971).
13. W. P. Stratten and C. D. Barnes, Neuropharmacology 10,
685 (1971).
14. P. Hudgson and D. Weightman, Brit. Med. J. 4, 15 (1971).
15. R. F. Jones, D. Burke, J. E. Marosszeky, and J. D.
Gillies, J. Neurol. Neurosurg. Psychiat. 33, 464 (1970).
16. E. Pedersen, P. Arlien-Soborg, V. Grynderup, and
0. Henriksen, Acta Neurol. Scandinav. 46, 257 (1970).
17. E. Pedersen and P. Arlien-Soborg, Acta Neurol.
Scandinav. 48, 485 (1972).
18. I. L. Bonta, C. J. DeVos, H. Grijsen, F. C. Hillen,
" E. L. Noach, and A. W. Sim, Brit. J. Pharmacol. 43,
514 (1971).
19. M. W. Klohs, M. D. Draper, F. J. Petracek, K. H.
Ginzel, and 0. N. Re, Arzneim.-Forsch. 22, 132 (1972).
20. W. E. Tobin and R. H. Gold, J. Clin. Pharmacol. 12,
230 (1972).
21. M. Shapero and P. J. Southgate, Brit. J. Pharmacol.
38, 263 (1970).
22, P, Molina-Negro and R. A. Illingworth, Union Med. Can.
100, 1947 (1971).
23, P. Ashby, D. Burke, S. Rao, and R. F. Jones, J. Neurol,
Neurosurg. Psychiat. 35, 599 (1972).
24. G. P. Leszkovszky and L. Tardos, Arzneim.-Forsch. 20,
1778 (1970).
25. G. P, Leszkovszky and L. Tardos, Acta Physiol. Hung.
37, 319 (1970).
26. D. N. Johnson, W. H. Funderburk, A. E. Hakala, and
J. W. Ward, Fed. Proc. 31, A535 (1972).
27. D. N. Johnson, W. H. Funderburk, and J. W. Ward, Fed.
Proc. gg, A779 (1970).
28, S. J. Phillips and A. Richens, Electroenceph. Clin.
Neurophysiol. 30, 470-P (1971).
29. P. H. Ellaway and J. E. Pascoe, J. Physiol., Lond.
197, 8P (1968).
30. H. R. Snyder, Jr., C. S. Davis, R. K. Bickerton, and
R. P. Halliday, J. Med. Chem. 10, 807 (1967).
31. K. O. Ellis and S. H. Bryant, Naunyn-Schmiedeberg's
Arch. Pharmakol. 274, 107 (1972).
32, M. Chipman and S. Kaul, Neurology 22, 401 (1972).
33. S. B. Chyatte and J. H. Birdsong, South. Med. J. 64,
830 (1971).



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. Severe criticism of the use of appe-

. tite suppressant drugs has emerged from government and medical sources

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 II (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.4’5 The result of all this controversy has
been a critical assessment of the treatment of obesity and the use of
anorectics in that treatment. A meeting on Drugs and the Control of Over-
weight® brought together a number of experts in the field and resulted in
the development of an authoritative medical position on the topic. The
clinical efficacy of anorectics as adjunctive agents in the treatment of
overweight was supported by these experts.7 The general overview was that
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.

Three new drugs for the treatment of obesity in the U,S. have emerged
during the past three years, fenfluramine (I), clortermine (II)8 and maz-
indol (111).9,10,11 Although used abroad for some time, NDA's for these
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, chlorphentermine and
benzphetamine in Schedule 111.12

OH
Hy
CF3 cl | l
N

I II 111

Fenfluramine - The anorectic that received the most attention in the past
three years was fenfluramine. Several reviews of fenfluramine's activ-
ities were presented at an International Symposium on Amphetamines and
Related Compounds at Milan and were subsequently published in a single
volume.l3 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.
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In animals, fenfluramine has been shown to be slightly less poteff ag
an anorectic than d-amphetamine but with a longer duration of action. -1
Its effect on the CNS has been studied and its activities include de-
creased confinement motor activity in ratsl6 and decreased spontaneous
motor activity in micela, prolongation of pentobarbital sleep time in
micel? and diminution of hyperactivity caused by amphetamine.l7 Fenflur-
amine has been reported to antagonize the toxicity of amphetamine in
aggregated mice but not in isolated micel3X and is also capable of reduc-
ing isolation-induced aggressive behavior.l® E.E.G. studies in Rhesus
monkeys indicated that fenfluramine produces activation of the ventromedi-
al hypothalamus (satiety center) and deactivation of the lateral hypothal-
amus (feeding center) along with a general slowing of cortical waves.
Fenfluramine's slight hypotensive effect in anesthetized animals has been
documented.<%» A study of the effects of fenfluramine on the autonomic
nervous system reported that, depending on dose and preparation used, fen-
fluramine both facilitated and inhibited the responses elicited by sympa-
thetic stimulation of isolated and intact animal preparations.22 Fenflur-
amine has also been shown in animals to produce certain pharmacological
effects resembling imipramine.23 In rats, fenfluramine was found to con-
siderably reduce the para-hydroxylation of amphetamine and accelerate
amphetamine's side chain metabolism,

Biochemical studies revealed that fenfluramine decreased the content
of norepinephrine and dopamine in mouse and rat brain and pretreatment
with a monoamine oxidase inhibitor reversed the effect of fenfluramine
from decreasing to increasing motor activity.25 Additional reports indi-
cate that fenfluramine and amphetamine differ in the mechanism by which
they release norepinephrine from the brain. Several investigators
reported that fenfluramine caused depletion of 5-hydroxytryptamine in rat
brain.27,28 Pharmacological studies with synthesis inhibitors of neuro-
transmitters and antagonists led to the suggestions that the anorectic
effect of fenfluramine might be due to release of brain serotonin?9,30 or
to stimulation of tryptaminergic neurons directly.28

Fenfluramine was also shown to inhibit the lipolytic response induced
by pancreatic lipase in vitro3l and to produce a difference in ketone body
metabolism during treatment compared to the effect of starvation suggest-
ing an effect upon enzymes involved in ketone-body metabolism.32 Other
studies in rats reported inhibition of the uptake of oral 14C-glucose by
adipose tissue, decreased epididymal fat pad weight and plasma triglycer-
ides produced by fenfluramine.33’ In studies with high fat diet fed rats,
however, the loss in body weight produced over 5 days with fenfluramine
and d-amphetamine could be attributed to the degree of anorexia pro-
duced.34 C(Clinical results with fenfluramine indicated its efficacy as a
treatment for refractory obesity even without dietary restriction3’ and
in general that it is an effective and safe drug for use in a weight loss
program.138’b It has been reported, however, to produce depression of
mood in some patients after abrupt cessation of treatment.

Research Compounds - Research on new antiobesity agents may be divided in-
to three categories: (1) those compounds distinctly outside the amphet-
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amine structural classification, (2) compounds containing the amphetamine
structural skeleton, and (3) N-substituted derivatives of amphetamine it-
self. The liability of amphetamine and many of its congeners for abuse of
its stimulant properties and tolerance development to its anorectic prop~
erties continues to apply pressure on drug research teams to find safe an-
orectic agents outside this structural and pharmacological type entirely.
Screening programs have produced new leads. These compounds tend to be of
high to moderate potency and to lack the stimulation associated with am-
phetamines. Further work will reveal 1f these agents have the selective
profile and freedom from abuse liability and other serious side effects
that are required in an advanced therapeutic agent.

A group of long-acting o-aminoalkylbenzhydrols (IV) have been re-
ported that have moderate anorexic potency with little stimulation, whose
pharmacological profile and structure-activity relationships suggest a
mechanism of action different from amphetamine.37,38 Structural resem-
blance to a more potent compound, mazindol (III), may be seen in this
group,

A series of aryloxyalkylamines with cyano and sydnone functional
groups on the aryl moiety (V) have been prepared and tested,39 This
gseries produced some potent anorectics which also antagonized reserpine
hypothermia. Certain of the active agents caused severe stereo-typical
behavior in cats at moderate to high doses.

CH2NHCH3 R

0\\,/‘<:N"R'
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a 4-Cl (Cpd. F-36) X = sydnonyl, cyano

b 4-Cl, 3-CF3 R' - C2H5,n-C4Hg,-(CH,) 7
¢ 3-CF3 R = H, CH3

The pharmacology16, structure~activity relationehipa“o and metabo-
1ism®l of a new anorectic agent, a beta-methoxyphenethylamine bearing an
aryl-CF3 group were reported. The profile of the lead compound, SK&F
1-39728 (VI), resembled that of fenfluramine showing potent anorexia with
mild sedation. The compound was relatively non-toxic and was resistant
to tolerance development. Brain biochemistry has been investigated.

An extended series of l-benzylcyclopropylamines (VII) were prepared
and evaluated as anorectic agents.42 The 4~chloro compound showed the
highest potency in both rat and dog anorexia tests followed by the parent
of the series and the 4-CH3 analog. The 3-CF3 analog was only weakly
active.



Chap. 6 Agents Affecting Appetite Heil, Ross 45
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The fenfluramine derivative $992 (VIII) was described as a potent
anorectic with a high therapeutic ratio and lack of untoward effects in
animals.l3b 1In man, it produced a significant loss in body weight43-44
with increases in plasma triglycerides and ketones?4 and a decrease in
serum cholesterol concentration.44 Side effects included dry mouth,’
dcpression4 irritability, and reduction in cigarette and alcohol con-
sumption.,

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

A compound (X) related to diethylprop} n was found to be an effec-
tive appetite inhibitor in clinical trial. Improved control of side
effects by use of sustained release medication was shown.

cl@-cnz- -NH—CHZQ -@c-gﬂ-rm-czus
CH3 H

IX A-31960 X SK&F 70948

Further reports appeared on N-substituted amphetamines, several based
on clinical trials. Most investigators recognize that these compounds
function perhaps entirely by release of amphetamine itself by metabolic
dealkylation47 or deacylation (see metabolism section). Thus their pro-
file is basically that of amphetamine attenuated with respect to anorec-
tic potency, stimulation and side effects but with prolonged duration of

action.
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Structure-Activity and Side Effects - Structure-activity relationships
received first consideration in the recent Symposium on Ampheta-
mines.l3a-d,q,%,ad Anorexic phenethylamines have been ranked and

grouped according to their anorexic potency and their activity in a con-
tinuous avoidance behavior test.l5 Fenfluramine produced potent anorexia
and decreased avoidance responding. Most compounds caused increases in
avoldance, methamphetamine and p-chloroamphetamine being most potent.
Para-methylamphetamine was potent at causing decrease in avoidance.

Pulmonary hypertension has bezg found to be a possible side effect of
anorexic agents, notably aminorex& Attempts to show a pathogenetic
mechanism have been inconclusive. The effect seems to be localized in
pulmonary small blood vessels. A study of chlorphentermine in rats showed
development of abnormal cells in the alveoli.

Mechanisms of Anorectic Action - Amphetamine, fenfluramine and, to a
lesser extent, other anorectics have been studied intensively to relate
the behavioral effects of these drugs to biochemical parameters in the
brain. The large sections in the Milan Symposium Bookl133-v give an accur-
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.

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

Amphetamine: Releases and depletes brain norepinephrine,l3h,3,8,u,v
Increases brain dopamine turnover.13l
Releases serotonin (higher doses),l3m
Releases its own stored metabolite, p-hydroxynor-
ephedrine, a false transmitter.131,k

Amphetamine anorexia is inhibited by:

Tyrosine hydroxylase inhibitors.51,34

Reserpine pretreatment (norepinephrine, serotonin
releaser.41,52,

p—Chlorophenglalanine pretreatment (a serotonin
depletor)>3,56 (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 catecholaminergic mechanisms and is mediated by nor-
epinephrine and dopamine release.l3m,59 Serotonergic mechanisms are also
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involved but play a secondary role in the case of this drug.56 However,
release of serotonin by fenfluramine or norfenfluramine may be of primary
importance to the anorectic effects of these two drugs.60’§8 Other
phenethylamine-based anorectics have been studied less but appear to dis-
play varying profiles.56,57,61 Some share certain effects with ampheta-
mine, others have effects in common with norfenfluramine or fenfluramine.
To a certain extent each agent seems to have its own unique profile.62

Alpha and Beta Hypothalamic Receptors - A unifying hypothesis of hunger
and satiety systems in the lateral and ventromedial hypothalamus has been
proposed.6 The lateral hypothalamus contains beta receptors; beta agon-
ists stimulate these receptors to produce the behavioral response of
satiety. Beta antagonists block satiety. The ventromedial hypothalamus
contains alpha receptors; stimulation by alpha agonists produces the
behavioral response of hunger. Alpha antagonists block hunger. The peri-
fornical area contains both types of receptors and elicits attenuated
responses. This revolutionary hypothesis has thus far brought little pub-
lished response. Results in sheep and cattle tend to partially support
and partially contradict these conclusions.

Tolerance and Withdrawal - A clinical study of withdrawal following pro-~
longed amphetamine abuse showed temporal correlation of excretion of a
norepinephrine metabolite, 3-methoxy-4-hydroxyphenyl glycol, with depres~
sion.

Two studies of tolerance to the anorexic effects of amphetamine
brought out that this tolerance reflects a behavioral adaptation of the
animal to the drug. Animals dosed with amphetamine following feeding
responded normally to the g§u§7when, after several days, the drug dose
was given before the meal.”™?

Lipolysis - Amphetamine-induced lipolysis may be mediated via release of
a pituitary hormone or by an action on the hypothalamus.68 Release of
catecholamines from the adrenals as a mechanism was eliminated by adren-
alectomy. Hypophysectomy, thyroidectomy or cortisone pretreatment inhib-
ited the lipolytic effect. This effect was also blocked by propranolol.
A tolerance study indicated rapid development of tolerance to both anor-
exia and mobilization of fatty acids.69 The animals remained responsive
to the administration of exogenous norepinephrine but developed cross-
tolerance to the lipolytic effect of other anorectics.,

Metabolism - The understanding of the metabolism of anorectic drugs con-
tinues to grow in importance. 3e-h Ipteraction of parent drug with prin-
cipal metabolites has been shown to play an important role in overall
drug profile.13j’k

Dealkylation and deacylation of N-substituted ghenethylamine anorex-
ics are likely to be rapid metabolic processes.41-1 dyf  Aromatic hydrox-
ylation is greatly dependent on aromatic substitution13d'e; beta hydrox-
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ylation is to a certain extent an unknown quantity.l3f oOxidative deamin-
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 reported’0 to be an important
metabolic transformation in the case of phendimetrazine (XI):

X
)
Cells—o XT
a, R = CH3, phendimetrazine
b, R = OH, metabolite

Miscellaneous - Biguanides continue to receive some attention for the
treatment of obesity. A clinical study has demonstrated weight loss in
excess of that caused by the difree of anorexia produced in five obese
women treated with phenformin. There was no protein catabolism, change
in metabolic rate or water loss involved. In addition to inducing anor-
exia, biguanides have been suspected of interfering with absorption.’?2

A study in gold thioglucose treated mice demonstrated body weight loss
without anorexia with phenformin73 implicating factors other than anor-
exia as the cause of phenformin's antiobesity effect.

Further studies were conducted on the fat mobilizing substance FMS
1A, a glycopeptide isolated from urine that causes anorexia in animals
and man., A clinical study in man has demonstrated that exhaustive physi-
cal exercise produces an increase in the plasma concentration of FMS 1A.
Studies in rats indicated that high protein diets caused an increase in
the amounts and total anorexigenic activity of FMS 1A.75 The amounts and
total activity of FMS 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,’6,77
Subcutaneous and hypothalamic injections of grostaglandins to male rats
decreased food intake compared to controls.’ They have also been showm
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 mobilization.’? 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 diethylstilbestrol78 just as other hypothalamically lesioned ani-
mals are hypersensitive to the effects of anorectics.
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New test methods in animals for detecting anorectic and antiobesity
drugs have received little attention in the past few years. One test
method in cats was described utilizing injection of sodium pentobarbital
into the cerebral ventricles producing hyperghagia which can be inhibited
by prior administration of anorectic drugs.8 Another test method in
high fat diet rats was shown to be capable of detectin§ drugs that affect
body weight with or without reducing food consumption.34

Q?Q @w-u*“““““’
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XII cyproheptadine XIII buclizine

Appetite Stimulants - The field of appetite stimulants represents a ripe
area for research. The number of drugs shown to be useful and safe for
this indication is limited and a significant new agent could command a
major part of a fairly sizeable potential market. The drug most used for
stimulation of appetite is cyproheptadine (XII), an antihistaminic sero-
tonin antagonist. Reports in the past three years have shown that cypro-
heptadine was effective in stimulating appetite and promoting weight gain
in basically normal underweight children8l,82, in children with any psy-
chological problems83, in underweight but healthy adults84 and in anorexic
patientsas but was not effective in healthy but underweight older psychi-
atric patients.86 It is thought that the weight gain is principally due
to an increase in food intake without an effect on fasting blood glucose
or serum insulin levels.87 Buclizine (XII1), an agent with tranquilizer
and antihistaminic activity, was also shown to be effective in producing
appetite stimulation and increasing body weight in children,38
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Section Il - Pharmacodynamic Agents

Editor: John G. Topliss, Schering Corp., Bloomfield, New Jersey

Chapter 7. Antihypertensive Agents

Anthony M. Roe, Smith Kline and French Research Institute,
Welwyn Garden City, Hertfordshire, England.

Introduction - Between the years 1967 and 1971, 2,725 people were found to
be hypertensive (blood pressure > 160/95) out of a group of 22,929 people
who were screened.! The magnitude of the problem presented by this '‘con-
trollable disease"? is manifest and urgent, because the advantages of early
treatment are becoming generally recognised.3’“ A symposium5~8 on
"Hypertension: Mechanisms and Management'! describes the present status of
the disease; other reviews®-!! discuss the chemotherapeutic control of high
blood pressure, and the mechanism of action of some vasoactive drugs.l2

The interaction of antihypertensive agents with other drugs has been
summarised on a logical mechanistic basis.l3 The spontaneously hyper-
tensive rat (SHR) has been further assessed!“”17 as a model for human
essential hypertension.

in a review on hypertension and the geochemical environment, the
evidence that cadmium may be involved in the genesis of essential hyper-
tension is discussed and has led to the intriguing speculation of a link
between cadmium and the well-known epidemiological correlation of cardio-
vascular disease with the softness of the water supply.18
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The clinical study of recent antlhypertensives - Mang papers continue to
demonstrate the therapeutic value of clonidine (I).1% Its detailed
mechanisms of action continue to be explored in man and animals.20722 |[tg
centrally mediated effect on the sympathetic system has been shown in man,23
and it has been concluded from studies on isolated human tissue that non-
competitive blockade of noradrenaline in venous tissue may also be
responsible for its hypotensive action.2* Other work has shown that, at
very low concentrations, clonidine and BAY a 6781 (11) inhibit the release
of transmitter in postganglionic adrenergic nerves of rabbit heart and post-
ganglionic cholinergic nerves of guinea pig ileum.25:26 The reduction of
the hypotensive response in rabbits produced by clonidine after treatment




Chap. 7 Antihypertensive Agents Roe 33

with desmethylimipramine is also interpreted as clonidine acting on nor-
adrenergic neurones rather than at the o-adrenergic receptor.27

The efficacy of B-adrenoreceptor antagonists such as propranolol,28-31
alprenolol,28 oxprenolol!,32 pindolol,33 practolol,3% and MK-950 (111)35,36
in many patients is well documented, although the mechanism by which they
act is not understood, A possible resolution of this ''therapeutic paradox'37
has been proposed38 following the important observation that patients with
high plasma renin activity show the greatest falls in both renin level and
blood pressure after propranolol, whereas this drug does not reduce the
blood pressure or the renin level in patients with low plasma renin levels.
The therapeutic utility of combining propranolol (and other B-adrenoreceptor
antagonists) with a vasodilator39=4%5 is probably due to propranolol's
ability to inhibit renin secretion in addition to its effect on the
associated tachycardia.

The use of vasodilators alone is exemplified by the efficacy of
minoxidi1%6 and guancydine.*7 Further clinical studies with minoxidil
have shown that the prolonged antihypertensive response is not due to
slow excretion or metabolism, but may be due to a persistent effect on
receptor sites.*8 {Indoramine is an effective a-adrenoreceptor antagonist
in man49 and it appears to be well tolerated.>0

The correlation of the clinical effects of guanethidine and debrisoquin
with information obtained from in vitro studies has been reviewed.51»52
Guanadrel (IVv, U-28,288D)53,5" appears to act more rapidly than
guanethidine and to be equally effective. The novel g-arylserine
(V, Ro 4-2137)55 only exhibits slight antihypertensive activity in man.
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Adrenergic neurone blockers - Structure-activity relationships of an exten-
sive series of W=guanidinoethyl-azacycloalkanes have been discussed;58 the
compounds ranged from the clinically active cyclazenine (Vi) to the pure
ganglion blockers (VII) and (VII!). Potent adrenergic neurone blocking
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activity has been reported for compounds such as (IX).57 AzZ-55 (X)58
affects the responses to stimulation of rabbit atria and aortic strips in a
similar manner to that of guanethidine. The tetrahydroisoquinolines (Xla
and b) are og-adrenoreceptor antagonists, and this action is combined with
adrenergic neurone blockade in (Xlc, SC 3123)59 which causes hypotension

in dogs, cats and rats,60 but proved unsatisfactory in the clinic.59
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X1

Ganglion blockers - The relationship between inter-nitrogen distance and
ganglion blocking potency of bis~quaternary salts has been studied by
several groups. Compound (Xll!c), in which the inter-nitrogen distance is
6.5-7.7R, is more active than (XIla), (XIIb) or hexamethonium; it is
hypotensive in the anesthetized rat at 1.0 mg/kg.6! Compound (X111) is also
more active than hexamethonium.€2 Lipophilicity of these and other bis-
quaternary salts is not a crucial factor in determining ganglion blocking
potency.62 Some bis=-quaternary ammonium derivatives of cholane, in which
the inter-nitrogen distance is about 5.88, required 7 mg/kg (i.v.) to
produce the same effect on the blood pressure of the anesthetized cat as
2 mg/kg of hexamethonium,63
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Hypotension, which may be a result of ganglion blockade, has been
observed in the cat, dog and chick after the neuromuscular blocking agent
M&B 15,944 (Xx1v).6%
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a-Adrenoreceptor blockers - The L-hydroxyphenylpropanolamine (XV, RC 61-91,
Vadilex) causes dose-related hypotension in rats, rabbits and dogs; it is
two to five times more active than isoxsuprine as a vasodilator.%5 At 1.0
to 10 mg/kg, compound (XVI), and related arylpiperazines, lower the blood
pressure of anesthetized dogs by 15-40%.66 Rather specific and fairly

?rolo?ggg a-adrenoreceptor blockade occurs in dogs treated with WR-149,024
XVitl),

Further details have appeared on the properties of (XVIIIl): in
several species it was a more potent hypotensive than its substituted
derivatives which, although structurally related to clonidine, act mainly
by peripheral g-adrenoreceptor blockade.68
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Compounds affecting adrenergic transmitters - The hypotensive effect of
oral 5-(3,4-dibromobuty!)picolinic acid in normotensive rabbits and $HR's
may be more persistent than that of 5-butylpicolinic (fusaric) acid
itself,69 which was antihypertensive in clinical trials.”’® In renal
hypertensive rats, oral 3-amino-2-oxazolidinone and several of its Schiff's
base derivatives lower blood pressure more than pargyline; their in vivo
monoamine oxidase inhibitory activity does not correlate with anti-
hypertensive potency.’!

Several papers show that stimulation of central a-adrenoreceptors,
which results in the inhibition of sympathetic tone, is the principle mode
of action of a-methyldopa;’2-75 a similar mechanism has been demonstrated
for 1-dopa by dog cross-circulation experiments.”’®,77 The potential
clinical applications of dopamine analogs in cardiovascular disease have
been reviewed.?8

Naturally occurring and reiated compounds - The vasodilatation of twenty
four natural and synthetic prostaglandins has been compared in the anesth-
etized dog, but none was more active than PGE;.”% The depressor effects

of intravenous PGA, and PGE, in the SHR are thought to be mediated by a
central effect on the vagus;80 PGA, ma¥ be involved in the regulation of
blood pressure and renal homeostasis.B! Prostaglandin deficiency may play
a role in the genesis of essential hypertension;82 a prostaglandin-like
substance which depresses adrenergic neurone activity is liberated when the
perfusion pressure of the kidney is reduced.83
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A heptapeptide amide and some derivatives having the 5-11 sequence of
eledoisin show eledoisin-like activity in the dog.8% [Sarl,lle8langio-
tensin 118586 g5 3 Jong-lasting competitive inhibitor of angiotensin I1.
Neotetrazollum reduces the pressor effects of angiotensin by a complex
mechanism.87 A synthetic nonapeptide, pyroGlu-Trp-Pro-Arg-Pro-Gln-|le-
Pro-Pro (BPPga, $Q 20,881),88 originally isolated from the venom of
Bothrops jararaca, is a powerful competitive inhibitor of the enzyme

which converts angiotensin | into angiotensin Il, and may have utility in
some forms of hypertension.8% The angiotensin | analogs of previously
described angiotensin Il antagonists have now been prepared3® and shown to

inhibit the effects of both angiotensin | and Il in the rat and in isolated
tissue.

Methyl reserpate has been esterified with various cinnamic acids, and
the products were given intravenously to conscious cannulated SHR's; the
ester derived from 3,4-dimethoxycinnamic acid has a similar activity to
rescinnamine.®! Two recently characterized ergot alkaloids of the chano-
clavine-type, rugulovasine A and B, elicit various responses including
hypotension in rats and cats, the mechanism is thought to be depression of
central vasomotor and accelerator centres.?2,23 |n dogs, the 3(2H)~iso-
quinolone (XIX) causes more prolonged vasodilatation than papaverine but
less positive inotropic effects.?* A dopamine-g-hydroxylase inhibitor,
dopastin (XX), has been isolated from a bacterial culture and synthesized;95
the blood pressure of SHR's is lowered by 40-50 mm Hg after dopastin at
20 mg/kg (i.p.).%6

MeO. 2 0
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Other hypotensives - The antihypertensive activity of an extensive series
of diazoxide analogs has been subjected to multiple regression analyses
using lipophilic, electronic and steric substituent constants.?? This is
an impressive example of the application of these methods, and leads to a
remarkably simple definition of the substituent requirements for maximum
activity in this series and to some conclusions about possible receptor
site interactions.

The minimum effective dose of monosubstituted sulfamoylazides needed to
lower the blood pressure of anesthetized normotensive dogs is 0.005-0.01
mg/kg (i.v.), and of the disubstituted derivatives it is 0.3-1.25 mg/kg.
This striking difference is related to the extreme stability to hydrolysis
of the latter, azide ion being the hypotensive species.98
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Compounds (XX1) appear to be the most potent of some new hydrazino-
pyridazines; they lower the blood pressure of Grollman rats at 3 mg/kg
(p.0.) and anesthetized dogs at 0.5 mg/kg (i.v.).%?% At 6.25 mg/kg (p.o.)
the hydrazine (XX11) lowers the blood pressure of conscious normotensive
rats by 13-50% for several hours . 100
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SKeF 24260 (XX111a) is the most interesting of a series of potent
direct-acting vasodilators.10! Sustained hypotension is observed in
anesthetized dogs at 0.01 mg/kg (i.v.), and in normotensive, neurogenic
or renal hypertensive dogs at 1 mg/kg (p.o.) accompanied by tachycardia.
SK&F 24260 is also active in other species, including hypertensive humans
at 0.1 mg/kg (p.o.).!%% Nifedipine (XXI1lb, BAY a 1040) which has been
developed as an anti-anginal agent,l03 is an orally active coronary dilator
which also has significant hypotensive activity at a single oral dose of
20 mg.10%

Several arylthioureas (XXIV a-d) are antihypertensive in the
metacorticoid rat at 1 mg/kg or less (p.o.), but they are not active in the
neurogenic dog. A metabolite (XXIVe) from both the rat and the dog was
itself active only in the dog; the S-dioxide of (XXIVb) is orally active
in both species.105

a) R = 2,6-Cl,
R b) R = 2,6-Me2 s —
@NHCSNHZ ¢) R = 2,6-(Me0), @ >—r{\_/NH
d) R = 2-Me N
e) R = 2,6-C1,-4-HO
XX 1V XXV

The benzothiazole (XXV) is antihypertensive in rats, having an EDgg of
6 mg/kg (s.c.).106 Oral 2-acetamidothiazole and some related 1,3,4-thiadia-
zoles cause prolonged reduction of the blood pressure of conscious rats,
but tolerance is rapidly established,107
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The blood pressure of anesthetized cats is lowered by 50-80 mm Hg for
longer than one hour by 2.5 mg/kg of the piperazines (XXVi a-d).108 The
cardiac stimulant (XXVI1!) is a potent peripheral vasodilator; after 2 mg/kg
(i.v.), the mean arterial pressure of the dog anesthetized with chloralose
falls by about 40 mm Hg for more than an hour.!0°

show papaverine-like activit
pressure at 10 ug/kg (i.v.).

Compounds (XXVIlla and b)
¥lgn the rabbit; (XXVIlla) lowers the blood

Rl
] /™
- - H.Ph CH (OH) CHMeNH-A-Ph
OCH,,CHCH, -N .N Ph OCH, CH, NHCHMeCH, (oH)
XXV XXVI | XXV
R EtCHOH oH
a) R = EtSO, R' = OH a) A= (CH2)3S
b) R = PhCH=CHCO, R' = OH b) A = CHMeCH,S
c) R = PhCH,CH,CO, R' = OH
- I = 0
d) R = EtCO, R' = H @} Ho
R/ CHMe,

CH, CMe R
R = NHMe, NMe R

2’

7 Vo
R = NH,, NHMe N N-Me, NHC(=NH)NH, R = CHy-N_ 0
XXX XXX XXX |

The amines (XXIX) cause a grotracted fall in the blood pressure of
DOCA rats at 8-10 mg/kg (i.v.).!1! Several tetrahydro-1-benzoxepins (XXX)
cause hypotension at 5-30 mg/kg (i.v.) in rats.112 The tropolone (XXX!) is
more potent than papaverine as a peripheral, and especially as a coronary,
dilator; its hypotensive effect may also be due to vasomotor inhibition.!!3

R = c1”
rl:\c/cuzcrlzcoun PhCH,,CH CHCH,

/N XXX1 1 XXX 11 Y
N Me /N

= N -
R CH,Ph, _<@ PhCHZ(:CI-CH(:H2
N

In a study of the pharmacological actions of miscellaneous diazirines,
(XXX11) turned out to lower the mean blood pressure of conscious
normotensive rats by 20% or more two hours after dosing at 100 mg/kg
(p.0.).1'* The quaternary salt (XXXI1!) is the most active of several
analogs which cause sustained hypotension in cats by an unknown
mechanism.115 At 100 mg/kg, parenteral 2-mercaptopropionylglycine
(Thiola) lowers the blood pressure of anesthetized rats by 30-55 mm Hg
for 4-6 hours; vascular or capillary dilation is the suggested mechanism.!16
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CHAPTER 8. ANTIARRHYTHMIC AND ANTIANGINAL AGENTS

Gilbert W. Adelstein and Richard R. Dean,
Searle Laboratories, Chicago, Il1l1.

ANTTARRHYTHMIC AGENTS

Introduction - A cardiac arrhythmia is caused by an abnormality in the
rate, regularity or site of origin of cardiac impulses, or by disturbances
which affect the sequence of actlvation of the atria and ventricles. Thus
arrhythmias may be said to result from abnormalities of impulse formation
(automaticity), impulse conduction,or both.l™>

It is possible to identify useful properties of antiarrhythmic
drugs on the basis of their effects on automaticity and conduction. Most
of the known antiarrhythmic drugs reduce ectopic activity due to automa-
ticity. Antiarrhythmic compounds effective against impaired conduction
arrhythmias, however, can be categorized as two major types. The first
type represented by quinidine, procaine amide, and propranolol shifts the
membrane responsiveness curve to the right; that is, it decreases dv/dt
for any given resting potential. The result is that an impulse traveling
through depressed tissue may be completely blocked thereby precluding
reentry.

The second type of drugs represented by lidocaine and diphenylhydan-
toin shifts the membrane responsiveness curve to the left. This results
in improved conduction in a previously depressed pathway so that reentry
is minimized.6

The common feature of both types of drugs is the fact that the ef-
fective refractory period is generally prolonged to a greater degree than
the action potential duration. This has been 9ostulated as a major
mechanism in the effectiveness of these drugs.

Vaughn—William58 separated all antiarrhythmic drugs into three main
classes of action: (1) those which directly interfere with depolarization
(local anesthetic type), (2) those with an anti-sympathetic action by
direct neurone blockade or transmitter competition (B-blocker) and (3)
those which delay repolarization. Compounds can be placed in one or
more classes. Thus, quinidine acts via classes 1 and 3 actions, amiod-
arone via classes 2 and 3, bretylium only via class 2, etc.

Recent studies on verapamil led Vaughan-Williams to suggest a fourth
mechanism of action; namely, that of blocking a calcium-carrying depolar-
izing current.?>10 while Vaughn-Williams' classification is useful in
categorizing some of the diverse, indirect, mechanisms of action, the pre-
viously described theory6s9 of arrhythmia genesis and drug classification
provides a better insight into some of the common functional end-points
which result from these varied mechanisms.
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Beta-Receptor Blocking Agents - Although the synthesis and evaluation of
compounds as B-receptor blockers continues at a strong pace, more recent
attention has turned to the separation of antiarrhythmic and B-blockade
features of the aryloxypropanolamine moiety. The separation of these
features became apparent when it was demonstrated that d-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 the
racemlc mixture as a f-blocker.l1,12 It has been suggested that the
administration of B-receptor blocking drugs may lead to deterioration of
cardiac functionl3,14 ip patients with congestive heart failure in whom
the circulation is supported by sympathetic activity.ls:l6 Accordingly,
i1t was considered that if the clinically effective antiarrhythmic activi-
ty is not dependent upon the adrenergic blocking properties of these
drugs, their potency as B-receptor blocking agents might actually be
undesirable.

The antiarrhythmic effects of several B-blockers have been_ compared
to each other with regard to potency and depressant properties.17 For
aconitine-induced atrial arrhythmias, the order of decreasing potency is:
propranolol >MJ 1999, ajmaline >LB 46> quinidine. The antiarrhythmic
effects of H56/28, ICI 50172, and DCI were not determined due to the
cardiovascular depression observed in the dosage range used. TFor ouabain-
induced ventricular arrhythmiae, propranclol, LB 46, and H56/28 were
similar, although heart rate and systolic blood pressure were significantly
depressed with the latter compound. MJ 1999 and ICI 50172 were not ef-
fective in reversing ventricular arrhythmias.

AH 5158 was found to possess inhibiting activity at both o and B-
receptors in a variety of in
vitro tissue preparations.

CH(OH) CH.NHCH (CH..) CH..CH Ph The S-adrenoceptor blOCking

(OH) Cit, (CHy) CH, CH, activity of AH 5158 was 5-18

HoNOC times less than that of pro-
2 AHS5158 pranolol, while the o-adreno-

ceptor blocking activity of
AH 5158 was 2-7 times less than that of phentolamine. TIn doses up to 1
mg/kg, AH 5158 caused a dose-dependent blockade of noradrenaline vasopres-
sor responses in anesthetized dogs, but sympathetic blockade was "self-
limiting" at doses beyond 1 mg/kg. Apparently higher doses of AH 5158 pre-
vent re-uptake of noradrenaline allowing for increased levels of circula-
ting catecholamines. At doses of 1-8 mg/kg, AH 5158 antagonized both
catecholamine and ouabain-induced arrhythmias in anesthetized dogs, and at
.25-5 mg/kg orally, systolic blood pressure was significantly decreased in
conscious renal hypertensive dogs. A limited pilot study in humans showed
that AH 5158 effectively lowered blood pressure.

Adamantglmethoxypropanolamine I was less active than propranolol as
a B—blocker. Local anesthetic and antiarrhythmic properties were pre-
sent but significantly less than with lidocaine or procaine amide.
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The effects of LB-46
(pindolol; 1~(indol-4-yloxy)
-3-(isopropylamino)-2-propanol)
CH, OCH,, CH (OH) CH NRRI on coronary ligated dogs show~
27772 2 ed significantly increased
maximum rate of rise of the
I, R=4-Pr, Rl = H first derivative of the left
- ventricular end-diastolic
pressure, heart rate, and
cardiac output.20 These
effects were more favorable than those produced by propranolol and com-
parable to those of bretylium. In isolated guinea pig atria stimulated
by adrenaline, LB-46 was 8.3 times more potent than propranolol as a B-
blocker, and five times more potent than progranolol as a B-blocker in the
isolated chick rectum relaxed by adrenaline.?l On the other hand, LB~46
was 20-25 times less potent than propranolol in preventing tachyarrhythmias
in electrically stimulated isolated pig atria. LB-46 exerted a stimulatory
effect in guinea pig atria which was prevented by reserpine pretreatment,
indicating that the release of catecholamines from cardlac stores may be
involved in the sympathomimetic effects of LB-46., A clinical study with
LB-46 showed it to be effective in reversing ventricular arrhythmias, es-
pecially digitalis-induced arrhythmias.22 It was less effective in con~
verting atrial flutter and fibrillation to a sinus rhythm.

One of the most interesting drugs developed during the past two years
is UM-272 (N,N-dimethyl-l-isopropylamino-3-{naphthyloxy}-propan-2-0l iodide).
Although this compound is a dimethyl derivative of the B-adrenergic blocker,
propranolol, it is strikingly different in terms of its pharmacological pro-
file. UM-272 exhibits potent activity against digitalis and myocardial
infarction arrhythmias in the dog, but unlike propranolol is neither a 8-
blocker nor a local anesthetic.23,24 These great differences undoubtedly
are due to the fact that UM=-272 igsa quaternary ammonium compound while
propranolol is a secondary amine.

Miscellaneous antiarrhythmic agents - Antiarrhythmic properties have been
ascribed to several new series of compounds. Dehydrobenzperidel when ad-
ministered to anesthetized dogs doubled the threshold dose of adrenaline or
noradrenaline required to dis-
rupt cardiac rhythm.26 Be-
\ / cause dehydrobenzperidol is a
potent a-blocker, the antiar-
HN\r(N-O (CHZ) 3CO—©_F rhythmic effect may be due
0 to hypotension mediated through
the o adrenergic block.

Dehydrobenzperidol

A series of 2-piperidinoalkanols related to Ehenethanolamines showed
antiarrhythmic effects against aconitine in rats. 7 RC 61-91 was about
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2 twice as active as quinidine, but
Ro-4<::j>- CH(QH)CHR1N<::>}-R this activity was accompanied by
considerable a-receptor block-~
1 2 age and local anesthetic effects,
RC-61-91; R=H, R"=Me, R =CH2Ph

A serles of 2-aminotetralins represented by 2~AT-1 showed antiar-
rhythmic activity in the mouse ~ CHClj assay.28,29 2-AT-1 caused greater
chronotropic depression than did

elther propranolol, quinidine,

N(Me)CHZCHZPh lidocaine or procaine amide at
similar doses. However, 2-AT-1
caused less inotropic depression

He Me Me 2-AT-1 than with propranoclol or lido-

caine, but greater inotropic de-

pression than with quinidine or
higher doses of procaine amide. Increasing the lipophilicity of groups
attached to the saturated ring tended to increase antiarrhythmic activity
of 2-AT-1 but with a concomitant increase in toxicity.

Some adamantylaminoalkylbenzamide analogs of procaine amide were found
active_in the mouse~CHClj
assay.30 II was three times

IT:R=Et as active as procaine amide in
@N(R) (CHZ)nNHCO~@R2 E—— this test but 1.5 times as
1 Rlegn toxic, and this therapeutic

R R2=p- ratio was maintained in dogs
=p NHZ
in an unspecified test.

In a serles of dimethylbenzamide analogs III in which the side chain
nitrogen 1s cyclized, anti-
Me arrhythmic effects against
ouabain and aconitine in an-
H N CONHCH, CH, R esthetized cats were quali-

tativel{ similar to procaine
Me III, R=N amide.3

Diphenidol, an anti-emetic agent, has been reported to effectively

protect dogs against digoxin intoxication.32 At higher doses, diphenidol
had no effect on cardiac out-

< : put or total peripheral vas-
NCH2CH2CH2C(OH)Ph2 cular resistance., It was sug-

gested that diphenidol might

find clinical use in the treat-

Diphenidol ment of digitalis intoxication

because of the drug's effect

of shortening A-H conduction time and depressing enhanced ventricular
automaticity induced by digitalis intoxication.
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An anti-convulsant agent, KB 1173, was reported to be effective in
Me reversing arrhythmias induced

by adrenaline, ouabain, and

coronary ligation in dogs.33

OCHZCH(ME)NHZ K8 1173 was found to be at least
as effective as phenytoin in
abolishing ventricular ectopic
beats in conscious dogs after

K8 1173 coronary ligation.

In a series of quinazolones related to methaqualone, QZH-6 and QZH-7
were found to be more potent than quinidine in suppressing aconitine-in-
duced atrial arrhythmias, and coronary ligation and adrenaline~induced
ventricular arrhythmias in
dogs.34 Both QZH-6 and QZH-7

X 0 were found to be seven times
N-Ph less toxic to the myocardium

than quinidine on a weight to
e weight basis, as judged from

N their effect on the competence

QZH-6, X = Br index in the heart-lung pre-
QZH-7, X = I paration of the dog.

A serles of diarylpropylpiperazines IV were active against aconitine
and chloroform-induced arrhythmias in the rat.35 Phenethylamines V fused
through the aromatic ring to cycloheptane were reported as effective in

Ql “
X-CH, CH-Ax X =, R=GH, CH N

N Ar = Ph
R = Me
s (_N-r y
preventing chloroform-induced fibrillation in the mouse, but no data was
gliven.

Antiarrhythmic activity has been ascribed t? ethyl 10-(B-morpholino~-
propionyl) phenothiazine—2-carbamate (ethmosine) which had 33 times the
activity of quinidine on the

:I:::l\ isolated rabbit atrium.
NHCOzEt Ethmosine

O-C— CH
¢ \——/ A series of decahydro-
MeO isoquinolines VI and VII were
examined with respect to their
Meo_@ COR distribution coefficients and
MeO VI. R= 0 acid dissociation constants.38
fo’ R = NH The trans-isomers were more
t]

lipophilic than the correspon-
ding cis isomers, and the pKa
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of each isomer was not significantly different from the other. On this
basis, it was suggested that the greater activity of the trans-isomer was
due in part to its increased binding to the cardiac cell membrane.

Antiarrhythmic activity was ascribed to the spirohydantoin VIIT and
imidazoline IX both containing
an azetidine ring.39 Although

NH N both VIII and IX were effective
Ph, CHN phocy S against CHCly-induced fibril-
2 " 2 lation in the mouse, only IX
HN N was effective against ar-
0 H rhythmias induced by coronary
Vil X ligation in the dog. In ad-

dition, IX was cardlodepressant in cats.

ANTTANGINAL AGENTS

Angina pectoris results from an imbalance between the oxygen supply
and the oxygen demand of the myocardium. Oxygen delivery may be inadequate
because of diminished caliber of the coronary vessels, decreased perfusion
pressure, arterial hypoxia, decreased oxygen carrying capacity of the blood,
increased affinity of hemoglobin for oxygen or decreased blood flow due to
high blood viscosity. Myocardial oxygen demand is increaaed by increased
heart rate, myocardial wall tension or inotropic agents.4 In man angina
pectoris is often preceded by a rise in heart rate, systemic arterial pres-
sure, and, therefore, increased oxygen needs. 41,

Therapy has been aimed at reducing ischemia by increasing the oxygen
supply to the heart or decreasing oxygen needs as mentioned in recent
reviews,43-

Organic Nitrates - Recent studies in animals and man have shown that nitro-
glycerin and pentaerythritol tetranitrate redistribute coronary blood flow
to ischemic areas without necessarily increasing total blood flow. This
mechanism is unique compared to wvasodilators such as dipyridamole, chromo-
nar, lidoflazine, iproveratril, papaverine and prenylamine30 and results
from direct dilation of coronary collaterals. Other studies have shown
that nitrates reduce peripheral resistance and blood pressure and by de-
creasing central venous pressure reduce myocardial oxygen needs.

Nitroglycerin remains the drug of choice for relief of ischemic heart
disease in spite of 1ts short duration of action. Research efforts di-
rected towards improving the efficacy of organic nitrates via chemical
modification have led to the so-called long-acting nitrates, such as iso-
sorbide dinitrate (ISD) and pentaerythritol tetranitrate (PETIN). These
latter agents, available orally, have a somewhat delayed onset of action,
but are still effective long after sublingually administered nitroglycerin
is8 rendered inactive. Another approach involves the use of nitroglycerin
itself in some dosage form, such as time-release granules, to extend its
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biological 1ifetime. Needleman and co-workers3l have criticized the ra-
tionale for use of long-acting organic nitrates by indicating that the
liver rapidly clears organic nitrates from the generdl circulation and that
the partially de-nitrated metabolites retain only a very low order of
antianginal activity. Several reviews have appeared describing the use of
nitroglycerin5 and organic nitrates33 in the treatment of angina pectoris.>

A clinical study has shown that BAY a 1040 (nifedipine), a nitro-
phenyldihydropyridine derivative, was effective in relieving anginal attacks
in a var%ety of pa-
tients.? Bay a 1040
NO, tended to lower blood
pressure in most pa-
Me0,C | l COZMe tients and considera-
BAY a 1040 ble improvement in the
T wave of abnormal
ﬁ ECG's was observed.

Beta~Receptor Blocking Agents ~ The B-blocker, propranolol appears to have
gained widespread use in the treatment of angina pectoris although it has
not been approved by the FDA for thils use.#3,56,57 The beneficial effect
of propranolol appears to be primarily due to a decrease in oxygen demand
but this may not be entirely due to B-adrenergic receptor blockade since
high doses are often needed.

R-blockers may be acting through two additional mechanisms. Pro-
pranclol, like nitroglycerin has been shown to redistribute blood flow
into ischemic regions of the heart.39-62 gince it is presumed that resis-
tance arterioles in the ischemic area are fully dilated, an unmasking of
a-receptor constrictor activity in normal regions by BR-blockade would result
in a shunting of blood to the more dilated ischemic arterioles.

A very recent study indicates that propranolol affects the hemoglobin
dissociation curve (HDC) resulting in an increase in the Pgg or the partial
pressure of oxygen at which hemoglobin is 50% saturated.63” Thus, pro-
pranolol, but not nitroglycerin, decreases the affinity of hemoglobin for
oxygen thereby releasing more oxygen within cells where p0Oy is reduced.
Although the contribution of this mechanism to propranolol's overall effect
is not known, the theoretical implications of such an action have been
discussed by Guy.64

Several new series of B-receptor blocking agents and their effects on
test animals have been reported. A high degree of B-blocking activity was
ascribed to a series of o-alkyloxy~ and graralkyloxyphenoxypropanolamines.65

The 2-furfuryloxy de-
(::) OCHZCH(OH)CHZNHRl rivative X had a par-
ticularly high pay
R R= 2-furfuryl value of 9.05 as de-
X Rl= t-butyl termined by antagonism

to isoproterenol in an
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isolated strip of guinea pig trachea,

Replacement of the naphthalene ring of propranolol by quinoline, ben-
zofuran, benzothiophene, indole, methylenedioxyphenyl, or oxoxanthene did
not appreciably alter their
activity as B-blockers. 66
Likewise, replacement of the
naphthalene ring of prone-
thalol by indole, quinoline,
phenothiazine, benzodioxan,

XI chroman, dibenzofuran, or
quinazoline caused little
change in activity, whereas compounds such as XI that incorporate_features
of the propranolol type showed considerable B-blocking activity. 67

07"~ CH(OH) CH,NH-1~Pr

Long acting B-blockers were prepared by substitution of the aromatic

1 nucleus of propranolol by

R CHZCH(OH)CHZNHR 4-gubstituted-1,2,5~thia-
| | diazole.68 The most out-
standing compound in this
7 R = 4-morpholino respect was XII, whose re-
Rl = t-butyl solved base had an ED5p of

Xil .0066 mg/kg, as determined

by inhibition of tachycardia
in an isoproterencl-treated ganglion-blocked anesthetized rat.

The pyridine isostere XIII of INPEA (2-{p-nitrophenyl}-1-isopropyl-
amino-2-ethanol) was found to act both as a partial agonist and a partial
antagonist in isolated guinea

plg atrial strips against
1,(:::) R XIII, R = CH(OH)CH NH-i-Pr isoproterenol challenge.6?
XIV, R = OCHZCH(Oﬁ)CH NH-i—Pr On the other hand, .the 4=

pyridyloxypropanolamine

derivative XIV was a pure

antagonist (pA2=7) and was
ten times as potent as its p-nitrophenoxy isostere.

Perhexilene maleate’® (Pexid) was reported to be effective clinically
in reducing the frequency of anginal attacks.’l Presumably, studies for

acute and chronic treatment of angina pectoris with perhexilene will con-
tinue.
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Chapter 9. Antithrombotic Agents

Roy G. Herrmann 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 approcaches 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
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 induceplatelet aggregation, has been reported to increase
CAMP levels.® The mechanism by which cAMP exerts its effect on platelets
is not completely understood. However, the discovery that it stimulates a
protein kinase responsible for activating phosphorylase and inactivating
glycogen synthetase may be pertinent.G A cAMP-binding protein with pro-
tein kinase activity has been isolated from the soluble fraction of homo-
genized platelets.7 The observation that cAMP phosphodiesterase from
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.a The role of
prostaglandins in cellular biology was the subject of a recent conference.
The powerful inhibitory activity of PGE; on ADP induced aggregation is
probably due to its stimulatory effect on adenyl cyclase. PGE; inhibits
intracellular cAMP accumulation induced by PGE; in rat platelets. PGE;
counteracts PGE; inhibition of platelet aggregation and shape change.lo
PGE; has been reported to exhibit a weak PGEj-like inhibitory effect on
the primary phase of aggregation followed by a stronger stimulatory

effect on the second phase.

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 vena cava of cats} in

reducing the incidence and extent of occlusive platelet aggregation in dog
arteries following endothelial injury,laand in inhibiting the circulatory
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and ventilatory effects of protamine induced platelet aggregation indogslu
It was without effect on platelet thrombosis at sites of biolaser induced
endothelial injury in rabbit ear chamber preparationslsor 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 incidencedf post-operative deep-vein thrombosis.!® Aspirin abolished
multiple episodes of transient monocular blindness secondary to retinal
emboli,zo and in combination with dipyridamole reduced the incidence of
post-operative deep-vein thrombosis,1 and reduced thrombus formation on
dialyzer membranes during dialysis.22

Sulfinpyrazone - This agent has been reported to prolong survival of renal
allografts in dogsz3 and to reduce the incidence of recurrent venous throm-
bosis associated with carotid artery stenosis in man.?* 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.25

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.z6
Dipyridamole, 100 mg g.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
dipyridamole.27 VK 744 inhibited platelet aggregation and increased the
kaolin—sﬁypventime in man, but the trial was discontinued because of side-
effects.?® Compound 1, VK 774, has been reported to be the most active in
vitro inhibitor of ADP-induced platelet aggregation of this class.2® 1t

o also exhibited potent antithrombotic action in

[: :] injured rabbit arteries.}? However, side-effects
N

caused the clinical trial of VK 774 to be dis-
continued also.}}
S N Dextrans - The mechanism by which the dextrans
~ |N‘J\\ﬁr-wk exert their antithrombotic effect is unresolwd.
H It has been suggested that changes in fibrin
1 —/ structure, apart from dilution of coagulation
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.ss’s“ It has been used with success
in treating pregnancy-associated thrombophlebitis.

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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2 X=(CH=CH), tested for their in vitro inhibition of
3 X=(CHz2) ADP induced rabbit platelet aggregatiqg.
= Compound 2 inhibited aggregation at 107M,
4 X=(CHj) 4 whereas 3 and 4 were inactive at 10-"M.%6

3
BL-2365 5 and fenoprofen 6 are both new
non-steroidal anti-inflammatory agents. BL-2365 was nearly as potent as
aspirin in vitro, and significant inhibition was observed in dogs at doses
of 5 mg/kg and higher. Oral dosing prolonged bleeding time in mice and
reduced the lethality of intravenous bacterial endotoxin injection in rats.
Intravenous infusion mo%}fled the endotoxin induced hypotension and plate-
let aggregation in dogs.” Fenoprofen 6 was found to be a more effective
CO2H CO,H

O’@ﬁ oy g .,

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

NRiR2 in an extracogporeal shunt in rabbits.®
7 Ry=Rs=H,Ry=0H A series of 57, 2, 6 and 8 substituted

- _ _ adenosines were tested against ADP in-
8 Ri=H,R2=OH,Ry=NH2 4, .4 rabbit platelet aggregation. The

9 Ri1=R2=H,R3=NH2 hydroxylamines 7, 8 were 5-10 times as

jdw
N
R HQCH2
potent as adenosine and did not lose their
activity after 40 min. incubation in plas-
ma. Compound 9 was as active as adeno-
HO OH sine’® 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. It also effected a significant decrease in plate-
let stickiness in 100 diabetic patients.“! Both furosemide 1l and nitro-
furantoin 12 were reported to be competitive inhibitors of ADP induced
aggregation. The concentration of 1l required to inhibit aggregation in
vitro could not be achieved 1n vivo with customary doses. With 12, in
vivo activity was obtained.*?’*? a structure-activity relationship of a
series of lactamimides led to the selection of RMI 7822, 13, which was
found to inhibit human platelet aggregation induced by ADP, thrombin,
epinephrine and serotonin with minimal release of PF3."“"

w@so,gﬂo @w@ N

10 11 12 13

Omega-homo-PGE; 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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0 o Ry Ry
\\\W\JLW ?HZORI Nl —l -R
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inhibitor of platelet aggregation than PGE;. Further, 14 is claimed to
be free from hypotensive and intestinal-contraction side-effects and to
have 10 times the duration of action of omega—homo-PGElf'sA series of
prostaglandin glycerides, 15, in which the R groups may be H, stearoyl,
or palmitoyl,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 phenyl)-trifluoromethyl imi-
dazoles 16 were patented as anti-inflammatory agents and platelet aggre-
gation inhibitors. The most active compound (R;=H, Ry=CFg3, Rg=R,=
4-CH3OCg¢Hy) also inhibited collagen induced aggregation (human, dog, rab-
bit) in vitro at concentrations of 10~% to 10~'M. Inhibition of platelet
function was observed in dogs after 25 mg/kg orallyﬁ"rhe claimed utility
of a series of 5-endo(2-imidazolyl)—bic¥clo(2,2,2)octenes ;zfa and a
series of thieno(3,2-d) pyrimidines 18"° was reported to be inhibition of

platelet aggregation. In another series of thienogyrimidines 19, invitro
inhibition was observed with concentrations of 10" to 10™°M. ~Oral doses
of 10 to 200 mg effectively prevented thrombus formation.’’ The vasodila-
tor viquidil, 20, was reported to inhibit ADP, epinephrine, and collagen

o induced human platelet aggregation at concentra-
tions of about 10~ “M. The long-acting orally
C-CH,CH2 H effective coronary vasodilator, lidoflazine, was

tion in a manner comparable to that of dipyrida-

CH4O @e chi=cH, found to inhibit ADP induced platelet aggrega-
20 mole., Cinnarizine was slightly less potent.

Anticoagulants

The prophylactic value of anticoagulants derives from their ability
to inhibit intravascular fibrin formation. Heparin and the coumarins
have long been used with advantage. The most commonly observed side-
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¥. This approach appears to be
effective, safe and well tolerated.*2” % It has been shown that heparin
concentrations as low as 0.1 unit/ml, a level which can be attained by
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the low-dose regimen, enhances the activity of a naturally occurring inhi-
bitor of activated factor Xx.3%,58

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 II, VII, IX, and X. During coumarin treatment, inactive forms of
these factors are synthesized, resulting in anticoagulant activity.57'5°

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.5%/8% The fibrin formed by these
enzymes is abnormal and is lysed more readily by plasmin. Reptilase, in
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.61 Two
anticoagulant proteins have been isolated, one from the venom of Vipera
aspis and the other from Vipera berus. They appear to interfere with
prothrombinase formation and do not seem to be enzymatic themselves. They
may inhibit the phospholipids involved in the clotting process.

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 peak effect 48 hrs. after dosing. It was
less potent than warfarin and vitamin K was observed to antagonize its

action. c1 cl

00
i
HO HaN-C CH2CC-OH

cl cl
2L 22

A number of aromatic amidines (activated esters and sulfonyl fluorides)
have been reported to possess antithrombin activity. These compounds
appear to act by acylation of the serine residue of thrombin.®*"%7 The
lethal effect of thrombin infusion in experimental animals was reduced by
4-amidinophenyl pyruvic acid za.sa A series of peptides involving arge-
nine or lysine and sarcosine were also reported to have antithrombin
activity. The most interesting of these was tosyl-L-arginylsarcosine
because of its longer duration of action.®®

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, l,4-saccharolactone,
was also reported to be active.

A series of pyrimido(3,2-d)pyrimidines was reported to have anti-
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coagulant activity. Compounds 23-26, at 10 mg/kg p.o., were found to in-
crease bleedin? time 100% or more. These agents also decreased platelet
adhesiveness.’

Ry
R 23 OH
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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.’2~7% The results of these
studies are still controversial. The benefit obtained appears to be rela-
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. The recent avail-
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. Both urcokinase and streptokinase appear to be of
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 value.’’/7® However, streptokinase therapy has been suc-
cessfully applied in 26 of 66,79 and in 7 of 20, cases of arterial throm-
bosis.®® 1n dogs, it has been demonstrated that plasminogen activation
requires a much lower dose of streptokinase when combined with heparin.°1

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. Endogenous inhibitors of this enzyme
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,®2-8%

The anabolic steroid, stanozolol, was found to enhance spontaneous
fibrinolysis in 34 myocardial infarction patients. This effect was not
enhanced by the simultaneous administration of phenformin 27 as is the
case with ethyloestrenol.’5 The biguanides 27 and buformin 28 may be
fibrinolytic by direct activation of plasminogen and by inhibition of
antiplasmin."'a
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In a series of benzofurans, benzarone, 29, was found to possess

ﬁ\ 0
o Qe D
OH

R-NH NH2 CaHs
21 R=CgHgCH,CH 29 30

28 R=n-CuHs I . e s
fibrinolytic activity in the dog. Either intravenous or

RO-CH2 oral treatment of an experimental occlusive thrombus
resulted in comg%ete functional recanalization of the

RO-CH O H
. 0C,Hs femoral artery.
OH The B-blocking agents, oxyprenolcl and 30, were
3 R=CgHsCH2 found to increase fibrinolytic activity in man at thera-

peutic dosage but did not show activity in vitro.®®

The anti-inflammatory agent tribenoside 31 was found to stimulate
fibrinolytic activity both in vitro and in vivo in the rat and in human
plasma. The in vivo effect in man is currently under investigation.’°
Flufenamic acid enhances the fibrinolytic activity of urokinase and that
of endogenous activator by inhibiting the antiplasmins.

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.92 The sulfhydryl inhibitor, p-chloromercuribenzoic acid (p-
CMB) , when added in vitro during clot formation resulted in clots soluble
in monochloroacetic acid and urea solutions. The use of p~CMB alone pro-
duced no lytic activity in dogs with experimental occlusive arterial
thrombosis but when given together with plasmin enhanced the activity of
this enzyme.

A series of tetrahydroisoquinolines related to EN 1661 was reported
to have substantial fibrinolytic activity. The most active compound in
that series was EN 3047A 32. The fibrinolytic EDsp, as measured by the

R- (CH,) 2-(|3H- (CH) 2R ga CH%°

R CH30 NH
32

dilute whole blood clot lysis time, was 0.02 mg/kg i.p. in rats and 25
mg/kg p.o. in rats and dogs. The LDsg was 57 mg/kg i.p. and 325 mg/kg
p.o. in rats.

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. Certainly,
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 simil-
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 phosphodiesterase)might be clinically
advantageous.95 In this review we have cited reports of the effective
combination of agpirin 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.
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Chapter 10, Diuretics

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

Considerable progress has been made to improve diuretic therapy over
the past 15 years. Early in this era, the discovery of thiazides and, sub-
sequently, phthalamidines overcame the disadvantage shared by carbonic an-
hydrase inhibitors and organomercurials of rather severe acid-base imbal-
ance which resulted in refractoriness to their diuretic action. However,
many cases of edema could not be resolved with these drugs and, with their
long-term use, problems of negative potassium balance, uric acid retention
and glucose intolerance emerged. Later, the "high efficacy" diuretics,
ethacrynic acid and furosemide, virtually eliminated occurrence of drug-
resistant edema and added the dimension of effective treatment of renal
failure but continued to lower plasma potassium and elevate plasma glucose
and uric acid and introduced hypochloremic alkalosis and a risk of ototox-
icity as new concerns. The diuretic bases, triamterene and amiloride, and
the aldosterone antagonist, spironolactone, also were developed during this
period but, while these drugs spared potassium and possibly were free of
hyperglycemic and hyperuricemic properties, they presented the new risk of
potassium retention. Thus, the '"ideal diuretic', as a single chemical en-
tity, presently does not exist, and efforts to improve therapy continue.

Chemistry and pharmacology of new diuretics. The most extensive develop-

ments in the chemistry of diuretic agents during the past two years come
from the work of Feit and colleagues who evaluated the influence of isom-
erism and new substituents on the diuretic properties of the aminosulfa-
wylbenzoic acid molecule, Several N-substituted 3~amino-4-halogeno-5-
sulfamylbenzoic acids (I) were synthesized and their diuretic actions were
‘compared to furosemide-like isomers from the 2-amino substituted anthra-
nilic acid series (II)l. A number of type-I compounds produced "high ef=-
ficacy" diuresis and natriuresis. The most potent of these were Ia and Ib
which increased sodium, chloride and potassium excretion in dogs‘as a con-
tinuous function of dose in much the same fashion and with the same potency
as furosemide. Also analogous to furosemide, the activity was early in orr
set and brief in duration. The principle difference between the 3-amino
and 2-amino derivatives was that a variety of N-substituents (benzyl, n-
amyl, isoamyl, n-butyl, 2-methylfuryl) uniformly enhanced activity in the
former series whereas 2-methylfuryl uniquely increased potency of the an-
thranilic acid molecule. By varying substituents in the 4 position of I,
the generalization that benzenesulfonamide diuretics require halogen or
pseudohalogen adjacent to the sulfonamide group for activity was evalu-
ated?. Fixing R1 as benzyl, several non-halogen moieties dramatically en=-
hanced potency (compounds Ic - Ie) when compared to the corresponding bro-
mine and chlorine substituted derivatives. When R, was phenoxy, compounds
with various substituents in R; (Ie - Ih) were equipotent to each other
and 40 times as potent as furosemide as natriuretic and kaliuretic agents,
Saturating or substituting the phenyl ring or shortening the n-butyl chain
of R, sharply diminished potency.
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Non~halogen
substitution of pos-
ition 4 in the an-
thranilic acid
series similarly in-

R2 creased diuretic po=-
— tency3. Thus, IIb
cl had 20 times the po-
tency of furosemide
0C6H5 and IIc and d were
at least 10-fold
006H5 more potent than Ile
SC.H on the basis of vol-
65 ume and electrolyte
Cl excretion in the dog.
Consistent with pri-
or evidence of a
unique activating
property for the 2-
methylfuryl group as
Ry in the furosemide

The activating effect of 4-sub-
in both the 2-amino and 3~aminosulfa=-
;cable to other sulfonamides, however.

None of the derivatives of chlorothiazide, hydrochlorothiazide, quinetha-
zone or clopamide, in which these groups replaced halogen ortho to the sul-
fonamide moiety, exerted diuretic effectsh,

The pharmacology of bumetanide (If) has been carefully examined in

animals

and manS.

In the dog, bumetanide is a highly effective diuretic

which resembles furosemide precisely in respect to rapid onset and short
duration of action, high efficacy, isosmotic urine, absence of bicarbonate

excretion, and urinary sodium:potassium ratios.

However, bumetanide has a

milligram potency 50 to 100 times that of furosemide in the dog and, like
many other diuretics including furosemide which inhibit electrolyte reab-
sorption in the ascending limb of the loop of Henle’, is appreciably less
effective in the rat.
furosemide only on the basis of its 40-fold greater milligram potency. Po-
tassium loss was evident from single dose studies and plasma uric acid

rose with repetitive treatment.

Clinically, bumetanide could be distinguished from

Metolazone, a sulfamoylquinazolinone, was described previously8 as
closely resembling hydrochlorothiazide in its renal actions. Subsequent
animal studies fortify this conclusion by providing evidence of inhibited
sodium reabsorption in the cortical diluting segment? and negative potas-
sium balance during chronic administrationl¥,
hydrochlorothiazide, inhibits free water clearance (CH20)11'13 but not so-
lute free water reabsorption (TcH20)12,13 which denotes reduced solute
transport in the cortical part of the distal tubule but not in the medul-

lary ascending limb.

In man, metolazone, like

This drug may also diminish proximal tu&glis reab-
sorption to a limited extent since it tends to increase TcH20%<»

and the

urinary clearance of proximal marker ions, 1.e. phosphate, calcium and bi~
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carbonatel2, This prox-

imal tubular action may
be responsible for the
1:::) NH SO SO -N-CH limited effectiveness
with which very high
3 doses of metolazone have
metolazone mefruside been used to treat
chronic renal failurel4,
During chronic treatment in hypertensives, blood pressure and plasma Kt
fell while plasma urate, HCO,” and nitrogenous materials rose in much the
same manner that they do witg a thiazide diureticl’, Studies with mefru-
slde, another sulfonamide-containing diuretic, also showed a close corre~
lation with thiazides in terms of both desirable and undesirable effects

in hypertensive patientslG'

In contrast to the seemingly inevitable potassium losing properties
of organic acid diuretics, organic bases generally produce potassium re=-
tention. The clinical role for such agents until now seems largely as ad-
junctive therapy with other diuretic drugs. These compounds tend to be
very effective diuretics in the rat but less effective or ineffective in
dogs, and most of the evidence in man agrees with the canine findings.
Thus, studies cited earlier8 as well as recent workl9,20 indicate that
amiloride suffers deficiencies as independent therapy but very appropri-
ately potentiates the natriuretic effect and antagonizes the hypokalemic
action of acidic diuretics when they are given in combination.

New potassium sparing organic base diuretics continue to be describ-
ed. Wu et §1.21 have recently synthesized a series of diuretic, natriure-
tic l-imidoyl-2-(2- and 3-indolyl) indolines (III and IV), many of which
either failed to influence urinary potassium excretion or caused potassium

v C(gQ
Illa R = cn-nc(an) H,
IVa R =—=
IIIb R = —&l cu3

retention. Compounds in each series increased volume and sodium excretion
in rats to a greater extent than did maximally effective doses of a thia-
zide. An imidoyl moiety at the 1 position (R), either in a cyclic or non-
cyclic conformation, was essential for diuretic activity. In a homologous
series, diuretic activity increased as the carbon attached to the imidoyl
nitrogen progressed from primary to secondary to tertiary substitution.
Substitution in the 5 position of the indoline nucleus exerted variable
effects on activity, not accounted for by electronic influences. Several
compounds (IIIa,b; IVa; V) are under continuing investigation.
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Additional work goes on with multiple, nitrogen-containing ring sys-
tems., VI is described as having natriuretic efficacy in rats and dogs com~
parable to thiazides but lacking a kaliuretic action 2, This agent affects
neither dilution nor concentration of urine, thus being different in tubu-
lar site of action from thiazides, carbonic anhydrase inhibitors and "loop
diuretics", and, therefore, additive in effect with many of these other
compounds. VI was inactive in adrenalectomized rats but responsiveness was
restored by administering cortisol., This activity profile is similar to
that of VII which was described as ineffective in adrenalectomized rats23
and which recent-
ly was found to
antagonize the po-
tasgsium losing ac-
tion but to add
to the natriuretic
action of thia-
zides and other
diuretics24, Yet
another multiple,
nitrogen-contain=
ing ring system (VIII), a 5-~deaza isostere of the pteridinecarboxamide
series, yielded compounds inactive as diuretics25,

Diuretic actions have also been described for a miscellaneous group
of compounds, most of which act through mechanisms other than direct inhi-
bition of tubular ion transport. Isoproteren0126, an adrenergic beta re-
ceptor agonist, and histamine?’ increased volume, sodium and chloride ex-
cretion when infused into the renal artery of dogs. Both agents enhanced
glomerular filtration rate (GFR) and renal blood flow (RBF) as a result of
renal vasodilitation and these changes were thought to be responsible for
the heightened salt and water excretion., The effect of infusion of acetyl-
choline 8:29, prostaglandin E 28, or bradykinin29 into the renal artery
of dogs continues to be inves%igated and earlier contentions that these
agents cause diuresis by suppressing proximal tubular salt and water reab-
sorption have been supported. Bradykinin and acetylcholine may also limit
electrolyte transport in the ascending 1imb29. Still another vasoactive
agent, a cgronary vasodilator (IX), increased volume, sodium and potassium

excretion when given orally to rats30,
. G(H~COOH  This agent was less potent but nearly as
[é;:lcﬁ - H4<:::> H-COOH efficacious as hydrochlorothiazide. Whether

2 these changes were secondary to altered

X renal hemodynamics or the result of inhibi=-

- bition of tubular ion transport has not been
disclosed. Intravenous guanethidine and reserpine also increased salt and
water excretion in dogs as a result of catecholamine release and the accom=
panying elevation in blood pressure3l, Finally, the antibiotic, amphoteri-
cin B, increased sodium and potassium clearance while decreasing GFR and
RPF in dogs32. This agent appeared to directly inhibit electrolyte reab-
sorption in the cortical distal tubule.

Cellular mechanisms of diuretic action. The most thoroughly researched
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mechanism in recent years by which diuretics might act to facilitate urin-
ary electrolyte and water excretion is inhibition of the Na+-Kt activated
ATPase of renal tubule cells. This enzyme couples hydrolysis of the ter-
minal phosphate of ATP with the active transmembrane movement of ions.
Nat-Kt ATPase recently has been localized to the infoldings of the basal
(antiluminal) plasma membrane of the renal tubular cells33., 1In this loca-
tion, according to one view34s35, Nat ions inside the cell activate phos-
phorylation of the enzyme by ATP which results in a conformational change
in the protein and translocates Nat ions to the outside. Facing the out-
side, a K' dependent phosphatase catalyzes dephosphorylation which liber-
ates Nat ions and results in a reverse conformational change with trans-
location of Kt ions inward. A second "pump" mechanism, not involving in-
ward transport of Kt, also has been groposed to account for net movement
of Nat + C1~ ions and water outward3 s but this mechanism is challenged by
others37 since facile back diffusion of K+ can readily explain net move-
ment of solute and accompanying water to the outside.

The role played by Nat=Kt ATPase in ion and water reabsorption varies
in different parts of the renal tubule. The enzyme is present in large
amounts38 and has been shown to participate extensively in ion reabsorption
from the thick portion of the ascending limb of Henle's loop39'42. Thus,
the administration of cardiac glycosides in quantities that appreciably
inhibit the enzyme in the outer red medulla of the kidney results in paral-
lel natriuresis and impairment of urinary concentration and dilution.
Nat-K' ATPase is also appreciable in distal convoluted tubules and probably
has a reabsorptive function here38, but it is relatively deficient in the
proximal tubule where inhibition by cardiac glycosides fails to increase
salt and water excretion39-42, Ethacrynic acid (EA) inhibits a ouabain-
sensitive Nat-K* ATPase fraction from renal cortex and red renal medulla
in dogs in a dose-dependent manner and the duration of this in vivo effect
corresponded with the short term natriuresis43. Giving EA after complete
inhibition with ouabain failed to further enhance the natriuresis, which
was viewed as evidence that both agents act on the same enzyme and that
the diuretic action of EA is so explained39,43. The relative refractori-
ness of the rat to EA was also accounted for in terms of this mechanism
since EA inhibition was readily reversible in this species but irrevers-
ible in the dog43. A disparity between the low concentration of EA in dog
renal tissue following in vivo dosing and the appreciable inhibition of
Nat-Kt ATPase which results, has been cited as eX dence that the kidney
concentrates the drug in a critical compartment” . That this probably
occurs is suggested by the finding of energy-dependent uptake and concen~
tration of EA by renal tubular cells®#5., Furosemide(F) also inhibited
Nat-kt ATPase in the ascending limb and distal convoluted tubule of the
rat kidney, both anatomical sites of its diuretic action, but, consistent
with near normal sodium reabsorption in the proximal tubule, did not
affect the enzyme in this segment46.

In spite of rather convincing evidence, not all investigators agree
that inhibition of Nat-KT ATPase accounts for the effects of EA and F on
sodium excretion. In one study, neither drug inhibited this enzyme in a
plasma membrane fraction obtained from kidneys of rats treated in vivoh7,
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In another instance, there was a discrepancy between enzyme inhibition by
EA and altered proximal tubular reabsorption48. Findings of this type
have fostered the view that such agents act by interfering with ATP gener-
ation. For example, FA and F are alleged to slow renal glycolysis, not by
reducing energy demand secondary to a direct inhibition of Nat transport
but by inhibiting glyceraldehyde=-3~PO dehydrogenase49. EA and chlormero~-
drin also diminished 02 uptake by rodent kidney slices incubated in sodium-
free media, agBarently ruling out direct inhibition of sodium transport as
the mechanism’Vs51, Controversy exists here, however, since EA°2 and F33
in toad bladder and dog kidney slices, respectively, inhibited O, uptake
only when sodium was available for transport in the medium, whicﬁ suggested
reduced energy demand instead of supply. Interestingly, efforts are even
being made to establish mechanisms such as interference with high energy
phosphate generation as a basis for the diuretic action of carbonic anhy-
drase inhibitor554355, but there is little support for this possibility or
for the possibility that thiazide=-like diuretics work through any of these
mechanisms.

Amiloride acts in the renal distal convolution and/or the collecting
duct to inhibit Nat reabsorption and Kt secretion. The mechanism has been
studied primarily in the anatomically more simple toad bladder where the
drug inhibits short circuit current and transepithelial Nat transport56.
In the toad bladder, amiloride suppresses pyruvate oxidation37 and 0, con-
sumption38, both presumably secondary to Nat transport inhibition sifice no
effect is seen in the absence of Nat at the mucosal surface. The intra-
cellular Nat concentrationd’/ (or Lit which is also transported by the toad
bladder39) falls. This is interpreted as an indication that amiloride di-
minishes the Na‘t permeability of the cell membrane facing the mucosal sur-
face and thereby reduces the concentration of Nat entering the intracell~
ular transport pool. This in turn should result in less Nat activation of
transport Nat=-K' ATPase at the antiluminal membrane, less transcellular
Nat transport, less ATP utilization, and less ATP generation60, The
nature of the interaction of amiloride is not well defined although the
presence of Catt appears necessary, and a ternary complex involving drug,
Ca** and receptor has been postulated61962. According to one view, based
on frog skin studies, triamterene acts similarly to amiloride in limiting
Nat entry and diminishing the intracellular transport pool63, A second
view is that these drugs act at different sites on the Nat transport me-
chanismb% although the difference is not well defined. The reduced potas-
sium excretion that both agents produce probably results from reduced, Nat
transport-dependent electronegativity in the f£luid bathing the mucosal
(analogous to luminal) surface which diminishes the electrochemical gradi-
ent favoring KT secretion®4.

Cyclic AMP and the enzymes which produce (adenylcyclase) and destroy
it (phosphodiesterase) have been recognized for several years to be in-
volved in the renal actions of antidiuretic hormone (ADH) and parathyroid
hormone (PTH). Recently this ubiquitous system has been proposed as the
receptor for an exogenous diuretic as well, The compound believed to act
here is an indolyl indoline (IIIa) which quite selectively inhibits the
cyclic AMP phosphodiesterase (PDE) of rat and guinea pig kidney, and there~
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by raises the concentration of cyclic AMP in renal cells63., Evidence cited
in support of this mechanism includes the finding that certain other diure~
tics, i.e. thiazides66 and theophylline67, also inhibit this enzyme in
renal tissue. Whether this mechanism is applicable remains to be estab-
lished, In this connection it is useful to examine knowledge about the
location and the role of the cyclic AMP system in renal function. The syn-
thesizing enzyme, adenyl cyclase, is localized principally in the basal
cell membrane of tubular endothelial cells, essentially the same site occu-
pied by Nat-kt+ ATPase68,69, A number of cyclase enzymes with differential
responsiveness to known activators are found in various tubular segments.
The enzyme from the renal medulla is preferentially activated by ADH where-
as PTH selectively activates cyclase from the cortex (mostly proximal tubu-
lar cells)6870,71, A number of other activators including isoproterenol,
fluoride and calcitonin appear to show no anatomical preference68. It is
interesting to note, however, that in the reported instances when the
effect of augmented cyclic AMP levels has been imposed on the kidney,
either by infusion of cyclic or dibutyr;l cgclic aMp7 2774 op by adminis-
tration of activators of renal cyclases/3"75 or cyclases elsewhere in the
body74'76, Nat reabsorption has been suppressed only in the proximal tub-
ule. Moreover, elevation of cyclic AMP in more distal tubular elements by
ADH does not affect sodium excretion. While these are not conclusive argu-
ments that this system lacks the capacity to alter Nat reabsorption in the
distal nephron, the possibility is strongly suggested. In any case, it
seems unlikely that inhibition of renal PDE by thiazides explains their
natriuretic effect since these agents inhibit sodium transport principally
in the distal tubule8., Accerdingly, the prospect that compound IIIa en-
hances salt and water excretion by inhibiting renal PDE would be strength-
ened if this agent were found to act predominantly in the proximal tubule.

Natriuretic hormone. The concept of a natriuretic hormone received its
greatest impetus in 1961 when DeWardener et 31.77 showed that the natriur-
esis which accompanied isotonic saline expansion in dogs could not be
accounted for by changes in filtration rate (GFR) or mineralocorticoid se-
cretion and, furthermore, that sodium excretion by a kidney from a second
animal could be increased by infusing it with blood from the expanded dog.
Subsequently, many investigators pursued this question and, as a result,
not one but a variety of newly defined factors which regulate sodium ex=-
cretion by the kidney have been elucidated. Among these, a blood borne
chemical substance or hormone remains of great interest since it (they)
now seems certain to exist and since replicatable methods have been de~
developed to demonstrate its activity.

Convincing evidence of the existence of sodium transport inhibitory
materials in either blood or urine has come from a number of sources. One
such material, obtained from either urine or plasma of salt-loaded man or
sheep, was considered protein-like and had a molecular weight between
10,000 and 50,00078s79. When administered into the circulation to either
diabetes insipidus or normal hydropenic rats, a delayed, modest increase
in Nat,Kt and water excretion occurred. Urine of volume expanded hyper=
tensive subjects provided an especially rich source for this type of mole-
cule80, A small polypeptide, which enhanced sodium excretion in the rat
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and cat and inhibited short circuit current in frog skin, was also found

in human plasmasl. This material was more abundant in blood coming from
the brain than from the periphery and its release was facilitated by tem-
porarily occluding the carotid artery or by perfusing the brain with oxy-
tocin, The same or a similar substance, which inhibited short circuit
current and lowered the potential difference across toad bladders, was also
found preferentially in jugular vein blood of saline loaded dogs82. 1Its MW
was probably less than 1000, Yet a second small MW substance was obtained
from serum of patients in chronic renal failure83-85, This material had a
MW of less than 1000, resisted boiling, freezing and digestion with prote~
olytic enzymes or acid but was inactivated by alkali. Modest natriuretic
activity was produced by parenterally dosing rats, and inhibition of kid-
ney slice PAH uptake and frog skin short circuit current also occurred.

Aside from general characterization, what might the chemistry of such
a molecule be? The small polypeptide81 has been thought to resemble oxy-
tocin86 because certain analogues of this hormone prevent the natriuresis
produced in response to carotid occlusion. [2,4-Dileucineloxytocin, an
analogue without oxytocic or antidiuretic action, is an oxytocin antagon-
ist and has the required natriuretic action87. Of even greater interest
is the finding that both G~ and B-melanocyte stimulating hormones, the
former a naturally occurring polypeptide which appears in the pars inter-
media of the pituitary gland and which disappears following hypertonic sa-
line loading, are potent natriuretic agents in the rat88,89, Another pos-
sibility includes bradykinin, a known natriuretic substance, which is lib-
erated from plasma kininogens by the enzyme kalikrein., It has been pro-
posed that, in response to saline loading, kalikrein is elaborated by the
kidney and produces natriuretic kinins intrarenally90. Certain non-poly=-
peptide endogenous organic molecules have also been considered. Methyl~
guanidine and guanidinosuccinic acid have been studied in this regard be-
cause Sheg are found in increased amounts in the serum of uremic pa-
tients The former but not the latter was reported to increase so-
dium and potassium excretion in the rat. Prostaglandins also have been
viewed as prospective natriuretic hormones, particularly PGE, and PGA
which are thought to be synthesized in the kidneg PGE pf¥esumably de=
creases sodium reabsorption in the distal tubuled4 which 8 viewed by many
as a necessary site for the action of natriuretic hormone. Somewhat op=-
posed to this notion, however, are the findings that the inhibition of Nat
extrusion and Kt uptake by isolated fragments of rabbit renal proximal
tubules which one of the natriuretic hormones produces cannot be repli-
cated with prostaglandins95,
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Chapter 11. Agents Affecting Gastrointestinal Functions

Patricia W. Evers and Peter T. Ridley
Smith Kline & French Laboratories, Philadelphia, Pa.

In general, the statements made in the introduction to the previous
biennial review of this area still prevail; the primary thrust of chemical
and pharmacological research in this area is directed toward the control of
acid secretion'. Approaches to this goal are based on ever-expanding know-
ledge of physiological mechanisms. This review attempts to reflect this
state of the art.

Gastrointestinal Hormones

Reviews = The proceed1ngs of an international symposium on these hormones
has been published y, and potential clinical applications have been proposed
by Grossman’. Dupu:'e4 has reviewed the general literature; s pgcific reviews
have been published on the chemistry and biology of gastrln 2,00l BeEcre~
tin7, on intestinal hormones as inhibitors of gastric secretion®, and on
radioimmunoassay techniqueag.

Gastrin - When the heptadecapeptides, Gastrins I and II ("little gastrins'-
IG = M.W. 2100) were first isolated from hog antral mucosa, it was specu~
lated that eventually these substances might be found to be only a portion
of a larger molecule, and indeed, a larger peptide, called '"big gastrin"
(BG ~ M.W. ¢ 7000), has been identified. Now, '"big, big" gasgrin, with a
molecular weight close to that of albumin, has been isolatedl 1G is re-
leased from both BG and "big, big" gastrin by tryptic digestion° in this
regard, the system of increasingly larger gastrin molecules resembles that
already observed for other peptide hormones, e.g., insulin.

Structure-activity studies on gastrin continue to change our concepts
of its interaction with receptor sites. The C-terminal tetrapeptide, Try-
Met-Asp-Phe-NH>, possessing all of the activities of the total molecule,
had been proposed as the "minimal effective fragment" of gastrin, with a
binding role assigned to the Try, Met, and Phe residues and a function role,
to Asp. Linll, however, has demonstrated that the C-terminal tripeptide
will induce most of the pharmacological actions of the tetrapeptideé -
though only at much higher doses. In addition, Trout and Grossmanlé have
shown that a larger peptide (C-terminal octepeptide of CCK, OP~CCK) with
the same C=terminal tetrapeptide sequence will stimulate gastric acid se~
cretion and that Ala can be substituted for Asp in the OP-CCK molecule and
still stimulate acid secretion,

The importance of the phenylalanine amide group for secretory activ-
ity was reconfirmed by McGuigan and Thomas'> who showed that nonamidated
human gastrin I is biologically inactive as well as almost immunologically
unreactive with specific antibodies. The degree of secretory activity of a
series of gastrin-related compounds depends to some extent on whether ty=-
rosine is present at position 6 or 7 from the C-terminal end and whether
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it is sulfatedl®.

Tritsch, et al., prepared dimeric and cyclic analogs of gastrin 5’16
On the basis of their studies of the biological activities of these sub~-
stances, they suggested that both Asp residues of the dimer were function-
ally active, simultaneously occupying receptor sites on the chief and pa~
rietal cells, and that this necessarily required a linear conformation of
the synthetic analog.

Important studies on the confgrmatlon of pentagestrin and the gastrin
tetrageptide have been reported Extrapolating from the results,
Keirl? has suggested some characteristics for possible gestrin inhibitors.

Jones synthesized several peptides related to the C~terminal tetra-
peptide of gastrin by complementary reading of the genetic code; one of
these, Z-lys-Ile-His~-Pro-NH,, was found to have some inhibitory effect on
gastric fuice volume and acid and pepsin output in dogs after dosing for
3-8 daysl?

Several substances are known to stimulate gastrin release by local
action on the antrum. Investigating molecular factors Eoverning permeation
of the antrum by gastrin releasers, Berkowitz, et al.,<” found that the pH
of the instilled solution affected permeability by its influence on the
charge state of both the permeant compound and the mucosal surface.

Smaller molecules (mol. wts. 46 to 75) permeated at a higher rate than
choline (M.W. 121), but acetylcholine (M.W. 146) disappeared at the same
rate as the smaller molecules. Some of the observations in vivo were con-
firmed by studies with a synthetic membrSEe and are in general agreement
with the findings of Andersson and Elwin

Cholecystokinin (CCK), Cserulein, and Related Peptides - Two techniques for

radioimmunoassay of CCK have been reported, but both have distinct limi-
tationsd. It has been repeatedly demonstrated that CCK depresses gastrin
stimulgted acid secretion in doge and man, probably by competitive inhi-
bition®, Nakajima, et al.,>2 have now shown this inhibition in isolated
Necturua gastric mucosa. In contrast, CCK did not inhibit pentagaestrin in
cats, demonstrating a species difference in response to this hormone

The C=-terminal octapeptide of caerulein, a peptide isolated from
amphibian skin, closely resembles CCK in structure and activity. For both
substances, optimal cholecystokinetic activity requires sulfated tyrosine
in position 7 from the C-terminus. Italian researchers have now shown that
the heptapeptide in which tyrosyl sulfate is replaced by p-sulfonylphenyl=-
alanine retains cholecystokinetic and other act%Kities in animals and man
at about 1/10 the potency of the total molecule

Like gastrin and CCK with which it shares the common C-terminal
tetrapeptide, caerulein appears to be a partial agonist for gastric secre-
tion. In cats, caerulein and some analogs increased acid output in re=-
sponse to infusion of submaximal doses of pentagastrin, but depressed
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acidity stimulated by maximal doses?5, The most interesting aspect of
these studies in cats was that infusion of caerulein and its analogs could
protect asginst duodenal ulceration induced by infusion of pentagastrin or
histamine<®.

Two other peptides (alytesin and bombesin) isolated from amphibian
skin differ from caerulein in chemical structure, but resemble it in cer=-
tain biological activities = contraction of gastrointestinal smooth muscle
and stimulation of gastric acid secretion. The spectrum of activities of
alytesin and bombesin, caerulein, and other peptgdes from the same sources
have been reviewed by Anastasi®? and Bertaccini?®.

Pyr-Gly-Arg-Leu=-Gly-Thr-Gln~Trp-Ala=Val-Gly-His-Leu-Met-NH>
Alytesin

Bombesin differs in structure only by the presence of Gln instead of
Gly -in the penultimate position at the N-terminus.

Other Peptides = The tissues and secretions of the gastrointestinal tract
seem to be an almost unlimited source of peptides which affect the activity
of the organ system which produces them, as investigators continue to iden=
tify new substances.

The gastric inhibitory polypeptide (GIP) reported by Brown and co-
workers can be classified as an enterogastrone based on its source and in=-
hibition of gastric secretion and motility~. The complete amino acid se=
quence of GIP (43 residues) has now been determined and shows similarities
to porcine secretin (27 residues) and glucagon (29 residues)29. This poly=
peptide may be responsible for some of the antisecretory activity of rela=-
tively impure preparations of cck®. aIp gfs also been shown to increase
secretion in the jejunum and ileum of dogs”~.

Brown and his group have also isolated from porcine duodenum a pep=-
tide which stimulates gastric motility and pepsin output but does not alter
acid secretion. This substance which they have called '"motilin" has been
found to consist of 22 amino acid residues (M.W. ¢ 2700). So far, it seems
to be quite distinct from other fully characterized intestinal hormones2.

The partial structure of vasoactive intestinal peptide (VIP, 28 amino
acid residues) has been determined; this substance has chemical and biol-
ogical features similar to secretin and glucagon3 .

Additional, studies on secretory inhggitors from thoracic duct lymph
(chylogastrone)y+ and urine (urogastrone)”” have been reported. Peptides
from the}gituitary are known to affect gastrointestinal function.
Schapiro® has reviewed the literature on such activities of vasopressin,
and Goodman and Hiatt3?7 have reported a new substance, called '"coherin',
which they think has specific effects on motility.
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Prostaglandins and Gastric Secretion

The synthesis of prostaglandin analoge over the past couple of years
has resulted in several compounds with varying degrees of potency and oral
activity. An ll-deoxy analog o {g§1 g AY 22093)30 was active parenterally
in the rat; another analog, (/\ ( -PGE; ) (SC 24665)39 suppressed se-
cretion and ulceration in the raﬁ when adm1nistered orally. Two analogs of
PGE> have been cited recently and have been shown to be very potent,
possess a very long duration of activity, and have antisecretory activity
in both rats and dogs. In addition, both compounds (15(8)=15-methyl PGEa,
methyl ester, and 16,16-dimethyl PFGE,, methyl ester) have been reportﬁg
Robert to prevent formation of gastric and duodenal ulcers in the rat

N == TN, 0
Chg. CH

15(5)-15-methy) PGEo,methyl ester 16,16-dimethyl PGE), methyl ester

The mode by which prostaglandins inhibit gastric secretion is un=-
known. The pronounced influence that these compounds possess on cAMP has
led to speculation that they act via the second messenger system. ecause
of the equivocal data concerning the role of cAMP in acid secretion 2
however, additional work is needed to ascertain this hypothesis.

Cyclic AMP and Gastric Secretion

Bieck43 observed dose related increases in cAMP levels in secretion
of humans or dogs following pentagastrin or histamine. Extensive studies
by this investigator, showing reciprocal effects on cAMP with secretory
stimulants and inhibitors, support the concept of a second messenger role.
Correlations betuﬁeﬁ mucosal levels of cAMP and HC1l secretion were also
found in the rat

The results obtained following administration of exogenous cAMP are
equivocal. In man and the dog -~ the nucleotide inhibited both histamine
and pentagastrin induced secretion, while in another study 7 it stimulated
secretion in man. Cyclic AMP administered intravenously to the rat stimu-
lated secretion but_the degree of response was dependent on the initial
level of secretion*S, This voints up an additional problem in interpreting
such data.

Accumulating ev:ldencel"g"51 suggests that histamine is capable of ac~
tivating the gastric mucosal enzyme, adenyl cyclase. The action of gastrin
on the enzyme is more in question. In vivo gastrin has been found to acti-
vate the enzyme, but when added to a gastric mucosal homogenate it did not
affect adenyl cyclase5°. In contraest to findings in other species,h%stamine
does not stimulate cyclase nor did cAMP affect secretion in the dog
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Gastric mucosal phosphodiesterase (FDE), an enzyme controlling mﬁta-
bolism of cyclic AMP, has also been the subject of several studiesde=5+,
Sung and co=-workers identified two cyclic-3',5'AMP diesterases which can be
distinguished by Ky values. Both were theophylline sensitive and present
in higher amounts in oxyntic than mucoid cells. GCyclic GMP, in contrast,
was found primarily in the surface cells?3, Theophylline inhibits FDE in
vitro but not in vivo, a phenomenon that may be related to the state of

the activator and inhibitor factorsS™.

Antisecretory/Antiulcer Drugs

Two lengthy reviews on drugs for peptic ulcer disease have been pub-
lished very recently55v56. In this section, we have updated the informa-
tion in those reviews on certain drugs and have added others which seem to
be of particular interest either chemically or biologically.

A Model - Few, if any attempts have ever been made to theorize broadly on
the structural requirements of compounds which influence gastric acid se-
cretion. Bravely, Bustard and Martin57 have taken on this task, using as
a basis for their approach, the known activities of several non-anticholin-
ergic antisecretory/antiulcer compounds, as well as histamine and gastrin.
Using structural data, qualitative conformational arguments, and theoreti-
cal conformation analysis (using extended Hickel theory), they have pro-
posed the following requirements for activity: (1) the presence of two
heteroatoms separated by 3.7£0.2% in a low energy conformation; (2) one of
the heteroatoms with its lone=pair electrons in a o=-type hybrid orbital
and the other atom in a m-electron system. A test of fitness to this
model with as yet undiscovered compounds is eagerly awaited.

Burimamide - This compound represents the first of a new pharmacological
class = antagonists of tge action gf histamine at the Hy receptor, as de-
fined by Ash and Schild®® and Keir??. 1In their approach to finding com-
pounds of this type, Black, et al.,60 initially took on the task of identi-
fying histamine analogs which showed a separation of activity on Hy and Hp
receptors, simultaneously confirming their existence. In the first publi-
cation of their landmark research, they have shown that 2~-methyl histamine
is more active on Hy than on Hp receptors and the reverse is true for the
action of 4-methyl histamine. Having thus identified a rather specific
agonist for the Hy receptor, they proceeded to synthesize about 700

CH.) NHCNHCH compounds in a search for specific

2/4 3 antagonists, of which burimamide now

is a prototype.
Burinanide

In vitro studies demonstrated competitive antagonism of burimamide
for histamine at the Hy receptors. In the anesthetized rat, burimamide
inhibited (ED5p = 6.1 x 10-6 mol/kg iv) response to histamine infusion; it
did not inhibit secretion induced by insulin or by direct vagal stimuls-
tion. Similar results were obtained in dogs where burimamide inhibited
maximal histamine stimulation (ED5p = 1.9 x 105 mol/kg iv), but not carba-
chol stimulated secretion. Significant inhibition of pentagastrin and
food stimulated secretion was also obtained. Subsequent studies in man
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have shown inhibition of secretion stimulaged by both histamine and penta=-
gastrin at doses of 3.8 to 8.1 mg/kg/hr iv®l

Antisecretory Thioamides -~ Since the identification of 2-phenyl=-2-(2-
pyridyl)-thioacetamide (SC 15396)9° as a non-anticholinergic antisecretory
compound, which was effective in several Bpecies and capable of suppressing
both histamine and gastrin induced secretion, reports have issued on
structure~activity relationships among thiocarboxamides. In one study 63 on
22 compounds within this class, antisecretory activity seemed related to
the mmc\\ grouping. The nitrogen in the Y position was necessary for
activity, and it could be a constituent in a ring. The influence of struc-
ture on antigastrin, antisecretory, and gnptiulcer activities were studied
in several compounds related to SC 15396°%, For antigastrin activity and
perhaps antisecretory as well, the critical factor appeared to be the dis~
tance between the N and S, a finding that compared favorably with the pre=-
vious study. The most potent antisecretory agent emerging from these
studies was 2=-pyridyl-thioacetamide.

This compound has been shown to inhibit basal
3 gastric acid secretion, as well as secretion
mb'CNHZ provoked by challenges of gastrin, penta-6
gastrin, histamine, and 2-deoxy=D~glucose“-”.
2-pyridyl thioacetamide It also has been shown to protect against
experimentally induced gastrointestinal ero-
sions in rats, cats, and guinea pigs. The mechanism E action is not clean
although some evidence suggests an antigastrin action In addition to
suppressing pentagastrin induced secretion, 2=~pyridyl-thiocacetamide inhi=
bits the effect of pentagastrin on blood vessels and hamster fundic strip6§

Licorice Derivatives = Carbenoxolone sodium, the di-~ sodium salt of 3¢
(B-carboxyproprionyl )=11-oxo0-18B=0lean-12-en-30-oic acid, has undergone
several therapeutic trials in gastric ulcer patients over the past two
year567 With only one exception among elght different trials, carbenoxo-
lone was shown to either heal gastric ulcers or significantly decrease the
size of the ulcer. Trials in duodenal ulcer patients with a special for-
mulation to aid absorption from the duodenum have suggested efficacy, but
the data are equivocal; the results seem to depend on the patient popula=
tion, meghod of assessing improvement, and whether the individuals are
ambulant6? In a recent double-blind study healing seemed enhanced
early n treatment, but on longer term no difference from placebo was ob=
served®d. Carbenoxolone has been shown capable of altering mucus secre-
tion70 prolonfing epithelial 1life by decreasing turnover rate, and inhi=-
biting pepsln s in addition to facilitating opposition of the gastric
mucosa to the destructive properties of bile?2,

Side effects encountered with carbenoxolone (hypertension, fluid re-
tention,and hypokalemia) led to clinical trials with other licorice deri-
vatives. Early studies indicated effectiveness of deglycyrrhizinated li-
corice in gastric ulcer, but additional information on its efficacy is
needed -~ especially in view of the large multi-center study 73 ana another'?l+
which did not show any advantage with the active treatment when compared to
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placebo. Animal studies with lauroyl glycyrrhetinic acid (BX 24) sug-

gested efficacy in gastric ulcer which subsequently was not proven when

tested in man7g.

Zolimidine - This compound first disclosed in 1965, has been shown to re=-

duce the incidence of stress ulceration in rats presumably by producing
quantitative and qualitative changes in
gastric mucus. Subsequent clinical

trials showed that daily doses of 800-

“ | < > 505CH3 1200 mg increased the micoprotein content
of gastric juice in patients with gastric
and duodenal ulcers, but had 1ittl

Zolimidine effect in patients with gastritis’®.

Chlorocanfamide - This compound, whose synthesis was recently published, is
one of a large series of spasmolytic compounds with local anesthetic acti-
vity77. In the anesthetized gastric
Jumen-perfused rat, it has been shown to
inhibit secretion stimulated by histamine
NCHCHOH but not that stimulated by carbachol; its
I El ik anticholinergic activity in the guinea
m3 pig ileum is weak compared to atropine.
Previously published clinical trials
G showed this drug capable of reducing
0 pasal gastric acid output as well as that
stimulated by histamine, pentagastrin,

Chlorocanfanide and food after gaily treatment with 500
mg for 12 days7 .

Other Structures - In light of reports that diazepam inhibits basal secre-
tion in rats and humans? ¢+ the finding of antisecretory activity among some
analogs was of interest. These compounds, which lacked the imino N in the
lactam ring and whose CNS activities did not resemble those of diazepam,
neggrtheleas inhibited basal secretion in rats at doses of 30-50 mg/kg

pO .

Several compounds in a series of p-aminobenzamidopyridines effective-
ly inhibited stress ulceration in rats at oral _doses of 35-40 mg/kg; some
of these also had mild CNS depressant activity 1, In a large series of
pyridines, significant antisecretory activity was found for 3= and i-
phenoxypyridine, 2=-phenylpyridine g-oxide, 2~(2-thienyl) pyridine, 2
phenylpyridine, and 2,2-bipyridine 2, Clinical trials were reportedly
planned for the latter compound.

Inhibitors of Pepsin Activity ~ The literature_on pepsinogens, pepsins, and
pepein inhibitors has been reviewed by Samloff83. A new glycopeptide, iso~
lated from hog duodenum and synthetically sulfated (GLPS), has been de-
scribed as having anti-inflammatory, antiulcer, and antipeptic activitga

As with the sulfated polysaccharides (carrageenan, amylopectin sulfate®™,
etc.), GLPS seems to exert its antipeptic action by complexing with sub-
strate; an oral dose of 200 mg completely inhibited peptic activity in 2 of
4 patients for up to 1 hour. GLPS is apparently not absorbed or degraded
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by gut microflora. ( For bibliography, see reference 85. )

New types of pepsin inhibitors have been reported by Japanese inves-
tigators who isolated them from culture filtrates of various species of
actinomycetes, particularly Streptomyces. These small peptide substances,
very similar in structure, are marked by the presence of an unusual
naturall;—occurring amino acid, 4-amino-3-hydroxy-6-methylheptanoic

acld
?Hs CH3
?"3 CH3 fH—-CH3 CH-——CH3
CH——mb ?H——ﬁ% ?Hz OH CH3 Hz ?2

Ry— N u——co—uu—cu—co—uu—cu—cn—cuz——co—nn—cu—co—uu—én—c—cuz—%

_EL _Eg _EL_ Pepstatin A has been reported to be
I Pepstatin A iso-valeryl <H -COOH epecific against acid proteases, to
OH have little toxicity, and to protect
against ulcers énduced by pyloric li«
gation in rats . An oral dose of
50 mg inhibited peptic activity in
{11 Pepstatin € iso-caproyl <H -COOH human gastrig juice by 90-100% for at
OH least 1 hour Both Pepstatin A and
S=PI act by selectively binding to the
enzyme and not by binding substrate,
H g the sulfated polysaccharides and
<:0H -COOH GLPS 90, Ppepstatin A has also been
reported to inhibit renin and sus-
tained pressor principle91v92

11 Pepstatin 8 n-caproyl <<:3H -COOH

IV Pepstanone  iso-valeryl « -H

v S-pl acetyl

Catecholamines and Gastric Secretion

In doges isoproterenocl inhibited feeding and pentagastrin induced se-
cretion, but had either no effect or an augmented one on histamine mediated
secretion931%*, Other P agonists, terbutaline and salbutamol, elso inhi~
bited pentagastrin induced gastric secretion in a dose related manner.
Measurement of the ratio of mucosal blood flow to secretory volumes sug-
gested that the inhibitory effect of isoproterenol was not due to altera-
tions in mucosal blood flow. Interestingly, propranoclol did not antagonize
isoproterenol inhibition whereas it did the other B agonistsgs.

The B agonist, nylidrin (Arlidin, USV), was found to prosgcg dose
related increases in gastric acid secretion in pigeons and man 7.
pranolol antagonized these increases and by itself was found to hibit
histamine induced secretion in man%7. Other studies in the dog9

man99 showed that propranolol augmented steady state pentagastrin induced
Ssecretion and increased basal secretion, respectively. In contrast, recent
studies in rats showed that propranolol significantly diminished gastric
acid secretion and formation of gastric ulcersi®C, From these studies it
is difficult to predict the effect of B agonists or antagonists on gastric
acid secretion. It is hoped that future studies in man will both ascertain
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their effects and aid in the selection of experimental animal preparations
that will be predictive.

Certain compounds that block catecholamine uptake also are antisecre~
tory and antiulcer; imipramine and IMI are examplesl. LU3=010 inhibited
basal, pentagastrin, reserpine, and histamine induced gastric secretion
and reserpine ulceration in the rat. This compound was shown to have the

oy @Y
Ot CHo NHCH P

CH.,CH,CH,N HQOY
2722 .
4 v

LU3-010 AY-8794

lowest EDgn for secretory inhibition of a series of 9 compounds that were
testedlOl]” In further studies to determine the relationship between cate-
cholamine uptake and secretory inhibition6 AY-8794 was compared with bu-
triptyline, imipramine, and trimipraminel®2, AY-879L4, the analog contain-
ing an unbranched aliphatic side chain, inhibited uptake of labeled nore-
pinephrine in the mouse and rat heart, and gastric secretion in the rat.
Butriptyline was less effective in both respects. These data, in addition
to studies in prior literature, continue to suggest a correlation between
blockade of catecholamine uptake and inhibition of gastric secretion.

Agents Affecting Gastrointestinal Motility

We have not de-emphasized this 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 motility is well-
known and whose antiulcer activity is being feverishly exploited, there
seems to be no effort to develop from this class a safe and clinically use-
ful laxative. Possibly Burnstock's summary of evidence for a new neuro-
muscular effector system - purinergic nerves - will serve to stimulate new
attacks on the control of gastrointestinal motility from the chemical and
pharmacological disciplineslo3.
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Section III - Chemotherapeutic Agents

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

Chapter 12, Antibiotics

K. E. Price and F. Leitner, Bristol Laboratories, Syracuse, N, Y, 13201

General - Reviews on the mode of actionl, biologyz, and clinical used of
antibiotics were published. The rifsmycins%s5, coumermycinsb, chloramphen-
tcol7, cephalexin8, epicillin, minocycline, and spectinomycin? were
reviewed, A monograph appeared on the chemistry and biology of B-lactam
antibiotics.l0 The proceedings of the First International Symposium on Ine
fectious Antibiotic Resistance were publilhed.ll A general discussion on
mechanisms of bacterial resistance to antibioticsl2 and on the properties
of episomes mediating drug-resistancel3 appeared,

Infectious resistance to antibiotics - An R factor that confers resistance
to chloramphenicol by decreasing the permeability of the cell membrane to
the drug was isolated from Escherichia coli strains of clinical origin.14
Instances of presumed interbacterial transfer of R factors in mammalian
hosts were reported,15-17 Requinomycin, a new antibiotic that prevents the
transfer of R factors between E, coli strains, was described,13,19

Aminoglycosides = In vitro data comparing the antibacterial potency of
tobramycin (la) and gentamicin continue to flood the literature with the
majority of papers indicating, as do these representative publications20,21,
that the former is 2- to 4-fold more active than the latter against Pseu-
domonas seruginosa, but significantly less effective sgainst Serratia mar-
cescens. The response of most other microorganisms to these entibiotics is
virtually identical, A question still to be reaolved is that raised by

. By BN % K
CHyl
T ° a-H -NH, -H -CH,OH -OH -H -H
Ry . NHe b -OH -OH -H -H ~CH, -OH ~CH,
“ ¢ -OH -OH -C=0 ~CH,0H -OH -H -H
HO. o NHR3 gmﬂ
o~ *\R4 g
r
1 Hos n —xRs N

&7 Rg

conflicting reports about their degree of cross-resistance., Although all
members of a series of Pseudomonas sp,22 and Proteus rettgeri strains23
isolated from single hospital sources were reported to have resistance to
both tobramycin and gentamicin, other investigators24,25 have not confirmed
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this observation, In guinea pigs the cochlear toxicity of tobramycin was
slightly less than that of gentamicin.25 Peak serum concentrations and
half-lives of the antibiotics are generally similar in humans, both in
normal volunteers27,28 and in anephric subjects.29 Initial clinical stud-
ies with tobramycin show it to be effective in the treatment of urinary
tract infections30 and non-bacteremic Pseudomonas infections.3l

A new enzymic assay for monitoring gentamicin serum levels based
upon the inactivation of the antibiotic through 2'-O-adenylylation has
been described,32,33

The structure and biological activity of Sch, 14342 (1lb), a previ-
ously uncharacterized component of the gentamicin fermentation, has been
reported.34,35 This 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 several other new naturally-occurring pentose-containing aminoglyco-~
sides have now been reported. Butirosins A (2a) and B (2b)36-38, ribosta-
mycin (2¢)39, and lividomycins A%0 and B4l all display excellent activity
against Enterobacteriaceae and Staphylococcus sp. In addition, all but
ribostamycin are moderately inhibitory for P. aeruginosa strains. Although
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the butirosins are active against many organisms that inactivate kanamycin
by virtue of 3'-0-phosphorylation, a newly described 3'-phosphotransferase
has been identified that is capable of inactivating both kanamycins and
butirosins, 42,43 Lividomycins, which lack a 3'-~hydroxyl group, are never-
theless inactive against bacterial strains that produce an enzyme that
phosphorylates their 5"-hydroxyl group.44,45 Chemical procedures describ-
ing the synthesis of 6-N-methylkanamycing46, 3'- and 4'-O-methylneamines47,
3',4'-deoxy- and 3',4',5"-trideoxyribostamycins39, lividomycin A 5'"-phos-
phate48, 5"-deoxylividomycin A%9 and B41, 5"-aminolividomycin A49, as well
as the conversion of lividomycin A into B30, and ribostamycin into butiro=-
sin B51 have been reported. In addition, glycosylation procedures have been
utilized to prepare ribostamycin52, 3'-deoxykanamycin A53, S-glucosylnea-
mine54, paromamine55, and an uncharacterized glucose derivative of kana-
mycin A,56

The antibacterial spectrum 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, 1-N-Y-amino-ahhydrox§ utyryl kanamycin A, was
prepared and given the designation BB-K 8 (lc). 7 Subsequent atudies have
shown that its oto- and nephrotoxic potential>8 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 705 E. coli ribosomes
of 10 streptomycin derivatives correlate with their antibacteriel activity.
High affinity was observed only with derivatives which have intact strep-
tidine and a methylaminostreptose moiety.54 Kasugamycin was prepared by
total synthesis65 and the structure of validamycin A, an aminocyclitol
antibiotic that is also used for control of rice plant diseases, was
elucidated, 66

B-Lactams - The discovery of cephamycins stimulated interest in 7(6)-sub-
stituted B-lactam antibiotics, Cefoxitin (3a), a semisynthetic cephamycin,
though less active than cephalothin and cephaloridine against gram-posi-
tive organisms, has a broader spectrum against grame-negative bacteria,67,68
Numerous 6c~substituted penicillins and 7a~substituted cephalosporins have
been synthesized but, from the scanty biological data avallable, it would
appear that, 7a-methoxycephalosgorins excepted, this type of substitution
decreased antibiotic activity.6

Penam derivatives of a novel type, the 6p-amidinopenicillanic acids
(48), were described.”5 These compounds, typified by 4b (FL1060), are
exceptionally active against most gram-negative pathogens but less active
than conventional penicillins against Neisseria, Haemophilus, and gram-
positive species. Cells of E. coli exposed to 4b become spherical but are
osmotically insensitive and lyse without forming spheroplasts, For this
reason, it was suggested that the mode of action of 4b differs from that of
the true penicillins,

An oxygen analogueof penicillin V (4c) had little or no activity
against a variety of bacteria.’6 Two closely related procedures for the
conversion of natural penicillins to ampicillin, without involving 6-~APA
as an intermediate, were patented,’7,78 Acetyl mixed anhydrides were used
to block carboxylic acids during 6(7)-side chain cleavage of penicillin G
and cephalosporin C.’9 Cephalexin, cephaloglycin, and other cephalosporins
were synthesized by the enzymic condengation of (-amino acid esters with
7-ADCA or 7-ACA.80 whole cells 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-
carboxymethy1-83, and 3-unsubstituted8%4 cephalosporins were developed. The
cephalocillins (5), compounds that share structural characteristics with
penicillins as well as cephalosporins, were synthesized.85 The reduction
of cephalosporins with chromium(II) salts86 or by an electrochemical pro-
cedure8’ led to the formation of 3-methylene-cephams (6), which in turn
can be converted quantitatively to 3-methylceph-3-ems by intramolecular
rearrangement., Cephalexin can thus be obtained from 7-ACA with 6a as
intermediate,87 -

The first conversion of a cephalosporin to a penam was reported in-
dependently from 2 laboratories.88,89 Novel conversions of penicillins
into cephalosporins were also described, 90,91 A key intermediate (7) in
the total synthesis of cephalosporins (according to the method of Woodward)
was prepared from a penicillin,92 Compound 7 should be a useful starting
material for the synthesis of nuclear analogues of penicillins and cepha-
losporins, A homoceph-4-em (8) prepared from 7 lacked antibacterial acti-
vity.93 Nuclear analogues of cephalosporins (9,10) were also obtained by
total synthesis involving B-lactam ring closure by the photolysis of diazo-
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malonic ester amides.94,95 Compounds 9 and 10 had no sntibacterisl activi-
ty. Disulfide analogues of a penicillin (11, 12) were prepared96 and ster-
eochemically defined, 97 They were less active e than the parent penicillin,
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Laboratory data on a new broad-spectrum cephalosporin, BL-S 339
(3b), were publishedd8 and activity, as a function of structure, among a
group of compounds related to the former, was discussed,99 Several cepha-
losporins are at various stages of clinical investigation. Cephradine
(3c), chemically related to cephalexin and similar in activity, was effec~
tive, orally and intramuscularly, in urinary tract infectionsl00 6 and
orally, in infectious enteritis caused by Salmonella and ShigellalOl (82%
overall cure rates), In patients with disseminated cancer suffering from
urinary, broncho-pulmonary, and wound infections, orally-administered
cephradine was effective in 63% of the cases,l02 Cephacetrile (3d) has an
antibacterial spectrum similar to that of cephalothin.103 In man, peak
serum concentrations ranged from 20-35 pg/ml about 1 hr after im admini-
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stration of 1 g,103 In normal subjects, cephacetrile is excreted by glome-
rulsr filtration and tubular secretion,104 After iv administration of 500
mg, 84% of the dose was recovered in the urine,l05 Cephacetrile was effec=
tive clinically.1°3 Cephanone (3e) has a broader antibacterial spectrum
than cephalothin for it is active against some strains of Enterobacter.l106
After im administration of 1 g to man, cephanone reached peak serum con-
centrations of 57 ug/ml and had a serum half-life of 174 min,107 Recent
clinical results showing good efficacy and tolerance with cephapirin
(3£)108-111 yere in agreement with previously reviewed data. Cefazolin
(3g) gave cure rates of 80-86% in the treatment of infections caused by a
variety of pathogens.112,113 gide effects were minimal.

A number of penicillins also reached the stage of clinical triale,
In the oral treatment of common infections, amoxycillin (4d) given t.i.d.
was as effective as similar individual doses of ampicillin administered
q.1.d,114 Pivampicillin was effective in the treatment of respiratory and
urinary tract infections caused by ampicillin-sensitive organisms,ll5 Two
cases of enterococcal septicemia were successfully treated with azidocillin
(4e).116 This compound was also the subject of an extensive pharmacokin-
etic study in laboratory animals,117 A similar investigation comparing
sulfocillin (sulbenicillin) (4f) with carbenicillin was done,118

B-Lactamase inhibitors - Several reports have described naturally-produced
substances that antagonize the action of B-lactamases and thus prevent de~
gradation of hydrolyzable penicillins and cephalosporins, Two such com-
pounds are spparently macromoleculesll9,120 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 similar 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-alk¥1123 or -alkenyl124 preparations and acylated 5a,6=
anhydrotetracyclines, 1253

Doxycycline was effective when used by the iv route in hospitalized
patients with a variety of severe maladies including septicemia, soft tis-
sue, and urinary tract infections.126,127 Qrally-administered doxycycline
proved to be effective when given as a single 300-mg dose in treatment of
gonorrhea and non-specific urethritis in menl28 and gonorrhea in women.129

Minocycline is almost completely absorbed upon oral administration,
but is apparently metabolized to some 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,l31 Preliminary clinical studies show
the compound to be effective in treatment of various venereal diseases,
including primary and secondary syphilis.l32 Minocycline was moderately
effective in elimlnating the meningococcal carrier state in 2 groups of
military trainees, 133,134

Macrolides - Macrolides having a l6-membered lactone ring were classified
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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,l37 Structural studies have
revealed that it is similar to cirramycin Aj, the aglycone ring being the
same, but differing in that it has a desosamine moiety corresponding to
cirramycin's mycaminose.138 Its antimicrobial activity, particularly
against gram-negative bacteria, may be greater than that of erythromycin,39
Conformational analysis of the leucomycins was completedl40 and a labora-
tory study with one of them, leucomycin A3 (josamycin) showed that about
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.l42 Allylic rearrangement of the
16-membered macrolides, SF837 and SF837 4, gives antibiotics with lower
toxicity and better antibacterial activity,l 3 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 depaepeptide.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.145

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 Mycobacterium lep-
rae present in the tissues of experimentally infected mice, The rapid

bactericidal effect of rifampicin, relative to that of dapsone, observed
in mizg was also found to occur in the lesions of lepromatous leprosy in
man, 1

Tolypomycin Y i8 a new ansamycin produced by Streptomyces tolypo-
phorus, It is found concurrently in 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.l150 Its structure has not yet been
determined,

Lincomycin - Clinical reports depicting efficacy of oral clindamycin ther-
apy continue to mount, A high degree of therapeutic success has been re-
ported in cases of streptococcal Yharyngitiul 1, acne vulgarislsz, Myco-
plasma infectionl33 otitis medial54, and infections caused by various
anaerobic bacteria,l55-158 pharmacokinetic studies in man with orally-
administered clindamycin HCl-monohydrate reveal that an equilibrium state
is reached after the 4th or 5th dose, that the drug 18 not accumulated,
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and that it does not stimulate its own metabolism,l59 Relatively high con-
centrations of clindamycin can be achieved in bone following standard dos-
age (300 mg) of the drug,l60 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,161l Injtial clinical studies indicate
that the compound is well-tolerated and highly effective in infections
caused by various facultative gram-positivel® =165 and anaerobicl66 pbac-
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 caelestis, None of the N-demethyl and/or 7-0-demethyl
celesticetins isolated were as active as celesticetin itself,167,16

Peptides - Jolipeptin and gatavalin are 2 new heat-labile polypeptide
antibiotics produced by a colistin-producing strain of Bacillus poly-
myxa, 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.171 Thiopeptin, a sulfur-containing antibiotic is com-
prised of a major component (thiopeptin B) and 4 minor ones (A; 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,

Two minor components isolated from fermentations of Streptomyces
griseoverticillatus var. tuberacticus, the tuberactinomycin N (l3a)-
producing organism, have been designated tuberactinomycins B (13b) and O
(lgg).17 The structural relationships of these antibiotics and a 4th con-
gener in this group, tuberactinomycin A (13d), have now been established
with the recognition that tuberactinomycin B is identical to the known
antimycobacterial antibiotic, viomycin.”4 Preparation of chemically modi-

. R R

5 3 1 2

9 ?HZ cHz
. ?—Nu—cn—-g—uu_iu a -OH . «H

0 - -

CHaCHaH-CH-CHa-C-NH-CH o W ¢=0 b -H OH
NH: Ry NH. | NYNH | c  -H -
13 | | mH-C-nw, 4 ~-OH -OH

NH— E— CHoNH——C=C_

0 0

fied derivatives of viomycin has permitted the identification of the reac-
tive functions that are critical for antibacterial activity.175 The total
synthesis of negamycin and its antipode has been accompliahed.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,l?7 A new peptide antibiotic, fumarylcarboxamido-
L-2,3~-diaminopropionyl-L~alanine, active against gram-negative bacteria,
was isolated from fermentation broths of Streptomyces collinus,l78 A
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cyclic structure has been proposed for epidermidin Aj, one of a series of
4 related antibiotics from Staphylococcus epidermidis. Its tentative amino
acid sequence is: cyclo-lys-ala-asp-glu-eer-leu-thr-gly-val-gly-arg.179

Miscellaneous - Bicyclomycin (14), an antibiotic produced by Streptomyces
gapporonensis, is moderately active against gram-negative pathogens (ex-
cluding Pseudomonas and Proteusg and inactive against gram-positive organ-

cHy  OH 18ms, 180 Per o8, the compound is not well ab-
i I sorbed, but derivatives obtained by esterifica-
AN €  tion of the primary alcohol are,18l These esters,
“rf T” generally inactive, are converted to the parent
He C co compound in vivo., Bicyclomycin was effective in
\\o———cfl—————NH the treatment of mice infected with E. coli,180
| In man, serum concentrations reached a peak of 32
H—f—on pug/ml 1 hr after im administration of 1 g, and
OH~—C - CH 95% of_ the administered dose was recovered in the
CHy*OH urine,182 The chemical structures of 3 antibio-
14 tics, albofunginl83  jkarugamycinl84-186  and

L5 thermorubin Al87 yere elucidated.
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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 mixtures3a. 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 omadine®, 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-
plasmosisB8, In experimental urinary tract infections of mice
with Candida albicans, pre-inoculation gonadectomy of both
meale and females increased resistance to the infection®,
Experimental coccidioidomycosis in mice has been described in
detaill o, Experimental gastrointestinal moniliasis in 3«5
day old quail produced by oral inoculation of C. 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, Descriptions of dermatomycoses in
chinchilla, rabbits, ferrets and mink'2? may lead to develop-
ment of further experimental topical infections.

Need for improved methods of igolation of pathogenic fungi
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 appraised’%, A defined synthetic
amino-acid medium for fungi (SAAMF) is useful for in vitro
susceptihility testing, in particular with 5-flurocytosine
and clotrimazolel®, New methods have been developed for
growth of T, mentagrophytes on fabric,18® and for evaluation
of skin permeability using rabbit, pig and human skin'?7, In
vitro culture of dermatophytes on isolated stratum corneum is
useful for study of topical antifungal agents, in particular
haloproginl8,

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 milk'®, 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,2! cycloheximide,®2 griseofulvin,23 pyrrolni-
trin, 2% and tolnaftate25, A simple agar diffusion microbio-
logical assay method for serum levels of 5-fluorocytosine uses
Saccharomyces cerevisiae28, Gas chromatographic assay of
griseofulvin 1s useful for substance and dosage forms; de«
chlorogriseofulvin can be determined simultaneously27., 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 antifungal activity2®s 3o,

Clinical Experience - Intravenous administration of ampho-
tericin B for systemic mycoses; oral therapy with griseofulvin
for & number of dermatophyte infections, topical nystatin for
Candide 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 manifestations3!, In dogs,
simulteneous 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 patients®3. 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 & compartment
for griseofulvin;34 a report of nearly 50,000 cases of tinea
capitis in Israel, 38,000 of which were treated with standard
dose griseofulvinS3S,

Additional reports relate to the increasing use of oral
5=fluorocytosine for systemic candidiasis and other systemic
mycoses36» 37938, Oral administration of 5-fluorocytosine
results in rapid appearance of high serum and CSF levels with
peaks related to degree of renal function®®,

Orel therapy of chronic mucocutaneous candidiasis with
clotrimazole resulted in decrease in clinical symptoms al-
though relapses were common#©®, Oral clotrimazole was not
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effective for coccidioidomycosis4l, Topical application of
clotrimazole is promising on the basis of in vitro and exper-
imentel animal models42 and good tolerance in man43, In 54
patients treated topically, most showed improvement after 1l-2

weeks of therapy44, 1In 54 patients treated topically, most
showed improvement after 1-2 weeks of therapy*#*. After long-
term obgervetion of 95 patients with mycoses treated topically
with clotrimazole, 60% were healed and 34% showed improvement;
local tolerance was good4S, Topical pimaricin has been effec-
tively used in therapy of Fusarium corneal ulcers*®, Among
the clinical reports appearing on tolnaftate, is the first
apparent case of allergic contact delayed hypersensitivity to
tolnaftate‘7 Topical miconazole is useful in the therapy of
vaginal candidiasis, 48248 as well as other topical Candida

and dermatophyte infections50, The effectiveness of halo-
progin in several clinical studies has been reportedSl S+,

New Antifungal Agents - A series of 5,T-difluoro, dichloro,
dibromo and diiodo quinolines and 8 amino quinolines have been
prepared and tested for antifungal activity. The 5,7-difluoro
derivative of guinoline was most active, while other halo
derivatives were less so, Eight nitro quinolines showed
greater activity than quinoline but halo substituted 8 nitro
quinolines other than fluoro were less active. Amongst 8-
aminoquinolines, all halo analogues were less active than the
parent compoundSS, Of many 7 and 5,7 substituted 8 quino=-
linols, the most active were the T-bromo, T~iodo, T-chloro=5-
fluoro, T-bromo=-5-fluoro, 5~-chloro-T-fluoro, and 5-bromo=T-
chloro derivativesS®, 1In a study of 5,7 substituted 2-methyl-
8=quinolinols, the 5,T7-dichloro and 5,7 dibromo were the most
ective., With the exception of these 2 compounds, and 5-iodo~
2-methyl-8~quinolinol, the 2-methyl analogues were less
active than the corresponding 8-quinolinolsS7, The cupric
complex of 6~-methoxy=-l phenazinol 5,10 dioxide (copper myxin
l) showed good topical activity against bacteria, yeasts and

Q_ OCH,

O‘—N N" 0

7\ \ Cu—OO

0N N0

/,
CH30 _@ 1
58

dermatophyte infections in experimentel animals™ , Of analo=
gues of acylpyruvates showing activity against C. albicans

and Microsporum canis, 2-8 were highly active, although acting
ags strong vesicants. 8 was also active at low levels against
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other Candida species, Torulopsis and Aspergillus nigerss.

In & continuing study of activity of organic sulfur compounds
against Histoplasma, 61 compounds representing 13 classes of
organic compounds were studied. Significant activity was seen
amongst certain thiols related to p-chlorobenzenethiol, di-
acetyl sulfide and diacetyl disulfide, certain thiosulfonates,
and simple thiol and thion esters®®, Of over 50 imidazo
(1,2-2) pyridine compounds evaluated, 9-13 were the most

12 CHz0CONH H

N
S

active as antifungalsel. Cinnamylpyrogallol was found to be
& better inhibitor of fungal growth than cinnamyl alcohol,
pyrogallol, or cinnamylphloroglucinol®2, g@lutaraldehyde also
demonstrated broad-spectrum antifungal activity®3, of a
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1,3-

eries of substituted nitrobenzenes and anilines, 1,
gichloro-s-nitrobenzene, 1,3-d1bromo-5-dibromo-aniline showed
useful levels of activitys4, 1L is the actlve antifungal

14 <::>y— CHp =83 ~CHp ~CHp -OH

substance from Petiveria alliacea and has been synthesizedes.
Amongst & series of fused pyrimidines, 15-18 were active

R NCH=C-(C05CoHs )2
R R

:: :: AN
Y] 6 N
NN
op "
8 co
il
against T. mentagrophytes at high levels®®, 1In a series of
aliphatic amines, 19-23 were most active agalinst both

2CzHgy

RNH(CHz ) 2C0oEt
R
19 Ci1oHza
20 CizHzs
21 CiiHaa
22 CisHaa
2 CieHas

87
Pityrosporum ovale and P. orbiculare . Obtusastyrene ami
dihydroobtusastyrene, 2k, 25, are active against Candida

tropicalis and other yeasts at low concentrations®®, Serino-
mycin & new antibliotic active against a variety of fungi is
isolated from & Streptomyces end yields approximately 20%
L-serine after hydrolysis with NH,OH®®, gQatavalin, a new
peptide antibiotic isolated from Bacillus polymyxa var.
colistinus, has some antifungal activity7o. Myriocin, gﬁb
has been isolated from the ascomycete Myriococcum albomyces;
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both compounds are highly active in vitro against Candida;
however, anhydromyriocin showed activity against dermatophytes
and was less toxic parenterally in mice and rats than myrio-
cin”, A new polyene antibiotic, partricin (SPA-S-132), has
been isolated from a strain of Streptomyces aureofaciens;
esterification appeared to increase activity and reduce
toxicity72. Methyl partricin is active against many strains
of Candida and Aspergillus’>,

Physico=~-chemical constants, spectra and molecular models
for clotrimazole, as well as methods of synthesis for other
triphenyl methylazoles, have been described, including data
for 112 triphenylmethylimidazoles., Structure activity rela-
tionships relating rate constants of acid hydrolysis and Ry
values of 34 l-triphenylmethylimidazoles suggest that these
two parameters are not sufficient for a complete description
of antimycotic action, Ortho substituents were seen to pro-
duce a clear increase in activity74.

Chemical and Physical Studies of Antifungal Agents - Strepto-
myces AY-B-265 incorporates L-phenylalanine and DL-tryptophane
into antimyecin A. Incorporation studies with 2-ring-Cl4-DL-
tryptophane show that carbon 2 of the indole ring is incorpor-
ated into the 3 formamido cardbonyl of antimycin in high
yields?®, The aromatic moiety of candicidin appears to be
synthesized from glucose via shikimate to p~aminobenzoic acid
which is then incorporated into candicidin. This synthesis
was partially inhibited by L-phenylalanine, L-tryptophane and
L=tyrosine76, A similar mechanism has been proposed with PABA
as the direct terminal intermediate being incorporated into




122 Sect. III - Chemotherapeutic Agents Warren, Ed.

the aromatic moiety of fungimycin7?77,

The sugar moiety of YA-56 (related to phleomycin, bleo-
nycin, zorbamycin) is 2-0-(5-o—carbamoyl-D-mannosyl) 6-deoxy-
L-gulose78, Acid hydrolysates. of YA-56X and Y show hydroxy~
alanine present in both antibioties instead of threonine, a
common eonstituent of phleomycins and bleomycin7®, The non-
polyenic portion of the endomycin complex has been shown to
be scopafungin®®, The structure of the pentaene antibiotie
chainin has been shown to be 288, An improved synthesis of

CHs
OH OH OH OH OH

CHgs
hexahydrospinamycin has been described®®, The structure AN=NB
and compounds with potential for conversion to that structure
such as ANHNHB are characterized as diazene antibiotics and
include the antibiotiec hexshydrospinamycin., Structure acti=-
vity studies show that higher antifungal activity is corre=-
lated with higher rate of reaction with glutathione, sugges-
ting that the antibiotic action of diazenes may involve intra-
cellular oxidation of glutathione to its disulfide82, The
carboxylic group of amphotericin B has been esterified by
reaction with diazomethane in tetrahydrofuran. The methyl
ester thus obtained retained in vitro activity; N-acylation
generally reduced activity®4, Hydrochloride salts of methyl
esters of a number of polyene macrolide antibiotics had
greatly increased aqueous solubility8S, In vitro and in vivo
studies suggest similar activity for the methyl ester and the
parent compound, but reduced toxicity for the methyl esterse,
The filipin complex, as well as pimaricin, bind sterols that
contain both & 3-8 hydroxy group and a long alkyl side chain
attached to the D ring, but interact weakly or not at all with
cholesterol palmitate and 3-keto or 3-a hydroxy sterols87s,88,
Enhancing effect of iso-branched fatty acids on some fungi-~-
cides may be due to increase in the permeability level of the
plasma membrane based on evaluation of surface film studiesss,
Phosphorescence may be an extremely sensitive analytical pro-
cedure for griseofulvin since measurable phosphorescence can
be obtained from solutions as dilute as 10~°8 MPO,

Biological Sstudies of Antifungal Agents - Detailed chemothera-
peutic evaluatlion of miconazole demonstrates broad-spectrum
antifungal activity, both in vitro and in vivo in comparison
with other antifungal agents®I, Nine heptaene macrolide
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antifungal antibioties have been compared in experimental
systemic C, 8lbicans infections in mice. All showed similar
activity subcutaneously but only amphotericin B and mycoheptin
showed activity orally, which was related to their containing
mycosamine as a nitrogenous moiety®2, Administration of
griseofulvin at levels of 1250 or 1500 mg/kg/dey to pregnant
rats during the period of organogenesis resulted in increased
resorption sites, decreased litter size, and a syndrome of
malformations®3, Preclinical toxicological evaluation of
haloprogin suggests absence of systemic toxicity in spite of
percutaneous absorption. Some local irritation was seen but
no indication of sensitigzation potential. Major metabolic
products of haloprogin were 2,4,5-trichlorophenol and its
sulfate conjugate®4, Pyrrolnitrin is rapidly inactivated

in vivo and metabolized in vitro to at least 4 oxidized
pyrroles without antifungal activity. Of interest is the
generation of a substituted maleimide by microsomal oxidation
of the pyrrole®5, Amphotericin B has been shown to potentiate
the antifungal activity of rifampicin,®8287 S5_fluorocytosine,oe
mycophenolic acid glucuronide, ®8 tetracyecline®® and actino-
mycin D, ®8 probably through the increased penetration of the
agents through the cytoplasmic membrane, Similarily polymyxin
B has been shown to potentiate the antifungal activity of
tetracycline®®, oOligomycin resistance in yeasts has been
shown to be related to changed sensitivity of mytochondrial
ATPase?©0, gaccharomyces cerevisiae resistance to mystatin
has been related to altered sterol composition; perhaps in the
cell membrane, based on lipid requirements and their effect on
resistancel©l, Evaluation of spontaneous mutants of C.
albicans resistant to 5-fluorocytosine, as well as resistant
strains isolated from patients showed two classes of resis-
tance: one unaffected by 5-fluorocytosine at the highest
concentrations tested, and the other with low growth in the
presence of high levels. Spontaneous mutation ratfgaof
susceptible strains to resistance were fairly high « Calcium
ions reversed the in vitro activity of heptamycin against
several yeast strainsI®3, ©Polyoxin D inhibits chitin synthe-~
tase which may be related to weakened walls noted in organisms
growing in the presence of this antibioticl %4, (Cytochalasins
A and D produce morphologlcal changes of fungi, specifically
branching and swelling of hyphal tips!'©5, The effect of
griseofulvin on mitosis in AsperEillus may be related to
abnormal spindle formationl™Ve, ~-bromobenzyl isothiocyanate
altered the redox state of intracellular NADP in Candidalo7,
The antifungal antibiotic cerulenin inhibits sterol and fatty
acid biosynthesis in cell-free systems of yeastsl o8,
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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 507 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, 6-mercaptopurine, thioguanine,
cytosine arabinoside (cytarabine), 6-azauridine, vincristine, vinblastine,
actinomycin-D, daunorubicin, adriamycin, mithramycin, streptozotocin, 1,3-
bis(2-chloroethyl)~l-nitrosourea (BCNU, carmustine), hydroxyurea, 5-(3,3-
dimethyl-l-triazeno)imidazole-4-carboxamide, procarbazine hydrochloride,
and o,p'-DDD (mitotane).l

Reviews on preclinical and clinical evaluation of antitumor agents,2’3
immunosuppressive compounds# mechanism of action in cancer chemotherapy,’
antineoplastic antibiotics,® and other newer agents7 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.

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

O\g /\:0\9 N,CHz-Cﬂz-Cl
~NH-CHy -CHy-C1 N,P \CHy ~CHy ~C1
I H

Hz'CHz'Cl

I1

I generates the cytotoxic aldehyde acrolein in vitro,8 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 1ymphomas.10 Toxicities of both compounds I and II are
similar: They cause cardiovascular alterations in rhesus monkeys with I
being twice as potent.11 The hypotension and brodycardia observed after
administration of these compounds may be due to a direct nonspecific cardiac
depression in conjunction with possible histamine release.ll
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Bis(4-methanesulfonoxybutyl) ether (III) and many related §-oxygen-
substituted butyl ethers are effective inhibitors of the Walker rat carci-
noma. 12 Phenesterin, (IV), an alkylating cholesterol ester, is at least
as effective as cyclophosphamide and about three times that of chlorambucil.
The drug is more effective when given orally than sc or ip administration.13

CH3-80,~0~(CH, ), -0-(CH, ), -0-50,~CH;

1-CH, -

Cl-CH, CHZ\N_ @—cnz-g-o

Cl-CHy-CH,” v
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 substituent
constants and regression analysis suggest that a study of more hydrophilic
nitrosoureas should uncover more potent and less toxic drugs.l4 CCNU
chemically modifies proteins mainly via cyclohexyl-
carbamoylation of lysine residues and modifies nucleic Cl-CHZ-CHz-N-& -NH-R
acids via alkylation. The dual capacity of Vb may N=0
explain its broad cytotoxicity and its activity against
tumors which are resistant to conventional alkylating  Va. R=CH,-CH,-Cl
agents.15 Clinically these drugs are effective against

III

recurrent brain tumorsl® but ineffective in the b. R=—<::>
treatment of either end-stage breast cancerl? or
bronchogenic carcinoma,l18 -"<::>'CH

5-(3,3-Dimethyl-l-triazeno)imidazole-4-carboxamide (VIa, DIC) and

related compounds - Mode of decomposition of DIC was studied in Bacillus
subtilisl9 and in mamalian cell cultures.20 In the presence of light, DIC
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

metabolized by tumor tissue in a manner similar to \N N=N :f\n

that in normal tissue and the VIb intermediate

decomposes spontaneously to generate a methylating

agent,2l Activity has been demonstrated for patients with

Hodgkin's disease.22 Although DIC is markedly effective

against a variety of murine neoplasms, it is without effect Via. R=CH

against advanced acute lymphocytic leukemia in children.23 3

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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CH3
/\N-N=N ‘Q—g-ocﬁa
CH3
VII

Pyrimidines and Azapyrimidines - Direct synthesis of 5-fluoropyrimidines
and their nucleosides, by treatment of the corresponding pyrimidines or
nucleosides with trifluoromethyl hypofluorite, was achieved.2%-27 5.py is
preferentially concentrated (ca, 11 times) in the brain of C57BL/6 mice
with intracerebral glioma than in normal brain of mice.28 5-Fluoro-2'-
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.2? 5-Fluoro-2,2'-anhydro-arabinocytosine is
markedly active against leukemia L1210,30 5-Fluoro-3'-deoxyuridine and
5-trifluoromethyl-3'-deoxyuridine, unlike their 2'-deoxyribonucleoside
counterparts, are inactive against Hela, L5178Y, and Novikoff hepatoma
cells,31 5-Dpiazouracil, which irreversibly inhibits dihydrouracil dehydro-
genase in pyrimidine biosynthesis, promotes the synthetic utilization and
retards the catabolism of thymine.32

140 study in patients revealed that 5-azacytidine uptake by tumor

tissue is 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,
Cl498 leukemia) in mice. 6 1In general, VIII possesses greater therapeutic
index and lower cumulative toxicity than cytosine arabinoside (ara-C) NH
but has little activity against reticulum cell sarcoma.3’

N
I
Hexamethylmelamine is useful for the treatment O"™N
HO

of adenocarcinoma of the lung, carcinoma of the ovary, 0

and Hodgkin's disease. It is inactive against acute

leukemia resistant to standard chemotherapeutic agents. HO

The mechanism of action of this compound is not yet known. 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 The B-anomer of 2-chloro-2'-deoxyadenosine and
related compounds are more potent inhibitors than the corresponding o~
anomers against tumor cell growth.

Folic Acid Antagonists - A practical synthesis of homofolic acid from
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6 -hydroxy-2,4,5-triaminopyrimidine and 1-acetoxy-4-[N-acetyl-(p-carbethoxy-
phenyl)amine ]-2-butanone was reported.42 A study on the mechanism of action
of the antileukemic drug tetrahydrohomofolic acid (H4HF) revealed that H,HF
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 the
drug in vivo.

NS-Formyltetrahydrofolic acid reverses the action of methotrexate
(MIX) in L1210 leukemia cells.*4 Dichloromethotrexate displays some anti-
tumor activity in hepatocellular carcinoma. This dichloro derivative is
concentrated in the liver to a greater extent than MIX.

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. All of the deoxyribonucleotides containing guanine will complex
with act-D, with a preference for G-C sequences of DNA as potential binding
sites.46 Act-D lactam was synthesized.47

Adriamycin and Daunorubicin - Daunorubicin (IXa) and DNA interact predomin-
ately through intercalation.4® The binding of IXa to DNA involves more
than one class of sites, The amino sugar residue of IXa is involved in the
stabilization of DNA complex. 9 Daunorubicinol (IXb), the metabolite of
IXa, is as effective as its parent compound against leukemia P388 but not
as effective against leukemia L1210 in mice.?0 On the other hand, adria-
mycin (IXc) does not undergo such conversion,51 which may account for the
fact that IXc is consistently more effective than IXa in transplanted
mammary carcinoma®? 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.33 The cytotoxic effect of both IXa and IXc
persisted in the host cells for 20-30 hours after administration,34

Adriamycin is a useful chemotherapeutic adjunct
in the treatment of Ewing's sarcoma’” but is
quite toxic to patients with acute myeolocytic
leukemia.36 The adriamycin-resistant tumor is
also cross resistant to daunorubicin and
vincristine,?7:38 The cardiotoxicity of these
antibiotics may be reduced by the pretreatment of either 3
of the following chelating agents: ethylenediaminete- HONH
traacetic acid (EDTA), or (+)-1,2-di(3,5-dioxopiperazin- 2
1-yl)propane (ICRF 159).°7  Some amino and methyl IXa, R=CO-CH,
ketone derivatives of daunorubicin still retain the b. R=CHOH-CH4
original antitumor activity.6o c. R=CO-CH,OH
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Q\ NHp
0

| N Xy CH3 ——jﬂ/)L\
H2N Z kWm ——j:r/l\
H3C K)\
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HO o X.Bleomycin A,: R= NH-(CH,)3-S(CHq),X
H
0
OH

\N)J
H
Ot Y Bl in A!: R= NH-(CH,),-NH
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Bleomycin B,: R= NH-(CH2)4-NHg;NH2

o
[}

Bleomycin A: NH(CHp)3 (?H2)3-NH2

~(CH,),~NH
Bleomycins - Complete structures of bleomycins have been elucidated and
established as X.61 Synthesis of B-amino-p-(4-amino-6-carboxy-5-methyl-
pyrimidin-2-yl)propionic acid, a heterocyclic component of bleomycin, was
reported.62

Higher concentrations of blemomycin were accumulated in carcinoma
than in sarcoma., In addition, higher concentrations of its active form were
noted in the lungs and skin of old mice than in those of young ones, 63
Bleomycin may have affected cellular sulfhydryl or disulfide groups, or
affected the availability of essential metals in the organs that concen-
trated this antibiotic,6%

Bleomycin A, exerts a lethal effect on mamalian cells and also induces
resistance in theSe cells.®5 At high dosages, bleomycins can significantly
prolong the rejection time of skin graft in animals, yet this altered graft
rejection behavior was not due to specific immunosuppression,66 as generally
believed. Histological examination of the mouse small intestine reveals a
profound antimitotic action of bleomycin. This action takes place at the
late S to early Gy transition. 67,68 Results from clinical study with malig-
nant lymphomas and testicular tumors seem promising,69 objective regression
in patients with metastatic large bowel cancer, however, was not noted. 70

Mitomycin C -~ A claim that the carbamyl group and the aziridine ring of
mitomycin C (XI) and related compounds may be replaced by other acyl groups
without loss of biological activity71 has been supported by the fact that a
series of benzoquinone derivatives containing side chains capable of alkyla-
tion after bioreduction displayed growth-inhibitory activity against adeno-
carcinoma ascites cells and are potent inhibitors of DNA and RNA synthesis
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in neoplastic cells,’2

Mycophenolic Acid =~ Originally isolated from
a culture of Penicillium glaucum (a mold H,C
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 1ymphosarcomas.73
Compound XII interferes in the interconversion of inosine, xanthosine, and
guanosine monophosphates, It also inhibits IMP dehydrogenase and GMP

XI

CH3 OH 0 synthetase.74 Compound XII is readily
Hozc'(CHz)z'C=CH'CH2 absorbed from the digestive tract and
O rapidly conjugated to mycophenolic acid
CH30 B-glucouronide.’? Preliminary clinical
- CH3 trials indicated that, although toxicity

is rather low, this acid does not cause
tumor regression in patients with a wide range of advanced malignant
tumors.’9:77 Some derivatives of mycophenolic acid, including its
glucouronide, were reported to possess antitumor and immunosuppressive
activity.78'79

Neocarzinostatin - The primary structure of the antitumor protein
neocarzinostatin, isolated from Streptomyes carzinmostaticus 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. Neocarzinostatin is effective against ascitic
sarcoma 180, ascitic leukemia SN36, and leukemia L1210. It also rapidly

and differentially affected Burkitt's lymphoma cells in culture.8l Deamina-
tion or acylation of this protein at the terminal amino group (alanine)
decreases toxicity with retention of antitumor activity in mice.

Neocarzinostatin is unstable above 37°. It is inactivated by tissue
homogenate, serum or SH-containing compounds accompanied with copper.82 It
inhibits both DNA and RNA synthesis but protein synthesis remains
unchanged.81

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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activity, indicating that the planarity of the molecule may be of impor-
tance., UV spectral studies reveal that a stable complex is formed upon
the interaction of DNA in vitro.

Salts of nitidine (XVIa,b) and 5,6-dihydro-6-methoxynitidine (XVII),
a new alkaloid from Fagara macrophylla, possess high cytotoxicity and
activity against leukemias L1210 and P388.85:86 Another new alkaloid,
fagaronine (XVIc), isolated from Fagara zanthoxyloids Lam. (Rutaceae), also
shown good activity against leukemia P388, Structures of these compounds
conform to an earlier proposed N-0-0 triangular pharmacophore hypothesis
for antileukemic activity.

OCH, OCHj

0™
O 0 OCH, OCH;
A CH30 O CH,0

seedpsesdide
=N
CH30 @ CH 0 RS CH.O = g
ocH ) 3 ci © 3 CH ©
XIlla. X=} SO, XIVa. X= C,H,SOs ol
b. X=cCl b. X=Cl

CoCt °
CH_O CH_O OO >
#N N

Qc, © CH,0~ “cu,

CH30 3
OCH3
XVIa. R1 + R2= CHZ’ X = CH3SO4
b. Ry + R,= CHy, X = Cl XVII
c. R1 = H(or CH3), R2= CH3(or H), X =l

Camptothecin - Additional synthetic methods for the preparation of d,t-
campthothecin (XVIIIa) and related derivatives were reported.88'91 A new
alkaloid, 9-methoxycamptothecin (XVIIIb), was isolated along with campto-
thecin as the major product from Mappia foetida Miers.

Camptothecin blocks the ribosome formation from R 0

325 RNA to 28S RNA, inhibits synthesis of both
nucleo;}asmic and polyribosomal m-RNA in Hela
cells,”” induces nucleolar structural changes
in ME-180 tissue culture cells%% and causes
intracellular degradation of HeLa cells and XVIIIa. R
adenovirus type-~2 DNA.95 The progression b. R
of late S or early G; cells into mitosis of

i n
Q=
2]

Qo
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mammalian cells (leukemia L1210 cells and asynchronous and synchronous DON
cells) is most sensitive to this alkaloid.96 Clinical study of camptothecin
in the treatment of advanced gastrointestinal cancer, advanced disseminated
melanoma or a variety of carcinomas failed to show much activity.97'99

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 (XIXb), ischarringtonine (XIXc),
homoharringtonine (XIXd), and deoxyharringtonineloo (XIXe) possess anti-
tumor activity against leukemias L1210 and p38s,101 Synthesis of XIXa and

Y XIXa. R = OH
<O N b. R ozc-g(cnz-cozcn3)-(cnz)z-c(cn3)20u
H
Q c. R = 0,C-CLCH(OH)-CO,CH3 ]-(CHp),-CH(CH3),
o1
¥ d
OCH, .

It

e, R

020-9(0H2-0020H3)-(CH2)2-CH(CH3)2
OH
related compounds have been accomplished.lo2

Other Plant Products - DatiscosidelO3 (XX), a cucurbitacin glycoside from

Datisca glomerata, maytanisinem4 (XXI), an ansa macrolide from Maytenus

ovatus, as well as triptolide105 (XXIIa) and tripdiolide105 (XXI1Ib), diter-

penoid triepoxides from Tripterygium wilfordii, possess activity against

a number of standard animal tumor systems. CHy o
o»/’L‘F’)\CH3

CH

CH3

cl |\ 0

0 i XXITa. R =H
b. R = OH
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Ellipticine - Ellipticine (XXIII), a cytotoxic plant alkaloid, CHj

kills cells in all phases of the cell cycle., Cells NN
in M and G, phases are much more sensitive to XXIII O
than in S and Gy phases, XXIII inhibits DNA and Z

B

RNA syntheses more than protein synthesis.106 Two CH

3
new syntheses of XXIII were reported. ?

XXIII

S-Trityl-L-cysteine (3-Tritylthio-L-alanine) - This amino acid (XXIV) is
active against leukemia L1210. The internal zwitterion form of XXIVa is
important for biological activity since substitution or
modification at either the amino or

XXIVa. R = CcH
) 2 _ 65 1 the carboxylic acid group
R-C-S-CH -QH-COZ b. R = 2-naphthy decreases the activity.109 S~
%D ¢. R = l-naphthyl  Trityl-p-cysteine and O-trityl-

NH3
L-serine possess low but definite
antileukemic activity. Also, S-(2-naphthyldiphenyl-
methyl)-L-cysteine (XXIVb) possessess better activity than XXIVa but the
corresponding l-naphthyl isomer XXIVc is inactive.

The low solubility of XXIVa in water limits its absorption. The main
site of compound concentration in rats, dogs, and monkeys is the liver,
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 256,111
This compound bears a close structural resemblance with shikonin (XXVb)
and both compounds may be biogenetically related. Compound XXVb, isoclated
from Lithospermum erythrorhizon Sieb et Zuce.,, is active against human
carcinoma of the nasopharynx (KB). Several lapachol derivatives 2 (XXVlia
and XXVIb) and some 4-amino-1,2-naphthoquinones113 (XXVII) have also been
claimed to possess antifumor activity.

OH OR 0 0
CH
O‘ bH'CHZ'CH=C:CH§ O‘l ) 0
R
0

OH O NH-R
XXVa. R = CO-CH=C(CH3)2 XXVIa., R = CBr2 XXVII
b. R=H b. R = C(CH3)2
9-Anilinoacridines - %gze l-nitro-9-(substituted amino)acri- /J:::;}‘R
dines are cytostatic. A series of 9-(substituted HN

anilino)-acridines (XXVIII) wherein R represents an X
electron-donating group substituted at positions 3' and O O
4' are active against leukemia L1210.113 N

XXVITI
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Thiosemicarbazones - A number of o-(N)-heterocyclic carboxaldehyde thiosemi-
carbazones were prepared and their antineoplastic activity measured. 1In
general, the pyridine derivatives are better inhibitors than the isoquino-
line derivatives against 1ymphomas.116'117

Chlorphenesin - (3-p-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.l18 oOther related oxygen containing compounds, such as hydroxy-
lated straight chain aldehydes (e.g. L-erythro-e,B-dihydroxybutyralde-
hyde)119 and glyceryl ethers of fatty alcohols,120 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 O-methylated
nucleosides in t-RNAs) and tumor induction was presented.121 Nicotina-
midel22 and some related analogs as well as certain cytotoxic purine
ribosidesl?3 are found to inhibit t-RNA methyltransferase activity. The
claim that appropriately designed nicotinamide analogs may possess anti-
tumor activity122 was substantiated by the fact that 6-dimethylaminonico-
tinamide is active against the solid Friend virus (FV) leukemia.l24 cCertain
compounds having adjacent oxygen functions, or compounds having similar
interatomic distances between two oxygen atoms, may interfere with the
undesired activity of t-RNA O-methyltransferase and inhibit the process of
abnormal cell proliferation.125

New Conceptions and Hypotheses

Alternation in the cell membrane that results in increased internal
concentrations of nutrients, which interrupt the regulation of cell
growth, has been postulated as a factor of malignant growth.126 Certain
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 desfgyed protease 1inhibitors
might be useful in the treatment of solid tumors.
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Chapter 15. Antiparasitic Agents
M. Hoffer and C. W. Perry, Hoffmann-La Roche Inc., Nutley, N. J. 07110

Introduction - A table of drugs for parasitic infections has appeared.]
The proceedings of the Inter-American Malaria Research Symposium, San
Salvador, E1 Salvador, Nov. 1-4, 19271 were published,2 including articles
by L. J. Bruce-Chwatt, D. F. Clyde and R, D. Powell on current drug
therapy and the development of new drugs. Abstracts for the Annual Meet-
ing of the Society of Protozoologists, Minneapolis, Minn., August 28-
September 1, 1972, can be found as a supplement to the Journal of Proto-
zoology.3 The WHO Chronicle contains reports on malaria eradication.4 The
Amer. Vet. Med. Assoc. held a symposium® on problems of new animal drug
development.

Antimalarials - A model in vitro system for testing susceptibility of human
parasites to antimalarial drugs was proposed.6 Structure-activity correla-
tions for 2-phenylquinoline-4-carbinol antimalarials were obtained by the
Free-Wilson method.7 An extensive study of tissue distribution and urine
excretion of chloroquine was reported. 8 Observations on the mode of action
of chloroquine and quinine in blood stages of P. berghei were reported by
Warhurst, Homewood and Baga]ey.3 Development of resistance and cross-
resistance to antifolic antimalarials was studied in a variety of bacteria?
The antimalarial ?rimaquin caused a total inhibition of protein synthesis

in B. megaterium,

Parallelism in reversible coenzyme Qip-inhibition and ?ntima1aria1
properties_was demonstrated in substituted quino]inequinones 1 and naptho-
qu1nones 12 Extensive structure-activity relationships in phenanthrene-9-
amino alcohols (very active I, curative at the 5 mg/kg level ?nd still
active at the 1.25 mg/kg 1eve1 in the P. berghei-mice screen)!3-15 and in

HOGH- (CHp)N(C3H7)2  HOCH-CHoNRy Ry ﬁeghggg{g1(ggggd{} 4§2_R3 "
R] =4- hepty] Rg=CF3, and Rg=
R3=H, R1 buty1 g -butyl or
4- hepty Rg=Cl1, curative at
the 40 mg/kg level and active

at the 20 Tg/k9 level) were
II pub11shed Introduct1on
(1) of the bridge X=CO,CHp,CF, to
reduce phototox1c1ty in quinoline carbinol antimalarials ?III) a]so reduced

HO CH-CHpN(Bu ) [:“j]\
N“CH-0H
m QRZ \
R3

|
(111) (v) R
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N~y NHy
> )R= b = - = -
JICT 0 o Drowe 0 2o
X
(V)

CHRyR Ry R
CoHs =N, 172 1 R2
X=N=CH-N(CH3),

activity.18 Among 1-aryl-7-azaindole-3a-piperidinemethanols, IV with R=p-
chlorobenzyl showed half the activity of quinine.19 Novel antifolates (V)
with R=CgHgCH2NH-, X=0H havg shown activities in drug resistant malaria
and Tryp. cruzi infections.20 Compound Va has shown 210 times the activity
of quinine,2l while compounds Vb were potent antimalarials in evaluations
with P. berghei, galinac, cinnomogli, and knowlesi (most interesting:
X,¥=3,4 CTp, §1=R2=H) and they also show promise against Tryp. cruzi.22
Compound V¢ is claimed in a recent patent.23 2,4-Diamino-5-(3,%4,5-
trimethoxyphenoxy)-pyrimidine (related to trimethoprim) showed 100%
supression of oocysts SX a conc. of 0.1% in the mosquito-screen, but
analogs were inactive.

Among a series of guanidine derivatives of diphenylsulfones, VI was

found best.25 Diformyldiaminodiphenylsulfone (DFD) was Eroposgd as
prophylactic against falciparium

malaria.26 Its pharmacology_was
F-<:::>——SOZ—<<::>>—NHC0-NHF-NHz studied in dogs and monkeys¢’ and in
(V1) NH man .28

Chlorinated Tincomycin analogs were evaluated against chloroquine
resistant falciparium malaria.29 The antibiotic clindamycin phosphate
(Cleocin ghosphate, U28508), a lincomycin analog, shows antimalarial
activity.30 Synthesis and resolution of 1'-demethyl-4'-depropyl-4' (R)=-
and -(S)-n-pentylclindamycin hydrochloride (U24729A) has been achieved.3!
Some novel Tincomycin derivatives are obtained by adding alkylprolines to
a fermentation broth of Streptomyces lincolnensis.

Antitrypanosomal agents - Thymidine kinase from Tryp. brucei rhodensiense
was isolated.33 Roitman and Roitman observed increased growth inhibition
effects of trypanocidals (ethidium bromide, acriflavine, quinacrine,
melarsen, and tryparsamide) at 370 as compared with 280 in Leptosoma

esso i.§ Cosgrove and Hajduk indicate that hydroxyurea prevents multi-
plication of T. equiperdium by irreversibly inhibiting DNA but not RNA
and protein synthesis. orales, Schaefer, Keller and Meyer isolated DNA
from Leishmania tropica and induced dyskinetoplasty by acridine and
ethidium bromide but not by proflavin and 5-amino-acridine.3 A pathway for
terminal electron transport of the respiration metabolism in Tryp. mega
was proposed by Ray and Cross.3

Vermicillin, a novel antibiotic from Penicillium vermiculatum was
found active against Tryp. cruzi and Leishm. brasiliensis.% Antibiotic
K16 (VII) is active against protozoa, esp. Tryp.3d
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COOH
HO C0-C-COOH
HZNCHZI_S\ NHCO~CH-CH,OH 0,8 NenecH _@_NOZ
N NHy —
CHg
(VII) (VIII)
= .0 Isolation and characterization of the
NH antiprotozoal, pigmented antibiotic,
0 trypanomycin, probably a 4,5,8-trihydroxy-

anthraquinone, were described.36 3-
Methyl-4-(5'-nitrofurfurylideneamino)
tetrahydro-4H-1,4-thiazine-1,1-dioxide

(1X) (nifurtimox, lampit, BAY 2502), (IX), is
highly promising in treatment 2; acute
and chronic Chagas-disease.3/-

Antitrichomonals - Trimonil (Trimagill), a micronized aluminum salt, was
effective in topical application against Trich. vag., Hemophilus vag. and
Candida (monilia) albicans and was recommended with or without additional
chemotherapeutic treatment.#8 A new synthesis of niridazole allowed the
preparatlon of a series of analogs which were evaluated in trichomoniasis
of mice.#9 The nove] antibiotic ikarugamycin (IX) was reported active
against Trichomonas.®0 Some 2-styryl-5-nitroimidazoles were comparable

to metronidazole against Trichomonas but in general inferior to the latter
in other protozoal infections.21 Flunidazol (MK915) was effective locally
at 0.125-1 ug/ml agd orally at 20-50 mg/kg levels, also as an amebicide in
rats and hamsters.9¢ Nitroimidazoles were discussed from constitutional
and physicochemical standpoints with respect to antitrichomonal activity.53
1,1'-Dimethy1-2,2'-biimidazoles gave upon nitration a variety of compounds
which were evaluated against Trich. vag. and Entamoeba hist. Compounds
with two nitro groups were found generally more active than compounds with
only one. For activity agglnst Trich. at least one of the nitro groups
must be in the 5 position. The newer patent literature claims 2-(5-
nitro-2-furyl)vinyl-thieno(3,2-d)pyrimidines,5 5-nitro-imidazolylvinyl-
amino-1,3,4-oxadiazoles,56 and 2-methyl-1-substituted-5-hydroxyalkyl-4-
nitroimidazoles®/ as active antitrichomonals.

Coccidiostats - Comparative studies on established coccidigstats can be
found in various publications.58-63 Efficacy®4 and safety®® (>0.005,
<0.01% in feed) of 3-nitro-4-hydroxyphenylarsonic acid (Roxarsone) were
regxgmgged. Deposition and clearance of Rofenaid in eggs were investi-
gated.

p-Dimethylaminobenzonitrile shows activity at 0.0125% in feed jf
potentiated with antifolates (best ormethoprim at 0.0075% in feed).6 68-72
Certain mercapto and sulfinyl derivatives of thiamine are coccidiostats.
The newer patent literature claims 9,10-diazat§tracyc]oundecene compounds
(X),73 nitrofurfuraldehyde sulfonylhydrazones,’4 2-phenyl-as-triazine
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diones,’5 2-phenyl-azacytosine derivatives,’6 nicarbazine in combination
with 1,3-bis-(p-chlorobenzylideneamino)guanidine,77 tris(p-chlorobenzyl-
ideneamino)guanidine,78 and 4-nitrothiophene-2-sulfonamides
and 5-nitrothiophene-2{or 3) carboxamides’9 as active
Ry coccidiostats.

Amebicides - Metronidazole seems to be the choice as to current
therapy of amebiasis,80-83 dracunculiasis,84 and giardiasis.85
Ry It proved superior to nitrimidazine (1-(N-g-ethylmorpholine)-
(X)  5-nitroimidazole, naxogin) and tinidazole (fosigyn) and about
equal to Ro 7-0207 (a-chloromethyl-2-methyl-5-nitroimidazole ethanol) in
amebic lgyer abscess.86 The pharmacology of panidazole was studied in
animals.

The newer patent literature claims 3-dimethy]amino-9-(aminoalky]&
thioacridines88 and 4-hydroxy-1-substituted-TH-thieno(2,3-c)pyrazoles8? as
amebicides.

i - Some comparative studies on established schistosomacides
(niridazole, lucanthone, astiban) can be found jn the newer literature,90
including effects on the oxidative metabolism.91 2-Diethylaminoethylamino-
4,6-diamino-5-nitrosopyrimidine was found active.92,93 Some 2,3,4,4a,5,6-
hexahydro-1H-pyrazino{1,2-alquinolines (XI), screened in mice at 50 mgékg,
were found highly effective in monkeys in single doses of 50-75 mg/kg. 4
CHs 2,4-Di(4-arylpiperazino)-3-pentanones95 and 2-acyl-

imino-5-nitro-N-acyl-4-thiazoline-3-acetamides%6 are
N claimed in the newer patent literature.

(XI) L\VIN'R Other anthelminthics - New experiences with pyrantel
pamoate (Antiminth, Cobantrin) abound.97-101 Pyrantel and morantel analogs
were tested in sheep to correlate primary mouse screenings. Activit?sé
were also found in dihydrothiazine analogs of the two anthelminthics.
Of particular interest is the morantel analog CP_14445 (XII) which was
found highly effective against Trichura muris.103-104 Combendazole
(X111, R%=CHéCH3)2CONH, Ro=NHCOOCH3, R3=H) was effective against Tung-
worms. 105,106 Thiabendazole (XIII, Ry=R3=H, R25E===g) was inferior to

X

CHy Ry N N
-
2 " ) e
Ho i N N
N |
R

(XII) (XIII) (XIV)

diethylcarbamazine!07 in experimental Ioxicana caris infection in micel08
but compared favorably (66 mg) with levamisol (8 mg) undes commercial feed-
Tot conditions against mixed worm infections in cattle.}0? Lobendazole, SKF
24529 (XIII, Ry=R3=H, Rp=NHCOOC2Hg) is recorded as new.l10 Methyl-1-
{methoxycarbony]tgiocar amoyl}benzimidazole carbamates (XIII, Ry=H, CHs,
OCH3, NOp; Rp=NHCOOR, R3=CSNH-A) are claimed to have anthelminthic in
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addition to fungicidal and mite ovicidal properties.111 2-Sulfonylalkyl-
benzimidazoles ?XIII, RZTfQZSO?R) showed activity against Nematospiroides
A

dubious only if Ry=NO>. kylimidazopyridyl-carbamates (XIV) are
claimed to have broad spectrum anthelminthic and antifungal activities.113

New salicylanilides related to the well established rafoxanidel14
are dioxamide (2-acetoxy-4'-chloro-3,5-diiodobenzanilide)115 and terenol
(4'-bromo-2,6-dihydroxybenzani1ide).116 Benzothiadiazole salicylamides
are claimed to be cesticidal agents and anthelminthics.

Homologues of the_acetylcholinesterase inhibitor dichlorphos (XV,
R=CH3)118 gasp1ayed maximum activity against pin-
C1,C=CHOPOOCH3 worms 1195120 when R=n-heptyl (vincophos, Shell
15803)121,122 and against tapeworm with R=n-decyl.
(Xv) OR Coumaphos (Baymix, Co-Ral), 0,0-diethyl-0-(3-chloro-4-
methyl-2H-1-benzopyran-7-y1)phosphorothionate, was
effective against a series of cattle worms in 2 mg/kg dose levels for 5
days.123 Thimet (0,0-diethyl-S-{(ethylthio)m$thy1}phosphorodithionate
was studied for tolerance in chicken embryos,lZ24 trichlorophon was found
effective (7.5-15 mg/kg/day) against Mexicani25 but not Africanl26 strains
of Onchocerca volvulus.

2-(5-Nitro~2-thienyl)-4-substituted aminoquinazolines (XVI) (best
R1sRo=hydroxyalkyl) were active against Ascaris suum, Syph. obl., and
Hymenolepsis Nana in doses of 12.5-300 mg/kg.12/  Imidazo{T,2-a}pyridines
(XVITY |

best Ry=ROCONH-, Ro= 0+E\ ) were active against
(.
T
R1Ry

N
J L ' G

) R2
(xvI) - (XVII) (XVIII)

Trichostrongulus.128 Some N-substituted arylsulfonylpyrazoles were active
against oxyures in mice,!29 and certain azaindoles (XVIII) (most potent
R= ) were active against Hoenonchus contortus in sheep at 100 mg/kg
| Jj levels, single dose, but inactive against other parasites
tested.130

Diminazene aceturate (phenaTg?ine isothiurate) was found superior
against Barbesia gibsoni in dogs. Toxicity of amicarbalide_diisothi-
onate, active against Barbesia cavalli, was studied in ponies.132
Ticarbodine (E.L. 974, a,a,a-trifluoro-2,6-(methyl)-1-piperidine-thio-
carboxy-m-toluidide) showed a high degree of efficacy in dogs infected
with Acilostoma caninum, Dipilidium caninum, Taenia pisiformis, Toxascaris
leonina, Toxacara canis, and Unicaria cenostephala at single doses of 100
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mg/kg.133 g-Alkoxy crotonic acid ?sters are claimed to b$ active against
pig ascarides and mouse tapeworms.!34 Dithiocarbanilates!35 and 1-
halophenyl-3-thiazolylcarbamidoylureas!36 are claimed as anthelminthics.
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Chapter 16. Antiviral and Antitumor Chemotherapy with the
Interferon System

Hilton B. Levy, NIAID, National Institutes of Health,
Bethesda, Maryland

The interferon system was first described in 1957 by
Isaacs and Lindenmann (1) who were studying the interference
with the growth of some viruses by prior infection of the host
cells with other viruses. They showed that the infected cells
produce a protein, interferon, which when applied to other
cells of the same species renders the second cells more or
less resistant to infection by a variety of viruses, The
action of interferon is attributed to as yet only partially
understood metabolic alterations induced in the protected
cells. The clinical potential of interferon was soon
recognized, but a variety of technical problems has prevented
application to man in a very serious way. Current efforts in
a number of countries are bringing the interferon potential
closer to realization. This review will have as its focus
developments in interferon research that relate to
application, but a number of peripherally related areas will
be discussed.

Induction and Production of Interferon. A tissue culture
system for the production of mouse interferon of high titer
has been recently described (2). It involves the use of a
virus-transformed 3T3 cell line stimulated by Newcastle
Disease virus., Titers of 30,000 to 40,000 reference units/ml
are regularly obtained. By dialysis concentration 10 times
this titer can be achieved. This will make possible realistic
evaluation of interferon therapy using the mouse as a model.

Much effort has gone into the development of methods for
the production of human interferon in diploid cells because of
the greater acceptability of such a product in the United
States than interferon made in leukocytes (3). Significant
Increases have been obtained in the titer of human interferon
from less than 1,000 units/ml a few years ago to over 30,000
and occasionally 100,000 units/ml (4,5).These high levels have
been achieved by proper temporal application of cycloheximide
and actinomycin to human cell cultures that have been induced
with polyriboinosinic.polyribocytidylic acid (poly ril:poly rC)
(4-8)., Studies with these inhlbitors have indicated that,
paradoxically, under conditions where RNA and protein
synthesis was inhibited, larger amounts of interferon could be
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produced both in rabbits (9,10) and in rabbit (7) and human
(5,6) tissue culture than under non-inhibited conditions. The
effect is explainable by the hypothesis that under ordinary
conditions, after induction of interferon synthesis a new
messenger RNA is made that leads to the synthesis of a control
protein which blocks the continued translation of interferon
messenger RNA. Application of cycloheximide and actinomycin D
at suitable times blocks the formation of this control protein
and allows the continued synthesis of larger amounts of
interferon.

Marked increases in the specific activity of mouse
interferon have been possible. Specific activities of up to
1 x 10% units/mg of protein have been achieved (11,12). The
use of affinity chromatography on sephadex bound
antiinterferon globulin is one of the newer useful techniques.
Part of the problem of purification lies in the fact that
Interferon is such an extremely active molecule that only very
small amounts are present even in potent preparations. In
addition, when cells are induced to form interferon they form
other proteins very similar to interferon in physico-chemical
characteristics (11).

A number of quite diverse materials are capable of
causing either tissue culture cells or animals to synthesize
interferon; vaccines (13); acidic polysaccharides such as
phosphomannans (14) and chemically phosphorylated
polysaccharides (15); phage double-stranded RNA (16,17); A
protein from E. ¢coli also has been found to be an effective
interferon inducer (18). None of the aforementioned materials
appear to be able to induce titers of interferon in mice as
high as those induced by poly ri:rC. However, poly ri:rC
appears to be a poor inducer when used systemically in man and
other primates (19,20), even though it is effective in human
tissue culture. Man's refractoriness may be partly
attributable to the presence of high hydrolytic capacity in
human serum towards poly rl:rC (21). These other compounds
might prove better than poly ri:rC in man.

The extent of response of an animal to an interferon
inducer may be related to his physiological state (22).
Animals with either induced Friend leukemia or spontaneous AKR
leukemia yield much less interferon in response to Newcastle
disease virus or poly rl:rC (23) than do normal mice, but
these observations are difficult to confirm.
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interferon:

Animal systems, including tissue culture, The interferon
system has been demonstrated to be effective prophylactically
and in some cases therapeutically against a number of viruses
in animals in studies during the past few years. Interferon
itself was effective prophylactically and marginally effective
therapeutically versus experimental rabies in rabbits and mice
(24,25). Poly rl:rC was even more effective (26-28).

Tilorone and poly rl:rC were found useful prophylactically
against tick-borne encephalitis in mice (29). Foot and mouth
disease in mice and in tissue culture was sensitive to the
interferon system (30,31). |In mice with West Nile virus the
protective prophylactic and therapeutic effect of poly rl:rC
was ascribed to an action of interferon on the affected brain
rather than just to the suppression of viremia (32). Mice
which were too young to be immunologically competent still
were protected against pseudorabies virus by statolon (33).
Herpes virus hominis was inhibited by poly rl:rC both in
tissue culture and in mice (34)., Studies with Avian influenza
reveal that the virus was sensitive to interferon, poly rl:rC
and statolon in tissue culture but In six week old chicks only
statolon induced interferon and protected the birds. Tilorone
was not effective either in tissue culture or in vitro (35).

Ever since the observations that poly rl:rC had
pronounced therapeutic value in herpes keratoconjunctivitis in
rabbit eyes (36) this system has provoked strong interest.
Much less effect was found in vaccinial keratoconjunctivitis
(37). In the owl monkey, double-stranded RNA and tilorone
were ineffective in inducing interferon and in protecting
against ocular infections, while concentrated preparations of
human interferon did prevent infection (38). It has been
suggested that local interferon induced by ocular infection
with herpes is responsible for recovery from primary infection
while local antibody Is responsible for prevention of
reinfection (39).

The degree of resistance to infection with Semliiki forest
virus induced by a variety of conditions that stimulate the
production of interferon appears to be related to the amount
of interferon induced (40).

A number of techniques have been used to increase the
titer of interferon produced by animals in response to
Inducers. Poly=-d-lysine forms a complex with poly rl:rcC,
which complex induces somewhat higher titers of interferon in
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mice than does poly ri:rC alone (41). The "antiviral™
preparation chlorite oxidized amylose (COAM) (42) which exerts
its antiviral effect primarily by means other than the
interferon mechanism (43) when given to mice or cats 3 hours
before poly ri:rC or Newcastle disease virus strongly augments
the interferon production induced (44). COAM also is a potent
enhancer of immune reactivity (43-45).

There have been interesting reports of the effect of the
interferon system on protozoa (46=-49). Poly rl:rC protected
mice against Trypanosoma congolense probably because of the
immune enhancing action of the drug rather than because of its
interferon producing capacity (47). On the other hand it has
been shown that poly rl:rC enhances the pathogenicity of T,
cruzi in mice (48). Claims have been made that virus inducers
of interferon protect mice against Plasmodium berghei by
stimulating spleen macrophages (49), although the data
presented could be interpreted in other ways.

Interferon (50) and interferon inducers (51) have been
shown to inhibit the growth of a variety of tumors, both virus
induced, transplanted and spontaneous. New reports expanded
this list recently (52=-56). In addition poly ri:rC given as a
single dose before murine sarcoma virus can actually enhance
tumor production by the virus (57,58). The mechanism of the
antitumor action of poly rl:rC is complex (59), 1t can induce
Interferon, and interferon can exert a strong antitumor
action-although the amount of serum interferon induced by poly
ri:rC is not necessarily related to the degree of antitumor
activity (60); poly rl:rC also enhances immune reactivity of
the host (61). Interferon itself under certain conditions
also can enhance antibody production in mice (45) and not
under others (62). There is also a cytotoxic action of poly
rl:rC in mice (63). Interferon has been reported to exert
growth inhibitory effects on cells in tissue culture (64),
This inhibitory effect applies to normal tissues as well as to
tumor cells (22, 65-68). These cellular effects are not
associated with death of the cells but rather with a
reversible slowing of the growth rate. Thus the concept that
interferon is exclusively an antiviral substance is being
replaced by the idea that interferon may be concerned with
regulatory mechanisms and possibly other cell functions
including antibody production (45), specific cytotoxicity
induced by lymphocytes (66) and macrophage action (69).

The specific event involved in interferon induction by
viruses s still not completely understood. While some
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workers contend that the formation of double stranded RNA or
RNA-DNA double-stranded hybrids is the inducing event (70,71),
at least two pieces of evidence indicate that in certain virus
cell systems it is the infecting virion that is responsible.
With Newcastle Disease virus it has been shown through the use
of metabolic inhibitors that synthesis of the messenger RNA
for interferon takes place even when no virus components have
been synthesized (72,73). Also using chikungunya virus In
chick cells, pretreatment of the cells with interferon blocks
formation of all virus components, yet enhances the amount of
interferon formed (74). With reovirus, which comes into the
cell with a double~-stranded RNA genome, interferon is not made
until long after virus components have been synthesized
(75,76). Suggestive evidence was presented that in still
another system, interferon induction was associated temporally
with the production of viral RNA polymerase (77).

Differences continue to exist about the effect of
alteration of molecular weight of poly rl:poly rC on its
antiviral activities and its toxicities. These differences
may relate to different methods of preparation of the poly
rl:poly rC (78-80).

Iherapeutic Trials In Man, Extensive trlals in man with
synthetic inducers and viral vaccine inducers of interferon as
well as with interferon itself have been reported in the
Soviet Union. These results have been very encouraging, but
confirmation from other countries has not been forthcoming.

In a study with 2000 children aged 1 to 7 years, interferon or
a placebo was given intranasally, before and during epidemics
of respiratory disease, including influenza. A very marked
diminution of the incidence and the severity of the disease
was found in the group receiving interferon (8l1), even though
the amount of interferon given was small. Therapeutic value
of leukocyte interferon in herpetic keratoconjunctivitis in
man was found both in the superficial form of the disease and
in cases where there was deeper involvement of the cornea and
uvea tract (82). Vaccination of volunteers with several
strains of influenza vaccine gave interferon levels comparable
to those found in natural infection with Hong Kong virus (83).
In studies with workers in several factories during an
influenza virus epidemic, controlled studies with 3 viral
vaccine inducers of interferon had significant protective
effects (84-87). In England volunteers received a variety of
viruses intranasally and interferon was found regularly in the
nasal washings (88). The implication of this study is that
intranasal instillation of attenuated viruses might be
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valuable in treating virus infections in the naso-pharynx
area. In another study carried out in England large amounts
of leukocyte interferon (several million units) were found
valuable in preventing experimental infections in volunteers
(89). Amounts less than a million units were ineffective,

The large amounts needed would present a severe problem in use
on a large scale at the present time,

The possibility that disease in a patient may influence
his ability to produce interferon was suggested by studies in
which interferon production in vitro by lymphocytes from
normal patients was compared with that from uremic patients.
The latter produced much less interferon on stimulation by
Newcastle disease virus (90).

Poly ri:rC in experimental rhinovirus prophylaxis in
volunteers gave meaningful but not dramatic improvement (91).
As with the studies with interferon itself, the results show
that the interferon system can be efficacious. With all
inducers studied, in animals and in man, repeated stimulation
within a few days after the primary stimulation produces less
interferon than does the primary stimulation (92). Methods
to overcome this hyporesponsive state have not been
satisfactorily developed and pose a severe problem in the use
of inducers.

These several scattered reports all suggest but do not
establish the possible efficacy of the interferon system in
man. |t is apparent that larger amounts of human interferon
or better inducers are needed. While the toxicity of poly
ri:rC in man is not high (93,94) the drug is not particularly
effective in man (95-97)., Efforts during the next few years
will probably continue along the development of better
inducers of interferon as well as increased production of the
interferon molecule itself in tissue culture.
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Chapter 17: HOST MODULATION OF RESISTANCE TO INFECTION AND NEOPLASTA

William Regelson, M. D.
Medical College of Virginia, Virginia Commonwealth University
Richmond, Virginia 23298

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.l

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 biclogicals (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. We now have chemotherapy that
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.

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, Lurie? 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 for thyroid hormone via lympho-
cyte or macrophage response.



Chap. 17 Host Modulation of Resistance Regelson 161

Emotional factors can effect viral susceptibility. During the in-
fluenza epidemic of 1957-1958, Cluff and Imboden et al.%4»5 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 wvulnerable. Those vulnerable
to influenza fell into a readily classified despondent group overly con-
cerned with illness. Susceptible individuals showed a suggestive increase
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 Calmano® who have shown that stressed chickens (socially crowded
before pecking order can be established) were more resistant to bacterial
infection (E. coli, S. aureus and S. 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.

Pertinent to the above, one could chemotherapeutically modulate this
response pattern’/ by administering metyrapone (2 methyl-1,2,di-3, pyridyl-
l-propanone) which can selectively inhibit adrenal 11-beta-hydroxylase
activity which is needed for cortisol and cortisone synthesis. In addi-
tion to metyrapone, DDD (dichloro - diphenyl-dichloro ethane) which pro-
duces adrenal cortical atrophy when fed to chickens, decreases the inci-
dence of severe response to mycoplasma, hemmorrhagic 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. What might be of
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
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latent LDH or lymphocytic chorio-meningitis virus (LCM) given to adult
mice can produce both depression?,10 and/or stimulation or "helper"
activity to antibody response.ll

These patterns of interrelatilonship 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.l2 The demonstration that viruses have chronic as well as
acute effects and can produce hyperlipemias,l3 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
congideration of the compound cinanserin hydrochlorides 2-[3-(dimethylamino)}-
propylthio] cinnamanilide hydrochloride. This drug was initially de-
veloped by Squibb (SQ10643)14 as a potent antiserotonin agent. A related
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 Cinanserinlé4 showed useful clinical activity in the
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 1In 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 Imuran® in reduction of protein synthesis to
phytohemagglutinin in stimulated human lymphocytes.l4 1t 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.l4,19

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,14 and we have shown it to possess
activity against Friend leukemia virus splenomegaly.

Cinanserin has not been avallable for clinical tests because on
chronic administration it increased spontaneous tumor incidence in rats.l4
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-1,2-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 In a recent paper, it
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.2l1 This immunologic
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

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 Current prelimi-
nary work indicates that it can suppress tumor growth in dimethyl-
benzanthracene treated rats.25

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
1eprosy.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
1-(morpholinomethyl)-4-phthalimido~piperidindione-2,6 (CG,603) has shown
activity alone or in conjunction with androgen in dimethyl-benzanthracene
induced rat mammary tumors.Z29

Another series of compounds of clinical interest are tilorone hydro-
chloride, 2,7-big[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,3l and Adamson demonstrated its antitumor activity
against the Walker 256 carcinosarcoma and a reticulum cell sarcoma when
injected intraperitoneally.32 There are now available a large number of
congeners related to tilorone whose structural activity relationships
have been thoroughly studied in regard to antiviral action.33
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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 rI:rC. Tilorone also resembles poly rI: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 HC1l 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 rI: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 DEAP-fluoranthene and DEAE~fluorenone. In regard to mechanism,
tilorone has been reported to stimulate thymic dependent lymphocytes35
and independent lymphocytes.36 However, immunoadjuvant activity may not
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 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 1.v. with a lethal dose of S. aureus
at the time of maximum stimulation showed 1007% survival. This may re-
flect on enhanced vascular clearance as S. aureus has been reported not to
require opsonization for phagocytosis. This is further suggested by the
lack of protection afforded in other experiments against D. pneumoniae
which requires opsonization. This is again a distinct difference from
pyran copolymer, which through its phagocytic-stimulating effects pro-
tects against D. pneumoniae as well as S. aureus.

In tissue culture, tilorone and related compounds possess cytocidal
activity against a variety of cell lines equal to that seen for nitrogen
mustard,37 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-
tive.

In contrast to the autocthonous Friend leukemia system, tilorone was
ineffective in inhibiting the growth of the Ehrlich carcinoma solid tumor,
but DEAP-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 II 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 This was
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 II 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-
tration.

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 pertinent to paradoxic promotion of tumor growth which has also been
seen for pyran and poly I:C. The exploration of various drug schedules
is essential.

Further clinical investigations of tilorone and related structures
is necessary as these compounds represent a new departure from previous
antitumor substances that stimulate host response. Prolongation of skin
grafts,4l and blockade of hyperimmune encephalitis and adjuvant induced
arthritis,36 suggest that these and related structures be studied in
transplantation and hyperimmune disease as well.

Most recently a new oral and parenteral interferon inducer has been
discovered because of production of basophilic granules in rat lymphocytes
similar to that seen with tilorone.%42 This compound BL-20803, is 4-(3-
dimethyl aminopropylamino)-1,3-dimethyl-1H-pyrazolo(3,4-b) quinoline
dihydrochloride. Of interest in regard to the discovery of BL-20803
interferon induction is that although many congeners of tilorone induce
basophilic inclusions in phagocytes or lymphocytes this is not necessarily
assoclated with interferon inducing capability and interferon inducing
capacity does not always correlate with successful antiviral activity. 3
In that regard, the antimalarial Atabriné® can induce similar cytoplasmic
inclusions in white cells and also has interferon inducing capacity.43,44

Dr. Hilton Levy in a previous chapter has discussed some aspects of
the interferon inducers, one of which is pyran copolymer (DIVEMA NSC-
46015), Pyran readily hydrolyzes to form a poly-carboxylate polyanion
which in vivo shows a variety of biological activities. It is an inducer
of interferon and shows activity against a wide variety of RNA and DNA
viruses including Rauscher leukemia, Moloney and polyoma viruses, and
encephalomyocarditis virus.45,46,47,48,49 Tpe jevel of circulating
interferon produced by pyran does not relate to the antiviral effects seen,
as protection against meningoencephalitis can be seen one month after
single interperitoneal injection4 3 thus it differs from the synthetic poly-
nucleotide poly I:C and tilorone. -

Pyran was equally effective in controlling tumor growth in mice
inoculated with Rauscher and polyoma tumor virus that had been severely
immunosuppressed by thymectomy and treatment with antilymphocyte serum, 49
These results would suggest that pyran might exert its antitumor or anti-
tumor virus effect by reversing virus immunosuppression or through a
mechanism other than that of either the humoral or cellular immune re-
sponse. Hirsch's data suggests that pyran coul