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PREFACE

When a new editor takes over the reins there is a natural
tendency to make visible changes in the new volume of a series. After
consultation with many of our ''customers,' the new editor concluded that
the volume in its present form is admirably serving its purpose,
Consequently the reader will find only minor changes in format,

There is a growing tendency to cover certain very active areas
yearly, while at the same time treating more mature fields on an every-
two- or -three-year basis. This leaves room for the introduction of new
topics on perhaps a one-time basis., |In fact, just half of the present
twenty-eight chapters deal with topics not included in the previous
volume,

The sections, Topics in Chemistry and Topics in Biology contain
chapters which are often more provocative and less drug oriented than
the rest. |In the latter section the emphasis on the rapidly maturing
field of immunology is deliberate; some of these chapter topics will be
developed in a planned way over the next two or three years.

The many dedicated hours devoted to the volume by authors and
section editors are gratefully acknowledged by the editor and will
become apparent to the reader as soon as he begins to read.

Suggestions for improvement and for new fields to cover are
always welcome,

Kalamazoo, Michigan Richard V. Heinzelman

June, 1972
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Inhibitors of Folate Biosynthesis and Utilization --
Evolutionary Changes As a Basis for Chemotherapy

George H. Hitchings
Wellcome Research Laboratories, Research Triangle Park, N. C.

Fourth Award in Medicinal Chemistry, Thirteenth National
Medicinal Chemistry Symposium of the American Chemical Society,
Iowa City, Iowa, June 18-22, 1972

The exploration of enzymes and metabolic pathways by means of
antimetabolites has been productive of both new medicinal agents and
advances in fundamental knowledge®.

One of the implications of such an approach to chemotherapy 1is that
it is necessarily uncommitted with respect to specific targets. It feeds
on the knowledge that it itself generates, and takes full advantage of the
new discoveries arising from basic work elsewhere, Its goal is the un-
veiling of biochemical differences that can be exploited for the develop-
ment of new medicinal agents. The program with which your Medalist has
been associated has been involved with diverse categories: leukemia,
protozoal and bacterial infections, gout and organ transplantation. All
of these comprise a single package of applications from studies of nucleic
acid metabolism.

This essay will attempt to describe the method of working primarily
through one example, selective inhibitors of the biogenesis and utilization
of folates and their application to anti-microbial chemotherapy®. Spe-
cifically, the combination of trimethoprim and sulfamethoxazole is now
available in some 60 countries of the world (with the notable exception of
the United States) and has been used in some 25 x 10°® courses of therapy
with highly satisfactory results®’“,

NH2 OCH3
N NH7 SO,—NH
H2N<§ ek OCHj
N

OCH,4
Trimethoprim Suvltomethoxazole

Its origins can be traced to early findings of the present program,
to the detection of antimetabolites that possess selective effects”,
Substances were found that exhibited a consistent pattern of antimetabolic
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effects in microbial systems. Some were unusable as chemotherapeutic
agents because of metabolic destruction or pharmacodynamic actions when
they were tested in chemotherapeutic trials. Among them, however, was a
sizable group that have "similar but distinct effects in different
organisms' and it was felt that substances with such selective action
could be regarded as leads to chemotherapeutic agents. Several possible
modes of selective action were recognized:

""(1) The compound may possess several active centers
which allow it to block, more or less independently,
different biochemical reactions in different tissues;
(2) a single reaction may be blocked in all organisms
but this reaction may be of relatively greater im-
portance to one organism than another; (3) the dis-
sociation of the inhibitor-cell receptor complex

may vary widely from organism to organism; or (4) the
reaction blocked may be one which occurs only
sporadically in nature as an obligate biochemical

mechanism"?,

Trimethoprim is an outstanding example of the third mechanism stated
above, It inhibits the dihydrofolate reductase of Escherichia coli at
a concentration of ca. 10 °M, while a concentration of nearly 10 *M is
required for a comparable inhibition of human liver dihydrofolate
reductase®,

The rationale for its use in combination with a sulfonamide is
quite simply stated. The target is the microbial pool of tetrahydrofolate
cofactors that are essential to the metabolism and multiplication of the
microbial cell., Such cofactors occur ubiquitously and perform essential
functions in all cells: in the biosynthesis of purines and thymine, the
synthesis of serine and the methylation of homocysteine to form methione.
Microorganisms employ similar reactions in the biosynthesis of riboflavin,
pantothenate, thiamin and dihydrofolate itself. All of these latter
metabolites have become "vitamins," i.e., the mechanisms for their bio-
genesis have been lost during the course of evolution, and higher
organisms must have them preformed from food. Perhaps this in itself
makes the microorganism the more sensitive to interference with the
capabllities of the tetrahydrofolate pool. At some point, for example,
reduction of the tetrahydrofolate pool results in inhibition of folate
biosynthesis, a vicious cycle effect”,

COFACTOR ACTIVITY
+C
Cofactor H,FA

ST

Precursor Product
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The selective effects of sulfonamides rest on a similar base.
Sulfanilamide, and its relatives, act as antagonists of p-aminobenzoic
acid, a building block of the folate molecule, and thus inhibit the
biogenesis of dihydrofolate ~- the primary product of the biosynthetic
reaction®., Since man requires preformed folate, this antimetabolic effect
is directed at a reaction that is present in the parasite and absent from
the host. This, however, is only half the explanation of the chemo-
therapeutic activity of sulfonamides. Their action is contingent also on
the inability of pathogenic microorganisms to incorporate preformed
folates from the environment and so to by-pass the sulfonamide block.

The ability to use preformed folates in evolution must have preceded the
deletion of the biosynthetic route. Pathogens continue to synthesize
folates de novo because they have failed to develop the ability to take
advantage of the ample supplies of folates in body fluids®,

——

FA
Biogenesis é&f////// Food
PAB > HaFA < &—— H,FA

- ~ I)\
ol

The effect produced by a sulfonamide on the microorganism's tetra-
hydrofolate pools is a depletion contingent on slow attrition and dilution
through cellular division. Eventually, the pool falls to a level that will
no longer permit multiplication, and the organism passes into a resting
phase, The sulfonamide is thus bacteriostatic in its action.

H.FA

Trimethoprim, by blocking the reduction of dihydrofolate, reduces
the tetrahydrofolate pool more rapidly. In part, the attrition of the
tetrahydrofolate pool is assisted by the activity of thymidylate
synthetase, since in this reaction the cofactor not only transfers a one-
carbon fragment (methylene) but contributes to the reduction of the
methylene group to methyl, and is itself oxidized to dihydrofolate. The
effect of trimethoprim is thus to trap folates in the dihydro- state, and
the functional tetrahydrofolate pool is depleted.

H2FA :
Dihydrofolate Thymidylate
Reductase Synthetase

H,FA
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Trimethoprim, however, is a competitive inhibitor of dihydrofolate
reductase'®, The accumulation of dihydrofolate, through continuing bio-
synthesis and reoxidation of tetrahydrofolate, tends to increase the
metabolite:antimetabolite ratio and diminishes the effectiveness of the
blockade. Conjoint application of a sulfonamide, however, removes the
source of new dihydrofolate and improves the effectiveness of the in-
hibition. In practice the simultaneous use of the 2 inhibitors results
in a 5-10-fold potentiation, broadening of the spectrum of actiom, a
decreased liability to the development of resistance, and a conversion of
bacteriostatic to bactericidal effects®.

Trimethoprim emerged from a group of diaminopyrimidine derivatives
which were viewed "as structural analogues of folinic acid of a remote
sort" that were selective because they could have a "differential
affinity...for the receptors of the parasite..."''. 1In the beginning they
were characterized as substances that interfered with the utilization of
folic acid by lactic acid bacteria. With the isolation and character-
ization of dihydrofolate reductase, their target was identified, The
application of a spectrum of inhibitors to a selection of partially
purified reductases® documented their mechanism of action, and revealed
with clarity the magnitude of thelr differential affinities for the
reductases of different species. Trimethoprim represents the culmination
of an effort to tailor a molecule for maximum binding to bacterial
reductases with minimum binding to mammalian reductases®’'?,

_Oco-n H-CHCH,CH, C OOH
coon
" J\

Dihydrofolic  Acid

H
He 2 OCHj3
/ H
N el N Hz OCHs
-k | H N—L\ I OCHa
HeN . 2
2 \N CH 2 CHS N

Pyrimethamine Trimethoprim
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Its selectivity has important implications for both chemotherapy and
for evolution. The most probable interpretation of its action is that it
is bound partly within and partly outside the active center of the enzyme.
It thus differs in locus of binding from a structural analogue of folic
acid, such as methotrexate, which has all the binding groups of the sub-
strate and would thus be expected to bind in proportion to the substrate
binding., The implication of selective binding in regions of the enzyme
near to, but not in, the active center, is that evolutionary changes have
been much more active in these supporting structures than in the active
center itself. Dihydrofolate reductase thus falls in line with hemoglobins
and other proteins, now known to exist in manifold variants that retain,
in the main, the function of the primitive protein. It is being recognized
that mutational changes are occurring at rates that would have been re-
garded as improbably enormous only 5 years ago, but that the bulk of
such mutations are neutral®®, An exciting chapter in the history of
dihydrofolate reductase still lies ahead when studies on the sequence and
conformation of the enzyme from different sources will permit comparative
studies.

For chemotherapy, trimethoprim and its relatives carry the impli-
cation that selective inhibition of any function may be possible, and that
the most probable access to selective effects may lie in the supportive
structures of the cellular receptors,
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Section I -~ CNS Agents
Editor: Edward L. Engelhardt

Merck Sharp and Dohme Research Laboratories,
West Point, Pennsylvania 19486

Chapter 1. Antipsychotic and Anti-anxiety Agents

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

Introduction -~ Despite continuation of the extensive research efforts in
this field, no fundamentally new antipsychotics and anti-anxiety agents
emerged in 1971. However, the ever expanding investigations of the mono-
aminergic, particularly catecholaminergic, pathways in the brain and of
the effects of drugs upon them suggest that this approach, which was so
successful in setting the stage for the discovery of IL-dopa for the
treatment of parkinsonism, will eventually lead to a better understanding
of the presently available drugs and to more effective or selective psy-
chotropic agents. An important clinical development was announced - the
resolution of the controversy over the use of Li,CO; as prophylactic
treatment of manic-depression.’ Results of an extensive 4 year study to
be reported by NIMH have confirmed the belief long held by some clini-
cians that daily use of the drug is effective in preventing broad swings
in mood in patients with this disorder. A number of books and reviews
treating the biochemical,?”® pharmacological,?’”® clinical?’* and
structure-activity’ ''? aspects of the antipsychotics and anti-anxiety
agents have been published.

Tricyclic compounds with a six-membered central ring -~ Newer phenothi-
azine derivatives with clinical antipsychotic efficacy included oxafluma-
zine (la),’" a potent cataleptogenic in animals, '? pipotiazine (lb,

RP 19,336),'% which has a pharmacological profile similar to that of
fluphenazine, and a related piperidinol SA 124 (1lc).'® Extensive studies
indicated clospirazine (1d, APY-606),'5''6 had clinical antipsychotic
activity equivalent to that of chlorpromazine.'?

Several fatty acid esters of alcoholic phenothiazine derivatives,
e.g., pipotiazine (1b) undecyclenate and palmitate, fluphenazine
enanthate'® and decanoate," and perphenazine enanthate, as well as the
related thioxanthene, flupenthixol decanocate, found clinical utility in
antipsychotic maintenance therapy.?® These esters can afford advantages
in absorption to enable attainment of high drug-levels in the CNS?' and
to provide clinical efficacy of 2 to 4 weeks duration following a single
injection.?°®
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The most effective of a series of phenothiazines having diazabi-
cyclo[4,4.0]decane and -[4.3.0] nonane systems in the side chain was le.
In rats le was similar to perphenazine; it blocked conditioned avoidance
response (CAR) at 0.5 mg/kg, sc.?? Imiclopazine (1£), 5014 (1g) and 5023
(1h) were the most potent compounds in a series of imidazolone and oxa-
zolidone derivatives of phenothiazine and l-azaphenothiazine; they were
more potent than perphenazine in tests for sedation and antiaggression in
mice and as antiemetics in dogs.??

S c) X=H; R=N:>—OH
QL :
y X d) x=Cl; R=|O<Klj'
(CH, )4R
e) X=CFy ; R=N\_/Q CH, OH

1
a) X=CFy; R=N:N(C!-Iz)r€:>
b) X=50;N(CHy ), 5 R=N_)—(CH, ), OH £) X=Cl; R=NC)‘I(CI-12)2JGG{

g) X=Cl; R=)\O\I(CH2)2
h) X=CFy; R=same as in g

The most effective member (23) in a series of amine-altered conge-
ners of unsaturated thioxanthene antipsychotics was nearly equipotent with
chlorpromazine in blocking CAR in rats and in depressing spontaneous motor
activity (SMA) in mice.?* Another thioxanthene (2b, prothixene) decreased
SMA in mice only at high doses; however, it caused marked hypocholes-
teremiain rats.??> A dihydroanthracene, SK&F 28175 (3a), produced pharma-
cological responses characteristic of both neuroleptic and antidepressant
drugs whereas a demethyl analog, SK&F 25971 (}2), caused only chlorpro-
mazine-like effects.?$

Q2

& (cH, ),R

2
a) X=CFy; R=N) N(CH,),0H a) R=CHj
b) X=OCH, CgHs ; R=N(CH;), b) R=H

Tricyclic compounds with a seven-membered central ring — A dibenzo-
diazepine, clozapine (4, HF-1354), was effective in psychotic patients;??
however, it produced neither neuroleptic-like (e.g., catalepsy, antiemetic
actions in animals?® nor parkinsonism-like symptoms in man. A derivative
of dibenzthiepin, GP 45795 (5a), was more potent than chlorpromazine in
various animal tests for neuroleptic activity and it antagonized amphet-
amine- and tetrabenazine-induced responses.? Clinically, 5a improved
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chronic schizophrenics."’ Among a serles of related structures, norocto-
clothepin (5b), oxometothepin (5¢c) and oxyprothepin (5d) had neuroleptic-
like activity equal to, or greater than, that of octoclothepin in mice.}’
Clinical antipsychotic properties were reported®? for 5d. Dehydroclo-
thepin (6), one of a series of dibenzthiepins and dibenzoselenopines, was
more potent than perphenazine in rotating rod and catalepsy tests in mice;
however, toxicity and instability in aqueous acid are possible deterrents
to its clinical investigation.??® Two unsaturated congeners of peradi-
thepin,’® 7a and b, were substantially more potent than the parent in a
rat catalepsy test.*

H
4O J0CNJasH
Nr—\JCH, \_—/NR Nr_\Ncu,
4 5 6 N~

a) X=Cl; Y=0; R=CH,

b) X=Cl; Y=H,; R=H
) X=OCHy; Y=H,; R=(CH,),OH 1
c s Hy CHy Js 3;’ ONH,

d) X=SCHy; Y=H,; R=(CH,);OH

I~
—
joo
A
L]
Qﬁ

a) R=CHy, b) R=(CH,);O0H

A dibenzazepine, "3-chlorocarpipramine" (8, Y-4153), was effective
in assays of neuroleptic activity (0.2-1X chlorpromazine) and it is
claimed to lack catoleptogenic properties.??

Butyrophenones and related compounds = The butyrophenone 9a was effective
in the therapy of schizophrenics and caused only mild side effects;?6 it

selectively blocked CAR (0.1X trifluperidol) in mice. AHR-2277 (9b) was
more potent than chlorpromazine, but less potent than haloperidol, in
suppressing CAR in mice and cats in doses below those producing obvious
motor defects.}? A related compound AHR-1900 (9c) elicited neuroleptic-
like behavioral effects in mice, rats and squirrel monkeys.?® In a series
of butyrophenones bearing unsaturated amino substituents, most potent CNS
depressant activity in mice was noted with 9d.}? Abbott-30360 (Qe)
combined neurcleptic properties with analgetic potency approximately equal
to that of morphine.*® The most potent compound (10) in a series of
methyl-branched aminobutyrophenones was only weakly depressant in mice.*1

9a) R--@bCONHCH(CH, )2 9q) Rg-bﬁj
F 0(CH, )4 R 9b) RS—O'CO'Q—F =
2 nbom, %) Ry
-9—(:) R=-~

H
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CH,
| H G CH
Do Ty Ol T
Hy &7 NN CH; ©
" 2

10

Other structures with antipsychotic activity - A molindone analog, AL 1612
(;;5, demonstrated antiemetic and neuroleptic properties in animals;*?
however, clinical antipsychotic activity was accompanied by a high inci-
dence of extrapyramidal side effects.'? Combined clinical antipsychotic
and antidepressive actions were noted for sulpiride.'® Sch-12,679 (12)
reduced aggressive behavior in mice and monkeys; however, a clinical

study indicated it is not a classical neuroleptic.'*® Chronic schizo-
phrenics were improved by D-penicillamine.*?® Prostaglandin E% like
chlorpromazine, decreased CAR in both naive and trained rats. ¢ A benzo-
thienopyridine, EX 11-349 (13), decreased SMA in mice and was effective in
a fighting mouse test (EDy, 8.9 mg/kg, po).*? Several members of a series
of l-acylated-l,2-dihydroquinolines 14 antagonized amphetamine actions,
blocked a CAR, and caused neuroleptic-like effects in mice and rats.*®

The cis-, but not the trans, aminoalcohol (;ﬁ) was effective in several
pharmacological tests for neuroleptic activity.'® In mice, the benzo-
thiazinone 16 was the most potent of a series of compounds in causing
depression, catatonia and decreased SMA.?°

c1 HO NH,
T Q0L 90
S r]' X
13 COCR 15

R=alkyl, CH,C¢Hs
X=H, OCHj ,0C, Hy , SCHy , SCH, CH=CH,

14
: - e oo,
an Np® HOCH(CH, N/-\N-@OCH, ) ~
A Q! - D
s )
16

CHCO, CHy
17 18

Benzoquinolizine-like ( short-acting, selective) depletion of central
catecholamines was produced by Ro-8-2580 (17)%' and U-20,057 (18),%2
compounds causing neuroleptic-like effects in animals.

Benzodiazepines and related compounds - The chemistry and some aspects of
the relationship between the structure of 1,l4-benzodiazepines and their
anti-anxiety activity were reviewed in 1971.3? 1In clinical studies,
demethdiazepam (19a, Ro-5-2180, A-101) was more effective than diazepam
for the treatment of anxiety;** however, Ro-5-3350 (19b) was less
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effective.’® Several pharmacological®$’37 and clinical®® studies indicated
lorazepam (19¢c, Wy-4036) is a potent anti-anxiety agent with a sedative-
hypnotic component. Sch-12,041 (l%i_) showed evidence of anti-anxiety
activity in an uncontrolled study. Methyloxazepam (19e) was the most
potent of a series of benzodiazepines in potentiating methamphetamine-
induced stereotyped behavior in rats.!® In monkeys, Ro-5-4200 (19f) was
effective in causing EEG and behavioral effects (20X diazepam) . Various
7-sulfonamido-1, b-benzodiazepines (19, X=H,NSO,, (CH;),NSO,, CH,;SO,NH; 1-H
or CH,) had antinicotine activity in mice, but they were much less potent
than diazepam.®? Ro-5-6901/3 (19g) was the most effective of 8 benzo-
diazepines tested for anticonvulsant activity in mice.$3

H O

Fee’ A
<8 “ge”

19 X=Cl, Br, NG,
a) X=Cl; Y=H 20 a) R=CHy; X=Cl; Y=F
b) R=CH;; X=Y=Cl
b) X=Br; =2-pyridyl c) R=CHy; X=Cl; Y=H
c) X=Cl; Y=Cl; 3-OH d) R=Y=H; X=Cl

e) X=Y=H; R=CHj,

d) X=Cl; Y=H; 1-CH,CF, f) X=H; Y=Cl; R=CH,

e) X=Cl; Y=H; 1-CHy;; 3~OH

f) X=NO,; Y=F; 1-CH, H,
g) X=Cl; Y=F; 1-(CH,),N(C,Hs), N=
c1
0
o 22
QM |0 H 0
X N CH, !
o N
N
CHCOOCH 3¢ SYTYTN
H 0 L
3 ée“ Hy G Hs
X=Halogen, CH,, CH;O 5
23 24 25

In an extensive series of benzo[6,7]-1,4~diazepino~[5,4-bloxazoles
and thiazoles related to oxazolazepam,’'® several 9-methyl derivatives
(20) were more potent than diazepam as antagonists of bemigride-induced
convulsions in mice.®*

Triazolobenzodiazepines (21) demonstrated potent and selective
activity in various pharmacological tests generally thought to indicate
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anti-anxiety activity. Structure-activity data®® for a series of these
compounds indicate substitution of the 8-position with electron-withdraw-
ing groups generally enhances potency, as does l-methyl substitution.
Substitution of the l-position with alkyl groups larger than ethyl as well
as introduction of a para-methoxyl into the 6-phenyl moiety caused a
marked decrease of potency.66 Substitution of Cl1 or F at the ortho posi-
tion of the C-6 phenyl ring gave compounds with dramatically enhanced
activity in many tests,®® e.g., 2la and 21b were very potent (30X diazepam)
upon s.c. administration to mice in an antl—pentylenetetrazol test.
Extensive pharmacologlcal 8767 and biochemical®® data are reported for
D-65-MT (21c), D-40-TA (21d), U-31,957 (2le) and U-35,005 (21f).

A benzodiazepinone CT 51047(§§) was considerably less protective
than chlordiazepoxide versus electroshock~induced convulsions in mice.
The benzodiazepindiones 23 were ineffective as antagonists of pentylene-
tetrazol-induced convulsions in rats.?’® In humans, ORF 8063 (2L4)
elicited electrophysiological and behavioral changes similar to those
produced by diazepam.”' The pyrazolodiazepine CI 683 (25) had clinical
anti-anxiety activity. In rats, it counteracted conflict-induced depres-
sion and antagonized pentylenetetrazol-induced convulsions.”?

69

Several miscellaneous structures were examined for anti-anxiety
activity. Propranolol was effective in LSD-induced anxiety in humans.”?
As both (+) and (-)-isomers produced tranquilization in rats, the action
is not attributed to p-adrenergic blockade.”® Although pyridarone (26)
was the most potent member of a series studied for neurodepressant
activity in animals, anti-anxiety action could not be confirmed in a
clinical study.?® Fenpentadiol (27) displayed anti-~anxiety and stimulant
properties in animals.?é Meprobamate-like activity was noted in pharmaco-
logical studies of Inserm-54 (28).77 The pharmacology of propanediol
carbamates was reviewed recently 78

m —@—ccrizc(ca,)z (cHy )5 CCOz(CH,),N

OH OH
26 27 28

Metabolism of benzodiazepine derivatives - Biological half-life studies of
chlordiazepoxide in man showed desmethylchlordlazepoxide (29a) and
demoxepam (29b) to be major metabolites.?’® In dogs, metabolism of 29b
involves two oxidative pathways. One leads to two phenolic products:
S5-(L4-hydroxyphenyl)~ and 9-hydroxy derivatives. The other involves loss
of the N-oxide function to give N-desoxy-29b, oxazepam, and N-desoxy
derivatives of the phenoclic products, Also, hydrolysis of demoxepam
affords an "opened lactam" (30).8° In man, metabolltes of demoxepam
were oxazepam conjugates, 30, and phenolic products.®' The pharmacolog-
ical effects of diazepam in mice were related to brain levels of its
metabolites, particularly oxazepam.®?
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H $ /o
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a) X=NH b) X=0 a) R=CH,~y7; Y=H b) R=Y=H
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Metabolism of prazepam (jlg) by human and animal liver preparations
gave mainly desalkylprazepam (5;9) plus a small amount of oxazepam, but
no 3-hydroxyprazepam (3lc).®? 1In contrast, the principal urinary
metabolites of prazepam in man were glucuronides of 3lc and oxazepam and
small amounts of 31b.%*

Diazepam and phenolic diazepam derivatives were significant metabo-
lites of medazepam in dog, rat and man.®3

Hypotheses, Biochemistry and Pharmacology - The results of extensive
histochemical mapping by Swedish investigators®’?'7’® of catecholaminergic
(CA) pathways in the rat brain suggest that these systems may play crucial
roles in the complex neural traffic which courses back and forth between
brain stem centers, hypothalamus, thalamus, basal ganglia (e.g., neo-
striatum), limbic system and cortex, and provides the neural basis for
perception, arousal, motivation and emotional behavior. The most clearly
defined tract is a nigrostriatal dopaminergic (DA) pathway ascending from
the substantia nigra to the neostriatum. Another DA system projects from
the midbrain to the limbic system. Two noradrenergic (NA) pathways,
originating in the reticular formation and ascending through the medial
forebrain bundle, together innervate the hypothalmus, thalamus, areas of
the limbic system and the cortex. Growing evidence indicates that the
antipsychotics exert many of their pharmacological and clinical effects
by actions on these CA neural systems. The EPS produced by these drugs
clearly indicate an action on the basal ganglia. Lesions in the nigro-
striatal pathway, attended by a loss of DA in the neostriatum, appear to
be in large part responsible for the EPS of parkinsonism, and the EPS
produced by reserpine probably are the consequence of the DA-depleting
action of the drug.’ Although other types of neuroleptics such as the
phenothiazines and butyrophenones do not have an appreciable effect on
brain levels of DA they too affect DA metabolism in the neostriatum,
Various biochemical effects of these agents, e.g., an increased level of
homovanillic acid, indicate that they accelerate the turnover of DA in
the neostriatum. It is postulated that the antipsychotics block post-
synatic DA receptors and that the resulting functional deficiency of DA
activates a feed-back mechanism to stimulate synthesis of the transmit-
ter.?”® The observation that the neuroleptics do not appreciably increase
turnover of DA unless nerve impulse flow is intact seems to favor a post-—
synaptic mechanism of DA blockade 8¢ rather than a presynaptic mechanism®7?
like that of reserpine. These drugs also increase turnover of DA in the
neurons which project to the limbic system and some accelerate turnover
of norepinephrine (NE) in the NA systems.’’®® However, individual drugs
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seem to differ considerably in their effects on the two types of neurons.
In an extensive study of a variety of neuroleptics, it was found that
perphenazine accelerated turnover of both amines, spiroperidol increased
turnover of only DA and pimozide increased turnover of DA at low doses and
NE at high doses.®®

Rats with unilateral lesions of the nigrostriatal pathway have been
used as a model for measuring the DA activity of drugs such as amphetamine
and the DA blocking activity of antipsychotics in the neostriatum,? '88790
These animals display motor asymmetries and a tendency to turn toward the
side of the lesion (ipsilateral turning). Amphetamine enhances the turn-
ing behavior and the neuroleptics antagonize this effect. If the neo-
striatum is lesioned or removed, the neuroleptics cause contralateral
asymmetries. A similar mouse model has been developed and used to assess
the activity of various antipsychotics.?!

The characteristic cataleptogenic property of the antipsychotics has
been thought to be due to an effect of these drugs in the neostriatum.?? %
Consistent with this idea is the finding of a correlation between the
potencies and time courses of action of drugs in producing catalepsy and
in producing increased homovanillic acid levels in the neostriatum of
rats.”® However, a comparison of the effects of lesions in the substantia
nigra, neostriatum or globus pallidus upon antipsychotic- and cholinergic-
induced catalepsy suggests that integrity of the globus pallidus is impor-
tant for the action of neuroleptics but not for the action of cholin-
ergics " '?%

Antagonism of amphetamine- or apomorphine-induced stereotyped
behavior is another characteristic effect of the antipsychotics. Most
data favor the hypothesis that drug-induced stereotyped behavior is the
result of DA activity in the neostriatum.’'?? However, a comparison of
the effects of lesions in the neostriatum or in the tuberculum olfactorium
upon DA~ and apomorphine-induced stereotyped behavior suggests that DA
activityszn the limbic forebrain may be important for this drug effect in
the rat.

The antipsychotics are also noted for thelr ability to attenuate
brain self-stimulation. Animals with electrodes implanted in the septum
(in the limbic system) or the medial forebrain bundle, through which CA
neurons ascend to the limbic system, repeatedly press a lever to obtain
electrical stimulation of these areas. Thus the "reward or pleasure"
centers involved in this behavior may be located in areas of the limbic
forebrain.?” A study extending earlier work of Stein’? shows that self-
stimulation is accompanied by release of NE from NA terminals in the
hypothalamus, preoptic area, and parts of the limbic system.’® Another
paper reports that self-stimulation also occurs when electrodes are placed
in regions near the substantia nigra where DA neurons are located.’? Thus
DA as well as NA pathways may be involved in the effects of reward on
operant behavior and in the attenuating effects of the neuroleptics on
self-stimulation. This behavior is also attenuated when 6-hydroxydopamine,
which causes degeneration of CA neurons and depletion of the amines, is
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given intracisternally to rats.'®® Stein and Wise'®' have proposed a
novel etiology of schizophrenia which involves the endogenous buildup of
6~hydroxydopamine and a resultant deterioration of NA pathways that
mediate reward. They postulate that the antipsychotics produce their
clinical effects by preventing the uptake of 6-hydroxydopamine into the
NA neurons. Several criticisms'®27'%% of this hypothesis and a rebuttal®
have been published. These point out the problems of defining and
characterizing mental disorders as well as some of the experimental and
interpretational difficulties of research in this area.

Hypotheses regarding action of the antipsychotics at the cellular
and molecular levels range from a view that the drugs interact non-
specifically with neuronal and subcellular membranes to a postulate that
they specifically block postsynaptic receptors of neurotransmitters, e.g.,
DA and NE., These drugs are potent surface-active agents and stabilize
cellular and subcellular membranes and it has been proposed that they act
like local anesthetics by altering membrane permeability and interfering
with neural transmission.'®® Consistent with this view are observations
that procaine, when injected into the neostriatum of cats, produced
effects similar to those of haloperidol'®? and that ouabain, another agent
which alters membrane function, produced many of the effects of the anti-
psychotics when given intraventricularly.'®® an in vitro study of the
effects of promazine and thioridazine on membrane preparations suggests
that inhibition of Na*-K*-ATPase by these agents is secondary to more
general alterations of the cell membranes.'®? Another hypothesis
proposes that the antipsychotics prevent the access of neurotransmitters
to their receptors by forming a monomolecular film on the postsynaptic
membrane,’''? but Horn and Snyder,''! noting that the solid-state structure
of DA is superimposable upon a portion of the solid-state structure of
chloropromazine, suggest that the antipsychotics might selectively inter-
act with CA receptors. The effects of the antipsychotics upon brain tis-
sue levels of cyclic AMP, which could be the mediator of central CA
actions, have been studied in vivo and in vitro,''2’''? Trifluoperaziné'?
and haloperidol''? were more potent than chlorpromazine in preventing the
rise in cyclic AMP levels produced by norepinephrine or decapitation. The
sulfoxides of the two phenothiazines,’'2'''3 promethazine,''? and protrip-
tyline''? were much less potent than chlorpromazine.

If both antipsychotic and local anesthetic activity are the result
of nonspecific interaction of drugs with membranes, the characteristic
CNS actions of the antipsychotics must be due to a particular drug
distribution into various brain regions, a selective affinity for certain
neurons, or a differential susceptibility to drug action by various inter-
neuronal organizations. It has been observed that different regions of
the brain take up different amounts of chlorpromazine, but no difference
in the affinity of the neuroleptics for tissue from various brain reglons
was detected in in vitro experiments.'®® A study of phenothiazines showed
that the different potencies of the l-, 2-, 3- and h-chloropromazines in
producing catalepsy is not due to differences in the availability of the
four isomers in the brain.''* In contrast, a careful study of four
butyrophenones indicated that their molar concentrations in the brain were
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about the same after administration of EDg, doses for antagonism of
amphetamine- and apomorphine-induced stereotyped behavior.''® Thus, if
total brain levels of antipsychotics are an index of drug availability at
sites of action, these limited observations suggest that the differences
in the potencies of the antipsychotics can be accounted for by differ-
ences in their abilities to reach their sites of action in the case of the
four butyrophenones but not in the case of the isomeric phenothiazines.
Much more extensive studies correlating biological activity with total or
regional brain levels of a variety of antipsychotics of diverse structure
and potencies must be carried out before the significance of the struc-
tural requirements for antipsychotic activity can be understood.

Although there are some indications that Li,CO; in some way affects
CA metabolism,’'® little progress has been made in explaining its specific
therapeutic effects in manic-depressive psychosis. Manic or hypomanic
states sometimes develop in the course of L-dopa therapy, particularly in
patients with a prior history of mania.''?’’'® From the meager conflic-
ting data available''® it cannot be said yet whether or not Li,CO; is
effective in ameliorating L-dopa-induced mania.

Additional data support the idea that effects of anti-anxiety
agents upon CA pathways may at least in part account for their clinical
action. A study of the effects of chlordiazepoxide, diazepam and
nitrazepam on CA neurons of non-stressed and stressed rats using histo-
chemical and biochemical analyses of amines suggests that these drugs
decrease impulse activity in NA neurons innervating the cortex and hippo-
campus and in DA neurons ascending to the neostriatum and limbic fore-
brain.''® These results are consistent with electrophysiological obser-
vations that the anti-anxiety agents control abnormal activity in various
components of the limbic system at doses which have little or no effect
on the cortex.'?®
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Chapter 2. Antidepressives and Stimulants

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

Introduction - As in past years, this chapter reviews stimulants together
with antidepressives. This arrangement of topics seems not to be justi-
fied on clinical grounds for the spectra of clinical utility of the two
categories of drugs are quite different. Is there any reason for treating
the two subjects together other than one of convenience? Perhaps the
answer is yes 1f the definition of "stimulants" is limited to amphetamine
and pharmacologically related agents. Most research reported in the last
year supports the long held belief that the antidepressives and the
amphetamine-like drugs exert many of their pharmacological and clinical
effects by actions on central monoaminergic, especially catecholaminergic,
pathways. But the biochemical actions of the tricyclic antidepressives
are still poorly understood and their relevancy to the therapeutic effects
has not been established. From the extensive studies on amphetamine a
more coherent, if not clearer, picture of its actions is emerging. A sign
of progress is that one can now with some assurance describe amphetamine
as a catecholaminergic agent with a pronounced dopaminergic component of
action rather than as a centrally-acting sympathomimetic amine.

The 1971 literature describes the synthesis and pharmacological
evaluation of numerous potential antidepressives, but presents no evi-
dence that new agents superior to the established drugs are in the offing.

Tricyclic compounds with antidepressive activity - An amitriptyline
derivative, SD 2202-01 (la), exhibited a pharmacological profile similar
to that of the parent.' Antidepressive and anti-anxiety properties were
also noted for a monomethyl analog (1b).? Other amitriptyline relatives,
some S5-methylene-l-substituted dibenzocycloheptenes (2), had little
activity in a mouse antireserpine test.? A dibenzthiepin, dothiepin
(prothiadine), was superior to amitriptyline in a double blind comparison
for the treatment of depression.* Amoxapine (1, CL-67772), a dibenzoxa-
zepine, although devoid of anticholinergic properties, produced imipra-
mine-like activity in animals. Clinically, 3 was an effective anti-
depressive agent; however, side effects (insomnia, difficult urination)
were encountered.’ Several related dibenzodiazepines had antidepressive
properties. SM-307 (4), an ethylsulfonyl analog of dibenzepin,6 produced
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imipramine-like effects in animals.” A related pyridobenzodiazepine,
UP-106 (5), also was active in various animal tests in which most anti-
depressives are effective and it demonstrated clinical activity.® The
structurally similar U-17,660 (6) was the most potent antiallergic and
antianaphylactic compound in a series of 5- and l0-aminoalkylated dibenzo-
diazepines.’

QQ@W SecISe
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Antidepressive activity was noted for some tricyclic compounds
having a six-membered central ring. A series of naphthyridones, C-29
(7a), c-42 (Zb), and C-45 (Zc), caused imipramine-like activity in
animals.'® The influence of 7c on central biogenic amine levels,'' as
well as its absorption, distribution and excretion,’? was investigated in
mice and rats. Several phenothiazine derivatives had antidepressive
activity. In extensive clinical trials fluoracizine (8a), a CFy analog of
chloracizine,'? showed antidepressive efficacy equivalent to imipramine.
It also produced anticholinergic effects.'®’'3 Structure versus anti-
depressive activity relationships were reported for a series of pheno-
thiazines and related compounds bearing a carbocyclic basic side chain.
One of these compounds (8b) was considerably more potent than amitripty-
line in preventing reserpine-induced ptosis in mice and rats.’ ¢ Other
phenothiazines with antidepressive actions included 8c, the l-chloro-
analog of chlorpromazine, which produced imipramine-like actions in mice
and rats,'’? and the azaphenothiazine-10O-thiolcarboxylate 9 which induced
antidepressive-like symptoms (mydriasis, increased sensitivity to touch)
in mice.'” The antidepressive effects of phenothiazine derivatives with
l- or a-substituents may be associated with the steric influence of these
groups in interfering with attainment of a nearly flat conformation by the
tricyclic system.'?
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Other tricyclic compounds with antidepressive activity were
maprotiline (10, Ciba 34276-Ba), which produced imipramine-like effects
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in dogs'® and blocked rat synaptosonal uptake of norepinephrine'? (NE),
and the pyridobenzocyclooctane (11), which antagonized tetrabenazine-
induced ptosis in mice at EDsq 20 mg/kg, p«0.?® In mice, the phenanth-
rene 12 had no antireserpine activity?' and a 6,9-dihydro derivative of
imipramine failed to antagonize tetrabenazine-induced depression.??

(CH, )5 NHCH, (CH, )y N(CHy ),
10 i1 12

Several diphenylmethane derivatives had antidepressive activity.
Tofenacin (13) was well-tolerated and effective in patients with various
kinds of depression.?3'?' Like imipramine, some amincpropenes 1k
reversed reserpine-induced hypothermia in mice.?® The (-)-isomer of 15
caused clinical antidepressive actions, but these were accompanied by
unwanted side effects.?®
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Other compounds with antidepressive activity - It has been suggested that
rubidium salts (see below) may have antidepressive activity and a remark-
able therapeutic response was noted in an open clinical trial.?7?'28
Clinical antidepressive activity was produced by A-25794 (16).2° A
molindone relative, EN-3022 (17), was effective in several tests (antag-
onism of tetrabenazine-induced ptosis in mice; potentiation of pressor
response to NE in dogs)3® in which most antidepressives are active.
Nomifensine (18) was more potent than imipramine in antagonizing reserpine-
induced catalepsy in rats.}' Quipazine (19) had a pharmacological profile
similar to that of tricyclic antidepressives.’? 1In a series of phenacyl-
thioimidazolines, 20 was the most potent antagonist of reserpine-induced
hypothermia in mice (12X imipramine) .3
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Imipramine~like phammacological activity, without anticholinergic proper-
ties, was noted for LG 152 (21);3"' it also prevented synaptosomal reuptake
of NE.>® Potent antitetrabenazine-induced ptosis activity, without anti-

cholinergic effects, was produced by some ethers of hexanophenone oxime,
€.g. 22 The piperidinecarboxamide (23) was equipotent with amitripty-
line in a test for dopa-potentiation in mice.’? A series of phthalan
derivatives (gﬂ) having a pharmacological spectrum similar to the tri-
cyclic antidepressives was studied for inhibition of mitochondrial
activity in intact yeast cells - a test which correlates with clinical
antidepressive potency. Most potent activity was noted for Lu 3-047
(2ka), Lu 3-009 (2ub), Lu 3-074 (2Uc, 3X impramine)?® and Lu 3-049 (2id,
L, 2X imipramine), Clinical antidepressive actions were noted for
HT 3261 (25)*° and the choline derivative panclar (26), which was an
effective psychostimulant in patients with schizophrenia, depression and
neuroses.®’ Other compounds with clinical antidepressive activity
included WIN 27,147-2 (27), which was devoid of side effects at effective
dose levels,'? and CP fz_368 (28),*? which was of doubtful value in humans
and caused untoward side effects although it produced antidepressive-like
actions in animals. Short-lived antidepressive activity was observed with
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Several amphetamine derivatives displayed antidepressive properties.
Fenfluramine, an anorectic drug which depresses motor activity, showed an
imipramine-like profile of activity in various pharmacological tests in
mice.’® p-Chloroamphetamine (29a)'¢ and its N-methyl derivative,
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Ro-4-6861 (29b) ,4? produced clinical activity resembling that of the
tricyclic antidepressives. BW 65-54 (30) elicited antidepressive effects
in animals; it potentiated responses to amphetamine, apparently by inter-
fering with metabolic inactivation.'®

A number of new MAO inhibitors were described in 1971; however,
because of the limited clinical utility of these agents in the treatment
of depression, they will not be reviewed in detail. Nonetheless, several
of these substances are noteworthy. Sydnophene (31)*? was included in a
series of sydnonimines examined for MAO-inhibitory activity. It demon-
strated mild stimulant and antidepressive actions in extensive clinical
studies in Russia.’® Another MAO-inhibitor, clorgiline (32, MXB 9302)
had antidepressive activity; its clinical effects were similar to those of
imipramine.?' Proportions of two forms of MAO (Type A, B) were found to
vary in different areas of rat brain. The type A enzyme, predominant in
sympathetic nerves, acted on both 5-HT and tyramine and was inhibited by
32, whereas type B-MAO was insensitive to 32 and acted on tyramine, but
not 5-HT.*2 In humans, 32, tranylcypromine and isocarboxazid increased
SHT, NE and dopamine levels in various brain areas; however, the effect
of tranylcypromine was significantly greater than that of the other two
on dopamine in the caudate nucleus and hypothalamus.’® In vitro, Lilly
51641 (22), like harmaline, preferentially blocked MAO oxidation of 5-HT,
whereas tranylcypromine and pargyline selectively inhibited the oxidation
of tyramine.’*

C6H5CHQC|:H—D'1_1:C}'|{ /@O(CHQ) NCHg ©/\D(CHQ)2NH—V
CH, N\ /C=NH o1 1 C=CH

an o ° 32

Central Stimulants -~ Structure-activity relationships of central stimu-
lants were reviewed in 1971,55 756

The use of central stimulants, notably dextroamphetamine and methyl-
phenidate, in the therapy of hyperkinetic disorders in children has
increased. According to NIMH estimates more than 200,000, or about 10%
of hyperactive children, received amphetamine treatment in 1969.37 These
agents reduce distractibility and promote the child's ability to focus on
meaningful stimuli and to organize his bodily movements more purpose-
fully.’®’3? similar effects were elicited by treatment of untrainable
hyperkinetic and aggressive dogs with dextroamphetamine.6°

Newer amphetamine relatives included pyrovalerone (1_) which was
beneficial in therapy of chronically fatigued patients,$' U-30, 405A (;2_)
and U-28,926A (35b), which caused CNS stimulation in rhesus monkeys.®
Amantadine produces amphetamine-like action (see below). An amino-
tetralin, ADT (}_2 afforded amphetamine-like effects but decreased motor
activity 1n mice.’? Adenosine had a psychoanaleptic effect in a mouse
maze test.b* Exploratory activity of mice was enhanced by P1961 (37).6%
Other compounds for which CNS-stimulating activity was observed in mice
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included 4864 (38),%6 a benzocyclobutene (39),%7 several thiolactams,$®
and GYI 20238 (4Q).6°
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Several studies related to physical properties and metabolism of
amphetamines. The basicity, tissue distribution and metabolism of
f-fluoro~, B,p-difluoroamphetamine, and amphetamine were strikingly
different in rats.’® Nmr studies of the conformational properties’! of
amphetamine and related phenethylamines revealed a preference for trans
phenylamino rotomers in aqueous solution,?? although substituent groups,
steric and electronic factors influence rotomer populations.?’® A quantum
mechanical study indicated the folded form of amphetamine is slightly
favored.”’? Metabolism of amphetamine to an oxime and subsequent hydroly-
sis to benzyl methyl ketone was shown to constitute a route of deamina-
tion.”™ 1In a rabbit liver oxygenase system this conversion involves an
intermediate a-hydroxyamine.”?

Hypotheses, Biochemistry and Pharmacoloqy - Of the various ideas about
biochemical causes of affective disorders,?%’?? the "catecholamine (CA)
hypothesis" is still the most frequently cited. According to this
postulate depression may be related to a deficiency of CA (usually NE) at
functionally important central CA receptors, while mania results from
excess CA. Perhaps an equally plausible case can be made for a ''serotonin
hypothesis of affective disorders." Consistent with the CA hypothesis are
the observations that when a~methyltyrosine, an inhibitor of CA biosyn-
thesis, was given to 7 manic and 3 depressed patients under double blind
conditions, 5 of the manic patients became less manic and the 3 depressed
patients became more depressed.7°’7’ However, attempts to overcome the
postulated deficits of CA or serotonin (5-HT) by administration of the
amino acid precursors, L-dopa, tryptophan, or 5-hydroxytryptophan- a
strateqgy successful in the treatment of parkinsonism ~ have given gener-
ally disappointing results in depressed patients.?’®?8°'8' Even in large
doses equivalent to those found to be effective in parkinsonism, L-dopa
produced an antidepressive effect in only 4 of 16 patients. All of the
patients who responded had retarded depressions; none of the 5 patients
with agitated depression improved. Five depressed patients who had prior
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histories of mania developed hypomania or mania without a reversal of
depression. It is suggested that CA, particularly dopamine (DA), may be
involved in the genesis of mania in susceptible individuals but that
depression and mania are not opposite poles of the same entity.°° These
results do not support the CA theory of depression but neither do they
rule it out. Although L-dopa increases DA in brain, it may not increase
NE. It also produces other central biochemical actions, e.g., effects
suggesting that it causes a decrease in turnover of brain 5-HT in
depressed patients.82 However, the mostly negative clinical results with
L-dopa seem to cast further doubt on the validity of the behavioral syn-
drome and amine depletion induced by reserpine (which is reversed by
L-dopa) as a model of depression.

The catechol theory of depression is based in part on evidence that
the tricyclic antidepressives and amphetamine affect CA metabolism in ways
that result in an increased availability of the transmitters at their
receptor sites. It has been thought for some time that the well known
inhibitory action of the tricyclic antidepressives upon the uptake of
NE in central noradrenergic (NA) neurons results in an increase of the
monoamine at the receptors and may account for antidepressive activity.
Several observations may not be in accord with this view. Indirect
evidence has been adduced that some tricyclic agents with tertiary aminc
groups (imipramine, chlorimipramine and amitriptyline) preferentially
block 5~HT uptake in 5-HT neurons while certain secondary amines (des-
methylimipramine, nortriptyline and protriptyline) preferentially inhibit
uptake of NE. Recent studies in which in vive uptake of NE and 5-HT was
directly measured histochemically confirm the earlier data as did func-
tional studies using the extensor and flexor reflexes to assess the
influence of the various drugs on 5-HT and NA receptor activity, respec~
tively.®? 1In addition the antihistamine drugs, chlorpheniramine and
especially brompheniramine were found to be very potent blockers of 5-HT
uptake. However, these drugs, unlike the tertiary amino tricyclics, also
showed a potent blocking action on NE uptake. The questions arise
whether the clinical activity of these drugs is more closely related to
effects on 5-HT or on NE neurons or whether there are two classes of
antidepressives acting by different mechanisms. Some clinicians feel
that the clinical actions of the tricyclic antidepressives can be
divided into a mood-elevating component and a psychomotor—-activating
component. They believe the tertiary amines are more effective in
brightening of mood, suggesting involvement of 5-HT neurons while the
secondary amines are more effective in increasing drive or producing
psychomotor activation, suggesting that NE neurons are mainly involved B3%*

Seemingly at odds with the blockade of amine-uptake hypotheses are
the properties of one of the newer tricyclics, iprindole. This drug
produces clinical effects resembling those of imipramine-like agents yet
in some pharmacological tests, e.g., reversal of reserpine-induced ptosis
and hypothermia in mice, it is considerably less potent than imipramine.®®
It is a very weak inhibitor of uptake of NE and 5-HT jp vitro and in vivo
in mice and rats.®¢ Despite its weak uptake blocking activity, it
potentiated the awakening effect of L-dopa in reserpinized mice as
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imipramine does. Unlike the antidepressives which block amine uptake,
iprindole does not augment the pressor response to NE or block the blood
pressure response to tyramine in man.

Differences in the effects of acute and chronic treatment with
imipramine and protriptyline on central NE metabolism in the rat have been
observed.®® The turnover of NE was decreased after acute administration
but increased during chronic administration of these drugs. The increase
in NE turnover occurred sooner when thyroxine was administered with
imipramine. It is suggested that these observations may help to explain
the delayed onset of clinical antidepressive effects and the accelerating
and enhancing effects of thyroid hormone on the clinical effects of
imipramine. It has been suggested that thyroxine may exert some of its
action by facilitating the action of NE in central NA pathways.®? Rats
treated with thyroxine became hyperactive and showed increased sensitivity
to the behaviorally activating effects of NE administered intraventricu-
larly. Possibly relevant to the variation in effects on NE turnover noted
under varied conditions of administration of the tricyclics is the obser-
vation that spontaneous activity in rats was decreased shortly after
administration of imipramine but was increased over that of control
animals one day after administration.?® Much more data of the kinds cited
above must be obtained from studies of a variety of tricyclic antidepres-~
sives, including iprindole, before any conclusions about a relationship
between the clinical action of these drugs and their effects on monoamine
metabolism can be drawn.

A study of the effects of L-dopa and Li,CO; on urinary excretion of
cyclic AMP in depression and mania has been reported.?’ Manic patients
excreted the most cyclic AMP and severely depressed patients excreted the
least; controls and moderately depressed patients showed intermediate
values. Depressed patients treated with L-dopa showed marked increases
in urinary cyclic AMP excretion. Patients treated with Li, COy showed
changes in cyclic AMP excretion in the direction of clinical change; as
depression improved, cyclic AMP excretion increased and as mania improved
it diminished. It is not possible to attribute these changes in excretion
of cyclic AMP to either central or peripheral mechanisms or both.

Rubidium ion seems to have opposite effects from lithium ion on CA
metabolism and it has been suggested that it may have clinical antidepres-
sive activity. It produces an increase in the release and turnover of
brain stem NE and, unlike lithium ion, it induces an increase instead of a
decrease in shock-elicited aggression in rats.?? Further comparisons of
rubidium and lithium ions may shed considerable light on the biochemistry
of the affective disorders if the initial clinical observations that
rubidium has antidepressive activity are confirmed by controlled studies?®

Although the roles of NE and 5-HT in the antidepressive action of
the tricyclics have not been established, there is little doubt but that
the stimulatory action of amphetamine is to a large extent mediated
through CA pathways. Early experiments emphasized effects of the drug
on NA systems. Now the evidence is stronger for a DA mechanism of central
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action than for a NA mechanism. Although there is some disagreement, most
authors believe that amphetamine produces its central effects by releasing
dopamine and NE at nerve endings from labile intraneuronal pools of newly-
synthesized amines. Amphetamine is thought to induce stereotyped behavior
by releasing DA whereas apomorphine produces this behavioral effect by a
direct action on DA receptors. The increase in locomotor activity
elicited by amphetamine appears to be mediated at least in part by a NA
action. Other behavioral effects of amphetamine may also involve NA
and/or DA actions. The experimental basis for these statements has been
extensively reviewed.’3’8* A few of the observations may be briefly
summarized as follows. Depletion of CA in the intraneuronal storage
granules by reserpine does not prevent the increase in motor activity or
stereotypical behavior produced by amphetamine or apomorphine. Inhibition
of CA synthesis by a-methyltyrosine blocks the effects of amphetamine but
not those of apomorphine. Inhibitors of dopamine B~hydroxylase (e.g.,
diethyl dithiocarbamate), which inhibit the synthesis of NE but not DA,
decrease amphetamine-stimulated motor activity, but do not inhibit and
even may enhance amphetamine-induced stereotypies. Recent studies confirm
these results.?3 94?95

Most evidence suggests that amphetamine- and apomorphine-induced
stereotypies are the result of enhanced DA activity in the neostriatum.
Consistent with this view is the effect of amphetamine in rats with
unilateral lesions of the nigrostriatal DA pathway (see Chapter 1, p12.
The drug causes ipsilateral turning in these animals, presumably as a
consequence of release of DA in the neostriatum from the intact DA neurons
of the contralateral (non-lesioned) side. This effect of amphetamine is
attenuated by pretreatment with a~methyltyrosine but not with reser-
pine.’s'97 In contrast, apomorphine, which is believed to be a direct
acting DA agent, induces contralateral turning behavior, an effect
attributed to denervation supersensitivity of striatal DA receptors in the
neostriatum on the lesioned side. This effect of apomorphine is not
antagonized by either reserpine or a~methyltyrosine. In rats with uni-
lateral lesions in the neostriatum, amphetamine and apomorphine both
elicit ipsilateral turning. Similar effects are observed in mice with
unilateral lesions of the caudate nucleus. This preparation provides a
simple and rapid model for studying effects of drugs on central DA
systems.?®

Possibly at odds with the hypothesis that drug-induced stereotyped
behavior involves a DA mechanism are observations on the effects of some
stimulants on the turnover of brain CA in the rat. d-Amphetamine,
aminorex and p-chloramphetamine at doses which increased motor activity,
but did not induce stereotyples, caused an increase in turnover of DA but
not of NE, These results are difficult to interpret, however, because
phenmetrazine did not alter turnover of DA or NE at a dose that increased
motor activity.”

Although the central actions of amphetamine may require an uninter-
rupted synthesis of CA rather than reserpine-sensitive stores of the
amines, this does not seem to be true for all amphetamine~like stimulants.
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A recent study, together with earlier data, suggests that amphetamine-like
stimulants can be divided into two groups according to the ways in which
they interact with reserpine and a~methyltyrosine. The effects of members
of one group - amphetamine, methamphetamine, ephedrine, phenmetrazine and
phentermine - are inhibited by a-methyltyrosine but not by reserpine;those
of members of the second group - benzphetamine, methylphenidate, pipradrol,
cocaine and amfonelic acid (7-benzyl-l-ethyl-1,4-dihydro-4—oxo-1,8-
naphthyridine~3-carboxylic acid) - are inhibited by reserpine but not by
a~methyltyrosine, at least in moderate doses.'®® Although, as these
results suggest, stimulants may differ in their actions on intraneuronal
pools of CA, no difference in their clinical effects has been observed.
Methylphenidate produced physiclogic, subjective and behavior effects

that were not significantly different from those of amphetamine, meth-
amphetamine, ephedrine and phenmetrazine.'®’

Further studies of the metabolism of amphetamine and of the effects
of the drug and its metabolites on CA metabolism have not defined the
biochemical effects underlying tolerance development to the drug.t027104
A thorough study was made of the psychomotor and anorexigenic effects of
d-amphetamine upon chronic dosing.'®?® Tolerance development to the drug
occurred in rats which were dosed daily shortly before testing. Tolerance
did not occur in rats which received the same daily doses of amphetamine
but were dosed after each daily test session. Subsequent dosing of the
latter group with amphetamine prior to testing produced psychomotor
stimulation and anorexigenic effects as large as those initially observed
in the rats that had always been dosed daily prior to testing. The
results suggest that tolerance to these effects of amphetamine represents
a behavioral adaptation of the rats tc the "drugged" state.

Several reports described effects of the methylxanthines and aman-
tadine on brain moncamine metabolism which may be involved in their
pharmacological actions. Caffeine and theophylline release brain NE in
rats and guinea pigs.”6 The increase in cyclic AMP produced by these
drugs, usually attributed to inhibition of phosphodiesterase, could be
due to stimulation of adenyl cyclase by the released NE. In mice
caffeine and aminophylline appear to increase turnover of brain DA and
NE.'®?7 Other data suggest that the methylxanthines either prevent the
release of brain 5-HT or increase 5-HT synthesis.'®® The antiparkinsonism
effects of amantadine have stimulated studies of its central actions.
Extensive biochemical and pharmacological data from studies in rats and
mice indicate that this drug produces its effects, e.g. increase in
rotational behavior in the rat turning model and increase in motor activ-
ity, by releasing CA, especially DA, from extragranular (reserpine-
resistant) stores. Thus amantadine appears to have an amphetamine-like
action but it is much less potent than amphetamine.'®??''% However,
unlike amphetamine, amantadine-induced increase in motor activity in
mice was not altered by o-methyltyrosine.,''?



1.
2.
3.
4
Se
6,
7e
8.

10,
11.
12.
13,

14,

15.
16,

17.
18.

19.
21.
2,
2k,
25,
26.
27,
28,
29.
20.
31.
32,
33.

35.

43,

47,

Sect. 1 - CNS Agents Engelhardt, Ed.

REFERENCES

Je=R, Boissier, C. Dumont and R, Ratouis, Therapie, 26, 459 (1971).

W. B. Lacefield, J. Med. Chem., 14, 82 (1971).

L. G. Humber, F, Herr, and M.~P. Charest, J. Med. Chem., 14, 982 982 (1971).

M. S, Lipsedge, W. L. Rees and D. J. Pike, Psychopharmacologia, 19, 153 (1971).

D. M, Gallant, M, P, Bishop and R, Guerrero-Figueros, Curr, Ther, | Res., Clin, Exp., 13, 364 (1971).
J. Krapcho, Annual Reports Med. Chem., 1970, p. 15=23.

T. Nose and Y, Kowa, Jep. J. Pharmacol., 21, 47 (1971).

Jo=M, Lwoff, C. Larcusse, P, Simon and J.-R, Boissier, Therapie, 26, 451 (1971).

M. E. Greigy A. J. Gibbons and G, A. Young, Arch. Int, Pharmacodyn., 190, 299 (1971).

M. Filczewski, K. Oledzka, I, Matecki and T. Paszek, Diss. Pharm. Pharmacol., 22, 263 (1970).

Jo Wysokowski, ibid., 23, 646 (1971).

B. Szukalski and M. Kobylinska, ibid., 23, 640 (1971),

C. Kaiser and C. L. Zirkle, in "Medicinal Chemistry," 3rd Ed., A. Burger, Bd.,, Wiley~-Interscience,
New York, 1970, pp. 1470-1497,

A. N, Gritsenko, 2. I, Ermakova, S. V. Zhuravlev, T. A. Vikhlyaev, T. A. Klygul and O, V. Ufyanova,
fhin,~Farn. Zh.y 5y 18 (1971); Chem, Abstr. 75, 140776f (1971).

G. N, Lakoza, Farmakol. Toksikol. (Moscow), 34, 397 (1971); Chem, Abstr., 75, 139223s (1971).

C. Kaiser, D, H. Tedeschiy P. J. Fowler, A. M. Pavloff, B, M, Lester and € L. Zirkle, J. Med.
Chem., 14, 179 (1971).

E. R. Atkinson, P, L. Russy M. A. Tucker and F. J. Rosenberg, ibid., 14, 1005 (1971).

H. Brumner, P, R, Hedwall, M. Meier and H. J. Bein, Ag. Actions, 2, €9 9 (1971); Chem. Abstr,, 76,
lo334v (1972).

L. Maitre, M, Staehelin and H. J. Bein, Biochem. Pharmacol., 20, 2169 (1971).

F. J. Villani, C. A Ellis and T, A, Mann, J. Pham, Sci., 60, 1586 (1971).

J. 0, Jilek, V. Seldlovn, K, Pelz, B. Kakac, J. Holubek, E. Svétek, Z. Sed:wy and M. Protiva,
Collect. Czech, Chem. Commun., 36, 3300 (1971).

W. A. Remers, E. N. Greenblatt, L. Ellenbogen and M. J, Weiss, J. Med. Chem., 14, 331 (1971).

G. Bram and N. Shenmuganathan, Curr., Ther. Res., Clin. Exp., 13, 625 (1971).

R, Brasseur, Encephale, 60, 265 (1971).

G. Jones, R. F. Maisey, A. R. Somerville and B. A, Whittle, J. Med. Chem., 14, 161 (1971).

H. H. Keasling end R. B, Moffett, ibid., 14, 1106 (1971); R, B. Moffett and T, L, Pickering, ibid.,
14y 1100 (1971).

B, J. Carroll and P. T, Sharp, Science, 172, 1355 (1971).

S. R Platman, Dis, Nerv. Syst., 32, 604 (1971).

A, Flemenbaum and B, C. Schiele, Curr, Ther. Res., Clin. Exp., 13, 53 (1971).

M, Coheny P, Milonas, Z. Weisberger, J. Thompson and A. A. Rubin, Pharmacologist, 13, 255 (1971).
I. Hoffuann, G. Ehrhart end K, Schmitt, Arzneim.-Forsch., 21, 1045 Q971).

R. Rodriquez and E, Pardo, Psychopharmacologia, 21, 89 (1971).

C. J. Sharpe, R. S, Shadbolt, A. Ashford and J, W, Rossy J. Med. Chem., l4, 977 (1971).

A. Vagne, M. Manier, M. A, Brunet and A. Boucherle, Therapie, 26, 553 (1971).

A, Vagne, O. A. Nedergeard, M. A. Brunet and A, Boucherle, C. R. Soc., Biol., 164, 1769 (1970).

H. B. A. Welley J. van Dijk, J. E. Devies, V. Claassen and T. A. C. Boschman, Chim., Ther., 5, 367
(1970).

M. N. Aboul~Enein, L. Morgan and J. Sam, J. Pharm, Sci., 61, 127 (1972).

D. Linstead and D, Wilkie, Biochem. Pharmacol., 20, 839 (1971).

B, Dubinsky, K. Karpowicz and M. E. Goldberg, Pharmacologist, 13, 255 (1971).

C. Barchewitz and H, Helmchen, Pharmakopsychiat./Neuro-Psychopharmacol., 3, 293 (1970).

G, Salomon, R. Wolf and A, MeTtre, Gaz, Med. France 78, 1040 (1971).

D. M. Gallant, M, P, Bishop and R, Guerrero-Figueroa, Curr. Ther. Res., Clin. Exp., 14, 61 (1972).
S. Park, S. Gershon, B. Angrist and A, Floyd, ibid., 14, 65 (1972).

T. Persson and J, Walinder, Brit. J. Psychiat., 119, 277 (1971),

R. Ce Srimaly H. K. Singh and B, N. Dhawan, Arch. Int. Pharmacodyn., 188, 320 (1970).

H. M, van Praag, J, Korf and F. van Woudenberg, Psychopharmacologia, 18, 412 (1970).

P. Deniker, P. Peron-Magnan, C. Eliet-le Guillou end M. Hanus, Therapie, 26, 219 (1971).

L. Lemberger; E. Sernatinger and R. Kuntzman, Biochem. Pharmacol., 19, 3021 (1970).

V. G. Yashunskii, V., Z, Gorkin, M. D. Mashkovskii, R. A. Altshuler, I. V. Veryovkina and

L. E. Knolodovy J. Med, Chem., 14, 1013 (1971).



Chap. 2 Antidepressives, Stimulants Kaiser, Zirkle 29

50,
51.
52,
53,

Sh,
55,
56,
57.
58.
59,
60,

61,
62,
63,
61‘.
65.
66,
67,
68,
69.
70.
71,
72,
73,
74,
75.
76.
77,
78,

79.

80,
8l.
82,
a3,
84,
85,
86,
87.

Re A. Altshuler end B. I. Kochelaev, Khim.-Farm. Zh., 4, 59 (2971).

D. Wheatley, Brit. J. Psychiat., 117, 573 (1970).

C. Goridis and N. H. Neff, Neuropharmacology 10, 557 (1971).

A. B, B. Jonesy Co M. B, Parey W, J, N:Lcholson, K. Price and R. S. Stacey, Brit. Med, J., 5791,
17 (1972),

R. W. Fuller, B. J. Werren and B, B, Molloy, Biochem., Pharmacol., 19, 2934 (1970).

E. Costa and S, Garattini, Eds, "Amphetamines and Related Compounds," Raven Press, N.Y., 1970,

Jo M, van Rossum, Int. Rev, Neurobiology, 12, 307 (1970).

Anonymous, Wall Street Journal, Jan. 294 1971,

D. X. Freedman, Children, 18, 111 (1971).

E. H. Ellinwood and S. Cohen, Science, 171, 420 (1971).

S. A. Corsony E, O'L. Corsony V. Kirileuk and L. E. Arnold, Fed, Proc., Fed, Amer. Soc. Exp. Biol.,
30, 206 (1971).

G. Gardos and J, 0, Cole, Curr., Ther. Res., Clin. Exp. 13, 621 (1971).

A. H. Tang and J. D. Kirch, Psychopharmacologia, 21, 139 9 (1971).

C. F. Barfknecht, D, E, Nichols, B, Olesen and J. A, Engelbrecht, Pharmacologist 13, 273 (1971).
B. Hach and F. Heim, Arzneim.-Forsch., 21, 25 (1971).

0. Nieschulz, ibid., 20, 1497 (1970).

M. Julia and J, deRosnay, Chim. Ther., 5, 337 (1970).

A, A, Sicilieno and K. A, Nieforth, J. Med. Chem., 1k, 645 (1971),

E. J. Lien, L, L. Lien and G. L. Tong, ibid., 14, 86 (1971).

J. Borsy, I. Elekesy J. 1. Székely and L. Toldy, Acta. Physiol. Acad. Sci. Hung., 39y 275 (1971).
R. W. Fuller and B, B, Molloy, Pharmacologist, 13, 294 (1971).

G. A. Neville, R, Deslauriers, B, J, Blackburn, and I, C. P. Smith, J, Med, Chem,, 14, 717 (1971).
B. Pullman, J.-L. Coubeils, P, Courridre and J.-P. Gervois, ibid., 15, 17 (1972).

K. Bailey, A, W, By, K. C. Graham and D. Verner, Can, J, Chem., 49 3143 (1971,

A. H. Beckett, J. M. Van Dyk, H. M, Chissick and J. W, Gorrod, J. Pharm. Pharmacal., 23, 560 (1971).
C. J. Parli, N. Wang and R. McMahon, Biochem. Biophys. Res. Commun., 43, 1204 (1971).

G. A. Aillon, Psychosomaties, 12, 260 (1971).

D. J. McClure, Can. Psychiat. Ass. J., 16, 247 (1971).

W. E. Bunney, Jr., H. K. H. Brodie, D. L. Murphy and F. K. Goodwin, Amer. J. Psychiat., 127, 872
Qg971).

H. K. H. Brodie, D. L. Murphy, F. K. Goodwin and W. E, Bunney, Jr., Clin, Pharmacol. Ther., 12, 218
Q1971).

F. K. Goodwin, D, L. Murphy, H. K. H, Brodie and W, E. Bunney, Jr., Biol. Psychiat., 2y 31 (1970).
B. J. Carroll, Clin. Pharmacol. Ther., 12, 743 (1971).

F. K. Goodwin, D. L. Dunner and E. S, Gershon, Life Sci., 10, Part I, 751 (1971).

P, Lidbrink, G. Jonsson and K. Fuxe, Neuropharmacology, 10, 521 (1971).

F. Sulser and E. Sanders~Bush, Annu. Rev. Pharmacol., 11, S 209 (1971).

M. I. Gluckman and T. Beum, Psychopharmacologia, 15, 169 (1969).

S. B. Rossy A. L, Benyi and S.=0. Ogren, Life Sei., 10, Part I, 1267 (1971).

W. E, Fann, J. M, Davis, J, S, Keufmann, J, D, Grlff:.th, D, S. Janowsky and J. A. Oates,
Pharmacologist, 13, 207 (1971),

Jo J. Schildkraut, A. Winokur, P, R, Draskoczy and J, H, Hensle, Amer. J. Psychiat., 127, 1032
(1971).

W. Emlen, D. S. Segal and A, J. Mandell, Science, 175, 79 (1972).

D. Meltzer and P. A. Fox, Psychopharmacologia, 21, 187 (1971).

M. I, Paul, H, Cremer end F. K, Goodwin, Arch. Gen, Psychiat., 24, 327 (1971).

J. M, Stolk, R. L. Conner and J, D, Barchas, Psychopharmscologia, 224 220 971,

T. H. Svensson, Naunyn-Schmiedebergs Arch. Pharmak. Exp. Pathol,, 2?1, 111 (1971),

U. Strdmberg and T. H. Svensson, Psychopharmacologia, 19y 53 (19717

Jo Maj, M. Grabowska and E. Mogilnicka, Psychopharmacologis, 22, 162 (1971).

U. Ungerstedt, Acta Physiol. Scand., Suppl., 367, 49 (1971).

U, Ungerstedt, ibid., Suppl., 367, 69 (1971).

V. J. Lotti, Life Sei., 10, Part I, 781 (1971).

E. Costa, K. M. Naimzada and A. Revuelta, Brit. J. Pharmacol., 43, 570 (1971).

J. Scheel-Krliger, Eur. J. Pharmacol., 14, 47 (1971).

W. R, Martin, J.W, Sloan, J. D. Sapira and D. R. Jasinski, Clin, Pharmacol. Ther., 12, 245 (1971).
T. Lewander, Naunyn-Schmeidebergs Arch. Pharmsk. Exp. Pathol., 271, 211 (1971).



103.
104,
105.

106,
107,
108,
109,
110,

111.

Sect. 1 - CNS Agents Engelhardt, Ed.

G. A. Clay, A. K. Cho and M. Roberfroid, Biochem. Pharmacol., 20, 1821 (1971).

H, C. Fibiger and E. G, McGeer, Eur, J, Pharmacol., 16, 176 (1971).

R, T. Hill, Abstracts, 7th Middle Atlantic Regional Meeting Amer. Chem. Soc,, Feb, 1lh-17, 1972,
Pe 59

B, A. Berkowitz, J. H, Tarver and S. Spector, Eur. J. Pharmacol., 10, 64 (1970).

B. Waldeck, J. Pharm. Pharmacol., 23, &4 (1971).

B. A. Berkowitz and S. Spectory Eur. J., Pharmacol., 16, 322 (1971),

U. Stromberg and T, H. Svensson, Acta Pharmacol. Toxicol., 30, 161 (1971).

L.-0, Farnebo, K. Fuxe, M, Goldstein, B. Hamberger and U. Ungerstedt, Eur, J, Pharmacocl., 16, 27
(1971). -
J. E. Thornburg and K. E. Moore, Pharmacologist, 13, 202 (1971).



Chapter 3. Analgesics and Narcotic Antagonists

Franklin M. Robinson
Merck Sharp & Dohme Research Laboratories, West Point, Pa, 19486

Literature reports over the last year indicate some decrease in the
amount of chemical effort devoted to new analgesic structures, but a con-
tinued increase in investigation of biochemical mechanisms of analgesia’
and dependence, Interest in narcotic antagonists for the treatment and
prevention of narcotic abuse has stimulated much current research on new
compounds. In neither area was there evidence of a significant advance
during the year.

An extensive review of the literature on narcotic antagonists and
analgesics from July, 1966 to April, 1970 appeared.

I. Strong Analgesics

A. New Clinical Studies =~ No clinical studies on new compounds were re=
ported, but new studies on diviminol tilidine,3 and bezitramide?’® con-
tinue to indicate that these are orally effective analgesics in the
codeine-morphine potency range which do not produce tolerance.

B, Structure-Activity Studies - There is an increasing tendency to use
the newer tests (inflammed foot, writhing, bradykin) for evaluation of
analgesic potency but, unless otherwise specified, potency estimates in
the following discussion are based on the mouse hot plate assay.

1. Compounds Related to Morphine - New reports of the chemistry and
activities of ethenothebaines and oripavines include a collated review of
structure-activity relationships containing previously unreported data,
The importance of an_ R configuration at C;g for high analgesic activity
has been established® for the 7-8 as well as the 7<a series. The primary

importance of a lipophilic binding site rather than that previously pos-
tulated for the C-1G hydroxyl was shown by the finding that II is as
potent (1000 times morphine in the rat tail pressure test) as etorphine
(I). Structure-activity relationships in this series vary greatly
according to the test used,?!
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Both natural (=) and synthetic (ft) forms of the cholinesterase inhib-
itor, galanthamine, were reported to be analgesics equipotent with mor-
phine.,?

2. Benzmorphans - Synthesis and conformation of the 3~ (III) and hamethyl
(IV) benzmorphans were reported.a IVa (2 times codeine) was about three
times as potent an analgesic as IIIa, but IVb, c and d surprisingly were

R R = (a) =CHg %
CHg (b) -CHpCHpCeHs
(e) ~CHa=<] /
CHg (d) ~CHoCH=C(CHg)z s CHs
111 v

inactive, In the III series, all were active = the cyclopropylmethyl
analog (II1Ic) about five times as active as the methyl (IIIa) analog and
without antagonist effect or physical dependence capacity in the monkey.

Cels
~CHg

v

The benzmorphan analog (V) was comparable to codeine in the acetic
acid writing test, but eleven other analogs oxygenated at the carbon
bearing the phenyl group were inactive.

3. Meperidine Analogs - WY-22811 (VI)11 and both of its optical isomers
were somewhat more potent analgesics than pentazocine, and both antagon-
ized morphine, the (=) isomer being the more potent. Side effects were
minimal,

00C,Hs

OH
CHoCHg

| )
CHg (Cua)n.<o:| (a) n
0
VII

(b)n=2
VI

n
f
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The two dioxolanoalkyl meperidines (VII) showed activity in the
meperidine range (VIIb was 3 times ViIa).l? The corresponding dioxane
analogs were inactive at 50 mg./kg. but did potentiate meperidine,

~C~CHg COOCoHs

&
N
VIII (|Z‘.H20H2 -@-NHCOCH:CHCOOC2H5
IX

The trans isomer of VIII showed weak analgesic activity while the
c¢ls was inactive, although it more closely approximates the structure of
morphine than does the trans.

A series of anileridine derivatives bearing substituents with poten=
tial alkylating ability was made in order to investigate the possibility
of locating analgesic receptors by specific alkylation.14 The fumaryl
derivative (IX) caused apparent inactivation which could be prevented by
naloxone pretreatment. Other analogs of IX were non-selective and toxic.

An attempt to label receptors in brain homogenates by photolysis with
[H®]-N-B-(p-azidophenyl)-ethylnorlevorphanol also showed_insufficient
specificity although the compound was a potent narcotic,

C. New Compounds - Extensive pharmacological studies of M%-lug (X) and
limited data on 20 analogs (of 85 prepared) were reported. 6= It was

cn3
CHgSOs™
-(Cﬂa)a‘c F
COOCoHs
CHg O
X X1

orally active, did not produce tolerance, was not antagonized by nalor=
phine and strongly potentiated morphine even in tolerant animals. At high
doses, MZ-1ll was nearly as effective as morphine in animal studies, and
it was said to be clinically effective at doses of 0.,15-0.3 g.

Abbott 30360 (XI) was found to be an orally active analgesic~tran=
quilizer whose analgesic effect was in the morphine range,® 20 rimited
data on 14 analogs indicated fairly high structural specificity for
analgesic potency, although the 8-CN analog was equally active.
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0 R = (a) -CH2CH=CH2
N (b) -CHoC=CH
Y
Ny (c) =CHoCH=CHC1 N
I
R (@) -cH<] CHg
XII XIII

Four quinazolones (XII) of a series of 19 were more potent analgesics
than codeine. Substitution in the ring or modification of the_ R=-group
reduced activity. XIIa has been selected for clinical trial,

WY=12157 (XIII) showed analgesic activity of the order of morphine as
did both of its optical isomers.®® It was not antagonized by naloxone and
produced little or no tolerance, but CNS ngicity and blindness were seen
during chronic administration to monkeys.

R = (8.) =H

R
/ 1\ N//%:] (b) -NHCHCH=CHp
(CgHs)aC(CHp) =N N-lS;)

(e) -NHCH2-<:]

X1va was found to be a centrally-acting analgesic more potent than
codeine with little respiratory depressant action or physical dependence
capacity.®* Twenty of 64 analogs made were also active. XIVb and c
antagonized XIVa but potentiated morphine.

XI1v

OCHg
CONHp
CHoNHCHg |
0 OCH,COOH
OCHg OCHg
XV XVI

XV25 and XVIZ® were reported to have significant analgesic activity,
but data were limited.

II, Antiinflammatory Analgesics

For complete coverage of this class of compounds refer to the chap=-
ter on Antiinflammatory Agents (Section 4). No new compounds with out=
standing analgesic activity have appeared.

Reports on new clinical studies®” on clonixin show equivalence of
600 mg. p.o. with 10 mg. of morphine parenterally in post-operative pain.
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ITII. Biochemical Mechanisms
Many new data concerning the role of neurchumoral agents in the
actions of analgesics continue to appear.

The conflict betweegsd%fferent workers on the effect of morphine on
brain serotonin turnover® ? may be due to different time courses of the
experiments, since it appears to be an acute effect,

Evidence has been reported suggesting that the role of catecholamines
in analgesia may depend mainly on dopamine or dopamine/norepinephrine
ratios,>1,32 Strong cross tolerance between the analgesic effects of
methamphetamine and morphine develops after 5 days' administration.33

Additiongl studies on the depression of brain acetylcholine release
by analgesics™  have shown that morphine also facilitates its actiom at
the neuromuscular junction.

A review of knowledge concerning the gharmacokinetics and sites of
action of narcotics in the brain appeared.>®

IV. Narcotic Antagonists

Over the past ten years, research on narcotic antagonists has been
directed principally toward the discovery of new analgesics, since it was
originally thought that such compounds would not have abuse liability,
Work leading to the introduction of pentazocine has been discussed in a
number of reviews.>’ ° Structurally, these antagonists were poly=
cyclic potent analgesic molecules with the Ne-methyl group replaced by an
allyl, cyclopropylmethyl or related moiety. The most potent analgesic-
antagonists did not attain practical utility because of hallucinogenic or
other bizarre central nervous system effects that are usually assoclated

with powerful antagonist activity.

More recent research on analgesics has produced new types of com=
pounds that will not support morphine dependence, and some of which
pharmacologically behave as mild morphine antagonists, These are not
related structurally to the antagonists mentioned above, Direct addic-
tion studies on both types of antagonists demonstrated a capacity to
produce physical dependence (e.g. pentazocine,41 nalbuphine,4® profadol43
and propiram®*®) of a type which could lead to drug seeking behavior,%*
(The potent antagonists with hallucinogenic effects can also produce a
milder type of physical dependence not leading to drug seeking behavior,)
Thus, it has been established that a component of antagonist activity does
not necessarily eliminate abuse liability.

Two potent antagonists, naloxone (XVIIa) and cyclazocine (XVIII)
were administered to selected groups of narcotic addicts in an attempt to
""cure" their addiction by blockini a&g pleasurable effect of narcotic
self-administration. The results®>: of the series of preliminary
studies were sufficiently favorable that large=scale controlled studies
were begun to better evaluate this type of approach, Research in this
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area is being expanded greatly as part of the effort47 now being directed
toward alleviation of the drug abuse problem. Although some of the cur=-
rent research in this field has been discussed in newspapers and maga-
zines, few data suitable for this review have been published. Data
reported so far indicate that naloxone has too low an oral potency and
too short a duration of action to be satisfactory, while the side effects
of cyclazocine may be unacceptable.

Naloxone (XVIIa) is tgg only reported narcotic antagonist without
other biological activity, This can be demonstrated by an acetylcholine
release assay49 which measures both agonist and antagonist actions of nar=
cotics, as well as by pharmacological studies. In contrast, analogs

R = (a) ~CHoCH=CH, |

N
(b) ~CHa=<<]
--CH
O oS, O
0 CHa

(d) =CHoCH=C(CHg)s
HO 0 HO

R CHg
I

XVII XVIII

XVIIb, ¢ and d show both analgesic and antagonist properties. XVIIb
(EN-1639) is currently being studied in addicts®® since it appears to he
longer acting than naloxone, and shows fewer side effects than cyclazo-
cine,

Cyclazocine (XVIII) is a powerful antagonist and analgesic, and its
many known analogs show both properties,

Diprenorphine (XIXa) is a pure morphine antagonist (3-5 times
naloxone) pharmacoloéically, but shows some agonist activity in the
acetylcholine assay, 1 In this series, structure around C-19 is critical,
e.g. XIXb and ¢ are not antagonists,>2

- CH2'<]

N

" s R = (a) =CHg
@ . ----é.a (b) =Caly
HO OCHg Now () =Callo
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XX shows mild antagonist activity which is unusual for an N-methyl

compound,

Diphenoxylate and an analog SC=-26100 (XXI) will prevent withdrawal

symptoms in morphine-addicted animals, and the former has been reported
to have the same effect in man.

@- C—CHoCHp =N
c 0—

XXI

Haloperidol has been reported to be useful in the treatment of withe

drawal symptoms in addicts and also to reduce morphine self-administra-
tion in rats at the proper dose.5*

1k,

19.
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Chapter 4. Sedatives, Hypnotics, Anticonvulsants and General Anesthetics

A, D. Rudzik and W. Friis
The Upjohn Company, Kalamazoo, Michigan L9001

Introduction - Although an effort has been made in this chapter to exclude
depressants classified in other chapters as antipsychotic and antianxiety
agents, certain benzodiazepines will be considered here because of the num-
ber of compounds in this series which have been found clinically to possess
sedative-hypnotic and anticonvulsant activity. In most cases, compounds
with more than preliminary pharmacological data or representatives of new
structural types were selected for inclusion in this chapter.

Sedatives and Hypnotics - Considerable research effort has been expended to
elucidate the possible role of serotonin in the neuropharmacology of sleept
Administration of serotonin in proper dosage and by the proper route pro-
duces electroencephalographic and ocular signs of (slow wave) sleep. Non-
specific reduction of serotonin levels in the brain by reserpine reduced
both rapid eye movement (REM) and non-rapid eye movement (NREM) sleep while
sterotaxic destruction of serotonin-containing neurons has produced insom-
nia in animals.,® With the discovery of a specific inhibitor of serotonin
synthesis, para-chlorophenylalanine, it has been possible to deplete brain
serotonin without altering the catecholamine content markedly>, A dose de-
pendent reduction in cerebral serotonin, induced by the administration of
para-chlorophenylalanine, is followed by a dose-dependent reduction in
total sleep lasting as long as 16 days.* Injection of 5-hydroxytryptophan
at the height of the para-chlorophenylalanine action restored slow wave
sleep within 10 minutes and after a delay of 5 hours, paradoxical sleep. In
man, para-chlorophenylalanine decreased rapid eye movement (REM) sleep,
with either no change or a slight increase in non-rapid eye movement {NREM)

sleep®,

L-Tryptophan, a precursor of serotonin has also been shown in normal
subjects to reduce sleep latency and increase sleep length without altering
the qualitative characteristics of polygraphically recorded sleep®. 1In a
double-blind study in hospitalized insomniac patients, doses of 4L to 5 g of
L-tryptophan significantly increased sleep time, reduced sleep latency and
reduced the number of awakenings.®

Several reviews have recently appeared on the neurohumoral aspects of
sleep control? and on the chemical families which influence sleep pat-

terns.”

Many benzodiazepine derivatives have been reported to possess seda-
tive and hypnotic activity in both animals and man. Flurazepam (I) has
been found to possess useful hypnotic activity in man without producing
significant "hangover" effects the following morning®’®. 1In animals flura-
zepam was found to possess activity, in many tests systems, similar in
potency and profile to diazepam*©.
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III IV-X=H Y=H
V-X=CH; Y=H
VI-X=CH3 Y=Cl

Flunidazepam (II) was found in all-night human EEG sleep studies
and other efficacy studies to be a fotent hypnotic approximately 15 to 30
times more active than flurazepam 11’12 Recently an analog of oxazepan ,
lorazepam (ILI, WY-4036) was reported by Hedges et al'® to possess potent
sedative and depressant activity in man and was approximately 5 times more
active than diazepam in this study.

Perhaps the most significant benzodiazepines reported in the last
two years have been the triazolobenzodiazepines (IV, V, VI). These com-
pounds have been found to possess sedative and hypnotic activity in ani-
mals 14>15218 and in man??, From experimental data in man, Compound V was
predicted to have long lasting antianxiety properties at low doses and
sedative-hypnotic activity at high doses!”.

Another benzodiazepine derivative, VII, has been reported to pos~

sess hypnotic activity in animals and is more potent than diazepam in this
regard 18 -

)
A-CHg
?=0 H

0 SN C,Hg —g c/ eu
0 \ -
|
NOZ - = CH,-C-=~H
5

VII VIII IX

While the most significant sedatives and hypnotics found recently
have been benzodiazepine derivatives, several interesting non-benzodiaze-
pine derivatives have also been reported to possess sedative and hypnotic

activity. One of these compounds, perlapine (VIII), has been found to be a
useful hypnotic in man.l®



Chap. 4 Depressants Rudzik, Friis 41

Janssen et a12° has reported that etomidate (IX, R-16659) is a potent
i.v. hypnotic in Tats with a rapid onset of action and a duration of hyp-
nosis dependent on the dose administered. The compound has a high safety
margin with the toxic dose being approximately 30 times the efficacious
dose.

Three new pyridazone derivatives (X, XI, XI1) were reported by Wer-
muth et a12l to possess sedative and hypnotic activity. The compounds were
synthesized in an analgesic program but were poorly active in analgesic

test systems.
CHz CHjs CHg

0

\ O AL
| | |

% CHoCH» - xy  CHzCHo- xyy  CHeCHao-

An interesting aporphine alkaloid, xylopine (XIII), isolated from the
bark of Xylopia brasilienes, possesses both sedative and analgesic activity
in mice at moderate doses®2, 1In dogs the compound wag found to possess
hypotensive activity.

CF3 0H
H nlﬁ
CHa-CH-N-C2Hs CaHs CH-CH-C-N-C-NHp
CHg CHz CoHs
X1v XV

In contrast to many other classes of compounds, the activity of many
CNS agents has been found clinically,Fenfluramine is an example of such a
clinical finding. Fenfluramine (XIV) is presently marketed in 22 countries
as an effective and safe anorexigenic drug, Though a phenethylamine deri-
vative, the compound produced sedation and drowsiness in man as a side
effect in the anorexigenic studies®®

A ureide derivative, capuride (XV, McN-X-94) is a new addition to the
nonbarbiturate sedatives. It is especially useful in aiding sleep in pre~-
operative patients®*

Finally, a new derivative of cyclic 3'5'-adenosine monophosphate,
HD-233 (6-piperidino-purinoribosyl-3'5"'cyclic AMP) has been found to have a
sedative effect in rats®3, The compound does not alter either serotonin or
5-hydroxy-indoleacetic acid levels in the brain of rats but does increase
the brain levels of barbiturates and prolongs barbiturate sleeping time.

Anticonvulsants - During the past two years numerous compounds possessing
anticonvulsant activity have been reported., Many of the compounds report-
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ed were benzodiazepine derivatives and these will be reviewed briefly in
this section. Chlorazepate (XVI, A-35616, 4306CB) possesses anticonvul-
sant activity in mice equipotent to diazepam®®, The monopotassium and the
dipotassium salts possessed approximately the same activity and have the
advantage of being water soluble, Although the pharmacology of clonazepam
(XVII, Ro 5-4023) has been reported previously in this review, more re-
cently numerous papers have appeared reporting the potent anticonvulsant
activity in animals®7 and man®®’29, (lonazepam has been found to be 10
times more active than diazepam,

XVIII-X=Cl1 Y=Cl
XIX- X=C1 Y=H
X~ X=H Y=H
XXI- X=H Y=Cl

A series of triazolobenzodiazepines were found to possess potent
anticonvulsant activity in animals. U-33,030 (XVIII) and U-31,889 (XIX)
were much more potent than diazepam in mice, rats and cats while U-31,957
(XX) and U-35,005 (XXI) were equipotent to diazepam*3’'8’30, These com-
pounds are extremely active against chemically induced seizures but only
weakly active against seizures induced by electroshock.

Removal of the chloro-group from position 7 in the diazepam molecule
markedly decreased the pharmacologic activity while in the triaZolobenzo-
diazepine series the compound (XX) still was equipotent to diazepam. This
points out the major differences in the triazolobenzodiazepine structure
activity relationships compared to the diazepam series.

Another benzodiazepine derivative possessing anticonvulsant activity

is ORF-8063 (XXII)., The compound inhibits maximal electroshock, pentyl-
enetetrazol and thiosemicarbazide convulsions in laboratory animals3!.

fo

0 CoHs
O O OCH20H2N<
CFa \ ‘ CoHs
O O Q OCHZCON(CH3z) >

XXI1 XXIIT XX1V
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A series of 22 phenanthridine basic ethers reported by Ashford et al
were found to possess anticonvulsant activity in mice3®. Some of the de-
rivatives, of which compound XXIII is a representative, were as active as
diphenylhydantoin in antagonizing pentylenetetrazol and electroshock con-
vulsions but in most cases possessed therapeutic ratios inferior to diphen-
ylhydantoin.

CONHp Funcke and Zandberg, evaluating a series of tri-
cyclic compounds for anticonvulsant activity,
found two compounds, BST6T9 (XXIV) and BST029

O (XXV), worthy of further study33, The compounds
were more efficacious than phenobarbital with a

low neurotoxicity.

XXV

A series of diphenylaminopropancls were evaluated for toxicity, anti-
convulsant, anorexigenic and anticholinergic activity®%, Several of the
derivatives (XXVI, XXVII) were potent anticonvulsants against thiosemicar-
bazide, electroshock and nicotine induced convulsions without possessing
anticholinergic activity.

HO CHg OH CHg
¢ | on |2 ¢
(CgHs) = C- (|:H_ CHz-N=C -CH\ (CeHs) o -(IIH- CHz-N=C
CHg CHa CHg CHa
XXVI XXVII

Alkoxymethyl derivatives of barbiturates and diphenylhydantoin are
effective anticonvulsants35, The compounds(XXVIII,XXIX) possess marked
activity against both maximal electroshock and pentylenetetrazol induced
seizures,

CoH CgH
2Hs 8is CGHS C6H5
0 0 (o]
CHgO- CHp- CHo0CHz 0 - CH20CHg
0
XXVIII XXIX

The same authors also reported that acyloxymethyl, bis(acyloxymethyl)
and bis(halomethyl) derivatives of 5-ethyl-5-phenylbarbituric acid posses-
sed marked anticonvulsant activityae.

Depakine (XXX) has been reported by DeBiolley and Sorel in uncontrol-
led studies to be an effective anticonvulsant in the treatment of petit mal
epilepsy37°38, Some action was also noted in psychomotor seizures, Side
effects in these studies were not a major problem,
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Finally, various compounds related to methaqualone have been found
to possess anticonvulsant activity in mice®, Compound XXXI was found to
be more active than methaqualone against maximal electroshock seizures,
Compound XXXII also possessed potent anticonvulsant activity but was more
toxic than Compound XXXI.

General Anesthetics - Few new anesthetic agents were reported in the liter-
ature in the last two years, The pharmacology of a new dissociative anes-
thetic, etoxadrol (XXXIII, CL-1848C, U-37,862A) in primates and other
species®® and an evaluation of etoxadrol in normal human volunteers%® has
been reported. Etoxadrol has properties similar to ketamine (XXXIV) as an
anesthetic., After intravenous administration in monkeys etoxadrol pro-
duces complete analgesia with retention of the light and corneal reflexes,
In man, etoxadrol appears to be a useful drug in anesthesia and has a long-
er lasting activity than ketamine, Etoxadrol appears to be devoid of long
term psychologic, biochemical or physiologic pathology.

FurtEﬁr studies have been conducted on compound 347 (XXXV), now call-
ed Ethrane The compound was administered to 250 patients as the major
anesthetic??, Its physical properties and clinical characteristics are
similar to those of halothane.

C1

' , HCF 20CF 5CHFC1
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Chapter 5. Recent Developments Relating Serotonin and Behavior

Albert Weissman and Charles A. Harbert, Pfizer Inc., Groton, Conn. 06340

The existing encyclopedic reviews on 5—HTl make evident that tech-
niques for modifying 5-HT kinetics are almost as varied and voluminously
reported as those for studying behavior. As a result, few areas are more
difficult to survey briefly than this, relating two such ill-defined yet
exhaustively studied variables. We have accordingly chosen to focus on a
limited number of issues with particular current importance.

Techniques for Manipulating 5-HT Steady State Levels
and Receptor Activity

It must be asserted at the outset that there are still no entirely
satisfactory means to either elevate or reduce 5-HT steady state levels.
Studies purporting to show altered behavior as a function of variations
in 5-HT levels are inevitably tainted by factors that covary. For example,
the elevation of brain 5-HT levels by administration of the dietary 5-HT
precursor, Trp, leads also to the metabolism of excess substrate through
other pathways, particularly the kynurenine pathway. Administration of
the immediate precursor of 5-HT, 5-HTP, leads to a non-physiological dis-
tribution of 5~HT in brain, owing to the ubiquitous distribution of aro-
matic amino acid decarboxylase.2 5-HT derived from either precursor may
decrease catecholamine stores by amine displacement, and Trp derivatives
also inhibit tyrosine hydroxylase. Conclusions based on high 5-HT levels
in selected animal strains, at certain times of day, or at certain ages
are confounded by multiple genetic, circadian or ontogenetic effects that
covary., Similar problems apply to conclusions drawn from carcinoid vic-
tims or other examples of human pathology where 5-HT is elevated. MAO
inhibitors, even those relatively specific for that iscenzyme for which
5-HT is a primary substrate, exert actions other than elevating 5-HT.

Comparable lack of specificity plagues known methods of depleting
5-HT from brain: reserpine and similar amine-releasing drugs block the
intraneuronal vesicular uptake of catecholamines as well as of 5-HT.%
Lesions in the nucleus Raphé, the medial forebrain bundle and other
tracts,? which deplete 5-HT from brain, deplete NE as well. Prolonged
Trp deficient diets® cause general nutritional deficits and an inef-
ficient decrease in 5-HT levels. Substituted phenethylamine derivatives,
such as p-chloromethamphetamine and fenfluramine, have usually been re-
ported to exert relatively small effects on brain 5-HT and the mechanism

Abbreviations used in this paper: 5-HT = 5-hydroxytryptamine (serotonin);
Trp = tryptophan; 5-HTP = 5-hydroxytryptophan; 5-HIAA = 5-hydroxy-3-
indoleacetic acid; MAO = monoamine oxidase; PCPA = p-chlorophenylalanine;
NE = norepinephrine
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of their action is unclear. The recent disclosure that intraventricular-
ly administered 5,6-dihydroxytryptamine causes selective degeneration of
5-HT neurons in rat brain’/ is exciting, but will require confirmation.

The selectivity and activity problems inherent in the above tech-
niques explain why PCPA8 has been seized upon as a tool for studying
behavioral and neurophysiological effects after brain 5-HT is depleted
PCPA is perhaps both the most selective and effective depletor 'of 5-HT
known. Nevertheless, it also slightly, but significantly, depletes the
brain of catecholamines for a few hours after its administration,8 and
several authors have dwelled on this effect in accounting for some of its
physiological actions.? By blocking phenylalanine hydroxylase,8,10 PCPA
elevates phenylalanine and its metabolitesl! and Yexperimental PKU" may
account for certain behavioral effects of PCPA. Other biochemical com-
plications after PCPA include reduced uptake of Trp and phenylalanine.l2
Furthermore, 5-HT depletion after PCPA is not 'complete', and residual
amounts of 5-HT that are synthesized after PCPA may account for its un-
expected effects or lack of effects.13

It is unnecessary to alter steady state levels of 5-HT in order to
alter 5-HT receptor activity. Blockade of 5-HT reuptake into presynaptic
terminals may prolong high extraneuronal concentrations of 5-HT. 14 Agents
believed to exert such an effect -— tertiary tricyclic antidepressants,
particularly chlorimipramine -- also have selectivity problems, since all
exert at least some effect on NE uptake., Alternatively, it may be possible
to stimulate or to block 5~HT receptors specifically. It is suggested that
quipazine (2-[l-piperazinyl]quinoline) (III) exerts 5-HT mimetic properties
based on its smooth muscle spasmogenic profile;l5a its behavioral effects
in animal tests also suggest similarities with 5-HT.13DP From the plethora
of agents exerting peripheral antiserotonin properties some may exert com-
parable effects in brain; the often-cited anti-5-HT activity of LSD in
brain, however, may be complicated by 5-HT mimetic properties as well, 16

Keeping specificity limitations in mind, let us nevertheless focus on
the behavioral effects associated with a reduction in brain 5-HT levels
caused by the tryptophan hydroxylase inhibitor PCPA or its methyl ester.
Where possible the behavioral effects reported to occur after PCPA are re-
lated to those produced when 5-HT levels or receptor activity are altered
by other means.

Behavioral Effects of PCPA-Elicited Serotonin Depletion in Animals

Symptoms - A corollary to the familiar Brodie and Shore hypothesisl7

that 5-HT mediates a central parasympathetic ("trophotropic") system is
that suppression of 5-HT biosynthesis should result in central stimulation
because of the dominance of the central sympathetic ('ergotropic'") system.
Initial symptomatological observations after PCPA, however, included only
mild irritability and aggressiveness in isolated rats, without clear evi-
dence of motor stimulation.8 These observations of absent or mild sympto-
matic effects in rats have frequently been confirmed.1l8 Quantitative
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locomotor activity studies in rodents usually report no elevation, and
sometimes decreases, in motor activity following PCPA at doses effective
in depleting S—HT.]-é Nevertheless, animals have exhibited elevated activ-
ity during prolonged exposure to an activity chamber, as if the novelty

of the activity box is sustained.20 In unrestrained larger animals, es-
pecially rabbits, cats and rhesus monkeys, irritability and aggressiveness
without frank motoric excitement, are observed.?2l

Consummatory Behavior - Rats treated with moderate doses of PCPA consume
laboratory food and water normally,le,lng22 but appear to be more finicky
or responsive than controls in their consumption of solutions of alco-
hol,22a23 saccharin,23c dextrosel8b or quinine,18b suggesting that gusta-
tory or olfactory thresholds may be lowered by PCPA.

Sleep - Many sleep researchers have found that PCPA causes prolonged EEG
activation and sleep disturbances. In rats, there is a significant de-
crease of both REM and slow wave sleep corresponding to reduced 5-HT

levels in brain, but not with PCPA levels.l82,20a,2 This diminution in
REM sleep in rats is most unusual in that no REM rebound occurs.2#4 Related
to the sleep findings is the observation that PCPA inhibits hibernation

in squirrels.25 Extensive studies in the laboratories of Jouvet,26
Koella,2’/ Dement2l2 and others have shown that PCPA has the ability to block
slow wave sleep and produce prolonged insomnia in cats, effects that are
rapldly reversed by 5-HTP. Titration of PCPA and 5-HTP can lead to normal
sleep. In rhesus monkeys depleted of brain 5-HT by PCPA, however, REM sleep
may be unchanged, and in this respect PCPA effects appear to differ from
those seen in rats and cats. The amount of time spent in slow wave (and
hence, total) sleep decreases significantly, but "total insomnia', as often
reported for cats, is not seen.2 Dement et a1,21a however, have been able
to produce sleep loss in 2 monkeys resembling the effect in cats. To the
extent that conclusions may be drawn from the data available, a different
pilcture occurs in man. In patients seriously ill with carcinoid, Hunting-
ton's chorea, migraine, or dystonia, REM sleep is markedly depressed, but
slow wave sleep is either unchanged or slightly increased.?? A study of
PCPA in normal volunteers revealed no subjective complaints of insomnia,30

The rat and cat sleep results with PCPA, even considered alone,
would suggest that 5-HT 1is functionally involved in normal sleep mecha-
nisms, but these findings are in fact only the latest in a long chain of
circumstantial evidence linking 5-HT to sleep.26b:27 Exogenous 5-HT,
given intraventricularly or in the carotid, and 5-HT precursors -- either
Trp or 5-HTP -- given peripherally, have frequently been reported to pro-
duce electrophysiological, behavioral and clinical evidence of sedation
and sleep. Among other established means of reducing slow wave sleep
are administration of reserpine and methysergide. Circadian variations
in 5-HT brain levels in animals are positively correlated with circadian
variations in sleep. Ablation of the 5-HT-rich Raphé nuclei also pro-
duces insomina.

Sensitivity to Pain and Shock Avoidance Behavior - PCPA is hyperalgesic
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in rats,19c¢,31 an effect reversible by 5-HTP, but not by 5-HT administra-
tion. 5-HT-depleting lesions of the medial forebrain bundle exert a
similar effect.”'® Heightened responsiveness to pain may account for en-
hanced avoidance acquisition after PCPA.19¢,32 1t is also likely that
elevations in avoidance response rate after PCPA33 derive in part from
increased sensitivity to foot shock.

PCPA blocks the analgesic actions of morphine, methadone, propoxy-
phene and meperidine.34 CNS effects of morphine other than analgesia are
blocked by PCPA,35 but the findings of Way et al36 that PCPA blocks
symptoms accompanying morphine withdrawal have not been confirmed.

The hyperalgesic and analgesic-blocking effects of PCPA are con-
sistent with literature reports showin§ increased sensitivity to pain
after lesion-induced depletion of 5-HT31la or after reserpine-like drugs,
and an analgesic response following MAO inhibitors plus 5-HTP,38

Sensitivity to Convulsant Treatments ~ PCPA facilitates convulsions el-
icited by hyperbaric oxygen,3J pentylenetetrazol,40 electroconvulsive
shock,40a,41l audiogenic convulsant stimuli,42 flurothyl43 and withdrawal
from barbiturates.44 A substantial older literature, originating with the
work of Chen et al%3 on reserpine, deals with the role of biogenic amines
in experimental seizures. The preponderance of these reports indicate

that stimulation of 5-HT receptor activity decreases seizure susceptibility,
and that depression of 5-HT receptor activity exerts the opposite effect,

Sensitivity to Other Non-Social Exteroceptive Stimuli - Several studies
indicate that PCPA increases various behavioral or neurological effects of
electrical stimulation. Thresholds of current required to reinforce self-
stimulation behavior are lowered by PCPA in rats,46 and PCPA has been re-
ported to cause strong excitatory effects on intracranial self-stimulation
rates in rats 3 days after treatment.47 5-HT-depleted animals have been
reported to be more active than controls under conditions of extra environ-
mental stimulation, particularly '"novel" stimulation.1l8b,19c Cats "over-
react to slight noises,"48 sensory thresholds are lowered,29 the responsive-
ness to a startle stimulus of rats with low basal responsiveness is in-
creased,49 and habituation to an auditory-elicited startle response, as
measured by cortical electrical responses, is reduced.30

Sexuality - Despite occasional dissent?l there can now be little doubt
that PCPA dramatically enhances sexuality in suitable animal protocols.52
Like other effects of PCPA, hypersexuality 1s abruptly reversible by low
doses of 5-HTP.52a PCPA has been cbserved to activate lordosis, a prime
indicator of estrus behavior, in ovariectomized rats treated with estro-
gen and exposed to a vigorous male gartner.53 PCPA dramatically in-
creases sexual behavior in cats2l@s94 and rabbits;2> in these species,
also, the effect of PCPA is reversed by 5-HTP.

Aggression and Other Non-sexual Social Behavior ~ Mouse killing (muricide)
in rats is enhanced by PCPA.22b '"Cats who normally ignore laboratory
rats begin to kill them with a rapidity and concentrated savagery that
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evoke images of the jungle'".2la Mice or rats can be extremely aggressive
to one another.18a,22b,56 Much of this social behavior is reversed by
administration of 5-HTP.Z22b,52c

Summary of Behavioral Effects of Depleting 5-HT with PCPA in Animals - Al-
though isolated animals treated with PCPA show few symptomatic effects, ex-
posure of animals to novel exteroceptive stimulation evokes behavioral hy-
perresponsiveness. Animals overreact to painful, electrical, auditory,
visual, gustatory, olfactory and especially social stimuli. The sustained
wakefulness of animals treated with PCPA may feasibly be considered one
manifestation of this generalized hyperresponsiveness.

The animal behavioral data from PCPA, taken as a whole, may be loose-
ly interpreted as suggesting that 5-HT subserves behavioral inhibitory
functions, and that a relative absence of 5-HT produces hypersensitivity to
environmental cues. Both the rapid reversal of electrophysiological and
behavioral changes following smalldoses of 5-HTP, and the parallel time
course of PCPA actions with brain 5-HT levels clearly associlate 5-HT with
its effects. The PCPA data are also consistent with findings from less
selective means of modifying brain 5-HT, such as reserpine or MAO in-
hibitor treatment, treatment with 5-HT precursors, lesion-elicited 5-HT
depletion, and the use of animal strains, ages, or times of day associated
with variations in 5-HT.

Implications of PCPA-Elicited Clinical Symptomatology

Many clinical investigators who have studied altered attention, sen-
sory and perceptual characteristics in man believe that schizophrenics
respond to sensory inputs that do not affect normals.37 1In view of this,
and the preceding analysis of the role of 5~HT in behavior, one might
expect aberrant clinical behavior after selective depletion of 5-HT.
Limited reports of such aberrations after PCPA have appeared.

In the course of successful trials of PCPA in patients with carcinoid
tumor, pronounced behavioral aberrations, ranging from depression to florid
hallucinations and paranoia occurred.?® A comparison of sleep pattermns in
both schizophrenics and PCPA-treated cats revealed several similarities.2la

It thus appears at least feasible that the animal behavioral findings
after PCPA are manifested in humans as depression and paranoia. This
speculation is provocative since abnormalities of 5-HT synthesis and metab-
olism have been implicated in several psychopathological conditions. We
shall accordingly now focus on the role of 5-HT in depression, mania, and
schizophrenia and shall emphasize experimental therapeutic approaches -
current and speculative — which involve an attempt to manipulate brain
5-HT.

Indoleamine Dysfunction in Human Behavior

Depression - The controversy surrounding the relative importance of cate-
cholamines and indoleamines in depression has culminated in divergent
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"catecholamine"59 and "5-HT"60 hypotheses. However, recent reviews on the
role of brain monoamines in psychopathological disorders emphasize the
need for understanding their complex interaction.6l

Evidence cited to support 5-~HT dysfunction in depression includes
1) decreased levels of 5-HT and 5~HIAA in the brains of depressed patients
who commit suicide,62 2) sub-normal concentrations of 5-HT metabolites in
the cerebrospinal fluid (CSF) of depressives,b3 and 3) diminished rates of
5~-HT turnover, manifested as deficient 5-HIAA accumulation in the CSF fol-
lowing treatment with the efflux blocker, probenecid,64

The 5-HT precursors Trp and 5-HTP have been explored most extensive-
ly by proponents of the 5-HT deficiency hypothesis, in efforts to increase
brain 5-HT levels.65 The earliest trials of Trp in depression found it to
potentiate the beneficial effects of MAO inhibitors.66,67 Ensuing reports
have claimed that D,L-Trp 1s as effective as electroconvulsive shock ther-
apy68 or imipramineég and it has been successfully used "as a last re-
sort".’0 In other studies, however, L-Trp has been less impressive.’l

Early studies of 5-HTP were limited to low doses given over short
periods of time.’2 Recent, more prolonged trials, have yielded conflict-
ing results.’3

Several recent findings may have an important bearing on the future
use of 5-HT precursors in depression. Evidence from CSF experiments sug-
gests an abnormally low rate of 5-HT synthesis in the CNS of some depressed
patients,63 perhaps due to impaired Trp-5-hydroxylase activity.74 1If this
were true, L-Trp would inefficiently elevate brain 5-HT in this populationm,
explaining the divergent clinical results obtained with L-Trp. The
use of L-5-HTP, which enters the 5-HT pathway subsequent to the rate-lim-
iting Trp hydroxylation step, might seem a logical alternative. Recent
reports, however, indicate that this precursor leads to indiscriminate
and non-physiologic elevations of brain 5-HT.Z2,75 To what extent these
findings apply to the chronic administration of this amino acid to man is
not known, but van Praag and Korf/3b recently reported L-5-HIP to be ef-
fective in depressives who showed evidence of a 5-HT synthesis defect.

The continued viability of the 5-HT precursor approach to the treat-
ment of depression is thus questionable. Additional definitive research
concerning 1) the relationship of change in levels of 5-HIAA in CSF to
brain 5-HT turnover, 2) the biochemical classifications of depression, and
3) the effects of chronic L-5-HTP on levels of physiologically active 5-HT
are needed to determine the future direction of this approach.

Other potentially significant approaches to the treatment of depres-
gion based on the 5-HT hypothesis have emerged during the past few years.
These include: 1) selective 5-HT reuptake blockade, 2) selective inhibition
of MAO, and 3) 5-HT mimetic activity. Although these approaches may not
suffer from the obvious disadvantages of the precursor approach, each pos-
sesses unique and challenging problems of its own.
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The concept of selective blockade of monoamine reuptake has been
studied extensively by Carlsson and associates’6® who have shown that
tricylic amines such as imipramine and chlorimipramine are selective in-
hibitors of 5-HT uptake. Furthermore, they have suggested that blockade
of 5-HT reuptake is associated with the "mood-elevating" action of the tri-
cyclic antidepressants and that blockade of NE reuptake promotes 'drive" in
depressed patients. This is consistent with the fact that chlorimipramine,
the most potent and selective inhibitor of 5-HT reuptake in this series,
has encouraging antidepressant activity in humans’7 with at least one report
of a selective mood-elevating effect.’8

At least four different molecular forms of MAO, with different sub-
strate specificities, occur in human brain’9 suggesting that depression
might be treated by selective inhibition of 5-HT oxidation.80 Several
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OCH2CHpCHaN _ CHyCHoN-]
CHj O
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selective inhibitors have been reported to date8l and at least two, clor-
gyline82 (I) and Lilly 51641 (II),83 have been reported to possess anti-

depressant activity. It is not clear whether they possess sufficient se-
lectivity to obviate the autonomic side effects commonly seen with other

non-selective MAO inhibitors.

Another conceivable approach to the problem of 5-HT and depression is
the development of an agent that selectively stimulates 5-HT receptors.
Such a 5-HT mimetic would require a high degree of CNS selectivity, but this
problem does not seem insuperable. Quipazine (III), a smooth muscle stim-
ulant with 5-HT-mimetic properties,l3a possesses a characteristic "anti-
depressant" profile in animalsl3b and, depending on clinical activity, may
be a significant development toward this end.

Mania - Mania has been viewed historically as ''the other affective disorder,"
and emphasis has tended to focus on the polarity of certain manic depressive
symptoms. Ketyblc has recently hypothesized that a central indoleamine de-
ficiency permits the occurrence of either mania or depression, and that an
accompanying change in adrenergic activity determines the polarity of the
affective disorder, adrenergic activity being intensified in mania and di-
minished in depression. Thus, within the context of this discussion,

Kety's hypothesis suggests a similar "pro-indole' therapeutic approach to
both depression and mania.

Clinical trials of 5~HT precursors in mania have been rare, but two
recent reports indicate a moderately beneficial effect from L—Trp.7lb’84
Methysergide has a deleterious effect in manic patients.85
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Schizophrenia - Schizophrenia is almost certainly a class of behavioral
disorders and not a single disease entity, which perhaps explains in part
the numerous theories and conflicting clinical findings.61

Several theorists invoke defective indoleamine metabolism and trans-
port as key etiological factors in schizophrenia.6lasb Woolley86 suggested
that 5-HT concentrations might be elevated in schizophrenics, consistent
with observations that L-Trp in combination with an MAO inhibitor exa-
cerbates psychoses.87 Similar exacerbations and recurrences of individual
psychotic patterns are seen following administration of the methyl donors,
methionine88 and betaine.89 These findings, together with the known
psychotomimetic effects of dimethyltryptamine90 and bufotenin9l 1led
several authors88,92 o suggest that abnormal methylation of indoleamines,
leading to the endogenous formation of methylated indole(ethyl)amines, may
be a primary causative factor in the pathogenesis of schizophrenia. This
has been supported by the recent isolation of a specific indoleamine N-
methyltransferase from rat and human brain,93 and the demonstration that
tryptamine is converted to dimethyltryptamine in rat and human brain.?
This theory is also compatible with a recent a-2 globulin theory,95 which
postulates an enzyme abnormality that permits excess Trp to enter
brain.

Clinical attempts to elevate CNS 5-HT levels in schizophrenics have
generally had deleterious effects, particularly when L-Trp is combined
with an MAO inhibitor.87 Reports of mild beneficial effects of L-Trp/4
and L-5-HTP96 in schizophrenics have appeared recently.

Other Behavioral States - Elucidation of the role of 5-HT in sleep26ba27
has prompted numerous clinical studies with L-Trp and L-5-HTP. L-Trp
appears to sedate normals and insomniac patients97 and has recently been
described as a "natural sedative".98 Clinical studies of L-5-HTP in sleep
have not been as impressive.

Several behavioral disturbances including psychoses frequently ac-
company Hartnup's disease, Wilson's disease, porphyria and pellagra, di-
seases in which indoleamine abnormalities have been identified.l00 These
behavioral aberrations generally recede during clinical remission of the
primary metabolic abnormality.
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Chapter 6. Antihypertensive Agents

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

Introduction - No major advance in our understanding of the nature of
hypertension has been made this year, and it remains true that ''until the
mysteries of the etiology of essential hypertension are unravelled,
treatment must remain empiric and palliative''.! Several reviews?™" have
discussed various aspects of the clinical conditions which are associated
with an elevated blood pressure, and which are the target for so much
research. Other reviews® 2 have described the clinical benefits achieved
by lowering elevated blood pressure; it is possible that this benefit is
obtained by the reversal of the increased ratio of the vascular wall
thickness to the diameter of the lumen which is a characteristic of
essential hypertension,!0

The spontaneously hypertensive rat (SHR) continues to gain attention
as a model with which to assess antihypertensives.!0712 The extent to
which different anesthetics reduce cardiovascular responses of cats has
been studied,!3 and the danger of assuming that drug solvents such as
polyethylene glycol have no effect on these responses has been pointed
out.

Developments in clinically useful antihypertensives - There has been a
great deal of discussionl> on work carried out to evaluate the

therapeutic potential of combining a vasodilator with a B-~adrenoreceptor
blocker in order to counteract the tachycardia associated with the former.
The combination of hydralazine with propranolol (p.o.) is effective in
hypertensive patients at doses which separately do not give a satisfactory
hypotensive effect;16 a similar situation holds for dihydralazine.!?
Alprenolol (i.v.) also reduced the cardiac stimulation observed in
normotensive and hypertensive patients after dihydralazine (i.v.).l8
Minoxidil (PDP), in combination with propranolol and hydrochlorothiazide,
appears to be more effective in refractory hypertensive patients than
hydralazine.1? Practolol effectively blocks the tachycardia in
normotensive dogs treated with hydralazine (i.v.) without potentiating

the hypotensive effects, which suggests that tachycardia does not diminish
the hypotensive effect of hydralazine.?9

Guancydine has been examined in further clinical trials,?!>22 and
shown to have no effect on the pressor response of angiotensin in
hypertensives.22 The mode of action of guancydine has been studied in

]

vitro leading to the conclusion that its hypotensive properties result
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from its non-specific inhibitory effect on smooth muscle.?3

The cardiovascular responses of patients receiving propranclol
have been compared to those receiving bethanidine, guanethidine and
a-methyldopa; 2" no advantage is gained by combining propranolol with
these sympathetic inhibitors.?5 Propranolol is thought to act as an
antihypertensive by decreasing the cardiac output and conditioning the
baroreceptors to function at a lower level;2% in addition to cardiac
B-blockade, there may be a component of adrenergic neurone blockade in
this action.?® In contrast, the antihypertensive action of practolol may
be due to vasodilation.2”? The problems involved in the clinical
evaluation of these drugs have been discussed.?8

There has been a succession of reports this year on the clinical
effects of clonidine (1), which can be used with advantage in conjunction
with chlorthalidone.22s30 The unique and complex mechanism of action of
this drug is now becoming clear.3! When all sympathetic transmission is
blocked, a peripheral vasodilating activity has been uncovered,32 in
addition to its peripheral a-receptor stimulant action which results in a
brief hypertensive response after i.v. administration at low doses. The
action which predominates and makes clonidine such a useful drug is its
ability to stimulate central a-receptors leading to an inhibition of
sympathetic tone.33:3% An effect on the central control of vagal activity,
at least in dogs, has also been suggested.35
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Studies on the hemodynamics3® and central sites of action3” of
several a-receptor stimulants, including clonidine (1), the oxazoline
(11, LD2855), and xylazine (111, BAY 1470) have been reported.

Adrenergic neurone blockers - Several methylpyrrolidine analogs (IV, R =
(CH3), or (CH3)3) of guanethidine have activities comparable to that of
guanethidine when tested p.o. and s.c. in renal hypertensive rats.

(1Iv, R = cis=2,4-(CH3),) is less active than guanethidine as a
sympathomimetic in dogs and cats {i.v.).38
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The N-carbamidoxime (V) lowers the blood pressure of renal
hypertensive dogs at 2 and 8 mg/kg and is also reported to be an
effective antihypertensive in neurogenic dogs, as well as renal and
spontaneousiy hypertensive rats. This compound resembles guanethidine
and debrisoquine (VI) in its adrenergic neurone blocking and catecholamine-
depleting activity, but it may have an additional central effect.!1,39
Debrisoquine has now been shown to deplete that small part of the
norepinephrine store which has been postulated as essential for the
proper functioning of adrenergic neurones,“?

A comparison of the antihypertensive effect of guanethidine with
three of its metabolites in renal hypertensive rats leads to the
conclusion that guanethidine per se, and not its metabolites, is
responsible for its hypotensive effects."!

Ganglion blockers - At 10 mg/kg, derivatives of h-azahomoadamantane (VIl)
and (VIil) Tower the blood pressure of anesthetized dogs by at least

15% for two hours or more, apparently by ganglion blockade.“2 The
monomethoxymecamylamines (1X, R!, RZ, or R3 = CH;0) are about as active as
mecamylamine in lowering the blood pressure of renal hypertensive rats,
the corresponding hydroxy derivatives are less active."3

R
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a-Adrenoreceptor blockers - Further details have now appeared*“ on the
cardiovascular effects of the a-blocker (X, NC 7197) mentioned last
year.%® The tricyclic guanidine (XI), which significantly lowers the
blood pressure of metacorticoid rats at 5 mg/kg, and conscious
normotensive or neurogenic hypertensive dogs at 2.5 mg/kg, probably has
a-blockade as its main mechanism of action. However, since there is no
orthostatic hypotension in the rabbit tilt test, its mechanism of action
must be complex.'®
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Indoramine (X1, Wy 21901) abolishes epinephrine- and ouabain-
induced cardiac arrythmias by a combination of a-adrenoreceptor blockade

and membrane stabilization.*? These effects have also been studied
electrophysiologically.*8 Indoramine has a pA, of 7.4 as a competitive
a-blocker on aortic strip, and a pA, of 8.2 as an antihistamine on
guinea pig ileum.49 The blood pressure of cats and conscious renal
hypertensive rats is lowered by indoramine at 20-40 mg/kg (p.o.); several
analogs are also active but rather toxic.50 A dose-related reduction in
blood pressure accompanied by an increase in heart rate after
administration of indoramine has been observed in man.>1

The new compound (X111, AH 5158A) is particularly interesting
because it combines significant B-adrenoreceptor blocking activity with
a-blocking activity both in animals and in man.52

CH,CH O~NHCOPh 9H |CH3
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Compounds affecting adrenergic transmitters - Fusaric acid amide (XIV,

Sch 10595) is a very active inhibitor of dopamine-g-hydroxylase in vivo
(but not in vitro), and it lowers the blood pressure of DOCA hypertensive
rats for many hours in a dose-related manner.53 The cyclohexylamino=
oxazoline (XV, BAY a6781) probably exerts its hypotensive effect by
preventing the release of catecholamines from the adrenal gland.3%
3-Ethyl-o-methyltyrosine (XVI)} is a competitive inhibitor of tyrosine
hydroxylase and exhibits significant antihypertensive activity in DOCA
rats at 25 mg/kg. |t may be preferable to a-methyltyrosine because

it should not be metabolised into a catecholamine.®5
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The mechanism of the central hypotensive effects of L-dopa,
a-methyldopa and m-tyrosine has been studied with the aid of peripheral
decarboxylase inhibitors.56,57 The effects of L-dopa on the
cardiovascular system have been reviewed.>8 A comparative study of the
dose-dependent antihypertensive actions, and the norepinephrine-
depleting activities, of a-methyltyramine and a-methyloctopamine in renal
rats has been published.>®
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A series of hydrazones has been shown to have antihypertensive
and monoamine oxidase inhibitory activity, although there was no
correlation between these actions. The most active compound (XVIl)
caused a prolonged fall of 40-60 mm Hg in the blood pressure of
anesthetized dogs and cats at 1 mg/kg (i.v.), and also in Goldblatt
hypertensive rats at 30 mg/kg (p.o.) when given for 10 days.60 (n
another study, the compounds (XVllla and XV!1I1b) were the most active of
a series of antihypertensive monoamine oxidase inhibitors,®6!
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Naturally occurring and related compounds - The structure and synthesis
of oudenone (XIX), the hypotensive mentioned last year,S has now been
reported.®2 Acetylandromedol (XX, grayanotoxin |), obtained from various
species of Rhododendron, is hypotensive in cats at 0.04 mg/kg (i.v.);
artefacts with related structures are also hypotensive in cats or rats.b3
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Analogs of nicotine and anabasine in which the pyridine ring has
been replaced by quinuclidine (XXla and both diastereoisomers of XXlb)
show hypotensive effects when given i.v. to dogs.®* The hydrazide of
yohimboic acid, which is considerably less toxic than the methyl ester
(yohimbine), causes prolonged hypotension at 1 mg/kg (i.v.) in
chloralosed dogs.®5

Prostaglandins - The effects of prostaglandins on cardiovascular
responses would appear to be critically dependent on dose levels:
infused into humans at the appropriate dose, PGA; and PGE; cause a fall
in blood pressure and renal dilatation without the release of
renin.®6:57 However, these effects are not simply dose related.68
Experiments on the cat spleen have led to the suggestion that there is
a continuous basal secretion of vasodilating prostaglandins;®? at very
low infusion rates of PGA; and PGE; in the dog, effects due to direct
vasodilation can be separated from sympathetic inhibition.70
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Compounds acting directly on vascular smooth muscle or by unknown
mechanisms - The 1,3,h-oxadlazole (XXI1)71 and the acetonitrile
(XXTT1)72 cause brief vasodilation in cats and in dogs respectively.
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The benzoquinolizine (XX1V) is a hypotensive vasodilator in
anesthetized dogs and cats; it lowers the blood pressure of consclous
renal hypertensive dogs at 10 mg/kg/day (p.o.).73:7% The hypotensive
effect of the hydrazine (XXV, L6150) in conscious or anesthetized dogs
(0.5 or 0.0} mg/kg, i.v.) appears to be due to peripheral vasodilation.’5
The pyrazole (XXVI) is a potent vasodilator which reduces the blood
pressure of cats and dogs by 40-50 mm Hg for 2 hours at 0.25 mg/kg

(i.v.). It is also active in renal hypertensive rats.76
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A series of twenty-nine 3-pyrrolemethylamines (XXVII) show
hypotensive activity in conscious and anesthetized dogs; (XXVII, a - e)
reduce the blood pressure of the latter by 20 mm Hg at 1 mg/kg (i.v.)
or less.’? Other compounds reported to be hypotensive in anesthetized
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cats or dogs are the piperazines (XXVii1),78 the prenylamine analog (XXIX,
HOE 674),79 the hydroxamic acid (XXX)80 and the amidinium salt (XXX1).81
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The highly substituted tetrahydroisoquinolines (XXXI11, R = PhCH,
and CH3) lower the blood pressure of anesthetized dogs by 30 mm Hg
for 1 hour at 10 and 4 mg/kg (i.v.) respectively;82 a reduction of 40% or
more for at least 4.5 hours occurs after giving several k-substituted:
aminoquinolines (XXXI111).83 The benzocycloheptenes (XXXIV, a and b)
show hypotensive activity in rats at 10 and 20 mg/kg (i.v.)
respectively. 8%
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The amidine analog (XXXV, Ar = 2,6-Cl1,C4H;) of clonidine, and several
related compounds (e.g. XXXV, Ar = CgHs, 2-CH4CcH,, 3-CHCcH,,
2,3-(CHj) ,CeHy, 2,4-(CH3) ,CeHy, and 2,6-C1,C-H;CH,) are active
antihypertensives in DOCA rats at 10 mg/kg intragastrically.85

A detailed study has been made of the unique combination of
properties exhibited by the hypotensive imidazolidine (XXXVI, Ro 7-2956).
In dogs, a direct peripheral vasodilation is combined with a non-
adrenergic myocardial stimulant activity reminiscent of theophylline.86
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Chapter 7. Antianginal Agents

Charles F. Schwender, Warner-Lambert Research Institute
Morris Plains, N.J.

Angina pectoris is a painful symptom of myocardial ischemia occurring
when the oxygen supply cannot meet the requirements of the heart. During
ischemia, pain and abnormalities of heart metabolism, left ventricular
function and electrocardiograms are observed.! Blood flow through the
myocardium is the main determinant of oxygen supply.?2 The heart extracts
oxygen from its blood supply at near maximal efficiency so that any in-
crease in oxygen requirements must be met by an increase in blood flow.
Ischemia caused by an insufficient oxygen supply may be improved by agents
such as nitrates which increase myocardial perfusion and reduce oxygen
utilization.3

Early work with nitroglycerin indicated a coronary vasodilator
action which led to a concerted effort to find more potent, longer acting
vasodilators selective for the coronary vascular bed. These newer agents
have been disappointing since Tittle relief of ischemia or anginal pain
has been observed.

Another more recent approach to treatment of angina“ includes the
reduction of myocardial oxygen requirements through reduced cardiac work.
Also, improved circulation of blood to ischemic areas by selective dilation
of certain larger supply vessels appears to restore normal oxygen and
nutrient supply. Circulation through the left ventricle involves epi-
cardial (superficial regions) and endocardial (deeper regions) pathways
which compete for available blood flow from larger intramural supply
vessels. Further branching of the supply vessels leads to prearteriolar,
arteriolar and capillary beds which have a nutritive function in the
tissues. It has been suggested that circulation in the endocardium is
probably inadequate, thus establishing a relatively ischemic region.3s>
Compared with the epicardium, the endocardial region has a Tower oxygen
tension and a lower level of circulating nutrients. When coronary artery
disease restricts blood flow, the endocardial region may be prone to myo-
cardial insufficiency. Since the endocardium is relatively ischemic,
autoregulatory responses cause an average arteriolar and precapillary
sphincter dilation of about 91%. The vessels of the better perfused
epicardium are only opened about 68% and can better tolerate a decreased
flow through compensatory mechanisms.

Nitroglycerin - Nitroglycerin is the oldest and most effective antianginal
agent in use today. Used prophylactically or for immediate relief of
anginal pain, nitroglycerin acts by reducing heart work and by redis-
tributing blood flow to the ischemic areas of the myocardium. The
beneficial effect of nitroglycerin on the myocardial circulation of dogs is
the result of a number of actions.®s7s8,% The reduced ischemia is probably
the result of a decreased oxygen requirement due to a reduced heart work,
filling pressure and stroke volume. The major mechanism of action appears
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to be an increased oxygen tension in the endocardium due to a redistribu-
tion of blood from the epicardium.“s°s10511 While myocardial blood flow
is decreased by nitroglycerin, endocardial perfusion is maintained at
pretreatment levels by the redistribution of blood from the epicardium.
Endocardial oxygen tension rises as a result of the redistributed blood
flow and decreased oxygen requirement. Nitroglycerin redistributes blood
flow to the endocardium by dilating the Targer supply or intramural
vessels controliling the flow distribution between the inner and outer
regions of the myocardium. The intramural vessels do not appear to be
controlled by the autoregulatory mechanism so that they respond different-
ly to drugs than arterioles. Measurements of changes in large vessel
resistance and oxygen tension correlate well with the effects caused by
nitroglycerin. Microsphere distribution studies in the dog also indicated
a redistribution of flow to the endocardium due to nitroglycerin action.!?®

In contrast to nitroglycerin and pentaerythritol tetranitrate,
coronary vasodilators such as dipyridamole“ and chromonar!? increased
total coronary blood flow in dogs without redistributing blood flow or
improving endocardial oxygen tension., The coronary vasodilators, dipyrid-
amole, chromonar, lidoflazine, iproveratril, papaverine and prenylamine
were all shown to exert a selective dilator action on small coronary
arteries and arterioles.!3

It has been suggested!“ that the smooth muscle relaxant action of
nitroglycerin may be related to its initial blood concentrations rather
than a certain optimum blood level. Nitroglycerin appears to be most
effective in abolishing existing contractions of vascular smooth muscles
rather than preventing their contraction. This may indicate why nitro-
glycerin is therapeutically more effective sublingually or by subcutaneous
injection than orally.

Blum!®> was unable to demonstrate a relationship between reduced
oxygen utilization, inhibition of mitochondrial respiration and dilatation
of Targe coronary arteries using a series of organic nitrates. Bjo-
chemical evaluation did not consistently predict which agents would affect
blood flow to the endomyocardium.

Coronary Vasodilators - Continued interest in this approach to antianginal
agents has been reflected by the numerous reports of agents increasing
coronary blood flow and oxygen supply. These agents probably act by inter-
fering with metabolic autoregulation of coronary blood flow.!6s17
Autoregulation is a mechanism by which the heart maintains sufficient
blood flow and nutrient supply for its metabolic activity. Some vaso-
dilator agents appear to be specific dilators of smaller coronary blood
vessels by an adenosine-sparing mechanism. The end product of adenosine
triphosphate (ATP) breakdown in the heart appears to be adenosine while in
other tissues such as skeletal muscle, inosine is the product.

Adenosine, a potent vasodilator, has been shown to be present in the
dog heart in nucleosidic and nucleotidic forms. During ischemic
conditions, both myocardial and blood levels of adenosine are increased.
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Although not proven conclusively, adenosine has been implicated as at
lTeast one mediator of autoregulatory control of myocardial blood flow.
Oxygen tension, potassium ion concentration, blood pH and a myogenic
response also may be involved in autoregulation. However, a change in
adenosine concentration as a result of ischemia can fully account for
vasodilator responses through autoregulatory control.l”

Any thing which may help create an oxygen deficiency such as active
transport processes, increased heart work or impaired coronary circulation
due to occlusion or cardiovascular disease also decreases the ATP supply
in the myocardium. During ischemia, the equilibrium between ATP and
adenosine diphosphate (ADP) favors ADP formation and adenosine. The
higher intracellular adenosine concentration promotes diffusion of
adenosine through cellular membranes into the blood of the myocardium. A
resulting localized vasodilation increases the blood flow and oxygen supply
to the ischemic area. The increased ATP/ADP ratio permits more work.and
metabolic processes to be supported. Blood flow is maintained at a given
level of metabolic activity and adenosine concentration.

Coronary vasodilators interact with the adenosine-mediated vaso-
dilation response by preventing the deamination or reabsorption of
adenosine present in the blood. Such agents are dipyridamole,!8,19
hexobendine,?2 0 Tidoflazine,!® 2-alkylthioadenosines,?! and other sub-
stituted-adenosines?? in dogs and pteridine?3 analogs in kittens. Al-
though these agents are inhibitors of intracellular adenosine deaminase,
it is believed that their primary action is the inhibition of adenosine
diffusion across cellular membranes where it is deaminated.l16

Adenosine uptake may involve a membrane-bound kinase enzyme which
releases adenosine as its monophosphate within the cell.2% Dipyridamole
inhibits this membranal kinase in guinea pigs to a greater degree than
soluble intracellular adenosine deaminase or kinase enzymes. Dipyridamole,
in rats, does not prevent uptake or potentiate the vasodilator effects of
adenosine due to a lack of the membranal kinase transport mechanism. Thus,
species variation in adenosine uptake mechanism may tend to confuse
studies in mechanisms of action with vasodilators interfering with
adenosine.

Ischemia may cause deterioration of myocardial function through
excessive loss of ATP and the myocardial pool of purine nucleosides. The
enzyme, xanthine oxidase, irreversibly converts purines to uric acid.
After periods of asphyxia, an infusion of adenosine caused a markedly
accelerated restoration of normal myocardial nucleotides.2> In coronary-
ligated dogs and sheep, the xanthine oxidase inhibitor allopurinol pre-
vented or reversed nucleotide loss from the myocardium, ST-depression and
cardiac arrhythmias due to myccardial ischemia.?®

Hexobendine? 7 causes a metabolic acidosis which may contribute to
its vasodilator action in humans.

Other agents such as amiodarone,?® bencyclan,2? chromonar,3?
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diazoxide,3! iproveratril,30 perhexiline,32 and diazepam33 have been shown
in dogs to exert a vasodilatory action on small coronary blood vessels.
The mechanisms of action have not been further elucidated. These agents
also possess a peripheral vasodilator action which may be beneficial in
anginal patients by decreasing blood pressure, venous return and heart
work.

An understanding of the microcirculatory responses of the heart to
n1trog]ycer1n and coronary vasodilators clearly indicates why nitroglycerin
is an effective antianginal agent, while vasod11ators are generally
ineffective or deleterious in ischemic conditions."s> Nitroglycerin
dilates Tlarger coronary arteries not controlled by autoregulation mechan-
isms. A redistribution of blood flow results which diverts blood from the
normal epicardium to the ischemic endocardium. Little change in total
coronary flow is observed. Since coronary vasodilators act by inter-
ference of autoregulation mechanisms in smaller coronary vessels,
vasodilation of the normal epicardial vessels probably predominates. The
smaller vessels in the ischemic endocardium are probably maximally dilated
due to anoxia. Thus, an enhanced epicardial flow must divert blood flow
from ischemic areas since they compete for available flow. Coronary
vasodilators could not be expected to be beneficial but may be harmful
when used to treat myocardial ischemia and angina pectoris. In very severe
1schem1a high doses of dipyridamole actually induced anginal attacks in

man,
@ I [ ]
—QOCH;CH:N (C2Hs )2 Ha
E::]:_]I/ I (::7<0(CH2)3N(CH3)2

amiodarone bencyclan

_CHCH —@ CHs0 'Q-Coz (CH, )3N—CH2 —
2
perhexilene hexobendine

Beta-Adrenergic Blocking Agents - Treatment of angina pectoris with 8-
blocking agents is a more recent approach which appears to be of thera-
peutic value. Exercise and stress tend to increase catecholamine levels
and cardiac sympathetic drive in anginal patients. Excessive sympathetic
stimulation creates an oxygen wasting effect by increasing oxygen use in
the myocardium more than is requ1red to perform additional work. 8-
B]ockade prevents this excessive oxygen consumption and reduces cardiac
work.35 The lower cardiac work and oxygen requirement allows the heart to
perform more efficiently during moderate exercise at a lower heart rate.
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A number of g-adrenergic blockers have recently been reported in the
literature. Two previous reviews have covered all but the most current
analogs. 3537 Ring substitution ortho to the oxypropanolamine side chain
by cyclopropyl (SD-2124-01) has led to a nonselective 8-blocker of potency
similar to prindolol and greater than propranolol in dogs. This analog
lacks significant g-sympathomimetic and cardiodepressant activity but is
capable of reversing ouabain-induced cardiac arrhythmias possibly by
facilitating atrio-ventricular conduction.38

Two nitrile-substituted analogs, Ko-1313 and Ko-1366, have been re-
ported3?,“0 as nonselective g-blocking agents which were more potent than
propranolol in dogs and also reversed ouabain-induced cardiac arrhythmias.
However, significant depression of atrio-ventricular conduction was ob-
served at antiarrhythmic dosage levels.

Another analog similar in potency to propranolol is D-69-12. This
agent is active in the guinea pig.*! The compound D563 or 1-3-methoxy-uw-
(1-hydroxy-1-phenylisopropylamino)-propiophenone is a g-blocker in dogs.“?

In addition to practolol, other p-acylamino analogs“3® were shown to
be cardioselective B-blockers and more potent than the parent compound.
Para-allyl and -allyloxy substituted analogs of a]Ereno101 and oxprenolol
have been reported to be cardioselective in cats.*

R, Rs
$D-2124~01 2] tbutyl
Ko~-1313 2-CN isopropyl
OCH, CHOHCH:NHR,

Ko-1366 2-CN t-butyl

' D-69-12 2-C1 t-butyl
practolol 4~NHCOCH , isopropyl
alprenolol 2-CH,CH=CH; isopropyl
oxprenolol 2-0CH,CH=CH_ isopropyl
KL-255 2-Cl, 5-CHs;  t-butyl

g-Adrenergic blockers remain contraindicated in those patients
suffering from some myocardial decompensation or heart failure.*®> In
those cases, g-blockade of normal sympathetic support of heart function
may precipitate cardiac failure. Several studies concerning the cause of
myocardial depression and induction of heart failure have been re-
ported.*6-4% pg-Blockers which possessed significant cardiac depressant
properties may have interfered with calcium transport across membranes of
the mitochondria and sarcoplasmic reticulum in dog heart muscie. This re-
sulted in a depression of the contractile state of the myocardium.
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Nayler“t proposed that agents which have significant g-sympathomimetic
action did not interfere with calcium transport and the contractile state.
They were Tess depressant on the myocardium than g-blockers not having g-
stimulant action. The depressant effect was not related to 8-blocking
potency. At high concentrations, Noack and Greeff“” demonstrated that g-
blockade was not involved in inhibition of calcium transport. Using an in
vitro model, d- and l-alprenolol were equally effective inhibitors of
calcium transport.

After a study of the cardiac depressant action of KL-255, it was
suggested that myocardial depression may be a result of g-blockade of the
basal tone established by endogenously released catecholamines."“8
Catecholamine depletion by guanethidine resulted in a loss of the de-
pression of contractile force normally observed with KL-255. The depres-
sant effects did not appear to he dose-related to local anesthetic action.

Intrinsic g-sympathomimetic activity of some g-blockers did not
appear to prevent the onset of cardiac failure in hearts dependant upon
sympathetic drive. It was suggested that p-blockers with significant g-
sympathomimetic action, such as DCI, might be less 1ikely to precipatate
heart failure. The more depressant propranolol lacks g-sympathomimetic
activity. No difference was aobserved between DCI and propranolol when
introduced during the sympathomimetic-dependant phase of experimental
heart failure in guinea pigs."?

Although g-blockers tend to reduce coronary blood flow, they may not
be harmful to patients with myocardial ischemia. In the dog, propranolol
reduces blood flow to normal but not to ischemic areas of the heart.

Using Rb8 uptake, Xel33 clearance and labelled microsphere distribution
studies, experiments show that propranolol, Tike nitroglycerin, redistri-
butes blood flow into ischemic regions of the heart.10,50-52

Winbury®3 used oxygen tension to reflect increased regional per-
fusion and decreased metabolic requirement of oxygen. The g8-blockers,
bunolol and propranolol, increased oxygen
0CH2 CHOHCH ,NHC (CH 5 )s tension in ischemic areas of the dog endo-

! = cardium. Redistribution of blood flow into
P deeper areas of the endocardium appears to
0 b be a common action of both nitroglycerin
unolol

and at least some g-blockers.

Ciinical Therapy - The variables in clinical evaluation of antianginal
agents are well documented. Unless the drug studied is 100% effective,
judgement of therapeutic efficacy is likely to be mixed with bias or
subject to varied interpretations among investigators. It is common to
see agents effective in some studies but no better than placebo in others.

Variations in dosages studied, as well as duration of action, often
lead to inconsistent results. Isosorbide dinitrate is an active anti-
anginal agent with a duration of action similar to nitroglycerin. Some
reports of ineffectiveness may have been due to the ineffective dosage
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studied or the agent's short duration of action.®%-57 Chronic treatment
with isosorbide dinitrate did not cause a cross tolerance with nitrogly-
cerin to develop.>7?

Nitroglycerin continues to prove useful in angina treatment. Using
reduced ST-depression as a criterion for agent effectiveness in ischemia,
it was shown that nitroglycerin was beneficial while several coronary
vasodilators including chromonar, dipyridamole and hexobendine were in-
effective in long term therapy.58,5°

g~Adrenergic blocking agents continue to show utility in the treat-
ment of angina if administered to carefully selected patients.35,58,60,61
Anginal pain induced by isoproterenol or exercise was prevented or
eliminated upon treatment with propranclol or oxprenolol. Ischemic
changes noted as ST-depressions were reduced by g-blocker therapy. Al-
prenolol, however, was reported ineffective in a separate study.®?

In a trial with patients having myocardial infarction,®3 the cardio-
selective B-blocker practolol showed possible value in the prevention of
arrhythmias associated with severe ischemia while it did not induce
clinical deterioration or failure of the myocardium. Propranolol, how-
ever, did cause deterioration in some patients.

Combination therapy with B-blockers and nitrates has continued.3°,°%
Combined therapeutic effects have reduced the positive inotropic and
chronotropic effects of nitroglycerin and the vasoconstrictive action of
B-blockers. Beneficial synergistic effects upon reduced cardiac work,
oxygen requirements, and improved flow to ischemic areas of the myo-
cardium have been observed. Combinations of alprenolol or propranolol and
isosorbide dinitrate significantly increased work tolerance and delayed
pain and ST-depression in some angina patients. The individual drugs were
less effective. However, in another study, isosorbide dinitrate was in-
effective alone or in combination with propranolol.6> In the same study,
propranoiol induced heart failure in some patients where no clinical
deterioration had been detected earlier.

A small synergism was noted when erythritol tetranitrate was com-
bined with propranolol or alprenolol. It was suggested that further
investigations involving larger numbers of patients are needed to evaluate
the possible significance of combined therapy.®®
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Chapter 8. Antithrombotic Agents

Leonard J. Czuba, Pfizer, Inc., Groton Connecticut 06340

A survey of research on platelet aggregation inhibitorsl was pre-
sented in this series in 1971. A more comprehensive review of agents
affecting thrombosis?2 appeared during the preceding year. The present
report is intended as a continuation of these earlier works and attempts
to summarize the significant recent research on all types of drugs for
the management of thrombonembolic disease. Due to space limitations, im-
portant related research on diagnostic techniques and experimental models
of thrombosis will not be reviewed.

Approaches to Antithrombotic Therapy

As Schor? pointed out, there are three therapeutic approaches to the
treatment of thrombosis: inhibition of platelet aggregation, inhibition
of bleod coagulation, and enhancement of the fibrinolytic process. The
agents involved affect platelet function, or act on the blood coagulation
mechanisms either by inhibiting the formation or enhancing the breakdown
of fibrin. 1In this regard, it is important to differentiate between a
clot and a thrombus.3-5 A clot is a relatively disorganized, dark-red
structure that results from the coagulation of whole blood and is
usually associated with venous circulation. The structural integrity of
the clot is maintained by a fibrin network and the principal event in
clot formation is the activation of fibrinogen to fibrin. It contains
red cells, white cells and platelets in roughly the same proportions as
they occur in whole blood. Thrombi are simpler, more highly organized
structures that occur with varying degrees of complexity,? but the
usual form on the arterial side of the circulation is a white head com-
posed almost entirely of aggregated platelets, to which is attached a
red tail of fibrin containing red cells. The principal events in throm-
bus formation are initial adherence and the propagation of platelet aggre-
gation by ADP resulting from the platelet release reaction.b

A variety of clinical states are associated with thrombosis. The
present discussion is limited to a few of the more prominent thrombo~-
embolic diseases; further information on this subject may be found in
several reviews.3,7-9 The most common clinical states which involve
clot-like, venous thrombi are deep vein thrombosis, particularly as a
postsurgical complication, and pulmonary embolism. Anticoagulants such
as heparin and the coumarins have been known for years to be effective
in the prevention of these types of thrombi and more recent experience
has demonstrated the efficacy of fibrinolytic agents such as streptokin-
ase for their dissolution.3,9 Platelet aggregation inhibitors have only
recently been evaluated clinically in the prevention of venous thrombosis.
These studies are crucial to the resolution of the controversy as to
whether platelets play a vital role in the initiation of venous thrombi.l0
There is persistent histological evidence that indicates venous thrombi
begin as platelet aggregates.ll Myocardial infarction and stroke are



Chap. 8 Antithrombotic Agents Czuba 79

the major clinical manifestations of arterial thrombosis. Anticoagulants
have been found to offer little, if any, benefit to the survivors of
myocardial infarction, and prophylactic treatment with these agents is
overshadowed by the danger of hemorrhage.3 Large scale clinical studies
of the fibrinolytic agent streptokinase in myocardial infarction have
been undertaken in recent years.12 Although a statistically significant
improvement is indicated by these trials, the commitment to further
studies to verify efficacy has been criticized on the basis of the
limited possible benefits of fibrinolysis to the patient due to the
critical time element involved in myocardial infarction. Since tissue
necrosis distal to the coronary occlusion occurs within a few hours, it
has been argued that little is to be gained by restoration of blood

flow after this irreversible damage is done, and that clinical efforts
would be better expended on prophylactic agents.13 The results of
streptokinase trials currently in progress should resolve the controversy
and establish an important precedent in regard to the feasibility of
fibrinolytic therapy in arterial thrombosis. In general, there appears
to be agreement that platelet aggregation inhibitors are the most rational
type of agent for the prophylaxis of arterial thrombosis. Aspirin, the
pyrimido-pyrimidines related to dipyridamole (Persantine) and dextran

are the most notable agents for which anti-platelet activity has been
demonstrated in vivo in man. However, no major clinical trials of
platelet aggregation inhibitors in pathologic states such as myocardial
infarction have been reported. Moreover, selective platelet aggregation
inhibitors that are lacking other major drug effects, such as antiinflam-
matory or hypotensive activity, have not undergone clinical evaluation.
It is this latter class of agents that appears to hold the most promise
for the prevention of arterial thrombosis.

Platelet Aggregation Inhibitors

Prostaglandins and Cyclic AMP - The effects of natural prostaglandins on
platelet function have been studied extensively. As a group, they are gen-
erally inhibitors of ADP-induced platelet aggregation., PGEj is by far
the most potent by at least two orders of magnitude. PGE2 differs in
that it exhibits a biphasic activity; at concentrations less than those
required for inhibition, it potentiates platelet aggregation.1 PGE]
also inhibits clot retraction.l3 This potent effect may be attributed

to inhibition of the platelet release reaction.13 The possible clinical
utility of PGE] has been suggested, although short duration of action
appears to be an important limitation.l® The lethal effect of intraven-
ously administered ADP to rats, which appears to cause death by occlusion
of the cerebral arteries with platelet thrombi, was prevented by PGEj.
Transient thrombocytopenia induced by ADP injection was also inhibited.l7
The growth of a particular type of platelet thrombus formed by electric
stimulation in cortical veins was inhibited by locally administered
PGE1.18 PGE;] is stable and retains platelet activity on incubation with
whole human blood.l4 Recently, a procedure has been developed for stabi-
lizing platelet fractions with PGE] in blood banks. Platelets treated

in this manner exhibited normal hemostatic function following transfusion
in man.19
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Two reports describe analogs more potent than PGEj;. The w-homolog
of PGE] has been shown to be about 4 times more potent than PGE] in the
inhibition of platelet aggregation in vitro.l7 Similarly, an analog of
PGE7 with a trans double bond at the 2-position was found to be 2 1/2
times more potent than PGEj. It is interesting that a number of isomers
of this compound with the double bond at different positions in the side
chains, including natural PGEj, were all much less potent than PGE1.20

Perhaps the most significant event in prostaglandin research during
this past year was the discovery that aspirin inhibits the synthesis
of prostaglandins in a variety of types of cells, and that this effect
may account for many of the familiar actions of aspirin.2l The prosta-
glandins PGE2 and PGF2, are products of the platelet release reaction
induced by thrombin. Although aspirin inhibits the release reaction,
relatively high concentrations of thrombin caused unimpaired release
of platelet constituents in the presence of aspirin without the concomi-
tant release of PGEy and PGF2y. This inhibition of prostaglandin produc-
tion was also demonstrated with platelets from donors dosed with aspirin
1 hour before blood was taken.22 Presumably, inhibition of prostaglandin
synthesis does not contribute substantially to the inhibition of platelet
aggregation by aspirin.

Evidence continues to support the hypothesis that platelet aggrega-
tion and the release reaction are inhibited by raised levels of intracel-
lular cyclic AMP.l The inhibitory effects on platelet function of such
diverse agents as PGE], dipyridamole, the methylxanthines and papaverine
all appear to be mediated by this cyclic nucleotide.23-28

Aspirin - Several non-steroidal anti-inflammatory agents are known to in-
hibit platelet aggregation by preventing the release reaction. Therefore,
aggregation induced by agents such as collagen, epinephrine and low con-
centrations of thrombin is inhibited, but ADP-induced aggregation is not
affected. Among known inhibitors of this kind, which include salicylate,
pyrazole and indoleacetic acid type anti-inflammatory agents, the most
notable are indomethacin and aspirin.l,3 Although reports on the platelet
effects of indomethacin2? and analogs such as "BLR-43"30 continue to ap-
pear, the vast majority of the literature in this area is devoted to
studies of aspirin,

Although aspirin and salicyclic acid exhibit half-lives in man of
only 13 to 19 min. and 3.5 to 4.5 hrs., respectively,3l the effect of
aspirin on platelets in vivo has a duration which approximately parallels
platelet survival time of 2-7 days. The currently accepted hypothesis to
explain this action holds that aspirin irreversibly alters platelet func-
tion by acetylation of a protein component of platelet membrane. A sub-
stantial amount of experimental evidence consistent with this hypothesis
has accumulated.l,32 Although aspirin does not inhibit ADP-induced
aggregation 1ts effect on the release reaction decreases platelet
response and abolishes the "second wave' of aggregation in the presence
of ADP. It appears that another component of aspirin action is an effect
on a plasma cofactor of ADP-induced aggregation.33,34 Evidence has been
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presented that Hageman factor is necessary for platelet-aggregate sta-
bility. In addition, the aggregating platelet surface has been proposed
as a site of Hageman factor activation. Aspirin may inhibit these inter-
actions by blocking the appropriate site on the platelet surface.35,36

The antithrombotic effect of aspirin has been demonstrated in a num-
ber of experimental animal models. The death rate due to pulmonary
thromboembolism induced in mice by infusion of a collagen suspension was
decreased reproducibly by aspirin.37 Aspirin provided significant pro-
tection against the vasoconstrictive effects and mortality of pulmonary
embolism caused by injection of fresh, autologous clots into rabbits38
or dogs.39 Presumably, suppression of the venoconstrictive component of
pulmonary embolism by aspirin was due to the inhibition of serotonin
release from platelets.38 Occlusive thrombus formation induced in iso-
lated arteries of dogs by mechanical or chemical injury was substantially
reduced by aspirin ingestion. In this model dipyridamole had no effect.40
Myocardial necrosis induced in dogs by infusion of epinephrine is believed
to be caused by the formation of platelet thrombi. Both aspirin and
dipyridamole have a significant protective effect against this pheno-
menon.%4l A new microiontophoretic technique has been developed for
quantitating platelet aggregation in vivo. This procedure, was used to
demonstrate that aspirin was several times more effective in the inhibi-
tion of hamster platelet aggregation in vivo than in vitro.#42

A number of clinical trials with aspirin as an antithrombotic agent
were reported during the past year. Some of the studies have involved
venous thrombotic states in which the importance of platelet aggregation
is uncertain at present. The outcome of the studies reported thus far
does not furnish an adequate answer to this important question. 1In
efforts to determine effective dose levels for the prevention of post-
operative deep vein thrombosis, no antithrombotic effect was observed
following the ingestion of as high as 2.4 g of aspirin daily.43 A
comparative study of aspirin, dipyridamole, dextran and warfarin was
carried out in 169 patients undergoing hip reconstructive surgery. The
high rate of occurrence of deep vein thrombosis which accompanies this
type of surgery was significantly reduced by aspirin, dextran and warfarin,
but not by dipyridamole.44 A controlled study of morbidity and mortality
among 430 aged people indicated that aspirin had no effect on thromboem-
bolic disease in this particular group.43 In hemodialysed patients as-
pirin was found to prevent fistula clotting which is characterized by
increased platelet adhesiveness and thrombin production.46 Platelet
consumption associated with thromboembolic complications of prosthetic
heart valves was found to be uniformly prevented by dipyridamole, but
aspirin had little or no effect.4/ Some further examples of clinical
states in which aspirin was found to have significant antithrombotic
effect are spontaneous platelet aggregation as a cause of idiopathic
thrombosis and recurrent painful toes and fingers,48 the retinal-artery
embolism of amaurosis fugax,49 and thrombotic thrombocytopenic purpura.

The present clinical evidence for the antithrombotic effect of as-
pirin is equivocal. Much further study will be required to demonstrate
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efficacy, and once established, any antithrombotic benefit will have to
be sufficient to outweigh the risk of gastric bleeding31,52 on chronic
administration to patients with thromboembolic disease.

Pyrimidopyrimidines - Dipyridamole and two analogs, RA233 and RA433, have
been studied extensively as platelet aggregation inhibitors in vitro and
in various animal models of thrombosis.53,54 The mechanism of action of
these compounds on platelets appears to involve inhibitory effects on glu-
cose metabolism>3732 and cyclic AMP phosphodiesterase. 27

Clinical trials with dipyridamole for the reduction of thromboembo-
lic complications after prosthetic cardiac valve replacement continue to
show encouraging results.47 1In a controlled study of 163 patients, di-
pyridamole (400 mg daily) significantly reduced the frequency of arterial
emboli.?® On the other hand, dipyridamole was found to have no signifi-
cant effect on postoperative deep vein thrombosis .44

New Agents - Reports of new structural types of platelet aggregation in-
hibitors have increased during the past year. The 5,10-dihydro-~3-phenyl~
thiazolo[3,2-b][2,4]benzodiazepine 1 and five phenyl-substituted analogs
inhibited ADP-induced human platelet aggregation in vitro at concentra-
tions near 10~ 5M Intravenous administration of l to rabbits resulted in
inhibition of ADP-induced aggregation in subsequently drawn blood samples,
and an oral dose of 1 in mice caused a significant increase in bleeding
time.57 Compound 2 was the most promising member of a large group of
analogous acridine derivatives that inhibited ADP-induced platelet
aggregation. This agent was active on human platelets in vitro at con-
centrations of 10~ 5M In vivo activity was demonstrated in rabbits.58
Extensive synthetlc manlpulatlon of the ring substituents and the acri-
dine nucleus gave a number of active analogs, but none was found to be
superior to 2. 59 The antithrombotic activity of a new benzo[c][1,6]
aphthyrldlne 3 was described. This compound inhibited ADP-induced ag-
gregation in vitro at concentrations of 10'5§. The effect was not
reversed, but was significantly potentiated by epinephrine. Rat carotid
artery thrombus formation induced by insertion of synthetic tuang was

also inhibited.60 § -
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A comparative study of the inhibitory activity of 4 and 5 on bi-
phasic ADP-induced aggregation of human platelets in vitro has “been des-
cribed. Compound 4 inhibited both phases of aggregation but was most
effective on the second phase. 1In contrast, 5 inhibited only the second
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phase which is associated with the release reaction. Compound 5 was about
400 times as effective as oxyphenbutazone.ﬁl Monodansylcadaverzhe (6),
which is an effective inhibitor of the fibrin cross-linking enzyme fib-
rinoligase, was found to inhibit the second phase of ADP-induced platelet
aggregation. Alkylation of the primary amine function resulted in

analogs that retained platelet activity but fibrinoligase inhibitory acti-
vity was abolished.62
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The aniline derivative 7 was found to be a potent inhibitor of ADP-,
collagen— and thrombin- induced aggregation of human platelets in vitro.
Oral administration of 7 to guinea pigs produced an 1nh1b1tory ‘effect on
platelet aggregability. In vitro concentrations of 7 comparable to in
vivo platelet inhibitory concentrations had no effect on plasma coagula-
tion factors, but higher concentraticns were found to inhibit prothrombin
and partial thromboplastin times.03,64 A close analog of previously
disclosed anricoagulants,2 compound 8, has recently been reported as an
inhibitor of ADP~ and collagen-induced platelet aggregation and clot
retraction. Platelet inhibitory concentrations of 8 did not affect blond
coagulation.65

CHyCHyN(CoHs)

N HAV N
1 12 &

~ OH

It has been shown recently that concentrations of collagen, insuf-
ficient to induce aggregation, potentiate ADP-induced aggregation of
rabbit platelets. The novel tetrahydrothienopyridine derivative 9, which
was described previously as an inhibitor of ADP~induced aggregation,’ in-
hibited this potentiation. This observation was interpreted as evidence
that 9 acts by inhibition of the release reaction.®® Brief mention has
been made of the fact that some derivatives (10) of the novel thiazolo~
(3,2-a)pyrrolo(2,3~d) pyrimidine ring system are highly active inhibitors
of ADP-induced platelet aggregation.67
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Anticoagulants

The physiology and biochemistry of blood coagulation have been the
subjects of several reviews during the past year.68-70 Anticoagulants
interrupt in some manner the complex mechanisms controlling the enzymatic
conversion of a soluble blood protein fibrinogen into insoluble fibrin.
Direct anticoagulants, such as heparin, inhibit the conversion of pro-
thrombin to thrombin and the thrombin-fibrinogen reaction. Because of
efficacy only by parenteral administration, heparin is used intravenously
until oral anticoagulants begin to take effect.9 The orally effective
coumarin and indandione type anticoagulants act indirectly by inhibiting
synthesis in the liver of blood clotting factors of the prothrombin com-
plex. Vitamin K is essential for the synthesis of clotting factors in
the liver, and a deficiency produces an anticoagulant effect similar to
that of the coumarin drugs. The site of action of vitamin K and oral
anticoagulants involves one of the final steps in the production of
clotting factor subsequent to polypeptide chain synthesis on the
ribosomal level. Inquiry into the nature of these steps and the
precursors of the Erothrombin complex is currently an active area of
investigation.71"7

The comprehensive review by Douglas9 provides a recent discussion
of the clinically useful anticoagulants. Recent studies have shown
heparin to be clearly effective in clinical states in which disseminated
intravascular coagulation was indicated to be a pathologic factor.’> The
most commonly employed oral anticoagulants are of the coumarin type such
as warfarin and nicoumalone. The oral anticoagulants appear to be of
value in the prevention of thromboembolic complications after myocardial
infarction.%,76 However, anticoagulation therapy has been found to have
no effect on death-rate in these patients.77 Warfarin has been shown to
be effective in the prevention of postoperative venous thrombosis.%4
The effectiveness of oral anticoagulants in the prevention of thrombo-
embolism from prosthetic heart valves is still open to question. Recent
experience with acenocoumarol and sodium warfarin in heart valve
prostheses indicated a low incidence of thromboembolic complications.78
Patients on oral anticoagulants are at considerable risk because of
possible hemorrhage and the dangerous interactions between these agents
and common drugs such as aspirin and the barbiturates. The complex sub-
ject of drug interactions with coumarin anticoagulants has been extensive-
ly investigated. 79,80
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Reports of new anticoagulants have been relatively rare. A new
structural type found to have anticoagulant activity is the sodium salt of
2,3,5,6-tetrachloro-4-pyridinol. A number of analogs were found to be
active, but less potent.8l Some novel 4-hydroxycoumarin derivatives
related to dicoumarol have been reported to have anticoagulant activity.
The most potent was about half as active as dicoumarol.82 Aromatic
diamidines, which are known potent inhibitors of trypsin, inhibited human
thrombin clotting activity and markedly increased prothrombin and partial
thromboplastin times of human plasma. These compounds are also much more
potent anti-fibrinolytic agents than e-aminocaproic acid.83

Fibrinclytic Agents

A general discussion of fibrinolysis is available in recent
reviews.9,68,84 The oldest and most thoroughly studied fibrinolytic agent
is streptokinase, a protein isolated from hemolytic streptococci. Similar
to human activator, it directly activates plasminogen to plasmin.

Although streptokinase is antigenic and frequently pyrogenic, these
effects have not been sufficiently deleterious to preclude clinical
utility.3’9 Clinical experience with this agent has been gained now in
most types of thromboembolic diseases,85 with generally favorable results
in the treatment of deep vein thrombosis (within 96 hours of onset of
symptoms) and pulmonary embolism.9,85,86 A major effort has been expended
in recent years to investigate the usefulness of streptokinase in myo-

cardial infarction, but results in this area are still open to
question.13,85,87-90

Urokinase is a plasminogen activator prepared from human urine. It
is produced by kidney cells and has been shown to differ from vascular
plasminogen activator in terms of immunologic reaction, enzymatic activ-
ity, and molecular weight.9l Although urokinase does not exhibit the
antigenic side effects associated with streptokinase, development of
this agent has been hindered by the expensive process required for extrac-
tion from urine. However, it appears to have superior therapeutic poten-
tial, and the claim has been made that cost could be reduced sharply if a
large-scale demand were to develop.90 A clinical trial to study the
effects of urokinase on pulmonary embolism is currently in progress under
the auspices of the National Heart and Lung Institute.92 A recent study
has demonstrated the feasibility of evaluating urokinase in myocardial
infarction.93

Several other high molecular weight natural products have been in-
vestigated as fibrinolytic agents.2 Ateroid is a natural mucopolysac-
charide with fibrinolytic activity. The activation of fibrinolytic pro-
cesses with this agent in man has been demonstrated in clinical studies.
In addition, experiments in rats and rabbits have suggested that it may
act by the inhibition of endogenous anti-activators. Recent evidence
indicates one important component of the fibrinolytic action may be due
to neutralization of antiplasmin.94 A relatively non-specific proteoly-
tic enzyme from Aspergillus oryzae, brinase, causes lysis of experimental
thrombi faster than other clinical thrombolytic agents. Reduction of
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serum antiplasmin activity by brinase may account for much of the in vivo
fibrinolytic effect. Fibrinolytic effectiveness and a lack of untoward
side effects has been demonstrated with brinase in a number of clinical
states.95 Arvin and reptilase are enzymes with similar action isolated
from the venom of Malayan pit viper, Agkistrodon rhodostoma, and a South
American snake, Bothrops atrox, respectively. These agents convert
fibrinogen to an abnormal fibrin-like substance, which is more readily
broken down to fibrinopeptides than fibrin and does not form intravascular
clots. For the most part, clinical studies have demonstrated prophylactic
effectiveness, but lysis of venous occlusions has also been claimed with
arvin. Both arvin and reptilase inhibit the second phase of ADP-induced
platelet aggregation.3,96

A compilation of synthetic drug approaches to fibrinolysis has been
provided by Schor.97 A variety of simple synthetic compounds are known
to cause lysis of preformed clots. The majority of these compounds are
antiinflammatory agents and structurally similar organic acids. They do
not effect fibrin directly, but require the presencé of serum proteins for
clot lysis. Current evidence is consistent with a mechanism of action
that involves inhibition of antiactivator or antiplasmin activity; but the
possible direct activation of plasminogen has not been excluded.97,98
This group of compounds also inhibits platelet aggregation with varying
degrees of effectiveness. A comparative study of the fibrinolytic and
platelet inhibitory effects has been carried out to try to optimize both
activities in the design of one highly effective antithrombotic agent.99
Bisobrin (EN-1661) is a bis tetrahydroisoquinoline derivative that has
promising fibrinolytic activity in animals;2’97 extensive structure-
activity studies have been reported recently.lOO A peripheral vasodilator,
bencyclane, has recently been reported to have potent fibrinolytic acti~
vity and to inhibit platelet aggregation.m1
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Chapter 9. Pulmonary and Antiallergy Agents

S. Tozzi, Schering Corporation, Bloomfield, New Jersey

Introduction - In a reversible airway obstructive disease,
such as asthma, respiration is impaired by bronchospasm, vaso-
dilation, excessive mucous and edema. Various theories have
been proposed to explain the etiology and pathogenesis of
asthma. It has been categorized as an immediate type “hyper-
sensitivity" resulting from an antigen-antibody (reagin) reac-
tion with subsequent release of histamine, serotonin, brady-
kinin, slow-reacting substance (SRS-A) and possible other
bronchoconstrictor substances. Since stress and brain le-
sions alter immunological reactivity and since emotlional fac-
tors can exacerbate the clinical situation, the central ner-
vous system and conditioning may play a role in asthma. Vagal
stimulation and cholinergic drugs can induce bronchial con-
striction by excessive parasympathomimetic tone and blockade
by anticholinergic drugs has been useful in the treatment of
asthma. Szentivanyi's® work has led to his theory of "block-
ade of the adrenergic P receptors" in the lungs as a possible
cause of bronchial asthma. He postulates that the asthmatic
has & defect at the B adrenergic receptor site which induces
a state of hyperreactivity. Thlis theory has been questioned
because if asthmatics have en intrinsic P receptor blockade,
they should find no relief with B adrenergic bronchodilstors.,

A new hypothesis about bronchial asthma has been intro-
duced which is supplementary to the classical theories of the
disease. It views the disease as the end result of inter-
action between decreased circulating epinephrine and & patho-
logically altered hyperactive bronchial tree®, Some clinical
data3’4 in bronchial asthma does indicate that there is a de-
crease in circulating epinephrine and this may be secondary
to altered uptake or enzyme activity (COMT and MAO), or de-
creased release of epinephrine from the adrenal medulla., The
decreased release of epinephrine from the adrenal medulla may
involve the hypothalamus thereby linking the central nervous
system with asthma. Drugs commonly used for symptomatic man-
agement act by a variety of mechanisms, Sympathomimetic
agents (isoproterenol) mainly act by stimulating beta adren-
ergic receptors to cause bronchodilation and some (ephedrine
and epinephrine) also stimulate alpha adrenergic receptors to
cause vasoconstriction, The effectiveness of xanthine deriva-
tives (aminophylline, theophylline) is based on their ability
to relax the smooth muscle of the tracheobronchial tree and
reduce edema of the bronchial mucosa. Their bronchodilator
activity may involve the inhibition of lung cyclic AMP phos-
phodiesterase. Corticosteroids act through their ability to
reduce inflammation and edema and alter tissue reactivity to
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allergens. In an antigen-antibody reaction, histamine is re-
leased and while drugs that block histamine are successgful in
treating other allergic disorders, they have been ineffective
in the treatment of asthma, This ineffectiveness could be re-
lated to the inherent ability of antihistamines to constrict
smooth musclesS, Recently, the development of disodium cromo-
glycate has directed attention toward another potentially use-
ful mechanism for the treatment of reversible airway obstruc-
tive disease, Disodium cromoglycate is not & bronchodilator,
antihistamine or antiinflammatory agent., Instead, 1t is
thought to act by blocking the release of allergy mediating
substances such as histemine, and SRS~A resulting from anti-
gen-antibody reaction, The prostaglandins, a serles of natu-
rally occurring hydroxy unsaturated fatty acids, have been re-
ported to possess potent stimulatory or inhidbitory properties
on respiratory smooth muscle and indeed may offer a new class
of drug to the existing group of bronchodilators.

Bronchodilators: Beta Adrenergic Stimulants - The diversity
of actions of catecholamines at B adrenergic receptors led
Lands® to postulate that there are two B receptor populations;
B1 mediating lipolysis and cardiac stimulation, and Bz medi-
ating bronchodilation and vasodilatation. Isoproterenol, a
potent bronchodilator, activates Bp adrenergic receptors but
it slso stimulates Py cardiac adrenergic receptors to cause
tachycardia. Probably as a direct result of the cardiac stim-
ulation, the hypoxaemia of the asthmatic patient could become
worse when the drug is sbused and ventricular fibrillation or
asystole may occur., This cardiac stimulation has been impli-
cated in the recent rise in asthma mortality thus indicating
a need for a drug that has little By activity. In addition,
isoproterenol is a comparatively short acting bronchodilator
because it is rapidly metabolized by the enzyme catechol-O-
methyl transferase (COMT)., Substitution of other groups or
rearrangements of existing groups in the benzene ring have re-
sulted in compounds more resistant to COMT with greater dura-
tion of action, and changes in the side chain have increased
their specificity for Bp, or bronchial, as opposed to the B,
or cardiac, receptors, The clinical, chemical and pharmaco-
logical considerations of the newer B adrenergic stimulants
have recently been reviewed?. Examples of drugs claimed to
have more selective Bz stimulant actions than isoproterenol
are; salbutamol®, terbutaline®, Th 1165al©, hexoprenalinel?,,
clorprenalinel2, +trimethoquinoll3, quinterenol#*, WG 25315
and soterenol:®, Structure activity relationships of sali-
genin analogs of sympathomimetlic catecholamines and the reso-
lution of isomers of the 'most prominent of these analogs, sal-
butamol, have recently been reported*7’18,

Clinically some of these selective adrenergic dbroncho-
dilators have succeeded in demonstrating less cardiovascular
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effects than isoproterenol.

These drugs are effective as

aerosols and unlike isoproterenol, they are also effective

orally.

Salbutamol!® 29 hgs been compared in double blind

studies with isoproterenol®9 38, or metaproterenol32,37°39,
At 0.2 mg, it is equiactive to isoproterenol and has a longer

duration of activity.
bronchodilator activity4©s 4 when given orally (5 mg
an aerosol (0.2 mg).
isoproterenol®® and metaproterenocl44™ 47,

or as
It has been compared to proxyphylline%2
Th 1165a aerosol at

Terbutaline has demonstrated gotent

0.2 mg is four times as potent as its anslogue metaproterenol

and is a relatively safe bronchodilator48™ SO,

Hexoprenallne

is effective as an aerosol (0.4%) or orally (0.5 mg), has a

long duration of activity*25'~53 and allows for the reduction
of corticosteroid reguirementS+4sSS,

Oral doses of trimetho-

quinol (1 mg)S6,57 and quinterenol (0.4 mg)%8® and aerosol
doses of WG 253 (1.5 mg)*S, %® and soterenol (0.225 mg)®0 have
bronchodilator efficacy equivalent to isoproterenol with a

greater duration of activity and less B; stimulation.

Clor-

prenaline has Bz bronchodilator properties in dogsl2 and

rats8:,

Sympathomimetic amines can also inhibit the release
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of pharmacological mediators of the immediate type allergic
reactions®2,63, In a series of test systems including pas-
sive cuteneous anaphylaxis (PCA) and dextran response in the
rat, isoproterenol was at least 1000 times as potent as diso-
dium cromoglycate (DSCG)84, Therefore, B adrenergic stimu-
lants are also potent protective agents against anaphylactic
reactions and should not be considered only agents producing
sympathomimetic relief of bronchospasm in asthma,

Non- Adrenergic Bronchodilators - Several new bronchodilators
have been reported which do not depend on adrenergic stimula-
tion as their mode of action. Piquizil, 4-(6,7-dimethoxy-
quinazolin)- b-piperazine-1-carboxylic acid isobutyl ester, a
new oral bronchodilator, has been shown to be equal in activ-
ity to a combination of theophylline, ephedrine and phenobar-
bital®S, Sch 1000, an atropine derivative, decreases pulmon-
ary resistance in obstructive pulmonary disease when inhaled
as an aerosol (0.025%)52,88, Decloxizine, a dechlorinated
derivative of hydroxyzine, has marked antiserotonin and papa-
verine-like properties and is claimed to be an effective oral
bronchodilator at 50 mg®7-®® , Fenspiride, an alpha adrener-
gic blocking drug, has been claimed to be of value in the
treatment of asthma79-73,

CHa0 X
O,

0
it
N (CH3)2CH-<ZI:>_O-C-CH—CHgOH

Sch 1000

CHa

|
CO2CHoCH{CHa )2
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o
@- (CHz )2- ND<_
/= NH
@CH-N N~ (CH2)20(0H2)20H Fenspiride
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Decloxizine

Prostaglandins - PGEy, and PGEz are effective bronchodilators,
capable of reversing the increased airway resistance and de-
creased airway compliance induced by cholinergic stimulation
in the cat., Administration by aerosol produces the greatest
bronchodilating response with little or no cardiovascular
effects of hypotension and tachycardia. The cardiovascular
effects were most pronounced after intravenous administration.
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PGEz bronchodilator effects were not blocked by bilateral
vagotomy, adrenalectomy, beta adrenergic or ganglionic block-
ade, These agents may represent a new and novel class of po-
tent bronchodilator agents7%,

Phosphodiesterase Inhibitors - Catecholamines increase the
concentration of cyeclic AMP by stimulating the enzyme adenyl
cyclase. Methylxanthines increase the concentration of cy-
clic AMP by interfering with its inactivation by phosphodies-
terase and this is thought to be the biochemical basis for
the bronchodilator action of theophylline.

Bronchodilation
+
Mg + A Mg *+
ATP eccrecccecaca-- > cyeclic 3',5' AMP --c-c-cccmccnona- > 5' AMP
adenyl cyclase phosphodiesterase
~
Stimulated by Inhibited by
catecholamines theophylline

ICI 58 301 (3-acetamido-6-methyl- 8-n-propyl-s-triazolo
[(4,3-a] pyrazine) is a new compound that is a greater inhibi-
tor of phosphodiesterase than theophylline. In animals, ICI
58 301 is far more powerful in preventing bronchospasm than
in acting as a bronchodilator. This activity has been con-
firmed in asthmatic patients?S. Proxyphylline, 7- (2-hydroxy-
propyl) theophylline, administered as a suppository (500 mg)
is effective in enhancing pulmonary function in chronic
asthmatic patients76,

?H
CH2CHCHag NHCOCHg
N |
| |N N _ _~-N
l
NN
CHa (CHz)=2CHa
Proxyphylline ICI 58 301

Disodium Cromoglycate (DSCG) - This compound appears to block
a step in the chain of events triggered by the union of anti-
gen with reaginic antibody which leads to the release of spas-
mogens and other mediators of the antiphylactic reaction?7? and
has been found useful in treating asthma and allergic rhini-
tis, It differs from existing therapy in that it has no sym-
pathomimetic, antiinflammatory or antihistaminic activity.
DSCG is administered by inhalation as a dry powder in a spe-
cial insufflator which permits controlled dosage. In a dose
range of 20-80 mg daily, it has been used in the treatment of
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OCHECHCHa? 0

Na.O;._»C 0 ~ 0 COoNa
Disodium eromoglycate (DSCG)

allergic rhinitis and has been found to be effective by
some?78- 80 gnd ineffective by others®i~83, 1In extrinsic asth-
ma in children, it has been found to be effective by most in-
vestigators®4-®2 and asllows for a decrease in the requirement
of steroids ©2~ ®8 and bronchodilators ®4» 88, DSCG can pre-
vent asthmatic attacks P4> 87, reduce histamine sensitiv-

ity e8s 89 gnd exercise-induced alrway obstructionl©0 in asth-
metics. The only side effect reported has been a pharyngeal
and tracheal irritationt 91,102 gnd although there is no evi-
dence of drug-dependence there may be & loss of efficacy after
some months of usel 93,

Antihistamines - Antihistamines block histamine at the recep-
tor site and are useful in the treatment of urticaria and
rhinitis. Unfortunately, the majority of antihistamines pro-
duce an lncreasing degree of sedation with increased thera-
peutic activity.

Two new antihistamines, meclastinelO4% and azatadinel 03,
have been reported to be clinically effective., Clinical
studies show that azatadine is a potent, long acting anti-
histamine with low sedative l1liability at doses of 1-2 mg twice
daily2 08,207, Azatadine, at 0,009-0.0024 mg/kg p.o., has been
reported to be more potent than cyproheptadine as an antihis-
tamine and antianaphylactic agent in mice and guinea pigs. It
is generally less toxic than cyproheptadine and possesses sig-
nificant anticholinergic and antiserotonin activitylos,

5 @c O- CHa- CHa-[ N ]
NCHa CHa
X
CHga Meclastine
Azatadine

It has long been accepted that histamine is formed by
the enzymatic decarboxylation of histidine., A drug that in-
hibits histidine-decarboxylase would decrease the amount of
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histamine available and thus be of use in the treatment of
allergic disorders. Tritoqualine has been reported to have
non- specific antispasmotic and antilnflammatory activity be-
sides inhibiting histidine-decarboxylase®©®, It has been
shown to be effective in the treatment of hay fever and un-
like most antihistamines, it has no sedative effect?
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Section III - Chemotherapeutic Agents

Editor: Kenneth Butler, Pfizer Inc., Groton, Connecticut

Chapter 10. Antibiotics

Frank C. Sciavolino, Pfizer Inc., Groton, Connecticut

General - A symposium commemorating thirty years of penicillin therapy
was held in May surveyin§ presently active areas of scjentific research
in the penicillin field.l Commercial 6-APA processes, ? chemical re-
lationships between penicillins_ and cephalosporins, mechanism of
action,l¢ bacterial resistance,ld and immunological propertiesl® of
penicillins were discussed, as were current clinical aspects of penicil-
lin therapy.1f The physicochemical properties and biological activities
of clinically significant B-lactam antibiotics were reviewed with parti-
cular commentary on B-lactamases.? A chapter on the chemistry of
cephalosporin antibiotics appeared.3 The Second International Symposium
on Gentamicin brought up to date scientific and clinical information
relating to this antibiotic, placed gentamicin in perspective among
other aminoglycosides and defined areas in which further investigative
efforts are needed.% Structure-activity relationships among chemically
and microbially modified lincomycin antibiotics were reviewed. A
treatise on bacterial resistance to the macrolide antibiotics and linco-
mycins was published.6 The chemistry, biological activity and biosynthe-
8is of the ansamycins werereviewed./ Detailed accounts of totally
synthetic approaches to the tetracycline antibiotics appeared.8 A
monograph on the biochemistry of antimicrobial agents has united signifi-
cant developments in this area and orients readers to major literature
reviews uE to 1971.2 A theory on the formation of antibiotics was
proposed. A symposiumll held in March surveyed recent developments

in many areas of the vast field of antibiotics.

Aminoglycosides - Comparative in vitro evaluations of tobramycin
(nebramycin factor 6) continue to indicate it is two to four times more
active than §entamicin against clinical isolates of Pseudomonas
aeruginosa;1 ~+2 mean MIC values of 0.42 and 3.54 y/ml, respectively,
were reported.12 Conversely, gentamicin proved four times as potent as
tobramycin against isolates of Serratia marcescens;l both antibiotics
demonstrated comparable activity against the majority of other gram-
negative pathogens.1 -

Detailed accounts of the structure elucidations of the gentamicin C
componentsl6'18 and sisomicinl?,20 were published, Chemical syntheses
of 3'-d§8xykanamycin,21 3',4"'~-dideoxykanamycin 822 ang 3',4"-dideoxy-
neamine“” were announced along with preliminary biological data
indicating their in vitro activity against Escherichia coli and Ps.
aeruginosa strains s which inactivate the parent antibiotics by 3'-0-
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phosphorylation. Among new naturally occurring aminoglycosides,
structures were proposed for butirosins24-26 A(la) and B(lb) and livi-
domycins A(Za) »28" 2nd B(2b). 29 The butirosins, which were isolated
from a bacterial fermentation, represent the first reported examples of
aminoglycosides containing an N-acylated-2-deoxystreptamine moiety; an
account of their biological profiles has not been reported. The livi-
domycin structures revealed their chemical immunity to enzymatic
inactivation by 3'-0-phosphorylation, but O-phosphorylative inactivation
of lividomycin A by strains of Ps. aeruginosa has been observed30 and
apparently occurs at a site other than the 3'-position.
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Enzymatic inactivation of gentamﬁsin by cell-free extracts from
clinical isolates of Ps. aeruglnosa and R-factor carrying Klebsiella
Eneumoniae33934 was described. The mechanism of this pseudomonas resis-
tance to gentamicin was established by showing that acetylation occurs on
the 3-amino group of the 2-deoxystreptamine ring.32 All gentamicin C
components and sisomicin were reported to be excellent substrates for the
inactivating enzyme gentamicin acetyltransferase, whereas tobramycin and
kanamycin B proved to be poor substrates. A number of gentamicin-resistant
tobramycin-sensitive clinical isolates of Ps. aeruginosa from various parts
of the world have been studied and claimed to contain gentamicin
acetyltransferase.32 The klebsiella resistance to gentamicin was
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reported to occur via adenylylation and further the presence of an R-
factor which mediates gentamicin resistance in these klebsiella strains
was demonstrated by transfer of this resistance in vitro to E. c011
recipients subsequently designated E. coli JR66/W677 and ML1410 Ri, Ri00: 33,34
A tentative structure for gentam1c1n C; adenylate has been proposed

E. coli JR66/W677 has also been shown to adenylylate 3',4'-dideoxykana-
mycin B36 and the structure of the inactivated product established as
3',4'-dideoxykanamycin B-2'""-adenylate.3’

A report presenting clinical and laboratory evidgnce for the
inactlvatlon o£ gentamicin by carbenicillin appeared. However, chemi-
cal 9 kinetic™’ and clinical®! data was published indicating that although
gentamicin and carbenicillin can mutually inactivate each other, the
reaction requires conditions that are not present in most patients
requiring these agents.

Spectinomycin became available in the U.S. for single dose treatment
of acute gonorrheal infections; clinical studies indicate IM administration
of 2.0 or 4.0 g of spectlngngln results in cure rates of over 90% in
males and 967% in females.

Ansamycins - Rifampicin became available in the U.S. during 1971 for use in
the treatment of tuberculosis. Reviews containing discussions of clinical
flndings zntlmlcrobial activity and pharmacology of rifampicin were pub-
lished.% Thrombocytopenia, apparently arising via an immunological
mechanism, has been reported as a potentially serious side efcht result-
ing from high-dose (1200 mg) twice-weekly rifampicin therapy. The
structure of streptovaricin C w29 £§Vised in accord with results of new
periodate oxidation experiments and X-ray crystallographic studies.
Gross structures for six other naturally occurring streptovaricins were
proposed.50 The antiviral properties of the ansamycins are discussed in
Chapter 12,

B-Lactams - Announcements of the discoveries of four novel naturally
occurring cephalosggrgg C variants highlighted the year's developments in
f-lactam research.”™" The new cephalosporins are uniquely substituted
at positions Cj and/or Cy (cf. Table I) and were isolated from
Streptomyces fermentations. In general, biological profiles suggest 7-
methoxycephalosporins are more active than cephalosporin C against

most gram-negative bacteria, but show poor activity against Ps. aeruginosa;
they are essentially inactive against penicillin-resistant staphylococci.
An elegant tranacylation process for cleaving the aminoadipoyl moiety of
5 with simultaneous introduction of new acyl side chains was reported.
Synthetic routes to 7-methoxycephalosporins and 6-methoxypenicillins
which depart from benzhydryl 7-diazocephalosgoranate and benzyl 6-diazo~
penicillinate, respectively, were described. In related work, 7o~
methyl-7-phenoxyacetamido cephalosporanic acid and methyl 6o-methylbenzyl-
penicillinate were synthesized as close mimics of the D-alanyl-D-alanine
end of acetylmuramylpentapeptide, but were reported to be substantiall¥
less active than the parent compounds against gram-postive organisms.
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TABLE 1
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Cephalexin (KeflexR) has proven to be safe and effective in treating
a variety ogginfections commonly encountered in general practice.58 It
is reported”” that successful therapy of urinary tract infections with
cephaloglycin (KafocinR) must be mainly attributed to the antibacterial
activity of its metabolite desacetylcephaloglycin which is 4-8 times less
active against gram-negative bacilli than cephaloglycin itself. Orally
administered acetoxymethyl and pivaloyloxymethyl esters of cephaloglycin
were reported to be enzymatically cleaved following absorption from the
gastro~intestinal tract and to afforgohigher blood and urine levels than
an equivalent dose of cephaloglycin. Cephapirin (BL-P1322) (7), a
parenteral ceEhalosporin, has antibacterial activity equivalent to
cephalothin.6 -63 1y injection of 1 g of cephapirin sodium gave serum
levels of 7.2-25 y/ml and urine concentrazions of 1-2.5 mgéTl;el an 88%
cure rate was reported for urinary tract®* and respiratory — infections
caused by susceptible organisms. Less pain and phlebitis following i.v.
administration is reported to be the mggor advantage of cephapirin over
cephalothin.61 BL-5217 (8) is claimed to be 20 times more effective than
cephalothin against Streptococcus pyogenes and Diplococcus pneumoniae
infections in mice and 3-4 times more efficacious in an E. coli infection.
Structure-activity relationships among a group of 7—[a-(N,N'—2ubstituted-
amidinothio)-acetamido cephalosporanic acids were described.6
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Among semi-synthetic penicillins, BL-P1597 (9) and BL-P1654 were
reported to be more active than carbenicillin against Pseudomonas,
inhibiting 90% of 150 isolates at 12.5 vy/ml; conversely, carbenicillin was
more active than both compounds against indole~positive proteus.6 Sulfo-
cillin was reported to haye essentially the same in vitro spectrum and
potency as carbenicillin.

2
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Orally administered indanyl carbenicillin (;g) is absorbed and
hydrolyzed in animals and man to provide carbenicillin activity generally
equivalent to parenteral carbenicillin;69 the metabolism of 10 in rats,
dogs and humans was reported. Satisfactory clinical results have been
reported for indanyl carbenicillin therapy ff grinary tract infections
caused by Pseudomonas and Proteus species.7 =7 Results of a multi-center
clinical evaluation of epicillin indicate this orally active ampicillin
congener was generally effective in 84% of 683 patients with respiratory,
gastro-intestinal or soft-tissue infections caused by a variet¥4of
ampicillin-sensitive gram-positive and gram-negative bacteria.

Chemical properties of penicillin polymers derived from ampicillin,
6-APA and benzylpenicillin on standing in aqueous solution were
described.’5 These polymers have been sgown to combine covalently with
protein and to elicit immune responses.7 An enzymatic synthesis of
ampicillin from 6-APA and various phenylglysine esters in the presence of
Kluyvera citrophila KY-3641 was described. Evidence has been published
suggesting that the physiological effects of penicillin on E. coli may be
due to interaction with at least two specific targets, both of which are
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enzymes.78 The application of multiparameter regression analysis
techniques to the design of semisynthetic penicillins was discussed at
length.79 A monograph concerned mainly with chemical reactions and
physiologigal properties of natural and synthetic B-lactams was
published.

Lincomycin/Clindamycin - The clinical efficacy of clindamycin81 and
lincomycin®‘ against infections caused by nonspore-forming anaerobic
bacteria was announced. Clindamycin was reported to inhibit 967 of 257
Bacteroides clinical isolates at 3.1 y/ml or less.83 A quantitative
structure-activity study among lincomycin/clindamycin analogs suggests
that the relative potency of members of these two sets of compounds
depends only on the lipophilic nature of the pyrrolidine ring and not that
of the molecule as a whole.8% Relative enzymatic hydrolysis rates for
different positional and structural esters of lincomycin in dog serum and
simulated intestinal fluid were determined as part of a search for a
lincomycin congener with superior pharmaceutical and kinetic properties;
in vivo activity correlated with hydrolysis rates but no gross differences
in esterase specificity were observed between dog serum and s%gu%7ted
intestinal fluid.8% Microbial transformations of clindamycin™ and
N-demethylclindamycin88 by Streptomyces species, in general, lead to pro-
drug forms of the parent antibiotics.

Macrolides - Stereochemical problems in the macrolide area were reviewed in
depth.89 Structures and interrelationships between the leucomycins,
maridomycins, espinomycins,SF-837 and YL-704 macrolides were summarized. 0
Two reports on syntheses of erythromycylamine indicate the 9-aminoerythro-
mycin con§ener can now be conveniently prepared in kilogram quanti-

ties. 91,92 A series of chalcomycin analogs were described several

of which demonstrated in vitro and in vivo activity against staphylococci
comparable to the parent antibiotic.93 Narbomycin aglycone, narbonolide,
was isolated from a Streptomyces fermentation and its biogenetic relation-
ship to narbomycin and picromycin established.%%

Peptide antibiotics were reviewed with respect to biosynthe51595 and the
relationships between primary structure, conformation and antibacterial
activity.96 The elusive structure of viomycin was further resolved.9’
However, some doubt concerning the peptide sequence remains owing to an
X-ray structure determination on closely related antibiotic tuberactino-
mycin 0.98 The Eslationship between viomycin and capreomycins 1A and 1B
was established. Tuberactinomycin N was reported to be as active as
viomycin against experimental tuberculosis infections in mice and less
ototoxlc than both viomycin and capreomycin in guinea—pigs.loo The
structure o{oEegamycin, a novel broad-spectrum hydrazide antibiotic, was
determined. An improved synthesis of gramicidin S via solid-phase
synthesis and azide cyclization was carried out in 43-51% overall
yield.102

Tetracyclines - The disposition of doxycycline by man, dog and rats was
investigated.lm:lo4 Results in dog and rats indicate doxycycline

passes relatively easily through the intestinal wall and is less
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dependent upon normal renal function for its elimination than other
tetracyclines of lesser lipophilicity; these findings are cited to help
explain the clinical observation that doxycycline unlike other tetra-
cyclines does not accumulate in patients with renal insufficiency.los'lo6
Reports on structure activity relationships among tetracycline antib18§ics
derived by quantum mechanical calculationsl07 and microbial kinetics!

were described. An improved synthesis of minocyclineoéMinocinR) utilizing

9-nitro-6~demethyl-6-deoxytetracycline was reported.
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Chapter 11. Antifungal Agents

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

Reviews - A review of the treatment of mycoses by use of
antibiotics ineluding griseofulvin, nystatin, amphotericin B,
pimaricin, 5-fluoro-cytosine, trichomycin, cycloheximide,
clotrimazole and miconazole, also covers the source of the
antibiotic, chemistry, in vitro effects, clinical dosages,
together with indiceations and side effects.! A recent text,?
while not specifically related to antifungal agents presents
aspects of mycology, of preservation techniques and detailed
descriptions of methods related to diagnosis and culture of
dermatophytes and subcutaneous and deep seated mycoses.

Methods - A new animal model for acute oral candidiasis in
rats may provide an additional system for the preclinical
evaluation of new antifungal agents.® Experimentally induced
blastomycosis and histoplasmosis tend to mimic natural infec-
tions and are susceptible to amphotericin B therapy.4¢ Use of
analogue=-resistant mutants to increase levels of end products,
has been directed towards biosynthesis of pyrrolnitrins.®
Strains were utilized which were resistant to S-fluoro-
tryptophane and 6=-fluoro-tryptophane. These studies suggest
a possible biosynthetic pathway for pyrrolnitrin in which
D-tryptophane and reduced pyrrolnitrin are intermediates;
3-chloroindole appears to be a by=-product since it markedly
inhibits pyrrolnitrin synthesis.S5 The currently used proce-
dure of cutting out antibiotic producing colonies from the
agar in plugs, and placing them onto bioassay plates has been
modified for kasugamycin producing strains. In the "agar
piece method" the colonies are cut out prior to heavy growth,
preventing extensive antibiotic diffusion.®

B~Alanine has been shown to increase the yield of anti-
fungal antibliotic AYF produced by Streptomyces aureofaciens.’
UV light and X-ray generate low-producing mutants as well as
high producing mutants of Streptomyces nigrifaciens, with
reference to antifungal production.® Nystatin has been
successfully used in the selection of amino acid auxotrophs
of Saccharomyces.? Neutron activation analysis for determin-
ation of chlorine has been utilized for an assay of griseo-
fulvin in capsules and in tablet form.1©

Clinical Experience - Intravenous administration of amphoter-
icin B continues to be the major therapy for the treatment of
systemic mycoses, Nebulization of amphotericin B was used to
avoid some aspects of toxicity associated with intravenous
use. Nebulization produced an aerosol with 80-90% of the drug
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particles smaller than 8 microns, a diameter which should be
retained in the peripheral bronchi. The successful treatment
of 4 patients with coccidioidomycosis by this method, without
toxicity, is reported.l! Extracorporeal dialysis has been
successful in extracting amphotericin B after intravenous
admlniatration in dogs, and in 3 patients with acute renal
insufficiency.'? The successful treatment of a case of pri-
mary aspergilloma of the cheek due to Aspergillus flavus with
intravenous amphotericin B has been reported.13 Rapid intra-
venous infusion of amphotericin B has been shown to produce
higher peek serum levels of amphotericin than slow intra-
venous infusion, without greater toxicity.'*

The enhancement of fungal keratitis seen with steroid
anti-inflammatory agents was not observed in experimental
Aspergillus keratitis of the cornea in rabbits when low levels
of dexamethasone were combined with pimaricin. It appears
that this topical combination may be effective and also avoid
the aggravation of fungal keratitis observed with the steroids
alone.!5 ©Pimaricin topically, in combination with the anti-
trichomonal agent metronidazole orally, appears useful in the
elimination of Trichomonas and prevention of the Candida over-
growth which frequently follows antitrichomonal therapy.l®
Topical pimaricin therapy of Candida vaginal infeetions and
mixed Candida and Trichomonas infections yielded satisfactory
results in approximately 80% of 286 women.17

Several additional clinical reports have appeared on the
use of 5-fluorocytosine. The successful therapy of Crypto-
coccus meningoencephalitis when the drug was given at a level
of 6 grams per day for 45 days has been reported. Relapse
occurred after withdrawal of the drug; cultures became posi-
tive and additional therapy was judged unsuccessful., 18
Several other documented relapses while patients are under
therapy with S-fluoro-cytosine for cryptococcal meningitis
have been described, 19 and, in some cases have been attridbuted
to development of resistance during therapy. Oral doses of 2
to 5 grams a day of S5-fluorocytosine have been successful in
reducing urinary counts of Candida in some instances, and have
apparently eliminated urinary candidiasis in other cases,.2°
Serum binding of S-fluorocytosine was calculated to be appro-
ximately 50%; however the fungicidal effect of 5-fluorocyto-
sine on Candide was enhanced in vitro by the addition of serum
to the media., Urine appeared to inhibit the in vitro action
of S-fluorocytosine.?®

Clotrimazole (Bay b 5097) has been the object of addi-
tional clinical and laboratory evaluation. In children with
C. albicans pyelonephritis who were dosed at a level of T70-200
mg/kg?day for 10 to 4o days, good response was noted in all
patients although relapses frequently occurred after the
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cessation of therapy.2! Contrary to initial reports, a recent
study found a number of C. albicans strains which were not
sensitive to obtainable serum levels of clotrimazole.22 Fur-~
ther investigations have shown Candida to be more sensitive
in vitro than Cryptococcus.23 The in vitro activity of
clotrimeazole against Blastomyces, Histoplasma, Sporothrix,
Cryptococcus and Coccidioides was shown to be comparable to
amphoteriecin B, while its activity against Candida and
Aspergillus was less than that of amphotericin B. Against

dermatophytes, clotrimazole head activity comparable to
pyrrolnitrin®? but less than tolnaftate®® and greater than
that of griseofulvin.®4’25 gome in vitro activity against
gram-positive bacteria has also been demonstrated.25 1In
guinea pigs experimentally infected with Trichophyton menta-
rophytes, topical therapy with clotrimazole was less success-
ful than with tolnaftate; oral therapy gave results similar to
that seen with griseofulvin.,®® 1In experimental infections in
mice infected with Aspergillius, Blastomyces or Candida,
therapy with clotrimazole was unsuccessful, however some pro-
tection was obtained in Cryptococcus and Coccidioides infec=
tions at high oral dose regimens.26 A drug induced mechanism
for in vivo drug inactivation has been described.25’2¢

Thiabendazole, at 25 mg/kg/day orally for 1.5-22 months,
appeared successful in 1/3 of 1k patients with chromomycosis.
However, hypersensitivity reactions manifested by elevated
serum bilirubin and transaminase levels developed in several
patients.27

Griseofulvin continues to be the main oral therapy for a
number of dermatophyte infections, and attempts to improve the
speed and degree of absorption of griseofulvin following oral
administration have continued. Dispersions of griseofulvin
in & solid matrix of polyethylene glycol 6000, was demon-
strated to lead to higher serum levels in man than those
obtained with commercial micronized griseofulvin.2® The
vasodilator effect of griseofulvin has been utilized in the
treatment of Raynaud's Phenomenon.29?30 fThe use of dimethyl
sulfoxide as a vehicle for griseofulvin has been shown to
increase the penetration of griseofulvin into the sub=-
keratinous tissue. Topical therapy with griseofulvin in DMSO
was successful in 10 cats with Microsporum canis.3?

Miconazole nitrate, previously shown to be effective in
topical treatment of Trichophyton infections, was effective
when used topically for 1 to 3 weeks as & 2% cream in 44 of 46
cases of Candida vaginitis, but it was without effect in 2
cases of vaginal Torulopsis glabrata,32

New Antifungal Agents - Tetranactin, a new macrotetrolid anti-
biotic similar to nonactin and produced by a strain of Strep-~
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tomyces aureus shows in vitro activity against some ?ungi and
gram-positive bacteria as well as insecticidal activity. The
acute toxicity of tetranactin in mice is low.32 Flavomycoin
is a new polyene antifungal, isolated from Streptomyces
roseoflavus, containing & pentaene system in conjugation with

& Tactone carbonyl group. It has the partial formula, 1.3473°
CH CH CH CH CH
N N XY N N
O= f cH oH CcH  CcH an
(0] CH-CH
~CH— ~ 3
| — CHp ~CH
|
— S OH
-(CHp -CH=)g
{ X
OH
(C13H250) -

Tetramycin is another new polyene antifungal produced by a
variety of Streptomyces noursei; it has an empirical formula
C34Hg3014N and good in vitro activity against a variety of
yeasts and filamentous fungi. The acute intravenous LDgg of
tetramycin in mice is 50 mg/kg.>®

Three new antibiotics related to phleomycin and bleomy-
¢in have been isolated from fermentations of Streptomyces
bikiniengis variety zorbonensis. These products have in vitro
activity against gram-positive and gram-negative bacteria as
well as various fungi. The empirical formulae for the anti-
biotics are: =zorbomycin, CggHiooN2g02452Cu; zorbonomycin B,
CsgHogoN1802482Cu; zorbonomycin C, has not been completely
characterized but also contains Cu.®” A new antibiotie,
2&010, possible related to tunicamycin has activity ageinst a
variety of phytopathogenic fungi, Candida and Saccharomyces.38

Prumycin, has an empirical formula CgH;gNs;05; it is &
new water soluble, basic antiblotic active against some
bacteria and fungi and it is produced by a strain of Strepto-
mzces.39 Tunicamycin is a new antibiotic isolated from Strep-
tomyces lysosuperificus which has activity against animal and
rlant viruses and gram-positive bacteria as well as yeasts and
fungi.4©° Hikizimycin, produced by a new Streptomyces strain
has some antibacterial as well as antifungal activity and
appears to be the first example of an antibiotic with cytosine
and kanosamine as substituents.4! Cladosporin, 2, is & new
antifungal metabolite produced by Cladosporium cladosporioides;
it has modest in vitro activity against a variety of derma-~
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tophytes. OH 0 CHa

2
HO

Amongst a series of semi-synthetic B-lactam compounds,
the cephalosporin derivative, 3, and the penicillin deriva-
tives, 4,5, showed unexpected antifungal activity in vitro;
compound 3 was ineffective, however, in an experimental
systemic Cryptococcus neoformans infection in mice,*3

S
CeHsCHoNHCSCH,CONH
0
3 COoNe.
S -
R'NH __r__T/
L}
o =& "
4 R' = CgHsOCH(CH3)CO3;R"™ = COSK
5 R' = CgH50CH2CO; R" = CHO
4, 5
A series of substituted carbamate esters (6-14), have in vitro
R Ar
6 CHj 2,4,6-tricholorophenyl
T CHg pentachlorophenyl
8 CzHs pentachlorophenyl
9 p-FCgHy pentachlorophenyl
10 HoN pentachlorophenyl
RSO2'<<::>‘ NHCOzAr 11 (CHa)a2N pentachlorophenyl
12 (CHz).N pentachlorophenyl
13 O0(CcH 34N pentachlorophenyl
1k (CH2§5N pentachlorophenyl
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activity against C. albicans and Aspergillus niger. The most
active were 13 and ;E. The corresponding trichlorophenyl
derivatives of 8, 10, 12, 13 were inactive.4#* A series of
griseofulvin analogues, derived from transformation of 5!~
formyl griseofulvin, 15 through g&, have good in vitro acti-
vity against a number of dermatophytes; g& was more active

CH30 0 OCHg R =
15-SCHs, 16=CHp, 17 CN,
0 1B8-NNHCgHs, 19-CH=NN (CHg)a,
CH40 0 20- CH=NOH,
R 21-CHN
cl CHs
22 -CHoN )
25 -CHg

in vitro than griseofulvin., All were without activity in

vivo except 20 which was considerably legs active than griseo-
fulvin against M. canis in guinea pigs. A series of
unsymetrical carbonyl disulfides, RC(O)SSR', were tested in
vitro against Histoplasma capsulatum; the most active were
those where both R and R' were short unbranched alkyl or
unsubstituted phenyl moieties. No meaningful in vivo activity
was observed in the series.*® In a large series of thiosemi-
carbazones and L -substituted thiosemicarbazones made from
heterocyclic aldehydes, 25 through 30, have interesting in_
vitro activity.4”

X Y R
_ 25 N H Ph
L 26 N H 3-FCgHy
H X CH=NNHCSNHR 27 N H m-0,NCgH,
28 W H Ph (CHz)»
| 29 0 CHs Et
b4 30 0 CHs H

Chemical and Physical Studies of Antifungal Agents - The
previous total synthesis of antimycin A; provided a diasterio-
meric mixture, A total synthesis of natural antimycin A, hsas
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now been reported.48 The structures of the autooxidation
products of filipin and lagosin have been shown to be the
corresponding tetraene epoxides 31 and 32.4°2 The polyenes

OH
31 ReH \,/l\é\%
32 R=0H 0

OH

0

OH OH OH OH OH OH

tetrin A and tetrin B have been shown to have structures 33
and 2& respectively.so’s1 The structure of lipoxamycin has

CHa

33 ReH
HO OH 34  R=0H

NHo
been shown to have structure 22.52 Versicolin, an antifungal
antibiotic is 2, 3, 6=trihydroxy-toluene, and this has been
confirmed by synthesis.53
0 0 OH O
CHa Il I | 1
23 on > CH(CH2)2C(CH» )gCCHoCHoN — CCHNH,CHo0H
3

Linear free energy relations, correlating data from more
than 30 structural types of antifungal agents with hydrophobic
and electronic parameters have been formulated. In a number
of these examples, the antifungal activity closely paralleled
antibacterial and hemolytic activity, suggesting that thesge
fungicides may bring about their action by membrane effects.S54
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Biological Studies of Antifungal Agents - The primary site of
action of siccanin on T. mentagrophytes appears to be the
succinate dehydrogenase system of terminal electron transport.
This suggests that siccanin inhibits fungal growth by inhibi-
tion of the respiratory electron transport system.55 The
primary action of pyrrolnitrin against Microsporum gypseum has
been shown to be blockage of the electron transfer between the
flavo protein of NADH dehydrogenase and the cytochrome B of
the respiratory chain.s8 The mode of action of yemenimycin
egainst C. albicans is suggested to be interference with DNA
synthesisg.S7

The polyenic antibiotic dermostatin which possesses in
vitro activity against dermatophytes and Candida has been
re-examined with a view towards its in vitro and in vivo
activity ageinst Cryptococcus, Blagstomyces and Histoplasma in
a variety of test systems. Dermostatin was less active in
vivo than amphotericin B against C. albicans and H. capsulatum
while the activities of the 2 antibiotics were comparable
against C. neoformans and Blastomyces dermatitidis infections
in mice.58

Saramycetin has been shown to retard the clearance of
sulphobromophthalein (BSP) in man. This may be due to inhibi-
tion of the hepatic enzyme which conjugates BSP to reduced
glutathione, or to the anticholeretic activity of saramy-
cetin.5® Amphotericin B has been shown to increase the perme-
ability of frog skin to potassium, chloride and urea.,®© It has
been suggested that the differential activity of griseofulvin
against T. mentagrophytes and Trichophyton rubrum in vitro may
be useful in the differential diagnosis of these two species.6!
JIn vitro studies with Saccharomyces, Candida and several
strains of Cryptococcus have shown synergistic activity with a
combination of amphotericin B and 5-fluorocytosine.82 Natural
resistance of Candida to nystatin and amphotericin B may not
occur; however resistance can be developed in vitro to these
agents as well as candicidin, pimaricin and filipin.83
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Chapter 12. Antiviral Agents

Timothy H. Cronin, Pfizer, Inc., Groton, Connecticut

Introduction - Interest was high in several areas of antiviral research
during the past year. As research continues it becomes clear that
interferon is a complex story and most likely just one facet of a much
larger immunological picture. No new non-polymeric interferon inducing
drugs were discovered. A single human study with tilorone was reported.
The role of RNA directed DNA-polymerase with regard to oncogenic viruses
has been discussedl and a search for inhibitors of this enzyme as poten-
tial antiviral agents has focused on the ansamacrolides. Isoprinosine is
claimed to have a range of antiviral activity in experimental laboratory
infections and uncontrolled human trials claiming efficacy have been
reported from Argentina. A notable advance is the discovery of a drug
for the prevention of Marek's disease in poultry. Several reviews?™® dis-
cussed the state-of-the-art during 1971.

Interferon - Human interferon was shown to have a ljmited but measurable
activity against a number of strains of adenovirus. The absence of inter-
feron8 in serial serum specimens collected prior to and during the incuba-
tion and acute phase of transfusion associated hepatitis may in part be
related to the chronicity of the disease. Human leukocytal interferon has
been utilized in at least two controlled clinical trials. In the first
trial? it was administered to patients with confirmed influenza and found
to rapidly and dramatically reduce the systemic symptoms (headache, dizzi-
ness, malaise) aTS to a lesser degree the respiratory tract symptoms.

The second study - utilized interferon prophylactically and was conducted
with children in Moscow during the "flu" season. There was a 45-607% re-
duction in the incidence of influenza and respiratory infections. Produc-
tion of interferonll in volunteers infected with either partly attenuated
influenza Aj/Leningrad/65 or B/England/62 is greatest in those who develop
most antibody. There was no correlation between amount of interferon pro-
duced and disease severity. The importance of antibody in an untreated
infection has recently been demonstrated.l? Normal mice given a sublethal
dose of vaccinia virus produce interferon and antibody. Mice immuno-
suppressed by cyclophosphamide treatment or whole body X-irradiation do
not produce antibody and exhibit 1007% mortality after vaccinia challenge
even though interferon is still formed. Administration of antibody

causes a marked reduction in mortality. On the other hand immunosuppressed
mice are protectedl3 against lethal vaccinia infection when treated early
enough with the interferon inducers poly I:C or Newcastle disease virus
(NDV).

Other "factors" which resemble or are identical with interferon have
also been identified. A serum protective factor (SPF) has been isolatedl
from mice infected with Langat virus. It was shown that SPF is not an
immunoglobulin, but it is found in the globulin fraction, and it also
differs from interferon in that it does not protect mice under 3 weeks of
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age or neonatally thymectomized mice up to 6 weeks of age against Langat
virus infection. The species specificity of SPF was not examined nor was
its effect against other viruses tested. Poly IC was found to cause the
formation of a colony inhibitor which appeared to be identical to
interferon.l? The interaction of sensitized mouse peritoneal or splenic
leukocytes with L-cells was found to release inteferon,16

An experiment conducted with mouse-monkey hybrid cellsl’ indicated
that there were different genetic sites for the synthesis of interferon
and the protein responsible for the antiviral state. This data is
consistent with recent in vitro experimentsl® conducted with actinomycin
D. 1In these experiments cells were incubated with interferon for different
time intervals, the interferon removed, and the cells incubated with
actinomycin for 3 hours and then challenged with vesicular stomatitis
virus (VSV) and plaques counted. There was no antiviral state produced
when actinomycin was added prior to interferon, but the antiviral state
was achieved and potentiated some 30-fold when actinomycin was added at
4-5 hours and became maximal (100-fold) when actinomycin was added at
5 1/2-6 hours. These data are consistent with the following scheme:

4 hrs. 4 6 hrs

Interferon —> Antiviral Control
Protein ‘(‘/’3335199— Protein
hrs J/
Antiviral
State

Similar experiments have also been carried out using poly IC.19 In

further recent experiments20 a tissue antagonist of interferon was iso-
lated which may be the control protein, because when it was added at 4-6
hours under the same experimental conditions described above, it decreased
by 40 fold the antiviral state induced by interferon. Its activity is
blocked by actinomycin D. The protection against MM virus afforded by NDV,
statalon, endotoxin, pyran copolymer, poly IC or interferon is also
antagonized by estrone.

Interferon Inducers

1) Polynucleotides - Low titres of interferon were seen in 14 out of 20
human subjects given intravenous poly IC in doses up to 4 mg/kg. The chief
clinical feature was a febrile response and there were no abnormalities
reported in any of the clinical parameters studied. Subjects given a
second injection of poly IC gave an interferon response, whereas repeated
daily iniections caused a refractory state,22 Experiments with mice
indicate?3 that the refractory state can be overcome to some degree by
following a strict dosage regimen of either 25 mcg. or 200 mcg. of poly IC
every 12 hours for 6 days. This practice was shown to give sustained
levels (hundreds of units) of interferon. With rabbits,24 it was shown
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that there was no correlation between interferon response and febrile
response to poly IC. In addition, prior administration of indomethacin
markedly reduced the elevation of body temperature but was without effect
on the interferon stimulation by poly IC. In animal protection studies
poly IC at 1 mg/kg either intravenously or intramuscularly25 has been
demonstrated to protect rabbits against up to 625 LDgy of rabies street
virus, and to protect mice against Semliki Forest virus (SFV) infection26
when treatment (100 mg intraperitoneally) was begun as late as 5 days
after infection when high titers of virus were already in the brain. It
did not prevent infection in calves challenged with infectious bovine
rhinotracheitis (IBR) but it did ameliorate the clinical systems of
respiratory illness, when adminis%ered at doses of 1 mg/kg intravenously
and provided complete protection2 from the pneumonic lung lesions of IBR.
An attempted cure of a single infant with herpes type 1 encephalitis
using a dosage of 1 mg/kg of poly IC for 11 days, was discussed.28

Further toxicological studies with poly IC have shown it to have no
adverse effect on HFL-1B cells.? In vivo experiments indicate a depres-
sion of zinc and iron concentrations in the serum of rats and rabbits but
not monkeys;30 in acute and subchronic (42 days) studies using 2 mg/kg/day,
poly IC was well tolerated by rodents but not by dogs;31 in calves it
caused32 CNS depression and respiratory symptoms at doses of 0.1-1.2 mg/kg
intravenously although at these doses very low titers of interferon were
detected in the serum.

Effects of poly IC on viral onco§enesis have been widely studied and
a review on the subject has appeared.3 A recent study34 using a
double-stranded RNA of fungal origin dramatically indicates the types of
responses that are seen in such experiments. Innoculation of mice with
Friend virus results in a progressive increase in spleen size, followed by
eventual rupture and death, Administration of double-stranded RNA prior
to or in the early stages of infection increases the severity of the
disease, whereas treatment with the RNA beginning 5 days after infection
causes a marked reduction in spleen size and a more normal histological
appearance of the spleen. The treated mice remained in remission for the
6 week duration of the experiment. The beginning of treatment at day 5
corresponds to the time of rapid proliferation of cells which cause the
spleens to increase in size.

There have been some interesting probes into the structural require-
ments for activity with double-stranded polynucleotides. Greater in vitro
antiviral activity than 1s found with poly IC can be obtained by the
sequential addition of the single-stranded homopolymer constituents;

e.g. addition of poly I followed at 10 min or even 1 day by poly C causes
enhanced antiviral activity as does the addition of poly C followed at 1
min or 10 min by poly I. 1In vivo the homopolymers must be injected
intravenously within 1 minute of each other to achieve interferon levels
even comparable with poly IC. This may well be a reflection upon the
metabolic stability of single vs double-stranded RNA. Incubation of poly
IC or even the alternating ribonucleotide copolymer poly r (A-U) at 37° in
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Eagles minimal essential medium causes an_enhancement of interferon
inducing activity.36 A systematic study37 of poly IC in which the
molecular weight of only one of the homopolymers was varied at a time
leaving the other component of the duplex intact showed that antiviral
activity and toxicity (mouse LD5(Q) decreased in parallel as the molecular
weight of the variable molecular weight component was decreased. A
convenient method for molecular weight determination of polynucleotides is
also described.3’ A later study with poly C (IP )I confirms these
results.38 Complexes of poly IC and DEAE-dextrah are known to enhance the
potency of the former. It was concluded3? from a study of this effect
using various concentrations of DEAE-dextran that optimal activity was
achieved when the complex aggregates, and that this facilitates uptake

by cells and protects against endonucleases. These same authors showed40
that poly I-poly (l-vinylcytosine) is equivalent to poly IC in inducing
interferon on human skin fibroblasts and postulated that its reduced
charge/mass ratio and tendency to aggregate causes enhanced cellular up-
take leading to activity.

Additional double-stranded RNAs were discovered to be interferon
inducers. The activity of a DNA-RNA hybrid synthesized from single-
stranded DNA of f; phage was demonstrated by complement f%Eation techniques
to be entirely due to contaminanting double~stranded RNA. Other %ctive
double-stranded RNAs were isolated from normal mammalian cells.l‘z’4
Finally, it is claimed that a double-stranded RNA equivalent in potency
to poly IC, could be produced on large scale using a restrictive E. coli
strain and a mutant £ phage.4

Statolon®? administered intranasally protected mice against
influenza, and was shown to produce interferon in the trachea and lungs.
It was non-antigenic, and its protective effect lasted for at least 1 week.

2) Other Polymers - Chlorite oxidized oxyamylose (COAM)46 was found to
protect mice against foot and mouth disease virus but did not protect swine
against the natural infection. In a hog cholera infection COAM provided no
increase in survival time but did delay the onset of disease symptoms. Cir-
culating interferon was not detected in swine treated with COAM. Although
COAM given prophylactically to ﬂ%ce afforded some protection against in-
fluenza A/PR8, it was concluded that it acts by triggering host response
and not via interferon.

Phosphomannans isolated from several species of yeast48 are a new
class of relatively mon-toxic (acute LDg5p) interferon inducers. They cause
formation of lower amounts of interferon in the rabbit than poly IC, but
have similar induction kinetics. The materials retained their activity
after digestion with beef pancreatic ribonuclease, thus ruling out the
presence of RNA,

3) Tilorone - The bulk of the biological studies reported in preliminary
form last year have now been confirmed by others.#9 Additional analogs

possessing activity similar to tilorone were also described.?0 The first
clinical experiments were describedd! this year. This study examined the
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interferon response after administration of tilorone to the eyes of 10
subjects (1 drop of 200 mg/ml solution), and 1.0 g orally to 3 subjects;
no interferon was detected by either route, and it was observed that the
drug was deposited in the corneal epithelium. This deposit required up to
2 months after drug administration for complete disappearance. With the
exception of some gastrointestinal irritation, no other adverse effects
were noted. Tilorone did not induce circulating interferon in the chick,
nor did it afford protection against Avian influenza.?? In this test
statolon was effective but poly IC was not.

Natural Products

Rifampicin when applied as a 107 ointment or 15% cream to the
vaccination sites gof human subjects prevented a positive reaction in about
50% of the cases.’> With the use of the cream formulation a decrease in
immune response was noted in all subjects as measured by seroconversion.
There was no antiviral activity by the oral route. In animal experiments,
oral rifampicin had no effect against herpes simplex, Mengo virus, intra-
nasal 2nfluenza A/PR 8 or against intracerebral vaccinia infections of
mice. However, a significant dose-related reduction of tail lesions
in vaccinia infected mice was demonstrated; the optimum regimen was
250 mg/kg of rifampicin beginning 24 hours prior to infection and
continuing for 4 days.

In vitro studies?d of anti-vaccinia activity have been carried out
with a series of rifamycin derivatives and with their corresponding
aminopiperazine side chains. Several of the side chains per se were
claimed to be more active than the rifamycin. These effects could not
be demonstrated by other workers.9® It was shown by plaque assays and by
morphological changes in cells, that the side-chain of rifampicin had no
effect on the course of virus infection. Several mechanisms of antiviral
action have been proposed »98 for rifamycin derivatives but the greatest
interest centers around the inhibition of RNA-directed DNA polymerase.
Several rifamycin derivatives but not rifampicin itself exhibit greater
than 50% inhibition®> of the RNA-directed DNA polymerase of Moloney
sarcoma virus (MSV) at concentrations of 50-100 mcg/ml.

Rifampicin inhibits®0 focus formation by Rous sarcoma virus in chick
embryo fibroblasts, but it was postulated that this effect was due primar-
ily to the inhibition of cell proliferation that was also seen. A similar
situation was described®l for the l-amino-2,6-dimethyl-benzylpiperazine
derivative of rifamycin which, in addition to totally inhibiting focus
formation and virus replication of MSV, was also found to reduce cell
proliferation by 60%. With a more highly purified sample of drug, however,
there was inhibition of viral replication and cell transformation, but
there was no decrease in cell proliferation.

The streptovaricins, which are also ansamacrolides, appear to elicit
effects similar to the rifamycins. Inhibition of focus formation by MSV
was demonstrated®? with streptovaricins at doses 4 times lower than the
cytotoxic dose. It is speculated that the inhibition of cell transforma-
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tion is due to inhibition of the viral DNA polymerase. Streptovaricin when
administered at a dose of 1.5 g/kg/day in feed to leukemia virus infected
mice, caused a 50% reduction in spleen weight.63 Virus replication in the
spleen was unaffected. Since there was no reduction of spleen weight in
mice with a non-viral transplantable tumor (L1210) strain, it was reasoned
that streptovaricin did not inhibit malignant cell proliferation and there-
fore presumably inhibited a virus specific event in cell transformation
such as the reverse transcriptase.

Some miscellaneous natural products which have exhibited limited
antiviral activity are filipin64 in vitro vs. NDV; fusidin65 in vitro vs.
influenza A/PR 8; melanacidins®6 (from the 3 6-epidithiadiketopiperazine
group) in vivo vs. herpes virus; tunicamyciné in vitro vs NDV; antibiotics
from starfish©d in vitro vs influenza; L—asparaginase69 in vitro and in
vivo (rabbit eye) vs s vaccinia and myxoma; colchicine, demecolcine, vin-
blastine and vincristine?0 in vivo (rabbit eye) vs herpes simplex. A
clinical trial with vitamin C71 in 40 subjects challenged with a cold
virus has been carried out but the results have not been published in the
scientific literature.

Nucleosides - It appears that there 1s increasing use of cytosine arabino-
side in varicella infections in leukemic children. A dramatic improvement
in a disseminated varicella infection in a leukemic patient was achieved?2
with cytosine arabinoside administered daily by the intravenous route at
doses of 100 mg/meter2. Most recently, it was reported73 that best results
are obtained by continuous intravenous infusion at doses of 10-40 mg./
meter?, It was noted that if the patient survives for 48-72 hours there is
a good response to the drug. High doses of cytosine arabinoside (100 mg/kg
intraperitoneally) were demonstrated’4 in a toxicology study to cause
malformation of embryos in pregnant rats.

Reviews on the use of idoxuridine in herpes simplex75 and herpes
hominis’® virus infections have been published.

Isoprinosine (NPT-10381) - It is proposed77 that the anti-influenza activity
of isoprinosine (the p-acetamidobenzoate salt of the 1:3 complex of inosine
and dimethylaminoisopropanol) is due to an alteration of ribosomes such

that they are more selective for host mRNA and less selective for viral
mRNA. Isoprinosine administered to mice 24 hours after infection with
influenza virus provided protection against mortality78 and with sub-

lethal virus innocula it decreased the respiratory morbidity. In
experiments79 with herpes, vaccinia, polio and echovirus there was no
reduction in cytopathic effect but there was a reduction in virus yield.

In vivo experiments’9 indicated a decrease in mortality from herpes corneal
infection in hamsters and a reduction in tail lesions in vaccinia infected
mice. No protection was afforded against encephalomyocarditis in the mouse.

A controlled study80 of the effect of isoprinosine (1 g q.i.d.) in
subjects with viral hepatitis indicated that hepatitis-associated antigen
(HAA) positive patients do not respond to the drug, but HAA negative
patients improved considerably (liver function parameters) relative to
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the placebo group. Isoprinosine (4-6 g/day) was shown8l to be of no value
in the treatment of amyotropic lateral sclerosis. A large uncontrolled
study82 of isoprinosine (40 mg/kg/day in children; 50 mg/kg/day in adults)
in influenza, rhinovirus, mumps and measles was claimed to ameliorate the
systemic symptoms (fever, headache, malaise) and to reduce the time and
intensity of the specific disease symptoms.

Marek's Disease - p-Ureido-p'-aminodiphenylsulfone when administered
continuously in feed at a level of

0.0002% (1) was effective83 in pre-
H,N 503 NHCONH,, venting the mortality and tumor develop-
ment in birds infected with Marek's
1

disease.

Amines - Double-blind trials were conducted with cyclooctylamine hydro-
chloride administered intranasally for 2 days prior to and for 7 days
following nasopharyngeal challenge with 64,000 TC ID5q9 of influenza
Ap/HK. The drug was effective in reducing the severity of the disease
as measured by reduced febrile responses, lower virus recovery and
reduced serum antibody titer.

Structure-activity relationships within the amantadine series have
been discussed.

Miscellaneous Synthetics - Florenal (undisclosed structure) was shown to
have in vitro and in vivo activity against herpes virus. 85  An uncontrolled
clinical trial in a large number of patients claimed85 dramatic results in
the treatment of herpetic keratitis, adenovirus conjunctivitis and
epidemic keratoconjunctivitis. 5-Fluoro-2-(a-hydroxybenzyl)-l-propyl-
benzimidazole was reported86 to be 10 times more potent than the
unfluorinated parent against polio and coxsackie virus in human cell
monolayers. Derivatives of the related benzoxazole and benzothiazole
series are inactive.87 N-Methyl and N-ethyl isatin BR-thiosemicarbazone
were shown38 to directly inactivate the Rous sarcoma virus in vitro.
Methisazone was inactive against chickenpox and infectious mononucleosis
in a controlled clinical trial.89 5-Cyanothiophene-2-aldehyde thiosemi-
carbazone is reported90 to be more active than methisazone. The
L-enantiomer of cytosine arabinoside was inactivedl in vitro vs herpes
virus. The Oy, Op' anhydroderivative of cgtosine arabinoside did have
anti-herpes activity 1in vitro and in vivo. 1 1-(3,5-Dihydroxy-4-nitro-
benzyl)-morpholine was reported92 to be active in the mouse against
encephalomyocarditis.
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Chapter 13. Antineoplastic Agents

C. C. Cheng, Midwest Research Institute, Kansas City, Missouri 64110

Introduction - An account of a conference on the National Cancer Institute
chemotherapy program has been published. Topics included screening, se-
lection of agents for screening, cell kinetics and chemotherapy of cancer,
treatment schedule dependency of experimental antileukemic (L1210) drugs,
laboratory of toxicology, drug development programs of the National Cancer
Institute, clinical trials and combination chemotherapy, and supportive

care in cancer therapy.1

In addition to the subjects which are presented in this review,
other studies beginning to have an impact on the approaches to cancer
chemotherapy include molecular orbital calculations and mathematical cor=-
relations of lipophilic parameters and partition coefficient measurements
of agents of biological importance. Human pituitary growth hormone, prost-
aglandins, cyclic AMP, RNA-dependent DNA polymerase--their function, rela-
tionship, immunological aspects, and influence on other hormones, Poly A:U,
and tumor growth--also show promise.

Alkylating Agents - S-Aziridinyl-z,4-dinitrobenzamide2 (I) has exceptional
activity against the Walker carcinoma. 1Its antitumor activity is reversed
by 4-amino-5-imidazolecarboxamide. Compound 1 is similar to melphalan
(L-sarcolysin) in its effects on DNA and RNA synthesis. An azo compound
2, formed in vivo from two molecules of 1, has been proposed as a possible
active form.

CONH, CONH, CONH,

2L Dl e
NO2 HoN NH,
1 2

Suppression of cell membrane transport plays a role in the resistance
to nitrogen mustard (HN9) by the Yoshida sarcoma cells3. Metabolism of
cyclophosphamide (3a, cytoxan) by rat hepatic microsomes has been report-
ed*. The active metabolite 4 is formed by a three-step enzymatic reaction.

Cl—CHz-CHz\ 0§P/H.x

0
N Cl-CH2-CH2_ || NHp
Cl-CH2-CH2” Y% P -B]
C1l-CHp -CH 0~CHp -CHp -CO2H
3a. X = CHy 2=LH2 2~z =LU2

b, X =CO0

= =
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4-Ketocyclophosphamide (3b) is an inactive metabolite.35 Significant syn-
ergistic action of potassium iodide on the therapeutic effect of 3 was

not confirmed.® Busulfan appears to be the treatment of choice for chron-
ic myelocytic leukemia./»8

5-Azacytidine - 5-Azacytidine inhibits the incorporation of tri-
tiated thymidine or deoxyadenosine into DNA to a greater extent than it
does tritiated uridine into RNA, The inhibition can be nullified by cyti-
dine, or by uridine, but not by deoxycytidine or deoxyuridine, 5-Azacyti-
dine inhibits the S phase (DNA synthesis) of the cell cycle.9 The activi-
ty of uridine kinase in mouse leukemia cells resistant to 5-azauridine is
reduced to ca. 50% of that in the sensitive cells.l0:1l This enzyme is
responsible for the initial phosphorylation step of uridine, cytidine, and
5—azacytidine.9

Cytosine Arabinoside (1-B-D-arabinofuranosylcytosine, ara-C, cytara-
bine) ~ Enzymatic phosphorylation studies confirm that ara-C and its phos=
phorylated derivatives are deoxycytidine antagonists rather than cytidine
antagonists.12 Inhibition of DNA polymerase activity is considered more
significant13 to antineoplastic properties than either blocking the up~-
take of thymidine14 or the inhibition of the conversion of cytidine di-
phosphate to deoxycytidine diphosphate. Ara-C rapidly kills S phase cells,
It affects the passage rate of cells from S to G2 phase more than from G1
to §l5,

Ara-C is effective against acute lymphocytic and myeloblastic leu-
kemia,l® and also in the palliation of advanced epidermoid carcinoma of
the head and neck but duration of therapeutic benefit is brief.l7 Unlike
5-FU and MIX, ara-C does not cause mucositis, Recovery of cellular
colony-forming unit is much faster after ara-C treatment than with BCNU,18
A sensitive test for detecting ara-C in plasma has been developed.l9 The
5'-adamantoate of ara-C has been studied as a depot form of ara-c,20
Many 5'-esters of ara-C possess immunosuppressive and antileukemic acti-
vities,2l The 3-N-oxide derivative retains antileukemic action against
leukemia L-1210,22 but 1-B-L-arabinofuranosylcytosine, the enantiomer of
ara-C, has no antineoplastic action,23,24

5=Fluorouracil and Related Pyrimidines - 5-Fluorouracil (5-FU)
might be more effective in patients with liver metastases when given
orally, due to high drug concentrations in the portal system., Oral
dosage with 5-FU is safe and effective in metastatic colorectal carci-
noma,2> 5-FU enhances the antitumor effect of irradiation in broncho-
genic carcinoma.26 It supports hepatic tyrosine aminotransferase (TAT)
induction by altering in vivo turnover of glucocorticoid-induced TAT .27
Catabolism of 5-FU is delayed by the presence of 5-cyanouraci1.28 5-FU
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in combination with an anticoagulant (warfarin) increases the antitumor
effect .29

2'-Deoxy-5-(trifluoromethyl)uridine (F3TDR) induces remissions in
acute leukemias. Doses of F3TIDR causing leukopenia in patients are not
accompanied by gastrointestinal toxicity.30 Prolonged bone marrow depres-
sion has hampered the good inhibitory activity of F3TDR in patients with
breast and colon cancer.3l 5-Bromo-2'-deoxyuridine is incorporated into
cellular DNA, but inhibits the transcription of only certain genes into
m-RNA , 32

6-Mercaptopurine - 5-Formamide-1-B-ribofuranosylthioimidazole-4-
carboxamide 2',3',5'-triformate, is comparable with 6-mercaptopurine (6-MP)
for the treatment of leukemias,33 It is cross-resistant with 6-MP, Con-
version of 6-MP ribonucleoside to 6-MeMP ribonucleotide has been shown in
L-1210 leukemia cells, adenocarcinoma 755 cells, H., Ep. No. 2 cells and
other systems. 6-MeMP ribonucleotide is responsible for the inhibition of
purine synthesis produced by 6-MP,34 Metabolism of 6-MeMP in Ehrlich as-
cites cells has been studied.3 Breakdown of the active nucleotide form
of the 6-thiopurines by alkaline phosphohydrolase is probably responsible
for the resistance of nucleoplastic cells to these agents.,-

Folic Acid Antagonists - In certain cells folic acid antagonists,
such as methotrexate (MTX), homofolic acid or tetrahydrohomofolic acid,
inhibit the incorporation of the C-8 carbon into 4-aminoimidazole-5-car-
boxamide ribotide. Inhibition of DNA synthesis by MIX and related antag-
onists is not selective, but is balanced by concurrent inhibition of RNA
and/or protein synthesis.37'39 A therapeutic advantage with reduced toxi-
city is achieved by the administration of high doses of MIX, followed by
"rescue" with folinic acid as an antidote, 7,40, Dosage schedules and
toxicological studies of methasquin, a potent inhibitor of dihydrofolate
reductase, were reported.37’42’43 Unlike MTX, this quinazoline compound is
poorly absorbed from the gastrointestinal tract, The N-10 nitrogen atom of
folic acid is biologically significant44 since N-1lO-deazafolic acid has no
antineoplastic activity.45

A study of induction of cytotoxicity by MIX has shown that MIX-
treated lymphocytes added to allogeneic primary cultures of embryo cells
produced a cytotoxic effect; no effect was observed when they were added
to syngeneic cells of primary embryo culture, Normal syngeneic lympho-
cytes when treated with MTX, suppressed tumor cell growth in mice,

MIX inhibits the immune response to insulin, The suppression is re-
versed by folinic acid. 47 vitamin B12 promotes DNA-thymidine synthesis
in C3H mouse cells by raising the level of folate coenzymes.48
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[N,N‘-(giﬁf-Diacetyl)diphenyl]urea Bisguanylhydrazone (DDUG) =~
DDUG (5) inhibits a number of leukemias and some mammary tumors in mice.
Resistance to DDUG is associated with a reduced uptake of the compound,
but the intracellular distribution and drug binding was unchanged,
Strains resistant to DDUG are cross-resistant to 2-chloro-4',4'"-bis(2-
imidazolin-2yl)terephthalanilide, but remain sensitive to methylglyoxal
bis (guanylhydrazone) and vincristine, The sites of inhibitory action of
all four agents are different 49

CH3
H,N-C -NH-N—C-@ _O- N-NH-C- -NH

Hydroxyurea - The cytotoxicity of hydroxyurea was compared in nor-
mal and in rapidly proliferating epidermis;50 deoxyribonucleoside incor-
poration was investigated in alkylated, non-dividing human lymphocytes.5l
The absorption, distribution, and excretion of hydroxyurea in patients
was reported.52 The cytotoxicity of hydroxyurea is due to inhibition of
ribonucleotide reductase in DNA synthesis,

| O"

Hydroxyurea inhibits skin carcinogenesis ;3 activity against non-
resectable cancer of the lung is comparable with that of cyclophospha-
mide,54 It is an effective agent in epidermoid carcinoma of the head,55
However, clinical trials against malignant melanoma3® and acute mye locy~
tic leukemiad’ are discouraging.

Nitrosoureas - 1,3-Bis(2-~chloroethyl)-l-nitrosourea (BCNU), 1-(2~
chloroethyl) -3-cyclohexyl-l-nitrosourea (CCNU) are extremely lipid soluble
and readily cross the blood-brain barrier.?® CCNU is more efficacious
than BCNU against implanted gliomas and leukemia L-1210, Clinically,
BCNU and CCNU are effective in patients with bronchogenic carcinoma, ma-
lignant lymphoma and acute leukemia in children.”? Their most important
use is for the treatment of patients with malignant brain tumors ,’9-62
Because of their lipid solubility and relative nonionic character, nitro-
soureas are distributed widely in plasma, cerebral spinal fluid, brain,
muscle and other tissues. They are readily metabolized; only a small
amount of parent material can be isolated from tissues together with
large amounts of metabolites,02,63 The antineoplastic activity of CCNU
may be due to modification of cellular proteins and to alkylation of
nucleic acids.63 Nitrosoureas act on marrow stem cells, cause a double
fall in the WBC count, and induce a more prolonged reduction in colony-
forming units than does cytosine arabinoside,1l8 Nitrosoureas often cause
delayed bone marrow toxicity, transient hematocrit depression and hemato-
poietic suppression, which may be related to the drug-induced alterations
in the cell cycle.64 This effect may be relieved by a change in dosage
regimen.62 Structural modifications of N-nitrosoureas are reported.65
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"Pseudourea’ - 2,2'-(9,10-Anthrylenedimethylene)bis-(2-thiopseudo-
urea) dihydrochloride (6), has shown activity against mouse leukemia L-1210,
It complexes with DNA and inhibits both DNA synthesis and DNA-dependent
RNA polymerase activity.66 Initial clinical studies revealed undesired
phototoxicity in most patients with metasia%ic cancer .67

f
CHp-S-C-NHjp

Q00 =

6 CH2-S-ﬁ-NH2
NH

5-(3,3-Disubstituted l-triazeno)imidazole-4-carboxamide (7 DIC) -
DIC is used for treating disseminated malignant melanoma;68,5§ it is
reported to have activity against carcinoma of the lung’0,7l and primary
brain tumors,’l However, it is of no use in malignant melanoma in
Uganda.72 Bone marrow depression, vomiting, diarrhea, oral ulceration,
hepatocellular damage, CNS effects, fever, and a delayed flu-like syn-
drome are reported side effects.

DIC is transformed to 9 via 5-diazoimidazole-4-carboxamide (§).73
DIC undergoes stepwise demethylation to 5-aminoimidazole-4-carboxamide
(AIC).74575 The monomethylated intermediate (10)75 or diazomethane?6 may
be the active metabolites of DIC, The imidazole-4-carboxamide 11 (BIC)
is transformed into an ionic product 12 77 in vivo which may explain the
differences in antileukemic action and resistance development of DIC and
BIC.75 Cytotoxicity study78 and preliminary clinical trials’6 of BIC are
reported., The action of 5-diazoimidazole-4-carboxamide (8) was studied
in rabbit platelets; the sulfhydryl group and pyrophosphate structures may
be involved in the mechanism of release of 5-hydroxytryptamine by §.79

Two isomeric compounds of DIC were synthesized. 5-(3,3-Dimethyl-1-
triazeno)pyrazole-4-carboxamide ,(13)is stable toward light and heat; it
has good activity against leukemia L-1210 and less toxicity than 1.80
The isomeric -carboxamide 14 lacks antileukemic activity,.80

R S 7 R = N=N-N(CH3)?2
N 8 R=@m2)t
my N 10 R = N=N-NH(CH3)
g 1l R = N=N-N(CHyCHyClp)
CHp -CH
2 rR=N"¢g | c1 ©

N — N-CH2CHp -C1
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Steroids - Large doses of estrogen inhibit prolactin stimulation of
mammary tumor growth as demonstrated by the effect of estradiol benzoate
to DMBA-induced mammary adenocarcinomas in female rats .81 Estrogen may
be involved in transport of RNA from nucleus to cytoplasm.82 Specific
binding of estradiol within the nucleus is confined to hormone-dependent
tumors .

6a-Methylpregn-4-ene-3,11,20-trione produces favorable responses
against malignant melanoma, carcinoma of the breast and prostate with
only mild toxicity when given orally.84 Hydroxyprogesterone caproate
gave excellent responses in adenocarcinoma of the uterine corpus.85 Pre-
liminary clinical studies with phenesterin in patients with advanced
breast cancer were disappointing.86 A spectrophotometric analysis for
diethylstilbestrol diphosphate has been developed.87 Androsterone defi-
ciency is associated with poor prognosis of lung cancer.88

1-(o-Chlorophenyl) -1- (p~chlorophenyl) -2,2-dichloroethane (o,p'-
DDD) -5 ,p'-DDD produces favorable clinical responses of adrenocortical
carcinoma in man is effective in an adrenal preparation in vitro but not
in the adrenal slice. 0,p'-DDD does not affect base-line steroid produc-

tion when ACTH-induced steroidogenesis is completely blocked, which in-
dicates that o,p'-DDD interferes with the mechanism by which ACTH stimu-

lates steroidogenesis.89

Actinomycin D - Kinetic studies with actinomycin D (act-D) in
transplanted leukemic mice showed that a single dose provided cytotoxic
concentrations for up to 24 hours.90 The characteristics of act-D re-
sistance in L5178Y cells show that alterations in membrane composition
and conformation in the drug-resistant subline accounts for the observed
changes in the permeability of this drug.91 Act-D enhances the toxicity
of morphine by increasing brain permeability.92

Exposure of leukemia P388 to act-D causes respiratory depression,
a decrease in malic and lactic dehydrogenase and an increase in glucose-
6-phosphate dehydrogenase, These effects are similar to those caused by
nitrogen mustard,93 Act-D stimulates isoperoxidase activity at low con-
centration and represses it at higher concentration.? It inhibits the
activity of DNA polymerase.95
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Vitagén A acid causes mucous metaplasia in the skin tumor kerato-
acanthoma. Mucus was not observed after topical application of act-D to
the skin tumor prior to the usage of Vitamin A acid.%7

Adriamycin and Daunorubicin - The structure and absolute stereo-
chemistry of daunorubicin (l5a daunomycin, rubidomycin) were determined.98

0 OH
N 15a. R = CO-CHj
| Ok b. R = CHOH-CHj
Z ¢. R = CO-CH,OH

CH30 9 om g?

Clinical trials of 15a in children with acute lymphoblastic leukemia were
compared and reviewed.?? This antibiotic has some value in children with
advanced disseminated neuroblastoma,100 but may ultimately find its use
in combination chemotherapy.ml:lo2 Daunorubicin is rapidly metabolized
in rats to daunorubicinol (15b), and the aglycones of 15a and 122.103
Compound 15b was isolated from human urine and enzymatic reactions.104
Daunorubicin (15a) and adriamycin (1l5c) complex strongly to DNA, inhibit
mitotic activity, DNA synthesis105:106 and proliferation of Hela cells.
Daunorubicinol is only slightly active in inhibiting DNA synthesis and
cellular proliferation.l06 When the amino sugar of these compounds is
masked or exchanged for g-D-glucosamine, the resulting derivatives lack
biological activity. The ability of these compounds to bind DNA is asso-
ciated with the structure of the amino sugar.lo5 This observation supports
the antileukemic triangulation pharmacophore hypothesis.44

The pharmacokinetics, pharmacology, chemotherapeutic effects, toxi-
city, chromosome aberations and mutagenic potency of adriamycin were re-
ported.105-109 Adriamycin is useful for acute lymphoblastic and chronic
myelogenous leukemias, transitional cell carcinoma, liposarcoma, squamous
cell carcinoma, and adenocarcinoma of the breast. It is less toxic than
daunorubicin. Resistance to daunorubicin is due to changes in the cellu-
lar membrane.ll0 Both antibiotics possess immunosuppressive properties.lll

Bleomycins - Complete structures of the bleomycins have not been
elucidated. Bleomycin A2 is active against the ascites type of Ehrlich
carcinoma and sarcoma 180 in mice, and is clinically useful in the treat-
ment of human epidermoid cancer, squamous cell carcinoma of the head and
neck, lymphosarcoma, Hodgkin's disease, mycosis funoides, Kaposi's sar-
coma, carcinoma of the thyroid, and brain tumors.l112-114 1t exhibits very
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low renal toxicity and rarely causes leukopenia, thrombocytopenia or hema-
topoiesis in patients. Bleomycin A7 frequently causes pulmonary toxicity.
It inhibits DNA synthesis in E. coli, Ehrlich carcinoma and Hela cells,
inhibits ATP-dependent DNA ligase activity, causes DNA strand scission

in vivo and in vitro, and decreases the melting temperature of DNA in the
presence of hydrogen peroxide or sulfhydryl compounds.115’116 It prevents
cells from entering visible mitosis.ll7 The activity of DNA polymerase
from rat ascites hepatoma AH-130 cells is reduced by bleomycin but

in vitro addition of this antibiotic to the DNA polymerase assay system
does not produce noticeable inhibition.118 An increase in the number of
chromosomal aberrations was observed in cancer patients following admin-
istration of the antibiotic.l!l9

The sulfur-containing chromophore (16), which is the '"core" of all
bleomycins, was revealed through x-ray analysis and confirmed by synthe-
sis, 120 Partial structure of bleomycins A, Ao', A5, Ag, Bl and By are
represented by 17. 1In bleomycin Ay, X is 3-aminopropyldimethylsulfonium
halide; in other bleomycins X is a straight chain polyamine.

CO,H . COX
] CHj3 | ”
| N s
/JL CHOH |

H N-CH,-CHy R-CO-NH-CH-CO-NH~-CH9-CH2p

Bleomycin Ay (M.W. ca 1400) contains two sugars (l-glucose and 3-0-
carbamoylznsmannose) and the peptide and amino acids 18-20,121
L =8-cY

NH2 NH2
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Mitomycin C - Human sarcoma cells exposed to mitomycin C stimulated
DNA synthesis in autochthonous lymphocytes, Preexposure of the tumor
cells to autochthonous serum abrogated lymphocyte stimulation.l22 The use
of mitomycin C in combination with cycle-phase specific drugs that may
block cell repair.or with agents having a different mode of action has
been suggested,l23 but preliminary combinations with phenylalanine mustard,
and vincristine in the treatment of osteogenic sarcoma was without much
effect.124
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Camptothecin - An alkaloid from the tree Camptotheca acuminata,
camptothecin (21) exhibits antineoplastic activity against the mouse leu-
kemias, the plasma cell tumor YPC-1, Walker 256 rat carcinosarcoma and has
cytotoxic activity against several cell lines.l125-127 Total synthe-
5is128,129 4nd preliminary structure-activity relationship studiesl30 are
reported., Camptothecin is not cross-
resistant to leukemias made refractory
to the antifols, BCNU, cytosine arabinoside,
6-mercaptopurine, L-asparaginase, or vin-
cristine.l27 The primary effect of this
alkaloid is on DNA synthesis., It also causes
a Gy "lesion" which prevents subsequent mitosis.

The major effect of 21 is to affect cells in S phase and the capacity of
these cells to go through G, phase.127 Inhibition of DNA synthesis in
1-1210 cells by camptothecin is initially reversible, but becomes irrever-
sible when exposure to the drug is prolonged.l3l Camptothecin resistant
L-1210 subline is not characterized by a drug permeability barrier nor by
altered levels of cell surface glycoprotein, which differ from character-
istics of actinomycin D-resistance cell lines.131

Camptothecin inhibits ribosomal RNA synthesis without affecting
transfer RNA or protein synthesis;132:133 the RNA synthesis inhibition
is rapidly reversible upon removal of the drug.133 Initial claims of
clinical activity of camptothecin in gastrointestinal cancerl34,135 have
not yet been confirmed.

Among other antineoplastic agents of plant O
origin, the narcissus alkaloid pseudolycorine (22) HO,
is active against Rauscher leukemia.l36 Taxol, ul| H|
HO

from Taxus brevifolia, is active against a number
of experimental neoplastic systems; its structure
(23) was reported.137 The sesquiterpene lac- CH30 N
tones138,139 and bufadienolides!40 are cytotoxic.
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The factor responsible for cytotoxicity of the sesquiterpene lactones is
the 0=é-¢=CH2 moiety.138 Total synthesis of the tumor-inhibitory apor-
phine alkaloids, thalicarpine~(g&) and hernandaline was accomplished.141

Emetine - As an inhibitor of protein synthesis at the transcription
level, emetine is also active against leukemias L-1210 and P-388, Bl6
melanomas, Ehrlich ascites carcinoma and Yoshida sarcoma. Pharmacologic
studies showed that it effects a sympathetic blockade, antagonizes hyal-
uronidase, inhibits oxydative N-demethylation of aminopyrine and N-ethyl-
morphine as well as the S-demethylation of 6-MP riboside in vitro, 142,143

Preliminary clinical trials indicated that emetine reduced lung
tumor size and purulent bloody vaginal discharge; severe muscle weakness
is the most important dose-limiting toxic effect. Emetine is not myelo-
suppressive and may be useful in patients with poor marrow reserve, 144

Cardiotoxic effects of this alkaloid and its 2-dehydro analog were
noted in rabbit heart. The observed cardiopathy compares with those not
accompanied by vascular symptoms but associated with necroses due to
electrolyte and steroid disturbance.l45 N-Substituted g-emetine deriva-
tives have also been found to inhibit growth of Ehrlich ascites car-
cinoma. 146

Vitamin A Acid - Vitamin A acid is capable of inducing regressions
in a benign as well as malignant epithelial tumor. It has a therapeutic
effect on established skin papillomas and skin carcinomas induced by
7,12-dimethybenz[a Janthracene and croton 0i11.147 1Initial clinical trial
has established the effect of topically applied vitamin A acid on basal
cell carcinomas on the skin in man.

L-Asparaginase - Two L-glutamine antagonists (6-diazo-5-oxo-L-nor-
leucine and azaserine) produce additive antileukemic effects with L-
asparaginase in mouse leukemia L5178y, 149 Rapid development of L-aspar-
aginase resistance was observed. 149 L-Asparaginase from different sources
possesses varied tumor inhibitory properties. The enzyme from Serratia
marcescens is more inhibitive against 6C3HED lymphoma than that from
E. 9213.150 L-Asparaginase has a weak activity in adult acute myelocytic
leukemia; it produces about 50% remissions in adults with acute lympho-
cytic leukemial3l and has some activity in children with advanced leu-
kemia.152’153 It will have to be combined with other drugs if it is to
significantly affect survival of leukemia patients.l54 Acrolein in tobac-
co smokel35 and hormonal antibodiesl56 reduce the therapeutic activity of
L-asparaginase,
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L-Asparaginase is a potent immunosuppressive agent.157'159 This
effect was not decreased by heat treatment or simultaneous administration
of L—asparagine.160 L-Asparaginase from E. coli has a tetrameric struc-
ture with identical units, each possessing a single catalytic site,161,162
Extensive cross-linkage and alterations of substrate specificity can occur
when the enzyme is treated with tetranitromethane,l03 The native enzyme
has 10% a-helices and 457 B-structure; the rest are of the unordered types.
Lyophilization increases the content of R-structure.l64 Production by
tumor cells and the effect of asparagine analogs were studied.l65 Tts
action on mitotic activity during induced hepatocarcinogenesis was re-
ported.166

t~-RNA Methyltransferase - Abnormally high levels of methyltransfer-
ase enzymes and methyltransferase activity were found in neoplastic tis-
sues including virally induced, chemically induced, and spontaneous tu-
mors,167-171 The t-RNAs of many tumors contain highly elevated amounts
of N-methylated, C-methylated, and the 2'-O-methylated nucleosides,l68
t-RNA from solid human tumors with t-RNAs from normal tissues was com-
pared chromatographically.l172 ¢t-RNAs are associated with the regulation
of protein synthesis at the translation level and since alkylating carcin-
ogens were found to alkylate t-RNA in vivo, the aberrancy of methyltrans-
ferase could be involved in the initiation of tumor induction and neo-
plasia.l68 Inhibitors of methyltransferase are postulated to be of poten-
tial value in cancer chemotherapy.168

Ricin - A phytotoxic protein from Ricinus communis is inhibitory
towards protein synthesis in experimental tumor cells. It has a moderate
inhibitory effect on DNA synthesis without affecting RNA synthesis. Its
mode of action is not known, but is not due to impairment of glucose
metabolism nor amino acid uptake in tumor cells.173

Gallium Salts - With a special affinity for malignant tumors,
gallium salts are used as diagnostic tools for detection of neoplastic
bone metabolism and allied neoplastic diseases. 174,175 Gallium bromide,
chloride, citrate, iodide, and nitrate as well as ammonium gallium chlo-
ride have antitumor activity against Walker carcinosarcoma 256 and P-1798
lymphosarcoma. Gallium 5-fluorodrotate is active against leukemia L-1210
in mice.

Autoradiographic studies of gallium-67 salts in rodent tissue show
more than 70% of the 67Ga activity was localized in the cytoplasm. High
concentrations of ©7Ga were observed in the epithelium of renal convoluted
tubules.l76 Four Group III-A elements (aluminum, gallium, indium, and
thallium) had some antitumor activity but only Ga*3 and, to a lesser ex-
tent, In*3 inhibited tumor growth when the tumor was innoculated by a
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route different from that of the salts. The decreasing order of toxicity
was In(NO3)3 R TLCl3 > Ga(NO3)3 > Al1(NO3)3. Some gallium salts may be
useful for treatment of solid tumors in man.l77,178

Platinum Complexes - cis-Diamminedichloroplatinum (25), exhibited
potent antitumor activity against sarcoma 180, Ehrlich ascites carcinoma,
leukemia L-1210, Dunning ascites leukemia, Walker 256 carcinoma, DMBA-
induced mammary carcinoma, and virus-induced reticulum cell sarcoma in
experimental animals.l79,180

These platinum complexes cause a consistent !
inhibition of DNA synthesis in vivo.l8l At very LN
low concentrations, 25 selectively inhibited the Cl""-“NH3 25
incorporation of thymidine-CH3-3H, uridine-5-3H, L-leucine-14C and L-
leucine-3H into mammalian cells. 182 It may undergo sequential trans-
formations with loss of chloride, and the resultant platinum species may
act bifunctionally to crosslink adjacent nuclephilic centers of DNA
through covalent binding.l183

The acute toxic and pathogenic effects of 25 in rats include pro-
nounced effects on many of the rapidly proliferating normal tissues (i.e.,
in the intestines, the marrow, and the renal tubules). 184,185 Hematologic
studies show a decrease in circulating reticulocytes and lymphocytes after
administration of 25, and histologic studies showed striking changes in
thymus and spleen,186 Deafness was noted in preclinic trials.

An aryl congener of 25, cis-dichlorodipyridineplatinum, possessed
actions similar to those of the inorganic species, albeit less potent.l87
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Chapter 14. Antiparasitic Agents
M. Hoffer and A. I. Rachlin, Hoffmann-La Roche Inc., Nutley, N.J. 07110

Introduction - The recent literature contains many citations to parasite-
related diseases and problems pertaining thereto. In a recent paper!
several areas requiring intensified research and the development of new
or improved drugs were identified. In the past year, a single periodical
has carried papers on amebicides,? anthelmintics,3 malaria,*,> amebic and
bacterial dysentery,® intestinal helminths and filariasis,’ trypanosomi-
asis and leishmaniasis,® schistosomiasis,® and immunodiagnosis of para-
sitic diseases.10 Considerable information relating to current treatment
of these afflictions may be found in these papers as well as in a report
called "Drugs for Parasitic Infections".!!

The proceedings of two recent symposia have been published, i.e.,
on methodology for the development, selection and testing of anticoccid-
jal drugsl'2? and on the development of drug resistance in malaria.l3

Evidence is accumulating that natural or acquired immunity to path-
ologic parasite infections is abolished by immunosuppression, particular-
1y by betamethasone, a corticoid.l%~16 Consequently latent parasitic in-
fections may flare up in patients being treated with cortisone or its
derivatives.17-18

Antimalarials

General - Application of an automated method of mass drug testing to anti-
malarial screening has been proposed.l® It has been suggested that CMLR-
1066, a commercial culture medium, is useful for testing susceptibility

to antimalarial drugs.20

Identical dihydrofolate reductase enzymes, isolated from P. berghei
and P. knowlesi, have been found to be sensitive to pyrimethamine. There
is no evidence that inhibition of the enzymes leads to inhibition of DNA
synthesis.?21,22 (Qther dihydrofolic acid reductase inhibitors, cyclogua-
nil, W.R. 38839 (I), trimethoprim, methotrexate and W.R. 40070 (II), the
latter three at higher concentrations, acted in a manner similar to pyri-
methamine. 23 NH,

NH2
CHZ-O\@ ' C/0:©/CH2\€\I
~ 2 S
cv@ HaC i, No N’ENHZ
C1 CH
I II

Adenosine, tritiated in the 8-position, is incorporated into the RNA
and, to a lesser extent, into the DNA of P. berghei. Indications are that
adenosine monophosphate is degraded to adenosine by erythrocytes before it
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can enter the parasite.2u,25

Labeling experiments show that blood cells infected with P. knowlesi
and P. falciparum synthesize coenzyme Q (ubiquinone) from p-hydroxybenzoic
acid and that coenzyme Qg is apparently the dominant coenzyme Q for P.
knowlesi, P. lophurae and P. cynomolgi.26 Consequently the synthesis of

potential reversible inhibitors of the biosynthesis of function of coen-
zyme Qg has been undertaken.?2”

An attempt has been made to quantitate what appear to be qualitative
structure-activity relationships for chloroquine analogs.?8

Resistance to chloroquine and other antiplasmodials - The development of
resistance has caused grave concern.13 Chloroquine halts degradation of
hemoglobin by the malarial parasites which then succumb to amino acid
starvation. Experiments indicate?® that chloroquine resistance develops
by a switch in the trophozoite stage to the normally lacking citric acid
cycle from which amino acids are produced. Alternatives to overcome drug
resistance were reviewed in 196830 and additional suggestions have ap-
peared in the most recent literature.31-3%

The search for new antimalarials - A new cinchona alkaloid synthesis paved
the way to various quinine analogs35 of which the 6'-desmethoxy-7'-chloro-
dihydroquinines were found to be 4 times as potent as natural quinine
against P. berghei in mice. The natural and unnatural antipodes and race-
mic forms of tEe alkaloids showed no appreciable differences in activ-
ity.36 Increased activity was found among some 2'-alkyl- and aryl-quinine
derivatives the most active of which are useless, however, because of pho-
totoxicity.37 Compounds IIla and IIIb are new quinoline antimalarials
comparable to, or superior in activity to chloroquine and primaquine
against P. vinckei (mice) and P. cathemerium (canaries). Significant
cross resistance to chloroquine was found in P. berghei with IIIb but none
with I1Ia.38 The weak antimalarial menoctone30 (naphthoquinone analog of
IVa or IVc) exerted some inhibition of coenzyme Q function. Compounds

H o OCHyR
—CH- a: R=CHj
(CHg) N (CH,) 3-CH N
o CHy o, b: R=0CHs
0CH,

IVa-d were better coenzyme Q inhibitors and compared favorably with men-
octone as antiplasmodials. Hydrogenation of the heterocyclic ring de-
stroyed the activity.26 Compound (Va) and analogs,notably Vb, structur-

0
R1 N a: Rl=cyclohexyloctyl, R2=0H
I b: Rl=n-pentadecyl, R2=0H
R2” N
0 c: R1=0H, R2=cyclohexyloctyl
IV d: R1=0H, R2=n-pentadecyl
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ally reminiscent of coenzyme Q, have significant antiplasmodial activity.
Structural variations have little effect on activity.39 The best of re-

CH30 R
CHS0 N

3 NN o
y N(CHe), b: R=Br

cently prepared side chain analogs of chlorogquine are comparable in ac-
tivity to chloroquine.40,41 Analogs of the coccidiostat benzogquate (VIa)
have been recogn1zed as antimalarials; ICI 56780 (VIb) and ICI 60128

(VIc) supress P. berghei asexual erythrocytic infections in mice at doses
of 1 mg/kg s.c. and both are potent1ated by sulfadoxine.42 ICI 56780 acts
prophylactically against P. berghei in mice and P. cynomolgi in rhesus
monkeys. B-663, an antileprosy and antitubercular drug,“3 has been

0
_ a: R=C H5CH20-
"Cafly T 0Hs b R-CGH 0(CH,),0
N . e 1Y ( 2)2 -
R N c: R=n-CgH,,0

VI

found to be active in ch]oroquine resistant strains of Plasmodium.ut

Novel structure BA-41799 (VII) is active aga1nst P. chabaudil5 and strains
of P. berghei resistant to chloroquine, mepacrine, primaquine, cycloguanil
Cl and diaminodiphenylsulfone (DDS).46 Sulfamono-
methoxine monohydrate (DJ-1550) is reported to

be particularly active against P. falciparum
and P. vivax.*7 New antifolates s and antifolate

combinations have become increasingly impor-

0 H tant as antiplasmodials23,32,34,48,49 and it

is along these 1lines that future progress can

VII be expected.

A caution was recently sounded with respect to the use of DDS which
is partly metabolized to a toxic, methemoglobin-producing hydroxylamine
derivative.50

Nitroimidazoles

The use of nitroimidazoles for the treatment of protozoan and, to
some extent, metazoan infections is becoming increasingly more important.
Furthermore a given member of this class of compounds is frequently ef-
fective against a variety of parasites. The 5-nitroimidazoles have gen-
erally proven to be superior to the 4- and 2-nitroimidazolesS! as anti-
parasitic agents but the latter seem to have better antibacterial pro-
perties.
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N
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Dimetridazole (VIIIa) continues to be used in veterinary medicine
against trichomonas in cows52 and Histomonas meleagridis infections 1in
fowl.53 Metronidazole (VIIIb), the standard drug for Trichomonas

vaginalis and T. foetus 1nfect1ons, has gained some prominence as an in-
testinal and hepatic amebicide,54-56 but more recently attention has been
called to the potential deve]opment of trichomonal resistance.>57 Ronid-
azole (VIIIc)s8 and ipronidazole (VIIId)59-61 are potent histomonastats.
The latter substance is not only more active against H. e]eagr1d1s than .
c]ose]y related nitroimidazoles including dimetridazole,62 but it also has
superior antitrichomonal properties.é63 Compound VIIIe (Ro 7-0207) has
been found to be highly active against Entamaeba histolytica, intestinal
in rats and hepatic in hamsters, and effective against pinworms.é4% Tini-
dazole (VIIIf),65 compared with metronidazole, has been found to be 4-16
times as active against T. vaginalis and T. foetus and about equal against
E. histolytica. It was also found to be active against Eimeria tenella
and H. meleagridis but ineffective toward Trypanosoma brucei, T.
congolense, I. cruzi and P. berghei. 66 Nitrimidazole (VIIIg) has been
tried cTinically as a tr1chomonastat67 68 but it was reported to be in-
ferior to metronidizole.69 Panidazole (VIIIh), when tested clinically as
an amebicide, was found to be effective at doses of 100 mg, 2 times daily
for 4 days.70 MF-nitroimidazole (VIIIi) was reported to be particularly
effective in amebiasis, flunidazole (MK-915) (VIIIj) against T. ag1na]1
and T. foetus and MCA-nitroimidazole (VIIIk) against T. brucei in mice. 71
Clinical efficacy for VIIIi was demonstrated.72 Compound VIII1 was
reported to be equivalent to metronidazole against trichomonas. 73 CL-
64855 (hydrochloride, CL-75805) (VIIIm), previously cited for its anti-
bacterial activity 74 has now been reported to be 7-8 times as potent as
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metronidazole against trichomonas.”3 It has been found to be an effec-
tive intestinal and hepatic amebicide’€é as well as being active against
T. equiperdum in mice at doses of 20-40 mg/kg and against Leishmania
donovani in mice when fed at levels of 0.04% in feed for 7 days.?77 It is,
however, 4 times as toxic as metronidazole.”’S Compound VIIIn has been
reported to be an effective trichomonacide.”’® Clinical efficacy as an
amebicide has been reported for BT-985, a nitroimidazole of undisclosed
structure; amebic hepatitis’? and a case of lupus erythematosus also re-
sponded.80 A second nitroimidazole of undisclosed structure, MK-910, was
also reported to be effective,8! but inferior82? to metronidazole, as an
amebicide.

Coccidiostats

A method of evaluating coccidiostats under simulated field condi-
tions has been reported.83 In addition to the antibiotic monensin,8%,85
the related dianemycin®® and antibiotic X-20687 are reported to be effec-
tive in the control of coccidiosis. The a,a,a-trifluorotoluamides IX are
reported to be active at doses of 0.0065% in feed®® and the piperazine-
substituted dithiosemicarbazones X are claimed in the patent literature®®

on_ R
R, R N/—\
o o, [Rp=N_ N-(CHp)p-NH-CS-NH-N=CR, },

3
IX X
R]_,R2=H, CH3, C2H5

to be coccidiostats. Nitrone XI and analogs are reported to be active
against E. tenella and also H. meleagridis.®? Rofenaid® [Ro 5-0013, sul-

II II
0” ~CH=N-CH
¥

0

CH,OH

2
XI
fadimethoxine + ormetoprim (XII)®! in a ratio of 5:3] is completely effec-
tive against a variety of Eimeria strains at the 0.02% level in feed .92
Another treatment for coccidiosis is the use at 0.0125% in feed of be-

clotiamine (XIII), a derivative of thiamine. This substance has little or
no antithiamine activity in chickens or rats.®3

NH,,
CH o N_-NH
“N“SNH, CHZ-N/’:
50 CHy CH,CH,C1
CH,

CH

XII XIII
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Histomonastats

A comparative study of several established histomonastats including
4-nitrophenylarsonic acid, p-ureidobenzenearsonic acid, 3,5-dinitrosali-
cylic acid-5-nitrofurfurylidene hydrazide9* and dimetridazole was pub-
lished. 53 The 5-nitroimidazoles ronidazoleS8 and ipronidazoles9-61 are
superior new histomonastats.

Antitrypanosomal Agents

The need for new antitrypanosomal agents was pointed out in a joint
report of the FAO and WHO expert committee on African trypanosomiasis.95
It has a]ready been noted that some of the nitroimidazoles are active in
this area, i.e. CL-64855 (VIIIm) against T. equiperdum in mice and L.
donovani in mice68 and MCA- n1tro1m1dazo1e_TVIIIk; against T. brucei in
mice.’! The antimalarials 2,4-diamino-6-(3,4-dichlorobenzyTamino)quin-
azoline and its nitrosamine der1vat1ve CI-679 were found to supress, but
not eradicate, T. cruzi in mice at doses of 60 mg/kg/day and 46 mg/kg/day
for 6 to 8 days_§6 N-diethylamingethyl-5,6-dihydrocarbazole, the best of
a series, has been found to be useful as an additive to donor blood to
prevent the spread of Chagas-Mazza disease.97 5'-0-Sulfamoyladenosine
(XIva), an analog of the antibiotic XIVb is reported to be 100% curative

at single i.p. doses of 2

NH, mg/kg or at 0.1 mg/kg/day
N~ i.p. for 3 days.%8 Try-
k\NI o a: X=H panomycin (A-10091/A), a
H,N-50,-0-CH, | new pigment antibiotic is
0 b: X=F reported to be active

against trypanosomes as
X well as several bacteria.99
X1V
OH OH

Antischistosomal Agents

General - Schistosomiasis and its treatment have recently been re-
viewed.100-102 Moreover, the development of screening tests for potential
drugs and assays for the disease have received considerable attention.

One proposed in vitro screen for schistosomacides uses the cercarial or
schistosomular form of S. mansoni and a fixed concentration of the test
substances.l03 An assay for schistosomiasis uses a fraction of S.

mansoni antigen labeled with radioactive iodine.10% A group of 420 com-
pounds, among them being 27 chemical enzyme inhibitors, 4 antischistoso-
mal drugs and 2 specific inhibitors for trypsin and chymotrypsin, were
tested for schistosome hemoglobin protease inhibitionl05 on the- theory
that ingested host hemoglobin is required for nutrition of the para-
site.106 A comparison of the established schistosomacides mirasan,
lucanthone, niridazole and hycanthone has been published.107 Hycanthone
is still widely used in single i.m. doses of 3 mg despite the unpleasant
side effects, mainly emesis, anorexia and abdominal pain.108 It has been
reported that thiosinamine (allylthiourea) blocks normal egg formation

in S. mansoni by inhibiting the activity of polyphenoloxidase.109
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New Chemotherapeutic Agents - A single 50 mg/kg p.o. dose of MK-3883
(XVa)110-111 cures infected monkeys. Single 5-7.5 mg doses of a metabo-
lite (XVb) are active. Compounds XVI a,b,cl12 of a group of naphtho-

chm a: R=H
0,N N CH,NHCH(CH3) , b: R=OH
H

XV

quinone mono-oximes, and XVII,113 of a group of nitrosophenols, were found
to be particularly active. A recent patent!l* claims antischistosomal ac-

0 NO
Rl a: R=CH3, Rl=H OH
OO b: R=COCH,C1, R1=H
NOR : R=H, Rl=CH,-N N(C,H:)
XVI ¢ 2 ::> YVIT 2fls)2

tivity for the 1,4-diaminonaphthalene derivative XVIIIa and its quinoline
analog XVIIIb. Antimonyl-dimethylcysteino-tartrate (NAP) gave 94% cures

RN=CH-@-CH=NR azR: D

NHCH,N(C,Hs), DF RE YN

WL NHC ,HLN (CoHs) 5

in humans infected with S. mansoni with 5 daily doses of 8% NAP solution,
equivalent to a total dose of 2 g or 290 mg of antimony per person.1l5
SQ-18506 (XIX)!1€ s very active in mice, hamsters,!l7 and rhesus mon-
keys!!® infected with S. mansoni. Attention has been directed to the con-
formational analogy between SQ-18506 and niridazole.119 S-2-([2-(2-Thia-

H o N—
OZN%’C{ZJ_

XIX XX

G : :
NH S“NNHCO(CH,) JNH,(CH,) 2SS04
2

zoylcarbamoyl)ethyl]amino)ethyl acid thiosulfate (XX), its thiol hydro-
chloride and disulfide have been reported to be highly effective against
S. mansoni in mice and monkeys.120 2-(2-Methyl-4-amino-5-pyrimidinylcar-
bamide)-b-nitrothiazole, an antimetabolite of Vitamin B1, is a potent
schistosomacide the activity of which is destroyed, however, by simulta-
neous administration of high doses of vitamin B,.121

Anthelmintics
Three weeks after inoculation of rats with metacercariae, glutamic-

oxaloacetic transaminase appears to be greatly elevated. Since treatment
with various fasciolacidal agents caused normalization of the enzyme
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levels within one week, it was suggested that this observation be used as
a means of evaluating potential drugs for 1iver fluke infestations. The
following substances were found to be active at the indicated levels (mg/
kg): hexachlorophene (50), bithionol (300}, menichlopholan (5), 3,4',5-
tribromosalicylanilide (100), 3'-chloro-4'-(p-chlorophenoxy)-3,5-dibromo-
salicylanilide (300), 5-bromo-3'-chloro-4'-(p-chlorophenoxy)-3-nitrosali-
cylanilide (50), oxyclozanide (XXIa) (300).122 The various salicyl-
anilides, XXIa,l23 rafoxanide (XXIb)124 and niclosamide (XXIc)125 were
evaluated in various clinical and field trials against intestinal worms,
lung worms and liver flukes.

OH Capillariasis in man, caused

CONH by the round worm Capillaria
Rl‘*Ei:T/ \T::E}-RZ philippinensis3? was controlled
better by thiabendazole (XXIIa)
XK1 than by bithionol and bephen-
jum.126 Thiabendazole has been
a: R;=3,5,6-Cl3, Ry=2-0H-3,5-C1, compared with levamisole, the
levo-rotatory form of tetramisole
(XXIII), and parbendazole (XXIVa)

b: Ry=3,5-1,, Rp=3-C1-4-(-0-¢2)-C1) against natural helminthic infec-
tions in sheep.127 Thiabendazole
c: Ry=5-C1, Rp=2-C1-4-NO, has been found useful in treating

infestations of lagochilas-

caris.128 |evamisole was found
to be effective against lung worms in pigs,122 it controlled nematodes in
cattle with 94-99% efficacy against adult worms and 68-81% against lar-
vae,!30 and in angora goats, 8 mg/kg was a safe dose, 16 mg/kg caused fre-
quent drug intoxication and 64 mg/kg was generally fatal.l3! It is useful
in worm infections in horses.132 Parbendazole which is primarily effec-
tive against nematodes, was also found to be active against cestodes!33
and Trichinella spiralis in mice.l3% Mebendazole (XXIVb) is active
against nematodes; it eradicates Enterobius vermicularis to the extent of

R N - N
N a: R-Cqu
\[::I:N> 1 CGng:Nd:;]

H N b: R=NHC02CH(CH3)2

XXTTI
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R N H /T]
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90% with a single dose of 100 mg/kg and is active against Syphacia muris
in rats.135 Carbendazole (XXIIb) is approximately 3 times as effective as
thiabendazole against nematodes. It is also effective at 5-15 mg/kg doses,
p.0., in sheep against Haemonchus, Ostertagia, Trichostrongulus, Cooperia,
Nematodirus, Strongyloides, Chabertia and Oesophagostomum.136-138" Moran-
tel (XXVa), at 6.25 mg/kg, eliminated 96-100% of Nippostrongylus and
Nematospirioides compared with 76-89% efficacy for pyrantel (XXVb) in par-
allel trials.139 The latter compound was 96.7% effective at 5 mg/1b
against Ascarais lumbricoides; it was active against Necator americanus,
inactive against Trichinellal40 but active in single 10 mg/kg doses in
enterobiasis!“! and ascariasis.l*2 2-[2-(4-Hydroxyphenyl)-6-benzimidaz-
0ly1]-6-(1-methyl-4-piperazyl)benzimidazole (Hoechst 33258) is effective
against microfilariae in cotton rats infected with Litomosoides
carinii.l*3 Quaternary ammonium salts of certain paimitoylaminoalkyl-
amides are highly effective against the nematode Penagrellus redivivus.l44
Some 1~carbonyl-3-methyl-2-pyrazoline-4,5-dione-4-aryThydrazones are active
against Trichinella spiralis.1*5 Against microfilarial infections, 2-
ethy1-6-methy1-2,3,4,4a,5,6,7,8-octah¥dro—1H—pyrazino(],2-c)pyrimidine-1-
one seems to be very promising.1%6-1%7 (,0-Dimethyl1-2,2,2-trichloro~1-
hydroxyethylphosphonate, a choline esterase inhibitor, immobilizes the
adult Onchocerca volvulus and consequently is useful in treating oncho-
cerciasis.l48

The antibiotic paromomycin (sulfate) cured 12 of 13 patients infected
with the cestode Hymenolepis nana.149 Cephamycin C (A-11884), an anti-
biotic isolated from Streptomyces limanii is active against Aspicularis
tetraptera, Syphacia obvelata and Ascaris lumbricoides.150
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Section IV - Metabolic Diseases and Endocrine Function

Editor: I. J. Pachter, Bristol Laboratories, Syracuse, New York

Chapter 15. Prostaglandins and Related Compounds

Gordon L. Bundy, The Upjohn Company, Kalamazoo, Michigan

In reviewing a field which is growing as rapidly and in as many di-
rections as prostaglandins, one must either limit the scope of the review
or make it so long as to be unwieldy. In keeping with the former choice,
this review will emphasize chemical developments in the prostaglandin area
in 1971 (since the last review in this series®). A recent general review
of prostaglandins is availablez, as well as comprehensive reviews of their
chemistry®, biochemistry*, and pharmacology>:®. Vergroesen, et al? have
summarized recent progress in clinical applications of prostaglandins
while other reviews have focused on the relationship of prostaglandins
with human reproduction®™® and fertility control*®
I. Syntheses of natural prostaglandins - J. Fried and his associates®®
recently described a new synthesis of prostaglandins which utilizes metal-
alkyl epoxide openings for the introduction of both side chains. Using
diallyl copper lithium, epoxide 1'° was converted in high yield to 2,
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which via the L-step process indicated above afforded diol epoxide 3. An
important feature of Fried's synthesic is the regiospecific opening of
epoxide 3 with dimethyl (S)-(-)-3-tert-butyloxy-l-octynylalane'® leading
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to a pair of diastereomers L4 in 65% yield (no attack at C-11). This
regiospecificity is made possible by complexation of the alane with the
ethanol side chain of 3 followed by ilnternal delivery of the reagent to
C-12. Chromatographic separation of 5 from the corresponding l5-epi-
enantiomeric compound completed the resolution. Exclusive of the prepara-
tion and resolution of the optically active alane reagent, Fried's route
affords PGF-C (1) in 3% overall yield from 1l and is stereo- and regio-
specific throughout.

The discovery by Upjohn researchers®®?% that natural [i.e. 15(S)]
PGA>, PGEz and esterified derivatives are found in the gorgonian coral,
Plexaura homomells (from various locations in the Caribbean area) has led
to a short, efficlent partial synthesis of PGE, and PGF-0'3;15.15(S)-PGAs,
acetate, methyl ester (Avl.S% of the frozen wet welght of coral) was con-

0

1. Ho0p, OH™ -
B — e 2V2 s N "N C0-H
COZCHS 5, Al( Hg) N 02
\“4>\g/\\¢/\\// 3. hydrolysis ¥ ¥
Ohe OH CH
8 9

verted to an epimeric mixture of Q,P-epoxyketones, reduced with aluminum
amalgam, and following chromatographic separation of C-11 epimers, the
PGEy, 15-acetate, methyl ester was hydrolyzed enzymatically, thereby af-
fording crystalline PGEx (9) in 50% overall yield from 8. Reduction of 9
gave pure PGF=0 in varying yield depending on the reducing agent. This
represents improvement in both number of steps and overall yileld over a
similar process reported earlier'® which utilized coral-derived prosta-
glandins with 15(R) configuration.

E. J. Corey has recently outlined a number of modifications of his
16-step synthetic route reported earlier”. Corey and his associates

found that thallous cyclopentadienide 10 offered several advantages over

1. XCH-OR ROCHz
€ o, Cl cu
— O zane,
Ko 3. KOH .
T1550, 10 11

the commonly used alksll metal salts in the initial alkylation of cyclo-
pentadiene®®. Using this modification (and with X=Br, R=CHsz above), 1l
(R=CHs) was isolated in 55% yield from cyclopentadiene. The use of a
benzyl ether (;;, R=CH2¢)19 instead of a methyl ether offered an advan-
tage for scale-up since its eventual removal by catalytic hydrogenation
was experimentally simpler than the boron tribromide step required with
the methyl ether®’. Corey also found that reduction of 12 (R=p-phenyl-
benzoyl) with hydride reagent 15 gave a better ratio of 15a/15ﬁ reduction
products than a large number of alternatives (different R, different hy-
drides)?®. 1In addition to promoting a good 150/15B ratio the p-
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phenylbenzoyl group gave crystalline, easily separable reduction products
(13,1L).

Hydride reagent 15 and lithium perhydroborophenalyl hydride®©,=*
were both found to be effectlve for the stereospecific reduction of the
PGE prostaglandins to the PGRx series®l. Use of these reagents cbviates
the necessity of an PGFu/PGFB chromatographic separation. Improvement in
the selectivity of hydrogenation of the PG to the PG series®! resulted
from the use of hindered silyl ethers (at C-11 and C-15 in PGE») which
render the C-13,14 double bond even less accessible than trimethylsilyl or
tetrahydropyranyl ethers®2.

Ferdinandi and Just®3 reported the synthesis of d1-PGE, methyl ester
and the corresponding 5,6-dehydro compound via a bismesylate solvolysis24
route. The key step, the rearrangement of a cyclopropyl carbinyl system,
was investigated in detail.

Miyano and his coworkers®®:2® nave elaborated on their earlier syn-
thetic route®?, starting with 3-oxo-undecan-1,1l-dioic acid and styryl-
glyoxal and have made d1-PGEi, dl-PGF10 and g;;lB,lh—dihydro—PGEl by this
approach. While thls route 1s fairly direct, it does require a number of
complex separations of isomers.

TaubZ5:28 has reported several improvements in the Merck prosta-
glandin syn’ches:i.sz9 which allowed higher yields, a savings of several
steps and incorporated a resoclution procedure.

II. Syntheses of structurally modified prostaglandins - In the course of
synthesizing prostaglandin analogs with a six-membered ring in place of
the usual five-membered ring, N.S. Crossley>° developed a new synthetic
approach which is outlined below. Reduction of readily available3! di-
ketone 16 gave a mixture of products from which 17 crystallized in 24%
yield. Conversion of the latter to crystalline aldehyde 20 was performed
as indicated. (Epoxide 18 is the major product of an epimeric pair.)
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The remaining steps paralleled very closely those of the Corey synthesis®”
and finally afforded 22 and 23 which were "...less potent than the natursl

prostaglandins...in several biclogical assays.

A new naturally occurringzprostaglandin isomer, 5-trans-PGAp 2k, was
isolated by Upjohn chemists® from the gorgonian Plexaurs homomalla.
The trans isomer content usually ranged between 5 and 15% of the PGAo

9 CO=H P
NN BO2 NN~ COH e A AL02H
\ A~ O\/\/\/\/
OH : b o
2k 26

present. Using chemical transformations described earlier'® *® 5-trans-
PGAz was converted into 5-trans-PGEs _2?3 (m.p. T6~77°) &nd 5~ trans-PGF=0
26 (m.p. 95-96°).

J. Fried®* has reported the synthesis of (+)-T-oxa-PGFi and (+)-T7-
oxa-15-epi-PGF; and their enantiocmers by a general route described ear-
lier™. Of these four isomers, only T-oxa-PGF;0 itself, in which all
chiral centers possess the absolute configuration of naturasl prosta-
glandins, exhibits typical prostaglandin activity, while the others are
either inactive or act as antagonlsts. Also only T-oxa-PGF,C was & sub-
gtrate for prostaglandin lS—dehydrogenasess while the other three lsomers
were competitive inhibltors of this enzyme.

Another recently dilsclosed l5-dehydrogenase inhibitor is the thia-
alkyne _1 This competitive inhibitor exhibits a Ky=5.5 umolar, whille
the corresponding oxa-analog 28 is a non-competitive inhibitor with 50%
inhibition at 200-400 umolar.

H
X { CO=H
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The bicyclo[2.2.1]heptene derivative 29, prepared via a Diels-Alder
reaction by Samuelsson and Corey>®, is a selective inhibitor of the bio-
synthesis of PGE; (but not PGF,) from 8,11,1h-eicosatrienoic acid. This
derivative bears obvious resemblance to the endoperoxide 30, a proposed
intermediate in prostaglandin E, and F,0 biosynthesis37.

Microbial transformations of dione 31, yielding 15-ep1-A8(12)-PGE1
(Qg), were described by Miyano and coworkers®®. Flavcbacterium sp. NRRL-
B-3874 reduced the (-) form of (+)-31 yielding (-)-32 (30%), while
Pseudomonas sp. NRRL-B-3875 reduced the (+) form of the racemate stereo-
selectively producing (+)-32. The enantiomorph not used up in each re-
duction was optically active and could be separated chromatographically.
In neither case was the corresponding l5-epimer formed.

0
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HO
31, R=0; 32, R=P-OH 33

A number of analogs have been reported which were made by modifica-
tions of the Corey routel”. Using the optically active Wittig reagent 33
(available in 7 steps from (S)-malic acid), Corey's group®® prepared PGEz
and PGFsQ, identical with the same compounds of natural origin. 1l-Deoxy
prostaglandins have been synthesized by two groups. E. J. Corey*® gener-
ated aldehyde 35 utilizing a modification of a thallium nitrate ring con-
traction reaction?® (34—35), and converted 35 by the usuall” procedure to
1l-deoxy-PGEs and ll-deoxy-PGFo0t. Crabbé and Guzmdn*® dehydrated Corey's
iodchydrin jé to 37, then by hydrogenation and oxidatlon obtained the same

éi 0
9’:} POCla or /} &
i MsCl 3> steps 5
I == 2
B ‘x/o‘\¢/¢ O\\//¢
o 36 31

aldehyde 35. Corey and Grieco*® accomplished the conversion of zéf*il
using simply methanesulfonyl chloride and pyridine and then transformed
37 further without reducing the double bond, thereby affording a direct
synthetic route to PGA's (i.e. avoiding the necessity of dehydrating
PGE's). The biological activity of ll-deoxy-PGE; was reported several
years ago4.

Crabbe and his coworkers*> have synthesized analogs with an allenyl
molety in place of the 5,6-double bond (e.g. &l) as indicated below. The
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key step (39— l+_C_)) involved a reductive process followed by elimination
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and rearrangement. Several additional classes of analogs were made by
Crabbé®® involving modifications of the flve-membered ring. These include
9,11-bisdeoxy-PG's (e.g. 43), 100-hydroxy-PG's (e.g. 46) and the acid
labile derivative 49, prepared as indicated below:
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No biological data were disclosed for these analogs.

Upjohn chemists!3) %€ recently disclosed an improved synthesis of 15-
methyl-PGEs methyl ester. 15-Methyl-PGFoQ methyl ester'® was converted to
the C-11 mono-trimethylsilyl derivative, which on Collins oxidation and
subsequent removal of the silyl group afforded 15-methyl-PGE; methyl ester
in about 45% yield. Karim*? has found that 1l5-methyl-PGE> methyl ester is
at least 100 times more active than PGE; as a uterine stimulant in humans
and 1ts effects last at least three times as long as PGEs.
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Corey4® has reported a fairly efficient method for effecting inver-
sion of configuration at C-11, thus making possible the synthesis of 11-
epi-prostaglandins.

/O /o 0
‘ 1.0sCl §
g 2-Bugl'OR™ Q\/o\/ﬁ Lo _#
22

Treatment of the tosylate of 50 with tetrabutylammonlum formate gave a 3:1
mixture of 51 (R=CHO) and 52. With acetate instead of formate, the ratio
was 1.2:1 and with oxalate, only 52 was formed.

Merck chemists*® reported the structures of several by-products
formed in transformations of PGE,. Hydrogenation of PGE; with 10% Pd/C
in ethyl acetate gave, in addition to the expected 13,lh4-dihydro-PGE,
(53), about 15% of the diketone 54. Formation of 54 implies that double
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bond migration (A*3,A%%) is competitive with hydrogenation under these
conditions. Acidle dehydration of 53 gave dihydro-PGA; and ~35% of the
cyclic ether 55 (from internal addition of the C-15 OH at C-11 of dihydro-
PGAl), while base treatment of 2_ gave the Michael product 2_

A paper has appeared recently from the Unilever Laboratories®® des-
cribing prostaglandin analog synthesis by bioconversion of a wide varilety
of synthetic polyunsaturated fatty acids. Prostaglandins formed in this
manner included 2-trans-PGE, 3-trans-PGE, 4-cis-PGE, 5-trans-PGEs, 18-cis-
PGE. This work confirms the idea that not only the position of the double
bonds, but also the chain length is an important factor for essential
fatty acid activity. Also a close correlation is evident between EFA-
activity and rate of prostaglandin formation in vitro.

Pace-Asciak and Wolfe have elaborated®*:52 on the structure proofs
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of several novel prostaglandin derivatives formed from arachidonlc acid by
rat stomach homogenates51 and sheep seminal vesicles®2. Preliminary
accounts of this work appeared earlier>3.

Two approaches to the synthesis of the PGFi carbon skeleton, which
merge in their final stages, have been reported by Katsube and co-
workers®4255, The key intermediate in these routes is the nitrile 57 syn-
thesized in one case® from trione 59 and alternatively®> from the Diels-
Alder product §Q. These routes have the advantage of being short, but the

OAC (M) oCOREL OH COoEt
27 6V\V2: 2
NN
Sille __,y R-CH0 Sts,
oN HC1,ether 4 \47\\/”\V/\\//
Ac OH OH
5T 58
ACHz) gCO=Et .» (CHz ) gCO2EL
[ ‘o CN
° 59 60

overriding disadvantage of being nonstereoselective at C-9, 11 and 15.

Sih, et al®® recently disclosed the preparation of dl-15-deoxy-PGE,
by a six-step sequence, the key features of which include the 1,4-

Q
(CHz) eCOSES 0 (CHz) aCO2EL
6L 6
b

cycloaddition of chemically generated singlet oxygen (61—362) and addision
of 1l-lithio-trans-oct-l-ene (with BusP-Cul, ether) to Ez to establish the
15-deoxy alkyl chain.

III. Assay, analysis - Chemical lonization mass spectrometry is a power-
ful analytical tool which has only recently®’ been applied to prosta-
glandin structure problems. The basis of thils technique is the inter-
action between prostaglandin molecules and ions (CHs', CoHs', CsHs') pro-
duced by electron impact on methane--a process that involves much lower
energy than direct electron impact on the prostaglandins and hence results
in less complex fragmentation patterns.

In the area of gas chromatographic analysis of prostaglandins, Axen,
et al>® prepared 3,3,k4,L4-tetradeutero-PGEs and -PGF- and used these as
carrliers in the glc-mass spec determination of PGEs and PGF-0 in picomole
amounts. (Measure ratio of .). This represents approximately a 10-
fold increase in sensitivity over the glc-mass spec method reported ear-
lier®®. Pace-Asciak and Wolfe®® illustrated the usefulness of cyclic n-
butylboronates as glc derivatives of the PGF series. Using this deriva-
tive a mixture containing PGE,, PGEp, PGF10 and PGF=0 mey be analyzed
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without prior class separation. Anaslysls of sub-nanogram levels of PGFi O
and PGFx0 (heptafluorcbutyrate esters) was accomplished by glc with trit-
jum electron capture detection®t. A review of the various derivatives
used for glc analysis of prostaglandins has appeared®Z.

For the measurement of physiological levels of prostaglandins,
radioimmunoassay remains the most sensitive technique. In addition to
several such assays reviewed last yearl, K.T. Kirton®® and H.R. Behrman®4
reported new immwmoassays sensitive to picogram gquantities of prosta-
glandins. Levine, et al® examined the specificities of antibodies
against PGB, PGF 0 and PGF-0 and found that the cyclopentane ring appears

to be immunodominant.

Iv. Biolog[‘*'s— One feature of the blological area that deserves special
mention here is the recent establishment of the connection between pros-
taglandins and anti-inflammatory drugs such as aspirin and indomethacin.
Two British research groups have independently presented evidence that
some of the therapeutic effects of aspirin and related drugs are due to
the inhibition of prostaglandin synthesis. Vane®® found that in cell-free
homogenates of guinea pig lung, which will normally synthesize PGE, and
PGF>0 on incubation with arachidonic acid, prostaglandin synthesis was in-
hibited by sodlum aspirin, indomethacin, and sodium salicylate to an ex-
tent varying with the dose of the anti-inflammatory drug added. The con-
centrations necessary to produce this inhibition were clearly lower than
the average therapeutic concentration in human blood. Smith and Willis®7
reported that these same drugs when added to resuspended human platelets
inhibited thrombin-induced production of prostaglandins without impairing
the "release reaction.” A similar level of inhibition (80-95%) of pros—
taglandin synthesis was found in the blood from normal volunteers taken
one hour after an oral dose of 600 mg of aspirin or 100 mg of indometha-
cin. Vane, et al®® added further evidence in showing that indomethacin
and aspirin block PGE; and PGF=x production by isclated dog spleen.

Prosteglandins have been shown to induce fever and to be involved
in inflammation--two conditions for which aspirin treatment is effective.
(Vane has found no evidence for a link between inhibition of prostaglendin
synthesis and aspirin's analgesic effects, however.) This work represents
a start at unravelling the mechanism of action of aspirin and hence has
extremely far-reaching implications. Vane®® suggests that aspirin and
indomethacin might be useful in the treatment of other conditions thought
to be the result of prostaglandin release. Such conditions might include
thrombosis, threatened abortion, rheumatism and IUD failures®®. Tothill7°
found that several of the sedative drugs (e.g. desipramine, chlorproma-
zine, ete.) commonly used to prevent threatened miscarriage also prevent
PGE; formation in isolated rat uterine strips, and he suggests that more
effective therapy might be possible by giving aspirin in conjunction with
the psychotropic agent. Colller’? disclosed that the PGE and PGF content
of human semen 1s reduced in subjects who are taking aspirin (possible
cause of temporarily reduced fertility).

V. Clinical - No entirely new clinical applications of prostaglandins
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have appeared in the last year. PGA; continues to be of interest as an
inhibitor of gastric secretion” and for treatment of essential hyperten-
sion?2:74. The hypotensive effects of PGE; have also been investigated in
clinicel situations”®. At doses where the blood pressure effects of PGE;
are minimal in healthy subjects, patients with essential hypertension ex-
hibited decreases in blood pressure which started soon after infusion of
PGE; and lasted 20-3C minutes. The cardiovascular effects of PGEz and
PeF-0 7877578 gg well as PGA,, PGFi0 and PGF187°® were studied in man with
special emphasis on the incidence of side effects or cardiovascular ef-
fects as a function of dose and mode of administration.

The greatest volume of clinical prostaglandin research still appears
to be directed toward the areas of reproduction and fertility--lsbor in-
duction, therapeutic abortion and contraception. Several groups have sub-
stantiated and extended the reports reviewed last year! that intravenous
administration of either PGE; or PGFz is effective for terminating preg-
nancy’°-83, While effective, therapeutic abortions by this route are
accompanied by a high incidence of vomiting and diarrhea. The side effects
found in the intravenous route can be minimized using intra-uterine ad-
ministration® (lower doses required). Intra-amniotic injection of PGEs
or PGF=0 also overcomes these problems and has been used effectively®>~87,
Intravaginal administration is useful both for therapeutic abortion and
labor induction®®8®. Several groups®®:82:87 have suggested that the pri-
mary use of prostaglandins for therapeutic abortion may be in the second
trimester where alternative methods are difficult or hazardous (e.g. hypo-
tonic saline or glucose, hysterotomy).

For labor induction, all of the aforementioned modes of administra-
tion of prostaglandins have been used successfullyls88,80,82  1p agdi-
tioné orally administered PGE; and PGF-C. are effective for labor induc-~
tion”®, whereas the larger doses required for orally induced therapeutic
abortion produce marked levels of gastrointestinal side effects®3. Karim
showed that the action of prostaglandins on the human uterus is not medi-
ated through the release of oxytocin®2.
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Chapter 16. Atherosclerosis

Thomas R. Blohm, Merrell-National Laboratories,
Division of Richardson-Merrell Inc., Cincinnati, Ohio

INTRODUCTION

Atherosclerosis is an extremely common disease of the large arteries,
which constitutes the pathologic basis for most coronary heart disease,
stroke, aneurysm and occlusive arterial disease.) A report has been
published®which conveys the magnitude of the health problem associated
with atherosclerosis, and reviews the evidence for identification of risk
factors (major risk factors: hypercholesterolemia, hypertension and
cigarette smoking). A program is outlined for control of risk factors
utilizing all available procedures. The statement on drugs indicates a
need for continued evaluation of currently available drugs and for de~
velopment of new ones, with emphasis on safety.

Basic pathology of atherosclerosis is well described in a text,'and
an Iimportant monograph®provides a broad coverage of the disease, from
etiology to clinical management. An older, though still valuable, mono-
graph*deals with the evolution of the atherosclerotic plaque. A compre-
hensive picture of current research in atherosclerosis can be obtained
from the recently published Proceedings of the Second International
Symposium on Atherosclerosis.® Much of the material contained in this
book has not yet appeared in journals.

BIOLOGICAL RESEARCH

Lipoprotein Metabolism - Previous reviews have indicated that major
research effort has been directed toward development of diets, surgical
procedures and drugs which lower elevated blood lipids. The reasons for
this emphasis on blood lipid control are detailed elsewhere.2,3,5 Blood
coagulation and platelet aggregation, areas with important relationships
to atherosclerosis, will be discussed in chapter 8.

The lipids of plasma exist as components of lipoproteins, and it is
these which must be considered as potential pathogenic agents, since ulti-
mately it is the physicochemical and biological properties of these com-
plex molecules which determines whether or not a given lipid will reach
the arterial subintima and be deposited there. On the basis of this
reasoning, studies have been conducted to determine the atherogenic po-
tential of the various lipoprotein classes, starting with the work of
Gofman and coworkers.® For recent concepts the reader is referred to the
classic series of papers by Fredrickson and coworkers,”and to recent
reviews.® »® Familiarity with the Fredrickson classification of hyper-
lipoproteinemias will be assumed in the following discussion.

Large elevations of low-density lipoproteins (IDL), such as occur
in homozygous type II hyperlipidemia are profoundly atherogenic;!C the
situation is less clear for slight or moderate elevations of LDL. A
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proposed relationship of plasma triglyceride elevation to coronary heart
diseasell implies atherogenicity of the triglyceride-rich very low-density
lipoproteins (VLDL). VLDL also contain cholesterol esters and free
cholesterol, as well as LDL apoprotein (see below).

An analysis has been reported*®of relationship of lipids and lipo-
proteins to development of coronary heart disease (CHD) over 14 years in
5127 men and women in the Framingham Study. Serum cholesterol, LDL and
VLDL showed strong statistical discriminatory power for development of
CHD, VLDL somewhat less than the other two. In men of all ages and in
young women VIDL did not predict CHD when its cholesterol risk factor was
statistically removed. In women of 54-69 years, however, VLDL appeared
to be the important rigk factor, rather than cholesterol. With the
exception of these older women, the data seem to indicate that cholesterol,
presented to the artery either as LDL or VIDL, is the pathogenic agent.

No protective role could be imputed to serum total phospholipid, since the
cholesterol/phospholipid ratio showed no ability to discriminate for or
against CHD. The analysis has been criticized on the basis of the basic
data.l3

Two groups have attempted to correlate CHD, documented by coronary
arteriography, with hyperlipoproteinemia and other risk factors. Bemis
et all4measured lesion progression by repeated arteriography and found
progression to be strongly correlated with hyperlipidemia (cholesterol and
Jor triglyceride). Although the numbers are small, types III and IV hy-
perlipoproteinemia were better correlated to lesion progression than type
II. In a study of 50 consecutive hospital admissions for CHD, Salel et
all'5determined the prevalence of various risk factors. The highest pre-
valence by far was for male sex; type IV hyperlipoproteinemia was next,
and type II a poor third. Particularly important was the finding that
prevalence of type IV was significantly greater in the CHD group than in a
control population, while prevalence of type II was not significantly dif-
ferent for the two populations. The lower prevalence of type II in the
total population may require a larger sample than was used. These studies
represent early efforts to determine atherogenicity of LDL (type II) and
VLDL (type IV) elevations. Much more needs to be done. It appears at
this point that both LDL and VLDL should be regarded as atherogenic, but
that quantitative comparisons cannot be made.

A general picture of lipoprotein metabolism has now evolved, with
several important details added during 1971. Triglyceride (TG) is syn-
thesized in the liver when fatty acids become available, either from local
synthesis or from the blood (mobilization from adipose tissue). Formation
of VIDL is an immediate consequence of TG production in the hep-
atocyte.l‘f“'le Before entering the circulation the nascent VLDL differs
in protein composition from VLDL isolated from the circulation,l?con-
taining relativ