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PREFACE

This is the second volume of an annual series. The aims
have not changed from those stated previously: namely, to present
a critical summary of new and significant contributions concerning
various fields of medicinal chemistry which appeared in the litera-
ture during the past year.

Readers familiar with the first volume will notice several
changes. We welcome a new section editor and several new authors.
New chapters have been added; a few which appeared previously
are not represented. Additional changes may be expected in future
volumes, both in topics selected for discussion and in viewpoints
presented. '

All those who contributed to the present volume are busy
people who somehow found time to do additional work. Their efforts

are deeply appreciated.

Comments of any kind will be most welcome.

Fort Washington, Pennsylvania Cornelius K. Cain
June, 1967
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Section I - CNS Agents
Editor: John H. Biel, Aldrich Chemical Co., Milwaukee, Wisconsin

Chapter 1. Antipsychotic and Anti-anxiety Agents
Scott J. Childress, Wyeth Laboratories, Inc., Radnor, Pennsylvania

Introduction - No new antipsychotic or anti-anxiety drugs were marketed
in the United States during 1966 and no development of active chemical
structures of major novelty was discernible. Compounds that are chem-
ically new but which belong to well-defined active classes are being
studied clinically. An enormous amount of work has been reported on
mechanisms of central nervous activity, especially the functions of brain
amines.

Biology - Two symposia]"2 on brain amines have been summarized and another3

has been published in full. A review’” on the metabolism of noradrenaline
(NA) in the central nervous system has appeared. Krnjevié” has written a

useful review on chemical transmission in the central nervous system.

Y -Aminobutyric acig (GABA) imitates at least qualitatively a cortical
inhibitory transmitter. Brain GABA is increased by meprobamate whereas
caffeine causes a decrease.7’ These changes are not produced by effects on
GABA transaminase or glutamic acid decarboxylase. The anxiety level of
dreams has been associated with catecholamine release.8 Induced emotional
stress in rats causes a drop in brain NA but no change in serotonin, GABA
or dopamine.9 Manic-depressive patients in a depressed phase have a
lowered urinary output of adrenaline, NA and creatinine.l0 In a manic
phase 3,4-dihydroxyphenylalanine (DOPA) output is elevated. Both reser-
pine and chlorpromazine (CPZ) cause a much greater increase in homovanillic
acid (DOPA metabolite) in the corpus striatum of the mouse than does
chlordiazepoxide.11 Blockade of dopamine receptors is believed to be an
important factor in the action of neuroleptics.

Timsit!3 observes that the cataleptic effect of the butyrophenones is
augmented by parasympathomimetics and hindered by atropine. He hypothe-
sizes that these agents bring about an indirect activation of central
cholinergic structures. A cholinomimetic effect of CPZ and related com-
pounds that is antagonized by atropine has been observed. & Reserpine and
haloperidol, in contrast to CPZ, cause an increase of amine concentrations
during the recovery phase of certain cell groups of the lower brain stem
possibly as a compensatory mechanism following blockade of transmission.

A good correlation exists between the ability of a drug to counteract the
increase of NA in rat brain caused by a monoamine oxidase inhibitor and
the reduction of self-stimulation behavior of chronically-implanted rats.16
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The functions of the brain amines are intimately associated with the
continuing discussion of faulty metabolism as a contributing factor in
schlzophrenia. The entire question has been freshly reviewed by Kety.17
The plnk sgot as a significant indication of schizophrenia has been
attacked!® and its identification with 3,4-dimethoxyphenethylamine has
been questioned.2l,22 yagner, et al.,23 were unable to demonstrate
labelled 3,4-dimethoxyphenethylamine or 3,4-dimethoxyphenylacetic acid
after treatment of schizophrenics with labelled DOPA although a normal
amount of unlabelled acid was found. An exogenous source of normal
amounts of this acid is suggested.24 It has been shown that 3,4-dimethoxy-
phenethylamine is not psychogenic in man.25,26 The metabolism of this
agent in the rat leads to the corresponding acid (77%).2

The significance of adrenolutin in schizophrenic urine is still
debated, 28 and other unusual indoles in the urine of mentally retarded
patients have been detected.29 A very high rate (10 x normal& of metabo-
lism of ascorbic acid by schizophrenics has led Van der Kamp to admin-
ister high doses therapeutically.

Another phase of the search for non-behavioral differences between
schlonhrenics and non-schizophrenics is concerned with protein fractions.
Heath3' has reviewed his proposal that a protein fraction obtained from
schizophrenics and called taraxein may be an antibody to brain tissue and
schizophrenia may thus be an auto-immune disease. There is an antibody in
human plasma that causes stimulation of chicken erythrocyte glycolysis.
Ryan, et al.,32 were unable to verify a reported quantitative difference
between schizophrenic and normal serum in producing this effect. The
level of S19 macroglobulins also proved to be uncorrelated with schizo-
phrenia.33 Conditioned responses in rats were unaffected by injection of
schizophrenic serum.3%

Some reviews on psychopharmacology35:36 and the problems of drug
evaluation in man37 and animals38 have appeared. A German symposium3?
the subject was published. The effect of sixteen psychotropic agents upon
food intake was studied in the rat.40 Phenobarbital, chlordiazepoxide and
oxazepam cause increased food intake and a weight gain with the pheno-
thiazines, haloperidol and reserpine causing a weight loss. Avoidance
studies in the squlrrel monkey show haloperidol almost seven times as
potent as CPZ.4l Tolerance to the effects of thioridazine, chlordiazep-
oxide and tetrabenazine develop in the conditioned rat.%2

Amine Depletors - The significance of the observed effects of reserpine
and its functional relatives on brain amines is being refined. Rats that
have been reserpinized during infancy have a decreased learning ability as
adults although the amine depletion is fully dissipated.43 Reserpine
causes an increase in urinary adrenaline and 4-hydroxy-3-methoxymandelic
acid but a decrease in NA and DOPA.*4 There is some disagreement about
the behavioral effects of prenylamine which lowers brain NA and DOPA to
less than 407 of normal values. One Eroup45 reports muscular weakness as
the only gross effect whereas another#40 finds the compound to be a neuro-
leptic agent. Both prenylamine and tetrabenazine give partial protection
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against the behavioral and deg%eting effects of reserpine indicating com-

petition for sites of actionm. Benzquinamide, on the contrary, enhances
both effects of reserpine. Possibly there are highly specific sites that

are affected by reserpine with prenylamine and tetrabenazine affecting
only less specific but more numerous sites. The enhancing effect of
benzquinamide remains obscure. Benzquinamide is approximately equivalent
to CPZ as a tranquillizer®3 and disrupts conditioned behavior at doses
that do not decrease brain NA and serotonin.4? The failure of p-chloro-
phenylalanine, a selective depletor of serotonin with little effect on

catecholamines, to cause sedation suggests that non-specific serotonin
depletion is not the mechanism by which'reggrpine acts.”l 1In another
MeO view, a high affinity binding of

serotonin by rat-brain nerve termi-
nals is associated with its central
MeO action and this binding is inhibited
CHpCHMep by reserpine. The depressive effect
i of several 5-hydroxytryptophan
0 analogs on motor activity in mice
tetrabenazine does not appear to be related to ang
Me effect on serotonin concentration.>
Xylopinine” ™ is a psychoactive com-
N pound that resembles tetrabenazine
MeO chemically but does not deplete NA.
CONEt.. Ro-4-4602, a decarboxylase inhibitor,

2 has no behavioral effect alone but
H does augment the behavioral effects
benzquinamide of a depletor.55 a-Methyltyrosine,

an inhibitor of tyrosine hydroxylase, produces a depression of conditioned
responses that follows a time course gimilar to that of the observed amine
depletion.5 lO-Acetylgohimbane (W-2045) has a calming effect in dogs and
is anti-hallucinogenic. 7

The metabolism of tetrabenazine proceeds by side-chain hydroxylation,
ketone reduction, demethylation of the 9-methoxy group and combinations of
the foregoing steps.

OMe

OMe HO, OH
MeO 0 HO @CHENHNHCOCH (NH, )CH,0H
MeO O‘ !‘ Ro-4-4602

xylopinine

Phenothiazines and analogs - Bradley, et al.,59 have proposed a neuronal
basis for the central action of CPZ: (1) At sites where NA is an excita-
tory transmitter, CPZ is antagonistic; (2) at inhibitory sites, there is

no antagonism, but neuronal depression occurs by other mechanisms such as
inhibition of uptake of NA by nerve terminals. The increase of brain phos-
phatase activity brought about by CPZ may result from the unmasking of
normally masked sites of phosphatase action and may have importance in the
behavioral effects of CPZ.60 FElevation of melatonin in the tissues is a
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suggested mechanism through which part of the effect of CPZ may be
achieved.bl A study of flavoenzyme inhibition by phenothiazines ha% been
carried out by examination of their effect on D-amino acid oxidase.

2~Chlorophenothiazine-10-propionic acid has been identified as
another metabolite of CPZ.03 There is no effect of dose on the excretion
pattern of CPZ. The principal metabolite of Pasaden (10-azepinylpropyl-
2-trifluoromethylphenothiazine) is the 5-oxide.

A discussion of the pred%gtive value of animal tests on phenothia-
zines has been given by Irwin®® and a comprehensive review of structure-
activity relationships in the tricyclic compounds was published. I

Among the new structures attention has been focussed on tricyclic
compounds other than phenothiazines although a CPZ analog made from 3-
_azaspiro[5,5]undecane has been reported to be more potent and much longer
acting than PZ 8 Potent antipsychotic actlYlty has been observed with
clopenthixol 9,70 and thiothixene (P- 4657B), two thioxanthene compounds.
An acridane analog of CPZ, SKF 14,336, is effective but has side-effects
to a degree requiring an anti-Parkinson agent.

X H
X e
' Ro ‘\\J | a
CHCHECHEN NR4 H CH2CH2CH2NM82
clopenthixol, Ry=Cl; R,= -CH,CH,OH; X=S SKF 14,336

thiothixene, Rp= -S50pNMen; Ry=Me; X=§
pinoxepine, Rp=Cl; R;= -CH,CH,OH; X= -CH,0-

Several novel tricyclic compounds have central rings of seven members.

Numerous papers73 75 bespeak a considerable interest in clothlaplne (HF -
2159) for use in acute psychoses. It is least effective in withdrawn

chronic schizophrenics. Although the oxygen analog (LW 3170) of clothia-
pine is more potent in producing animal catalepsy it is not as useful
clinically.76 Pinoxepine (P-5227)7T is an antipsychotic agent having
marked sedative properties but producing few extrapyramidal symptoms. The
antidepressant nortriptyline has a strong sedative component and is an
effective tranquillizer.

Neither MK-74179 nor IBD-7880 give satisfactory results with chronic
schizophrenics

CHCHchéNME

MK-T741

N/
ﬁe clothiapine, X=S
LW 3170, X=0
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Carbamateg ~ Further studies of the recently marketed tybamate have been
reported.8 GellerS2 has placed it between meprobamate and CPZ in its
psychopharmacological effectiveness. Although it attenuates punishment
discrimination at higher doses than meprobamate, it blocks avoidance
responding at doses that do not block escape responses. The absence of
w1thdrawal symptoms, previously observed in the dog, has been demonstrated
in man.83 Tybamate is metabolized in the dog and rat principally by con-
version of its n-propyl substituent into a 2-hydroxypropyl group. 84" This
is accompanied by some N-debutylation.

}12N0COC}12§§}12000NHC4H9 _@cocuecnecnsz X

3

tybamate

Butyrophenones - Kreppel85 has found triperidol to be the most potent of
several well-known 4-fluorobutyrophenones in its effect on the central
sympathetic tone. Another butyrophenone (FR33) has been recommended for
the treatment of stuporous catatonia since it causes no sedation.8 The
4-p-chlorobenzyl homolog of haloperidol has a more specific effect than
haloperidol in the blockade of conditioned avoidance.87

Benzodiazepines - A supraspinal site of action has been demonstrated for
chlordiazepoxide and diazepam as well as for meprobamate.88 The anticon-
vulsant action of chlordiazepoxide resembles that of dilantin instead of
that of acetazolamide, being antagonized by reserpine but not by (-methyl
DOPA or a-methyltyr031ne.89 This antagonistic effect of reserpine is
reduced by a-methyl DOPA, serotonin and amphetamine. The reserpine effect
is thus obtained by some means other than its catecholamine-depleting
action and the anticonvulsant action of chlordiazepoxide is not mediated
by catecholamines.

N-Demethylation is a newly described metabolic transformation of

chlordiazepoxide in man, the rat and the dog. 90 The effect of dose differ-
ences on the observed concentratlons of diazepam and its metabolites in

the blood and tissues of man has been studied.?! Repeated 30-mg. doses
cause a progressive rise. The principal (demethylated) metabolite appears
after 24 hours, rises until its concentration is comparable to diazepam
and persists longer than diazepam after dosing ends. Higher chronically
administered doses result in a ratio of metabolite to drug of 2.5 to 1.0.
Only traces of l-methyloxazepam and oxazepam are observed in blood.

Tissue storage is indicated by the excretion patterns.

Pharmacological and clinical studies have appeared on several un-
marketed agents, e.g., prazepam,92 effective against anx1ety, and T-bromo-
1,3-dihydro-5-(2-pyridyl)-2H- 1&4 benzodiazepin-2-one, 93 tested in ambula-
tory schizophrenics. Schmitt?* has reported the unusual l-chloro deriv-
ative (I), obtained by hypochlorite treatment, to be a good sedative. The
related compound (II) undergoes a rearrangement on heating to give IV
which upon dehydrochlorination with lithium carbonate affords the corre-
sponding cyclohexenyl compound (V). The T-nitro analog of V has muscle-
relaxant properties as well as a sedative effect. Treatment of IV with
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?1 0 u 0 Ho 0
~~N N Li, CO N
-~
QGRS ) H )
N - — J—
cl N cl N ci N
Ry cl ‘
I, Rg=CcH, IV '
5 B C,HoN Bu,NH
—_ u
III, Rg=CH, 49 \2
N
H 0 H 0
7 Y
/
~
cl
cl &>
VI Vi
\'d
i o %H//O
cl N cl N
CHCl, Vamn
CHN
VIIL N

IX

dibutylamine affords an isomer (VL) of V, whereas treatment with pyrrol-

idine results in replacement of the chlorine to give VII.

It is possible

to introduce as many chlorines onto the O-carbon of the 5-substituent as

there are initial hydrogen atoms.

After introduction of a second chlorine

atom onto III to give VIII, treatment with amines leads to such products

as IX. The C-chloro compounds are

in general less active than the N-

chloro analogs as are the compounds having an amine function on the 5-

gubstituent.

Another type of benzodiazepine analog that has been receiving atten-
tion arises from the creatign of additional fused rings by introduction of

an ethylene95 or methylene

Me
l__//o

o

N
Ccl

O~

isoquinazepon

bridge between the 4-nitrogen and the adjacent

5-phenyl substituent found in most
active benzodiazepines. Isoquin-
azepon97 has been described as having
a more selective effect than diazepam
upon the reticular formation. It
potentiates the effect of DOPA in
contrast to diazepam. Other analogs
have been constructed upon a gimilar
principle by introducing a bond or a
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bridge between the 6-position and the adjacent g-phenyl substituent.
Analogs of both chlordiazepoxide and diazepam 9 have been made but test
results have not been given.

Miscellaneous compounds - Although lithium salts have been investigated
abroad for many years in the control of manic behavior, their study is
just beginning in the United States.l00 Lithium ion is effective in
phenothiazine-resistant patients but offers little possibility of struc-
tural manipulation.10

Imidoline is comparable to CPZ in bringing about reduced motor activ-
ity but produces much less ataxia.l02 Methionine sulfoximine gives sympto-
matic improvement in schizophrenics but is somewhat psychotogenic in
controls.103 LL-195 is neuroleptic in the mouse.l04% Phenygam is a strong
depressant that produces slowing of the EEG.105 Extracts of cannabis
sativa reduce mouse aggressiveness but are ineffective in reducing the
toxicity of amphetamine to grouped mice. Oxypertine, which has been
marketed in Europe, is approximately equivalent to CPA in blocking con-
ditioned avoidance but is slightly more toxic.

—«(Cl
A /S
1 /4 (C4H50),CHCONHCH, CH CH N 0
\N \O
! LL-1
CH,yCHyNMe, 95
imidoline
MeO CH2CH2N\v_/N06H5
e
|
X C6H5THCH2C02H
MeO H Me CH.ENH2
oxypertine phenygam
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Chapter 2. Antidepressants, Stimulants, Hallucinogens
John H. Biel, Aldrich Chemical Co., Milwaukee, Wis.

I. The Antidepressants

A. Introduction - The wajor developments in the treatment of
depressive 1llness in 1966 were in (1) the recognition of de-
finable disease entities amenable to selective drug therapy,
(2) the wealth of experimental evidence favoring the mobiliza-
tion of central adrenergic pathways as a workable hypothesis to
explain the mechanism of action of the clinically effective
antidepressants, (3) more sophisticated chemical structure-clin-
ical activity correlations leading to a much-needed classifica-
tion of the available antidepressant drugs. This would allow
for a more rational approach to the drug treatment of the var-
ious depressions and would be based on a careful nosological
diagnosis. The latter point is of critical importance in the
" initial screening of a new agent and its ultimate place in
antidepressant drug therapy.

B. The Thymoleptic Agents
1. Newer Structural Entities

H
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CHC HuN CH CHCH N(CH )
(CH3) CH3
(9)Doxepin P-4599 (10) Trimipramine  (11) LA XVII (Roche)
(Surmontiﬁb)

Butriptyline (Ayerst)

Compounds (1) and (2) were active in mice in reserpine
ptosis and norepinephrine (NE) potentiation. Compound (2) had
2 x potency of protrlptyllne in these tests; it was devoid °f1ﬂ
anticholinergic, MAO-inhibitory or amphetamine-like activities =
The pharmacologic spectrum of cyprolidol (3) was similar to that
of imipramine except that it blocked the tyramine-induced rise
in blood pressure only in anesthetized dogs but potentiated it
in conscious dogs#-7. 1In man, cyprolidol was less effective
than imipramine’. Structures (4) and (5) displayed moderate
antireserpine activity in mice8,9. Compound (6) antagonized
the central stimulant effects of caffein and mescaline and in-
hibited spontaneous aggression in mice. Its antireserpine ef-
fect was less than that of imipramine. In functional depres-
sions, the drug was quite effective and rapid- actlng (3-6
days)l0, Melitracen (7) was a sedative-type antidepressant in
man similar to amitriptyline. The drug was anticholinergic
and produced favorable effects in 25 of 38 patients and con-
fusional states in 2 of 38 individualslO-1lb, pimethacrin (8)
has_been evaluated quite extensively both in animalsl2,13 and
manl®#-16,  1In clinical efficacy and spectrum of side effects,
the drug was said to be comparable to amitriptyline and imip-
ramine, but superior to protriptyline. A high success rate
was obtained in anxiety depressionsl®., Dimethacrin was synthe-
sized originally by Molnar and Wagner-Jaureggl’/. Doxepine (9),
a centrally active anticholinergic, antagonized the hygother-
mic effects of reserpine and fighting behavior in micel8.
Clinically, the compound was not as effective as other tri-
cyclic antidepressants in the therapy of endogenous depressions.
Because of its high incidence of sedation, it was more useful
in the anxious and agitated depressed patientl9-21. Trimip-
ramine (Surmontll.@5 is best characterized as a neuroleptic
antidepressant. It displayed good efficacy in psychotic, anx-
ious and endogenous depressions and hence, had a greater thera-
peutic spectrum than imipramine22-25., A pyridine congener of
diazepam (11) exhibited both anti-anxiety, as well as mood-
elevating properties in chronic psychotic patients26,



Chap. 2 Stimulants Biel 13

2. Mechanism of Action - Increased strides were made
toward arriving at a biochemical basis for endogenous depres-
sion. The argument runs somewhat as follows: reserpine causes
a depression in 15% of the patients which cannot be distin-
guished from a true endogenous depression. Biochemically, this
"model" depression is accompanied by a 50% drop in the urinary
excretion of amine metabolites indicating that the neurotrans-
mitter amines are released intracellularly by reserpine and
metabolized intracellularly by MAO without ever exerting a
physiologic effect at the adrenerglc nerve endlng327 During
treatment with imipramine, urinary normetanephrine increased
and vanillylmandelic acid (VMA) levels decreased starting at
the time of the period of improvement. The decreased VMA
excretion is thought to be due to the decreased intracellular
degradation of norepinephrine (NE) by MAO brought about by
the ability of the antidepressant drugs in preventing the re-
uptake of '"active'" (extracellular) NE at the cell membrane
into intracellular storage. The re-uptake of physiologically
active NE by th% cell represents one of the main pathways of
NE inactivation Extracellular ('factive') NE is meta-
bolized by catechol O -methyltransferase (COMT) to normetaneph-
rine at the adrenerglc synapse. Schanberg et al.32 demonstra-
ted that imipramine and desipramine, but not chlorpromazine
(CPZ), slowed the disappearance of prev1ously administered H3-
normetanephrine. Additional evidence is provided by the class-
ical experiments of Murad and Shore33 which showed that pre-
treatment of rats with four tricyclic antidepressants greatly
gotentiated the ability of tetrabenazine to release metaraminol-

H from adrenergic stores in heart and brain. Metaraminol is
not metabolized by either MAO or COMT, but resembles NE with
regard to storage, releagﬁ and re-uptake by the adrenergic
cells. Glowinski et al. studied the effects of desmethyl-
imipramine, pheniprazine and amphetamine on the disposition and
metabolism of H3-NE and H3-dopamine in various regions of the
rat brain. Deaminated metabolite levels were ''‘severly reduced
while H3-normetanephrine levels were "strikingly elevated."
Meisch et al.35 demonstrated that desipramine, but not reserpine,
can block the B-hydroxylation of 3H-a-methyldopamine and 3n-
a-methyltyramine suggesting that hydroxylation takes place
inside the cell membrane, but not in the reserpine-sensitive
storage sites.

3. Structure-Activity Relationships - An excellent and
most comprehensive treatise concerning the correlation of
chemical constitution and clinical efficacy of gsycho-active
drugs has been published by Stach and PYldinger36., In regard
to the tricyclic antidepressant drugs, the ''skewed' character
of the fused ring system, the effect of ring substituents,
the nature of the aminoalkyl side chain, as well as the size
of the middle ring are discussed in relation to the potency and
type_of action of the resulting antidepressant drugs. P8ldin-
ger37 has classified the currently available tricyclic drugs
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according to their clinical spectra and chemical structures:

- CH
I. Mood-elevating (FHz)zN\\CHg
0 >
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II. Anti-anxiety and Anti-agitétion Properties in Antidepressants
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III. Stimulant Antidepressants - The structures shown below, as
well as the MAO inhibitors are used in the inhibited, withdrawn
(anergic) depressed patients. They also have a greater ten-
dency to exacerbate psychotic symptoms:
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IV. Neuroleptics with Mood-elevating Properties
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C. Clinical Considerations - One of the most wvexing prob-
lems in the past has been how to recognize potential anti-
depressant activity of a new drug in animals, especially when
such a disease entity is presumably non-existent in the animal
kingdom and mental depression itself is such a mosaic dis-
ease syndrome in man. PBldinger37 has laid down certain
pharmacologic criteria which the presently available thymolep-
tics have fulfilled and which distinguish them from the neuro-
leptics, central stimulants, and MAO inhibitors:

Stimulants | MAO-I's Thymoleptics |Neurolept.
iii:gg;?:m functional | biochem. functional none
Catalepsy anticatal. | anticatal.lanticatal. catal,

. . potentiate
iﬂtgilpg%fects adren. -—— anticholin. |[adrenolytic
- Functions
Eiiigﬁi ggrm'n stimul . stimul. stimul. inhib.

Obviously, this spectrum of pharmacologic activities has
been derived post facto from the properties of the tricyclic
antidepressants and it will be interesting to see whether it
will be useful in predicting clinical antidepressant activity
of totally unrelated structures.

Another problem which has beset the clinical investigator
has been the confusion as to what constitutes a primary clini-
cal depression. A recently published paper by Miller38 goes
far in laying down guidelines for the diagnosis of endogenous
depression and is 'must'" reading for anyone working in the area
of mental depression. The main points Miller makes are the
following:

(L) Endogenous depression is a definite clinical en-

tity of organic (pathophysiologic) origin. (2) It

affects a stable subject with a previously good per-

sonality history, whereas reactive depression af-

fects the unstable and inadequate personality. (3)

Endogenous depression strikes ''out of the blue" with

no apparent environmental causes, although endo-

crine changes, prolonged viral infections, hepatitis

and mononucleosis may at times precede it. (4) It

is characterized by early morning awakening and pro-

gressive improvement as the day goes on, as well as

by constipation, loss of both appetite and sexual

interest. (5) Endogenous depression responds readily

(in 75% of the cases) to ECT and drug therapy, where-

as reactive depressions are often resistant to drug

therapy. It is ''a physical illness treatable by phy-

sical means' . Both P8ldingerl9 and Hollister et al .39
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point to the crucial importance of nosological
diagnosis in the evaluation of a new antidepres-
sant, since only the improvement in endogenous
and involutional depressions is the criterion
for classifying a new drug as an antidepressant.
Chlorpromazine is active in reactive and schizo-
phrenic depressions, but inactive in endogenous
depressions.

5. Combination Therapy - T%S combinatign of amitrip-
tyline and perphenazine (Triavil®, Etrafon %) has been
applied primarily in the therapy of reactive, anxiety and
psychotic depressions. While most reports were favorable,
Hollister et al.4l could not confirm the superiority of

the combination over amitriptyline alone in retarded or
anxious depressions. The addition of an MAO inhibitor
(pheniprazine) to a chlorpromazine regimen in chronic with-
drawn schizophrenics resulted in significant improvement
leading to a discharge of 60% of the patients who had been
hospitalized for many years on just tranquilizer therapy
alone®#2. Sargant et al.%2 report on a series of 73 patients
referred to the authors for leucotomy because of intractable
chronic tension. The addition of iproniazid to the previously
unsuccessful regimen of amitriptyline, narcosis and ECT nec-
essitated leucotomy in only 18 of the 73 patients.

6. Side Effects of Antidepressant Drugs - Recent publi-
cations pertaining to the clinical side effects of antidep-
ressant agents are by Hollister#4, Kahr et al.®5, Tschen et
al.46, Blair and Simpson#7 and Simpson et al.48. The toxi-
cology of amitriptyline has been described by Myers et al.49.

7. Imipramine Metabolites - The desmethyl- (DMI) and
the 2-hydroxylmipramine are the major metabolites of imip-
ramine. 1In addition, sixteen others have been detected in
rat liver microsomesso. Theobald et al.3l have reported on
the central and peripheral effects of six imipramine meta-
bolites in several animal species.

C. MAO Inhibitors

1. Newer Structures

o~Cl¢OCZH4NH~<j @CH,NCO ,C ) Ho c6H11-o<;7NH2

(12) (Lilly 5164)

(13) (MO-1255) (1)
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@o CH3 ¢CH29HNH
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(15) (16) Pargyline (17>
| ¢~-CH(CH3)NH-NH2
N N
(18) ﬁ éH (19) Mebanazine (I.C.I.)
3

Compound (12), a potent MAO inhibitor, caused schizo-
phrenic patients to become overactive, irritable, more psy-
chotic and aggressive. These effects are characteristic of
most stimulant-type antidepressants, including the thymolep-
tic drugs. Paradoxically, this compound also produced seda-
tion and an increase in sleep52. Compound (13) proved to be
effective in a small number of newly admitted depressed pa-
tients. Although less efficacious than amitriptyline, it
appeared to have a lower incidence of side effects33. While
(14) produced MAO inhibition in animals compargble to the
phenyl derivative and tranylcypromine (ParnateaB, the addition
of a methyl group in structure (15) abolished activity34,
Shifting of the N-propargyl group in pargyline into the alkyl-
ene side chain produced a compound (16) equal to pargyline in
unmasking the CNS stimulant effects of B-phenethylamine in
mice. However, this agent was much shorter-acting which would
tend to indicate a reversible-type of MAO inhibition. As an
overt CNS stimulant, the drug had 1/25 the activity of amphet-
amine>6. The tetrahydronaphthyl analog of pargyline (17) had
20 times the activity of the latter in mice57. A 'cyclized"
etryptamine (Monaseﬁg derivative (18) produced reserpine re-
versal and MAO-I in mice at 50 mg/kg38. Mebanazine (Actomol®)
(19) in animals is'claimed to be a more potent MAO-I than
pheniprazine with a greater therapeutic index>9. The drug ap-
peared to be '"devoid of specific antidepressant effects'" in
man, but at daily doses of 30 mg it precipitated a 'severe and
prolonged hypotensive collapse'" in 3 of 7 patients. In dia-
betics on insulin therapy, the drug caused a spontaneous hypo-
glycemic response60. The addition of an MAO-I to a neurolep-
tic drug regimen in anergic withdrawn psychotics was discussed
in the previous section.

The "False Neurotransmitter' concept as a basis for
explaining the mechanism of the hypotensive action of MAO-I's
is presented in greater detail by Cohen et al.6l. The delayed
action of the MAO-I's with respect to their clinical anti-
depressant and hypotensive activities is presumably due to an
indirect effect dependent on the gradual accumulation of mono-
amines at the adrenergic nerve fibres. According to the
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experiments of Carlsson and Waldeck®2, 3H-metaraminol is
released only slowly by the MAO-I's from the nerve fibres.
This effect can be blocked by decarboxylase inhibitors which
prevent monoamine formation.

II. Central Stimulants

A. New Structures

OH
1
GCH-C,H NMe, (oo 13, @ ,C-CH(CH ) CH NH,,
Cel11  (20) Gamfexine (21) (U-23,807A)

Win 1344 (20) was capable of stimulating depressed
patients. 1In combination with thioridazine, it worked well
in withdrawn schizophrenicsl3. Gershon et al.64 found the
compound less efficacious than imipramine (37 vs 54%). The
stimulant properties of the drug often resulted in exacer-
bation of psychotic symptoms. Compound (21) had 1/3 the
activity of amphetamine in increasing spontaneous motor ac-
tivity. The effects of single oral doses in cats and dogs
were still present after 24 hours. Unlike amphetamine,
U-23,807A lowered body T° and potentiated hexobarbital and
ethanol narcosls at two _and four times the dose of chlor-
promazine, respectively®>. The branching of the alkylene
side chain virtually eliminated all peripheral anticholiner-
gic effects. The synthesis of this series has been described
by Moffett et al.%0 and the pharmacology by Keasling et alb7,
The {-isomer is now undergoing clinical trial.

Magnesium pemoline was briefly alluded to in the 1965
""Annual Reports of Medicinal Chemistry'" (page 23) as promoting
the biosynthesis of RNA in rat brain and facilitating learning
by increasing memory and retention of learned behavior. Sub-
sequent reports have made these findings contrgversial and
the reader is referred to the cited references®8-7/2 for fur-
ther guidance on this subject.

The wmechanism of the central action of amphetamine con-
tinues to be explored and the prevailing evidence points to
multiple mechanisms involving catecholamine release, inhibi-
tion of catecholamine uptake, MAO inhibition and a direct
intrinsic action’/3-75. Dependence on amphetamine and other
stimulant drugs, its clinical manifestations and treatment
are the subject of two excellent reviews76,77,

III. The Hallucinogens

A. Psychedelic Therapy - The increased use of psychedelic
(‘mind expanding'™) drugs in personality disorders probably
represents one of the more important developments in this
area. Thus, Leuner’/8 found these drugs an "excellent adjuvant'"
in the psychotherapy of character neuroses, psychopathic
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personalities, neurotic depressions, anxiety neuroses and
hysteric conversion symptoms which did not yield to any
other form of treatment. Remissions were obtained in 76%

of the cases. Malitz/9 found 0.07 mg of LSD equivalent to
500 mg of mescaline in facilitating transference during
psychotherapy. Alcoholism was garticularly amenable to this
type of therapy. Savage et al.80 obtained similar results
as the two previous investigators in patients demonstrably
low in motivation, socio-economic status and educational
level. Variability in response was due to personality,
previous history of the patient, and the particular thera-
peutic environment. Bender Ll found it easier to break
through the autistic (self-centered) behavior of schizo-
phrenic children with the use of LSD. Abramson82 has re-
viewed the application of LSD, psilocybin, peyote, marijuana
in psychotherapy. The dangers of LSD ingestion in a non-
theraEeutic environment have been summarized by Cohen82 and
Fink8%, Emotionally labile persons were particularly sus-
ceptible to the psychotogenic properties of the drug. The
phenothiazine tranquilizers minimized such risks, if -adminis-
tered as soon as the acute LSD syndrome had been observed84,

B. Endogenous Hallucinogens - The subject of abnormal
amine metabolism In schizophrenics was reviewed in the 1965
"Annual Reports of Medicinal Chemistry'" (page 25). Hollister
and Friedhoff85 were unable to produce any effects in volun-
teers with DMPEA (3,4-dimethoxyphenethylamine), whereas
mescaline in similar doses produced profound effects of de-
personalization and perceptual distortion. DMPEA is metabol-
ized mainly to 3,4-dimethoxyphenylacetic acid, whereas mes-
caline is excreted largely unchanged86. Heller8’/ found that
the administration of MAO-I's to schizophrenics exacerbated
their psychotic symptoms and produced excretion of a "bufo-
tenin-like' substance. Other investigators have been unable
to confirm such findings of abnormal amine metabolism in
schizophrenics88-

C. Anticholinergic Hallucinogens (Clinical Effects) -
Neubauer et al.”l claim that antagonism to Ditran may require
both adrenolytic and cholinomimetic activities. Bauer92 and
Fligel192 were able to inhibit the psychotomimetic effects of
Bayer 14432 and Ditran by the prior administration dihydro-
ergotamine. Increased urinary excretion of catecholamine and
serotonin metabolites after the administration of N-methyl-3-
pyrrolidyl phenylcyclopentylglycolate was demonstrated by
Bente et al.o%,

D. Pharmacologic and Biochemical Effects - The finding
by Brown et al.”72 that the acute administration of chlor-
promazine (CPZ) and Ditran produced a deep coma in dogs and
that the substitution of CPZ by imipramine elicited a much
milder response might possibly be exploited as a screening
test for novel psychotropic drugs.
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In an effort to elucidate the mechanism of action of
psychotomimetic glycolate esters, Rogeners et al.96 studied
the action of Ditran on the surface pressure and viscosity
of lecithin mono-layers. Their findings indicate that
Ditran might be associating with the phosphate group and
the fatty acid chains of lecithin. The drug forms associa-
tions with calcium and phosphate ions and with ATP.

Votava et al.?’ found no pharmacological or behavioral
differences in animals with LSD and a number of its congeners.
In man, only LSD caused psychic disturbances. On a biochemi-
cal basis, a distinction could also be made in that only LSD
caused a rise in serotonin plasma levels.
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Chapter 3. Sedatives, Hypnotics, Anticonvulsants,
Muscle Relaxants, General Anesthetics
Cornelius K. Cain, McNeil Laboratories, Inc., Fort Washington, Pa.

Introduction: During 1966, several new types of chemical structures
were reported to have central nervous system depressant activity, and
further studies were described of compounds previously classified in
this area. The problem of defining further the type of activity to pre-
dict whether a given depressant will be of clinical application as an anti-
psychotic, anti-anxiety agent, sedative, hypnotic, anti-convulsant or
anesthetic continues to occupy the attention of many investigators.
Several approaches to the problem have been used.

Krnjevic and Videk!) described a new screening test based on
a ''matural' reaction of a rat, namely the entrance into a darkened cage
through a hole of suitable size (5 cm.). Either of several depressants,
chlorpromazine, reserpine, phenobarbital, etc. increased the time re-
quired for this reaction. A pyschostimulant, amphetamine, decreased
the time, as did the anti-depressants imipramine or nialamide.

The effect of administration of various compounds to animals or
man on the formation, metabolism and concentration in organs or tissues
of biogenic amines continues to be actively pursued in many laboratories.
Of particular interest are recent studies on serotonin. Brodie and co-
workers?) suggested that the sedative effects of reserpine are related
to the initial rate at which serotonin is released from the brain. Koe
and Weissman~' found that p-chlorophenylalanine is a potent and selec-
tive depletor of brain serotonin in mice, rats and dogs. No behavioral
changes were noted in rats even when the serotonin level was reduced to
less than ten percent of the control value; however, the characteristic
signs elicited by reserpine or tetrabenazine in these animals were not
blocked. Cremata and Koe™ reported clinical pharmacological evalua-
tion of p-chlorophenylalanine in six normal humans. Gradual increase
in dosage to 3 grams per day resulted in a decline in blood serotonin to
60-70% of pretreatment levels and in urinary excretion of 5-hydroxy-3-
indoleacetic acid to 10-50%. No clear-cut signs of effects on the central
nervous system were noted.

References may be found in the literature to the influence of al-
most ever?r known CNS depressant on the EEG pattern. FEidelberg, Miller
and Long5 report effects of several psychoactive compounds, especially
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those altering biogenic amine levels, on EEG's in cats; they include
many references. There is growing interest in the effect of CNS depres-
sants, particularly hypnotics, on sleep patterns. Excellent introductions
to the subject may be found in the proceedings of a symposium ) and in

a review by Pieri and Hurlimann. 7) A more recent symposium on the
same subject was held in Wirzburg in 1966. Proceedings should be pub-
lished shortly.

Sedatives and Hypnotics: Additional reportsg’ 9,10, 11,12, 13) have ap-
peared describing successful clinical use of nitrazepam, Mogadon®,

RO 4-5360 (I) as a hypnotic in doses of 5 or 10 mg., especially in older
patients. However, some "hangover'' occurred, particularly with the
10 mg. dose.

CH CH N(C H

o} N c1%1\1/
(1)

A related compound, RO 5-6901 (II), was studied in 24 patients
and found to be as effective a hypnotic in a 15 mg. dose as was 100 mg.
of secobarbital. 14  The effect of nitrazepam on sleep patterns in
humans was compared with that of phenobarbital and diazepam.
Nitrazepam differs from the other drugs in the pattern of alpha and beta
waves in deeper sleep patterns; this may be indicative of paradoxical
sleep.

2

Methaqualone (III) was reported to be as effective in a 200 mg.
dose as 100 mg. secobarbital without significant side effects1®) and to
show no evidence of hepatic dysfunc-

7 N, CH3 tion. 17) A study of the meta.bollsrn
| Y — of methaqualone in humans!® 19) re-
N N sulted in the isolation from the urine
\ / of six metabolites resulting from
hydroxylation of the 2-methyl group,
H,C .
3 the o-tolyl group or the benz portion

(III) of the nucleus.
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Trioxazine (Trimetozine) (IV) was described as an effective day-
time sedative??) in a dose of 300-1500 mg. per day and as a mild tran-
quilizing drug which gave a false positive urine glucose test in two pa-
tients using enzyme test paper s.21) The generic name Roletamide was
registered for CL 59,112 (V) as a hypnotic;zz) no further published
information could be found.

cH, CH,
/\ S _N/_
cH, co—N O cCH, COCH=CH
CH, cH,
(V)

(IV)

Sjoqvist and Lasagna23) reported that 25 or 50 mg. of doxylamine

(Decapryn®) succinate was more effective clinically as a hypnotic than
100 mg. of secobarbital but not as effective as 200 mg. of the latter.
They caution that no suitable antidote is available in case of over-dosage.

In a detailed study of a pyrrolo-
pyrimidine, BW 58-271 ( VI), Norton
and Jewett24 found that the compound
was a potent hypnotic agent (three
times as active as hexobarbital), It
also had local anesthetic and hypo-
tensive activity. Its most unusual
effect was sudden suppression of the
EEG in conscious cats lasting for
several minutes after intravenous
injection.

DaVanzo and co-workersZS) reported that an oxazolidinone de-
rivative, AHR 1209 ( VIL), showed psychosedative activity in animals.

@-—NQ—CH ZCHZ—[ © H

( VII)
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Three metabolic products of methyprylon ( VIII) were isolated
and identified ten years ago. Bosche and Schmidté?) recently iden-
tified a 3-oxoglutarimide (IX) as an additional metabolite isolated from
human urine.

C,H C_H

z5 CH 25 CH
CZHS /‘ CZHS
i) i)
H H

( VIII) (IX)

Central Muscle Relaxants: Chlorophenesin carbamate (Maolate®) was
first marketed in 1966, Its pharmacology was thoroughly described by
Matthews and co-workers?®) in 1963. Several clinical studies have been
reported. ! ’ Metabolic studies™ ™’ ? showed that in man,
about 85% of the administered dose was excreted in the urine as the
O-glucuronide. Similar results were obtained in the rat. In the dog,
the major metabolite was the same compound, but appreciable amounts
of acidic products resulting from oxidation to p-chlorophenoxylactic
acid, p-chlorophenoxyacetic acid and p-chlorophenol were also isolated.

Yale and Losee>?) prepared forty-
six 1, 3, 4-oxadiazoles and oxadi-
azolines and found many of them

to be moderately active muscle re-
laxants. The most potent of the
series was the compound of struc-
ture ( X).

36)

Brittain reported that a triazine derivative, CB 2487 ( XI),
resembled mephenesin pharmacologically, both qualitatively and quanti-
tatively.

H
N H s
NEH— S 2 ?i—-CHZOCONHZ
N

N CH
(X1) Y ( XII) 3
CH3
A compound of unusual structure (XII), a silacarbamate, was
prepared by Fessenden and Coon 7) and found to show muscle re-
laxant activity of brief duration.
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Anti-convulsants: Screening for this type of pharmacological action
continues, and active compounds are found although none appear to be
promising enough to warrant further investigation. Swinyard and
Castellion3®) studied the anti-convulsant properties of a series of
benzodiazepines and suggested that a compound offering appreciable
advantages over those currently in use as anti-epileptics might be

found in this area.

Mishie, Weary and Berger39) reported that a series of chemi-
cally related thiosemicarbazide, thiourea or urea derivatives may be
divided into groups of convulsants, anti-convulsants and those of mixed
action.

Anesthetics: Two excellent reviews have recently appeared. Dobkin
and Su?0) discussed all types of new general anesthetics (including
electrical) from the viewpoint of clinical utility. The various agents
were compared with respect to induction, emergence, hypnosis,
analgesia, etc. and side effects were listed. Desirable properties

of an improved anesthetic were included. Dundee?!) reviewed inhalants,
barbiturates and propanidid from the viewpoint of clinical pharmacology.

(a) Inhalants: A summary of the National Halothane Study
(Bunker Committee Report) was published. 42) Data from more than
850, 000 anesthetic administrations were compiled and studied. Halo-
thane deaths amounted to 1. 87% compared to 1. 93% for all anesthetic
practices. The possibility could not be excluded that there may be a
halothane-related hepatic necrosis, but if so, it occurs very rarely.
The study demonstrated that the overall death-rate problem is much
greater in its implications for patient care than the problem of massive
hepatic necrosis.

(b) Injection Anesthetics: Corssen and Domino%3) supplemented
their previous study of CI 581 (XIII), an analog of phencyclidine (Sernyl®)
(X1V), with a report of 139 clinical cases in which adequate anesthesia

Cl

7 N\

NHCH
( XIII) (XIV)

was obtained in 92%. Emergence was occasionally associated with a
psychotomimetic response which was controlled by small doses of a
barbiturate.
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Interest in y-hydroxybutyric acid (or its sodium salt or the
lactone) as an intravenous anesthetic continues. There appears to
be some question whether the compound has sedative and hypnotic proper-
ties in low doses. Metcalf, Emde and Stripe44) studied EEG and be-
havioral properties of the compound in humans and reported that there
was a sudden shift from responsivity to unconsciousness. On the basis
of the EEG records, they speculate that the drug depresses reticular
centers which ordinarily inhibit the onset of slow sleep.

Gessa and co—workers45) reported that intraperitoneal adminis-
tration of y-hydroxybutyric acid to rats and rabbits produces marked
and rapid increase in brain dopamine which was not due to monoamine
oxidase inhibition or to stimulation of dopamine synthesis. No appreci-
able change in brain norepinephrine or serotonin occurred. The loss of
righting reflex which was observed correlated temporally with high
dopamine levels in the brain.

Sprince, Josephs and Wilpizeski46) measured the effects of
y-hydroxybutyric acid and several related compounds by noting loss of
righting reflex after intraperitoneal injection in rats. y-Butyrolactone
was active more quickly and for a longer time than equivalent amounts
of the acid. 1, 4-Butanediol was comparable in activity to the acid, but

1, 3-butanediol was much less active. Pyruvate prevented or reversed
the LRR effect of the acid, the lactone and the 1, 4-diol.

Several articles indicate that there
is continuing interest in propanidid
(XV) as an ultra-short anesthetic.
Boureau??) and Dumoulin et al.
2H5)2 reported favorable results in minor
CH procedures in ambulatory patients,

3 as an induction-anesthetic and in con-
vulsive therapy. Swerdlow??) con-
sidered it worthy of further inves-
tigation in dental anesthesia. Clarke

CH.COOC _H and Dundee®?) included their con-
2 3777 siderable number of publications on
propanidid anesthesia in a survey
(XV) of experimental and clinical pharma-
cology of the compound.

CH,,CON(C
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Adjuncts to Anesthesia

(a) _Rgs_piz_aio_r_y_ﬁfi_{riulg_nig Doxapram (XVI) appears to offer
advantages over other analeptics for this action, but it does not appear
to be widely used clinically. Klemm?>!s 52) found that it increased res-
piratory minute volume as much as 200% in one minute in dogs deeply
anesthetized with sodium pentothal, an effect much greater than that

using the best combination analeptics reported by others.

O oo

oz 171
CZHS

(XVI)

Funderburk, Oliver and Ward53) reported that intravenous administra-
tion of doxapram to cats and dogs caused selective stimulation of the
respiratory centers in the medulla in low doses (0. 2-1. 0 mg. /kg.),
stimulation of the cord in higher doses (3 mg. /kg.) and stimulation of
higher centers in the brain in still larger doses.

(b) Neuroleptanalgesics: Brief reviews of this topic may be
found in reference 40 and in a chapter by Corssen. 54) More information
is contained in two symposia on the subject which have been recently
published, one held in Edinburgh in 196455) and another in Zurich

in 1965, °

By far the most widely used preparation of this type is Innovar®,
a combination of the neuroleptic, droperidol, and the analgesic, fentanyl.
Some 30 articles appeared during 1966 describing its use in humans
with or without nitrous oxide.

Innovar® Vet continues to find wide application for surgical pro-
cedures in dogs. A recent article indicates equally good results

in primates.
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Chapter 4. Analgetics --- Strong and Weak
Louis S. Harris and William L. Dewey
University of North Carolina, Chapel Hill, N.C.

I. Introduction - The past year in the field of analgesics must
be considered one of consolidation and expansion. There were
no startling breakthroughs in our understanding of analgesics
nor were any markedly different new classes of analgesics dis-
covered.

II. Strong Analgesics

A. Morphines and Morphinans -~ Abdul-Rahman and his col-
leaguesl described a new synthesis of 6-methylenedihydrodeoxy-
morphine I. This compound was found to be somewhat more potent
than morphine but had essentially the same pharmacological
properties. In man the compound is said to have analgesic,
sedative and respiratory depressant actions. Buckett< reported
on the pharmacology of Li4-cinnamoyloxycodeinone II the most
potent series of esters of l4-hydroxycodeinone. The compound

-Me -Me
OCH=CH®

/N é/‘\
HO /7 H, I MeQ—=— 0 H II

proved to be about 100 times more active than morphine as an
analgesic with a better therapeutic ratio particularly by the
oral and subcutaneous routes. In other pharmacological para-
meters II was qualitatively quite similar to morphine.

Gates and Klein3 have prepared some metamorphinan deriv-
atives (III) where the ethanimine bridge terminates at Ciy4
rather than Cp3. The N-methyl derivative was tested as an
analgesic and the N-cyclopropylmethyl compound as an analgesic

N~R

7N\

HO , I1I1

antagonist. Both compounds were essentially inactive, lending
confirmation to the hypothesis of Braenden, Eddy and Halbachb
that a phenyl group or group isosteric with phenyl connected
directly to a quarternary carbon is a necessary structural
feature of all strong analgesics.
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B. Oripavine Analogs - Bentley and his colleagues>+6 have
continued thelr very interesting work in the 6,l4-endoetheno-
tetrahydrothebaine series of analgesics of the general struc-
ture IV. They have noted, in general, that if one keeps R and
R'' constant, increasing R' from H through CH3 and CoHg to
C3H7 leads to a progressive increase in analgesic activity.
The N-substituents usually associated with narcotic antagonism
(allyl, cyclopropylmethyl) give antagonists only when R' is H,
CH3 or CoHs. The most potent analgesics and antagonists are
found in the phenolic series (R=H). Reduction of the 6,1L-
etheno bridge produced only slight changes in either analgesic
or antagonistic activity. A reversal of the stereochemistry
at C-19, although not extensively explored, revealed that
varying the alkyl group R' now no longer effected analgesic
activity. This indicated that the alcoholic group at C-7
might be a strong factor in attachment at the receptor surface.
The marked decrease in analgesic activity noted with dehydra-
tion of this alcohol lends credence to this hypothesis.

On the basis of these and other studies Bentley and his
colleaguesd,;6 have proposed a hypothetical receptor site (V)
which will accommodate these new molecules as well as the
older analgesic structures.

-Me

-Et

Et Vi

C. Benzomorphans - May and Eddy7 have reported the resol-
ution of cis-5,9-diethyl-2'-hydroxy-2-methyl-6,7-benzomorphan
(V). The (-)-isomer is as active as morphine and about twice
as potent as the racemate in the mouse hot-plate test. The
(+)-isomer also had analgesic activity, being 1/6 as potent as
its antipode. Surprisingly, the (-)-isomer was .found to pre-
cipitate withdrawal in addicted monkeys8 and to have a mixture
of analgesic and analgesic-antagonist properties in the mouse
tail-flick test9. The (+)-isomer was found to have a definite
physical dependence capacity in monkeys while the racemate was
essentially inactive in this regard. This is the first find-
ing of antagonistic activityina N-methyl derivative and
would suggest that the low physical dependence capacity of the
racemate might be due to some form of antagonism between the
two antipodes.

A similar case has also been reported by Clarke and his
co-workerslO,ll_, They have prepared a series of 5-phenyl sub-
stituted benzomorphans. In the case illustrated, there is
good evidence to indicate that the ring closure goes trans.
This is quite different from other similar ring closures in
this series where the predominent product is the cis-isomerl2,
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~Me

Me Me iOEt
= e “WCHCH,, A: R=fCHy
- 7\ £ Me é, B: R=@CH,CHj
Me — ‘¢ VII C: R=Me
8 HO— VIII

In any case, the 5-phenyl compound VII appears much ¥1ke a
straightforward analgesic in the laboratory LO. Despite this,
the racemate has a lLow physical dependence capaclty 1in @onkeys
and the (-)-isomer has the properties of a nalorphine-like
antagonistl3, Again, the (+)-isomer has a high physical depen-
dence capacity. In a primary monkey addiction study (—2-VI¥
produced only a very low grade physical dependence. This might
be due to the low solubility (propylene glycol was necessary),
absorption, and irritation associated with the drug. The ano-
malous behavior among the isomers in this and the 5,9-diethyl
series may help explain the aberrant results consistently ob-
tained with the benzormorphans in monkey dependence studies.

Keatsl# has evaluated (-)-VII in man for analgesic activ-
ity and found it to be approximately twice as potent as mor-
phine., There was concomitant respiratory depression which was
well antagonized by nalorphine. In addiction studies in man,
Martinl® has found that the compound produced miosis, was
identified as '"dope', and '"liked'" by post-addicts. It was also
partially able to substitute for morphine in dependent subjects.

Clarke and his co-workers have also prepared a number of
carbamates in the 5-phenyl seriesl®, One of these, 2-carbox-
amide-2'~hydroxy-5-phenyl-6,7-benzomorphan, had weak analgesic
activity in the hot-plate test and did not substitute for mor-
phine in the addicted monkeyl3. This compound has been re-
ported to have codeine-like analgesic activity in manl” .

D. Piperidine and Diphenylmethane Analogs - Sasaki and his
colleagueslS discussing the absolute configuration and confor-
mation of some l,2-diphenylethylamine derivatives reported
that the analgesic activity of (-)-N,N-dimethyl-l,2-diphenyl-
ethylamine was consistent with its stereochemical resemblance
to (-)-morphine. Nuclear magnetic resonance data for this
compound indicated an eclipsed conformation to the extent of
22%. 1t was postulated that this might be expected to favor
its approach to some reactive surface in the nervous system.
Casey and Hassanl9 have prepared (RS)-, (R)-, and (S)-N-(2-
dimethylaminopropyl) propioanilide (VIII A) and the benzyl-
methylamino analogs of methadone and isomethadone and reported
pharmacological data for the various enantiomorphs of diam-
promid (VIII B) and the N,N-dimethyl derivative VIII C.
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The (S)-enantiomorphs of the anilides were more active
than the (RS)- or (R)- forms and the arylalkyl compounds were
considerably more active than the dialkyl compound. N-Benzyl-
methadone and N-benzylisomethadone had little activity. These
results would indicate that the basic-anilide analgesics have
a different mode of binding to the receptor than do the 3-
amino-l,l-diphenylpropyl compounds.

E. Miscellaneous - Smissman and SteinmanZ20 reported the
synthesis of the two isomeric forms of l-methyl-4-phenyl-
trans-decahydro-4-propionoxy quinoline (IX A and B). This
S———ene - ry . -
rigld ring system varies only in the conformation of the aro-
matic ring and it was hoped that the biological activity of
these compounds would resolve the controversy over whether an
axial aromatic function was necessary for analgesic activity.
The two compounds differed neither in their acute toxicity nor
their analgesic EDs5g. Thus, it would appear that no definite
conformational requirement of the phenyl group is necessary
for analgesic activity.

The pharmacologic properties of the prodilidine analog X
was reported?l, X was a considerably more active analgesic
than prodilidine and its antinoc i ceptive action was anta-
gonized by nalorphine. The l-isomer was twice as potent as
the d-isomer.

A considerable interest was shown last year in a steroid
which was reporgsd 50 have strong ana%gesic properties in both
animals and man?4:23, A recent paper from the same labora-
tories has retracted these results.

Methotrimeprazine, a phenothiazine with strong analgesic
activity, has received F.D.A. approval. Sge particularly
careful study by Houde and his colleagues sum up the experi-
ence with this drug. They find methotrimeprazine, unlike
chlorpromazine, to be an effective analgesic. It is about one-
half as potent as morphine and is associated with a high inci-
dence of sedation and orthostatic hypotension. The drug, how-
ever, produced little nausea, respiratory depression, and has
no morphine-~like addiction potential. It represents a class
of analgesics which differs qualitatively quite markedly from
morphine,
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F. Biochemical and Pharmacological Considerations - A
number of papers have been published in an e@fort to shed more
light on the mechanism of t%g strong analgesics at the molecu-
lar level. Casy and Wright“® measured the ionization constamnts
and partition coefficients of a number of 2-bengylbenz1m1da—
zoles. No good correlation was found between either of these
parameters and analgesic activity. The intracellular distri-
bution of dihydromorphine 39 the brain and liver of rats was
studied by Praag and Simon They found most_of the drug in
the soluble fraction. A similar study by Mule gave much the
same results, Despite a careful analysis of most subcellular
particles no specific morphine binding sites were found in
either naive or tolerant animals nor did nalorphine effect
tissue levels or intracellular distribution.

It has been reported29 that morphine lowers the rate of
incorporation of glucose into a-aminobutyrate and aspagtate by
rat brain vivo. In guinea pig cerebral cortex slices30 high
concentrations of morphine and nalorphine stimulated the in-
corporation of P 32 and cl%_labeled precursors into certain
phospholipids. The incorporation into phosphatidylcholine,
however, was inhibited. It is postulated that morphine and
nalorphine may act by stimulating biosynthetic pathways Lead-
ing to tissue depletion of D-l,2-diglyceride, an essential
intermediate in the biosynthesis of glycerophosphatides.

Of great interest is the report by Kakunga g£'§l33l who
found that the intracisternal injection of Ca'* suppressed the
analgesic effects of morphine and other narcotics. EDTA and
other decalcifying agents enhanced the action of the stron§
analgesics and counteracted the antagonistic effects of Ca¥*.
These results indicate that Ca** in the C.N.S. might be in-
volved in the mechanisms by which opiates exert their analgesic
effects,

The attempts to relate narcotic tolerance or action to
protein or nucleic acid synthesis have continued32,33,34, 1o
date, no satisfactory general theory has emerged from this work

It was reported33 that morphine does not act as a sym-
patholytic on the isolated heart nor does it alter catechol-
am@ne levels or the response of the heart to sympathomimetgg
amines. On the other hand, in vivo experiments in the dog
reveal that morphine increased contractile force. This care-
ful study revealed that the improved ventricular performance
induced by morphine is indirect and probably the result of
sympathoadrenal discharge.
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The effect of various narcotic analgesics on thyroid
function have been assessed and it was concluded that they did
not exert a direct action on the thyroid but depressed thyroid
function through an effect on the hypothalamic-pituitary axis’.
This was further clarified in an elegant study by Lomax and
George whose results lead them to postulate that morphine
acts on the thyroid by activating areas in the posterior hypo-
thalamus which inhibit the release of TSH from the pituitary.

IIT. Analgesic Antagonists - Interest in this area, particu-
larly from a clinical viewpoint, remains very high. Compounds
of this class show great promise as nonaddicting analgesics
and at least one of them appears to be quite effective in the
treatment of addicts.

A. Pentazocine - The clinical reports on the use of this
drug continue to lLook favorable. Pentazocine has been com-
pared parenterally in controlled studies with phenazocine in
post-operative pain>”, and morphine in cancer patients*0, 1In
both cases the drug gave good analgesia with a relatively low
side effect incidence in the post-operative patients. 1In the
cancer patients, who had a high level of prior narcotic use, a
number of frank withdrawal episodes were observed. It is ob-
vious that pentazocine will have to be used carefully in
patients who have been receiving high doses of narcotics over
a period of time. The effect of pentazocine on upterine con-
tractility and fetal heart rate was also studied™-. The drug
produced an overall increase in uterine activity and did not
retard labor. There were no significant changes in fetal heart
rate. Pentazocine was stated to be an effective analgesic in
labor with a rapid onset and short duration.

In a controlled post-surgical analgesic s‘(:udyL+2 oral

pentazocine was compared to codeine, aspirin, and a placebo.
Pentazocine 50 mg was as effective as codeine 60 mg and more
effective than 600 mg of aspirin. Pentazocine 35 mg was more
effective than the placebo but less effective than the aspirin.
It was found that the analgesic potency of the placebo was
quite high and, as a second dose, was functionally dependent
on the previous medication.

B. Cyclazocine -~ Cyclazocine is a potent narcotic anta-
gonist which 1Is also a potent analgesic in man associated with
a high incidence of bizarre psychic effects. Analgesic doses
of cyclazocine had little effect on blood pressure and heart
rate in normal volunteers before or after tilting™3. Marked
CNS effects, however, were seen. On the basis of its behavior
in addiction studies, cyclazocine pas thought to be of use in
the treatment of narcotic addicts™*. The engnsive trials
initiated last year continue to be promising 2. Indeed, con-
tinued research in this area was strongly recommended by an
expert committee on dependence-producing drugs at the 2lst
session of the United Nations Commission on Narcotic Drugs.
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C. Naloxone - Naloxone, N-allylnoroxymorphone, has engen-
dered a considerable amount of interest. Pharmacological
studies would indicate that this compound represents the most
nearly pure antagonist of the compounds yet tested ) IE7LS
practically devoid of analgesic activity in animals™®»%/. The
compound only rarely produces psychotomimetic effects and un-
like nalorphine and cyclazocine shows few withdrawal signs
after abrupt cessation of chronic medicationl3. The ability
of naloxone to relieve pain in man is still in doubtlh,

D. Miscellaneous - The problem of devising a laboratory
test capable of predicting the clinical analgesic activity of
the narcotiﬁ antagonists has yet to be solved. The inhibition
of writhing 7 does not appear to be sufficient nor does the
escape response elicited by tooth pulp stimulation#8, The
narcotic-antagonist analgesics do depress the coaxially stimu-
lated %uinea pig ileum and naloxone is ineffective in this
regard?s4#9, It has been reported that cholinergic mechanisms
may be involved in the action of these compoundsgrso. Thus,
the previously inactive narcotic-antagonist analgesics are
capable of blocking the tail-flick reflex in the presence of
physostigmine. Cholinesterase levels in the brain also appear
to be altered by these agents.

Analgesic antagonist activity has been reportedSL in a
series of 4-substituted l-acyl-2,3,4,5-tetrahydro-lH-1, 4-
benzodiazepines XI. Although these compounds are only weak
antagonists they represent the first narcotic antagonists de-
rived from a series devoid of analgesic activity.

OEt H%CH(CH3)CO$C3H7
H

Me XII

X1
H2CH=CH2 Et

IV. Weak Analgesics - Since there is a considerable overlap
between weak analgesics and Non-Steroidal Anti~Inflammatory
Agents, Chapter 21 should also be consulted.

A, Salicylates - There was a continued interest in as-
certaining the cause of gastric bleeding after the ingestion
of aspirin and other salicylates. Gastric erosions appear
to result when the rate of loss of surface cells exceeds the
replacement rate-2<, Sodium salicylate induces a §hearing of
the villus epithelium from the underlying mucosa® and inter-
feressﬂith mucoprotein synthesis in the gastrointestinal
tract These changes may be caused by a blood borne
factorss.
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An interesting laboratory test for mild analgesics in-
volves measuring the influence og drugs on recovery from pain-
induced motor impairment %9 dogs 6 & pharmacokinetic study
of salicylate elimination®’/helps relate the rat to man.

B. Aniline Derivatives - A structure-activity study of a
new series of alkoxyaniline derivatives has_been reported
along with a detailed workup of one of them®8. This compound
(XII) appears to have good analgesic and anti-inflammatory
activity, associated with some CNS depressant effects. An
antidiuretic effect was described for acetaminophen®? and it
was suggestad that this drug might be a useful substitute for
vasopressin in certain patignts with diabetes insipidus.
Evidence was also presented®® to show that acetophenetidin has
antipyretic activity which is not dependent on metabolism to
N-acetyl-p-aminophenol.

C. Pyrazolone Derivatives - Some pyrazolone derivatives
were prepared which had analgesic activity®:. Despite inter-
esting structure-activity relationships, none of these com-
pounds were markedly more effective than pyramidon, An inter-
esting variation is found in a series of indazoleséz. Those
with a dimethylaminopropoxy side chain were the most active.
One of these, benzydamine (XIII) has been extensively studied

N(Me)3
. R= =
Me(CH,) 40 CH,G=0  A: R=OH, R'=Me

2 B: R=R'=H
CH2¢ XTIt R NHR

l 0(CH,) 4

XIV

pharmacologically®3 and is currently under clinical trial.

D. Miscellaneous - Buu-Hoi and his colleagues64 have pre-
pared and tested a series of arylacethydroxamic acids (XIV).
Compound XIV-A had both anti-inflammatory and analgesic
activity while the acetamide XIV-B was devoid of anti-inflam-
matory activity yet retained the analgesic properties. These
compounds are also being assessed in man.

A quinoline derivative, Glaphenin, (XV) is reported to be
5-10 times more active than aspirin as an analgesic in ani-
mals6>. The compound appeared to have little effect on the
CNS, autonomic, and respiratory systems. Some §-amino ketones
were also reported to have analgesic activity®6. The cyclo-
butane derivative (XVI) represents the first instance of
analgesic activity for a structure containing a non-aromatic
cyclobutane ring. The analgesic effects of XVI are not anta-
gonized by nalorphine. When a Grignard reaction was attempted
with XVI, the ring cleaved, resulting in two types of &-amino
ketones. Several compounds of this type had analgesic activity
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CH,OH
HN-@-0-C0,CH (JIHOH (]J(Me) CH CH2
2 N COMe Gy, -CH g:g
A xy Me N(Me) (Me), “6711
Me XVII

XVI
and one of them, (XVII) had analgesic activity which was
antagonlzed by nalorphine. Compound XVI has been studied in
the clinic and seems to exhibit analgesic and side effects
similar to aspirin.

One of the great difficulties encountered in the study of
mild analgesics remains in their clinical evaluation. An
experimental pain study utilizing electrical and thermal
stimuli was unable to distinguish between aspirin and a place-
bob7 . That pathological pain studies are also not wholly the
answer was revealed in a study by Kantor et al
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Chapter 5. Anorexigenic Agents
George I. Poos, McNeil Laboratories, Inc., Fort Washington, Pa.

No breakthroughs were evident in the field of anorexigenic agents
during 1966. Research continued to be concentrated on drugs related in
structure to amphetamine.

Gylys1 compared the effect of chlorphentermine (Ia) and ampheta-
mine on food motivated operant behavior in rats. At equi-anorectic doses,
a greater depressant effect on several food
H motivated schedules was found for chlor-

(|; 3 phentermine than for amphetamine., Schmitt
Cl-@-CHZC-NHR studied the EEG records of rabbits treated
ClIH with chlorphentermine. At doses of 2.5-
I 3 10 mg. /kg., which were sedative, high vol-
a R=H tage slow waves were produced. There was
b R=CO.C H bloFk1ng or shortemng of th.e arousal re-
27275 action produced by stimulation of the reti-

cular activating system while the recruiting reaction from stimulation of
the antero-medial thalamic nucleus was facilitated.

An effort to obtain objective measures of the CNS effects of chlor-
phentermine in humans was unsuccessful. 3 Using the "alpha blocking
response'’' (effect of flashes of light on the EEG alpha rhythm) in normal
subjects, chlorphentermine showed no effect in 65 mg. doses. However,
d-amphetamine (15 mg.) and pentobarbital (100 mg.) were also undistin-
-g—uishable from placebo in this study. Another potentially useful objective
method to determine CNS stimulation or depression of anorectics clinically
is that of measuring the ''critical flicker fusion frequency’. In this test,
depressantsdecrease and stimulants increase the dSiSé:ernable frequency of
a flickering light (normally ca 32 cycles/sec.). ™’

From a survey of the clinical experience with chlorphentermine to
date, it appears that at effective anorectic doses there is a low but about
equal incidence of both depressant and stimulant CNS side effects. 7.8

The N-ethylcarbamate of chlorphentermine (Ib, cloferex) is reYort-
ed to be a less toxic, longer acting compound than the parent base. 2,10

A series of benzphetamine (Ila) analogs IIb in which R was H, 4-Cl
and 3—CF3, R' was phenyl, halophenyl, furyl, thienyl, etc., and R'" was H
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RH R R.' R
I _ — ———
@-—CHZCH-N -CHZ_R' a. H phenyl H
R ! b. H,CLCF,  phenyl, subst. H
CH3 phenyl, CH3
11 heteroaryl

and methyl were reported as anore;dgensll in rat and dog tests. Activi-
ties between phenmetrazine and d-amphetamine were reported. Several
striking species differences were found.

N-allyl and N-propargyl derivatives of various methamphetamines
are claimed in a Swiss patent to have appreciable anorexigenic activity in
rats. 12 Several methylated derivatives of phenmetrazine and ephedrine
were shown to have no anorectic advantage over the parent compounds. 13

Clinical trials of RO 4-5282 (N-3-chloropropylamphetamine III) at
daily doses of 47 to 140 mg. revealed effects similar to those obtained
with phenmetrazine. 14, 15

CH S
I | ©/ N L
_ HZCHNHCHZCHZCHZC1 >~ ————-1-—CHZCHNH2

III v

Rapidly developing anorectic tolerance in rats has been reported
for peethyl- and p-trifluoromethylamphetamine as well as 3-(2-aminopro-
pyl)benzo(b] thiophene (IV, SKF 6678). 16 Cross tolerance with d-ampheta-~
mine was not found. The three compounds studied have reduced CNS
stimulant properties and it was suggested that more rapidly developing
tolerance may be a general property of the less stimulant anorectics.

A new aralkoxyguanidine V (U-16, 178 F) has been reported to be
about 1/5th as potent as d-amphetamine in causing weight loss and about

NH

I
@—CHZCHZCH2 ONHCNH2 . HO3SNH‘O

v

1/12th as active in inhibiting food intake in mice. 17 No stimulant activity
was found in mice for V up to 40 mg. /kg., I.P. It blocked maximal

electro-shock in mice (EDg5g 89 mg. /kg.) and caused a transient depressor
effect in dogs at 16 mg. /kg., I.V.

1 -Phenylpiperazine and its m- and p-chloro and methyl derivatives
(VI) were claimed to have about one-half the anorexigenic activity of am-
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phetamine with much less acute toxicity and no CNS stimulation. 18

@_ { \N-H Various diamino-S-triazines with
X A\
VI

amino alkoxy side chains were claimed
in a Dutch patent to be very potent anor-
exigenic agents with low toxicity and a lack
of CNS stimulation. An EDgg of 0.3
(CZHS)ZN mg. /kg. and LDgg of 180 mg. /kg. S.C.
G in mice was given for the most potent
N

X =m and p Cl and CH3

N
/ \}\-OCH.CH
{oomson,

(CZHS)ZN

compound, 2, 4-bis-diethylamino-6-(2-
pyrrolidylethoxy)-1, 3, 5-triazine (VII), 19

VII

The effects of anorexigenic agents on lipid metabolism continued
to receive attention. Fassina®? suggests that by increasing plasma free
fatty acids, anorexigenic drugs reduce fat stores and by elevating lipid
metabolism, decrease appetite in accord with the lipostatic theory of ap-
petite regulation. On the other hand, when the free fatty acids in plasma
were held at a low level by the administration of 3, 5-dimethylisoxazole,
the anorectic effect of methamphetamine in rats was not reduced.

Further reports on the effect of anorexigenic a§ents on other meta-
bolic factors such as blood glucose, 22 jiver glycogen, 2 axygen consump-
tion?3 and plasma insulin®? appeared. Whether these effects are secondary
or are directly involved in anorexigenic action has not been resolved.

An investigation of urinary excretion in rats showed that 67% of
chlorphentermine (la) was excreted unchanged after a 20 mg. /kg. dose.
Cloferex (Ib) administration in rats led to the partial (39%) excretion of
chlorphentermine. Phentermine and fenfluramine (VIII)Z‘6 were found in
the urine to an extent of only 4% and 6%, respectively, 25 sfter administra-
tion to rats.

25

CF3 CH Interesting central anti-ampheta-
3 mine effects are described for tyrosi
HZCHNHCHZCH3 hydroxylase inhibitors such as a-methyl-
VIIL tyrosine. Since norepinephrine depletors

do not antagonize amphetamine and tyro-
sine hydroxylase inhibitors have little direct sedative effect, it is suggest-
ed that small but critical levels of norepinephrine at receptors are neces-
sary for amphetamine to exert both its stimulant and anorexigenic effects.
Whether this applies to other anorectic drugs remains to be determined.



Chap. 5 Anorexigens Poos 47

References

J. A. Gylys, Arch. Intern. Pharmacodyn., 161, 102 (1966).

.  H. Schmitt, Therapie, 31, 857 (1966).

. E. Delamonica, J. W. Shaffer, C. C. Brown and A. A. Kurland,

. New Drugs, 6, 224 (1966).

. P. Turner, J. Pharm. Pharmacol., 17, 388 (1965).

5. H. Misiak, R. Zenhausern and W. R. Salafia, Psychopharmacologia,
9, 457 (1966).

6. J. V. Smart and P. Turner, Brit. J. Pharmacol., 26, 468 (1966).
7. J. Am. Med. Assoc., 196, 165 (1966); Physician's Desk Reference,
2lst Ed., Medical Economizg-,— Inc., Oradell, N. J., 1966, p. 1171,

8. H. 1. Russek, Am. J. Med. Sci., 249, 305 (1965).

9. D. Lorenz, Pharm. Zeitung, 111, 832 (1966).

10. Ars Medici, 21, 96 (1966) [Unlisted Drugs, 19, 2 (1967)].

1l. J. R. Boissier, R. Ratouis and C. Dumont, Ann. Pharm. Franc.,
24, 57 (1966).

12. Swiss Patent 393, 306, October 30, 1965 to Dr. A. Wander.

13. H. Hoffmann, Arch. Intern. Pharmacodyn, 160, 180 (1966).

14, H. S. Feldman, J. Med. Soc. New Jersey, 63, 454 (1966).

15. H. Bricaire and M. Philbert, Presse Med., 74, 2695 (1966).

16. C. H. Leonard, G. C. Heil and E. J. Fellows, Fed. Proc., 25,

385 (1966) (Abstr. No. 1106).

17. W. Veldkamp, A. P. Tazelaar and H. H. Keasling, Pharmacologist,
8,222 (1966) (Abstr. No. 291).

18. U. S. Patent 3, 253, 989, May 31, 1966 to American Cyanamid Company.
19, Netherlands Patent 6,410, 685, March 15, 1966 to Haco, A. G.

20. G. Fassina, Arch. Intern. Pharmacodyn., 161, 410 (1966).

21. A. Falb, G. Schmidt and U. Schwabe, Arzne_ir—nittel—Forsch., 16,
733 (1966).

22. K. Opitz, Arch. Exp. Pathol. Pharmakol., 250, 279 (1965).

23. K. Opitz, H. Grueter and H. Loeser, Arch. Intern. Pharmacodyn.,
161, 183 (1966).

24. L. Gozariu, O. Florescu and J. Madar, Endokrinologie, 50, 36 (1966).
25. K. Opitz and M. L. Weischer, Arzneimittel-Forsch., 16, 1311 (1966).
26. J. F. Munro, D. A. Seaton and L.J.P. Duncan, Brit. Med. J., 2,
624 (1966). -
27. A. Weissman, B. K. Roe and S. S. Tenen, J. Pharmacol. Exp.
Therap., 151, 339 (1966).

1
2
3
J
4




Section II -~ Pharmacodynamic Agents
Editor: S. Archer, Sterling-Winthrop Research Institute
Rensselaer; New York

Chapter 6. Antihypertensive Agents
John G. Topliss, Schering Corporation, Bloomfield, N. J.

Catagresaéﬁ>- The most significant development in the field
of antihypertensive agents during 1966 was the publication of
extensive and detailed investigations of a new antihyper-
tensive agent, 2- (2 6-dichlor ﬁphenylamlno) -2-imidazoline
hydrochloride (I) (Catapresan 1-13 This compound was de=-
signed and tested initially as a vasoconstrictor. Prelimi-

w CHs
IUL_4<::] <i::>>—CH2-NH C
“H- -CHg

o1 .1/2 Ho804

I 11

nary clinical testing by intranasal administration produced
marked prolonged sedation, a lowering of blood pressure,
bradycardia and dryness of the mouth. These observations
led to extensive investigations of the substance in experi-
mental animals and in wman which established that the marked
antihypertensive effect was its wmost important property.

Two hundred and fifty imidezoline derivatives were synthe-
sized and tested pha macologically, but none was more effec-
tive than Catapresan Slight structural changes consider-
ably diminished or abollshed the blood pressure lowering
effect. Clinical testing of twenty analogs was carried out,
however, all of these were found to be less active than the
parent compouni

Catapresan(E shows a structural resemblance to guanethi-
dine type compounds, particularly bethanidine (I1), and to
imidazolines both of the vasocoustrictor class such as



Chap. 6 Antihypertensives Topliss 49

xylometazoline, and also to phentolamine, noted for its blood
pressure lowering effect.®

Pharmacological tests! showed that upon intravenous ad-
ministration to dogs in a dosage range of 10-30y /kg a seda-
tive effect was produced along with a blood pressure decrease
of long duration accompanied by bradycardia, inhibition of
blood pressure raising cardiovascular reflexes and decrease
of cardiac output. Contraction of the nictitating membrane
in cats, induced by preganglionic electrical stimulation, was
not inhibited. No adverse effects on the myocardium were
seen in experiments with the heart-luung preparation. The com-
pound did not cause a decrease in the noradrenaline content
of the rat heart. Sowme sympathomimetic effects were observed
in the lower dosage range and inhibition of ulcer formation
and acid secretion in the rat stomach were observed mainly
with doses higher than 30-1007y /kg.

Toxicological studies, both subacute and chronic in rats
and dogs, and teratologic experimenfis in rats, mice and rab-
bits were conducted with Catapresan® and the results described
as favorable even with high dose levels and after long admin-
istration®. (!4 studies® showed that the compound is readily
absorbed by the rat after oral administration. Two-thirds
of the dose was excreted in the urine and one-third in the
feces. Elimination was apparently complete during the first
forty=-eight hours with 60-70% of the substance excreted un-
changed.

Clinical studies on Catapresaég have been reported®r10211,13
which indlcate that a reliable and substantial lowering of
blood pressure can be obtained upon oral administration in
divided doses of 225-1350 ¥ of the drug to hypertensive pa=
tients. The effects can be seen in cases of primary and
secondary, benign or malignant hypertensionl3, The degree
of pressure reduction attainable was about the same as that
from o-methyldopal3, Side effects encountered were dryness
of the mouth and sedation, particularly at higher doses® s 10,11L,13
A slight, dose related decrease of the pulse rate was notedl?©
There was little effect on orthostatic blood pressureb,11,13
and few digestive disturbancesB Reports on the effect of the
drug on renal function were not entirely consistent. Both
unchanged!® and reducedl! p-aminohippuric acid and inulin
clearances were reported. “No notable change in urine volume
and excretion of electrolytes was seen® but in renal and es-
sential hypertension, a statistically significant rise of
the serum concentration of sodium and chlgride ions occurred.
The antihypertensive effect of Catapresan'¥ was potentiated
by t?s addition of drugs which promoted renal salt excre-
tiont:
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Some interesting comparisons haxe been drawn between the
characteristic actions of Catapresan® and reserpine, Q-methyl-
dopa and guanethidineS Similarities and distinctions were
noted in each case. The conclusiqn was reached that the
mechanism of action of Catapresan™ has not, as yet, been
clarified and the drug has characteristics such that it can-
not be adequately classified in any of the known drug groups
now used in antihypertensive therapyS

Ganglionic Blocking Agents - A number of cyclic hindered
amines substituted on the (-carbon with ethynyl, vinyl and
alkyl groups have been synthesized and their antihypertensive
properties compared with a corresponding series of open chain
compounds. It was found that the open chain compounds were

Aok, Aka SN

| C=CH

III Iv A

generally more potent in their hypotensive effect. For ex-
ample, 2-ethynyl-l1,2,5,5~tetramethylpyrrolidine (IV) and 2-
ethynyl-1,2,6,6-tetramethylpiperidine (V) produced a mean
average pressure drop in hypertensive rats of 6% at 20 mg/kg
and 5% at 5 mg/kg, respectively, compared to a pressure drop
of ll% at 5 mg/kg produced by the open chain analog 3-{N-t-
butylmethylamino )-3-methyl-l-butyne (III). The results ap-
pear to be consistent with the hypothesis that the principal
factor controlling activity is the degree of shielding of

the basic nitrogen atom provided by alkyl groups substituted
on the two adjacent carbon atomsl4.

The ganglionic blocking action of several methylpiperi-
dines as their hydrochlorides or quaternary methosalts has
been studied. The most potent compound was the secondary
2,2,6,6-tetramethylpiperidine. The ganglionic blockade pro-
duced by secondary and tertiary amines was found to be of
long duration. The quaternary compounds were more active in
equimolar doses but their effects were of shorter duration.
It was demonstrated that the presence of at least three
methyl groups on the a-carbon atoms of the piperidine ring
is not absolutely necessary to confer ganglionic blocking
properties on the molecule, although it has been confirmed
that increasing the number of methyl substituents of the 2-
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and 6- positions augments this effect. The ganglionic block-
ade produced was shown to be of the ncndepolarizing type.iS5

A series of cyclobutanolamines (VI, where R;RaRs and Rg=
H or alkyl) has been found to possess ganglionic blocking and
hypotensive activity and the importance of the effect of the
alkyl groups surrounding the basic
nitrogen on activity has been
demonstrated. More detailed

Ra Ra studies on one member of the
(CHa)2 N H series, trans 2,2,4,4-tetramethyl-
3-dimethylaminocyclobutanol (VI,
H 0H R;=Ro=R3=R4=CHg) {(RP 904) were
R, Ra described. This compound, which

underwent rapid orsal absorption,
was shown to block preganglionic
VI stimulation and to induce peri-
pheral vasodilatation.t®

Guanethidine Analogs - pP-Heptamethyleneiminoethylaminoguani-
dine sulfate, EX&891A, (VII) has been synthesized and tested
on the basis that interposition of the amino group before the
quanidine moiety in the straight chain position of the mole-
cule might reduce or eliminate the acute sympathomimetic
action of guanethidine. This possibility may be realized
since the compound depleted
catecholamines from the rat ven-

NH tricle but did not exhibit a
it sympathomimetic effect due to
N=CHoCHoNHNE~-C-NHp acute release of catecholamines
in active forms thus differing
. 1/2 HaS80, in the latter respect from

guanethidine. Another distinc-
tion was that the tyramine-like
effect of guanethidine, seen
after parenteral administration,
was not obtained with VII. Otherwise, the pharmacologic
effects of this analog appear to be identical with those of
guanethidine in producing adrenergic neurone blockade, having
no apparent effect on out-flow from central sympathetic struc-
tures and showing transient direct vasodilatory effects.t”

VIl

Cis-cinnamyl guanidine sulfate, Su 13686, was found to be
an orally active hypotensive agent in both anesthetized and
unanesthetized normotensive dogs and in unanesthetized renal
hypertensive dogs. Onset of action was rapid. The compound
also reduced the blood pressure of anesthetized cats and rab-
bits. The pressor effects of epinephrine and norepinephrine
were enhanced, whereas those from amphetamine were inhibited.
Daily oral administration of 2 mg/kg of the drug to unanes-
thetized renal hypertensive dogs for twelve days reduced
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mean arterial pressure by 21 mm Hg.la

As part of a program to explore the effect of substitut-
ing the isoquinuclidine woiety for other groups in various
drugs, N-[2<(guanidino)ethyll]- and N-[3-(guanidino)propyl]
isogquinuclidine sulfates (VIII, n=2,3) were synthesized as

analogs of guanethidine. Both

H compounds, when evaluated by
| intravenous administration to

7NN (CHp ), NH-C=NH» the anesthetized dog, were
.1/2 HpS0, found to be less active than

guanethidine in lowering blood
pressure and to cause severe

: 19
VITI side effects.

The pharmacological properties of N'N"-dimethyl-l,2,5,h-
tetrahydroisoquinoline 2-carboxamidine hydrochloride, P4TL6,
(IX, R' =R"=CHg,X=H) have been described. This compound, which

is the N'N" dimethyl derivative

of debrisogquin (IX, R'=R"=X=H),

was found to lower the blood

///\\//N\l pressure of conscious hyperten-
JS;;ZL\V/)‘C’NHR‘ sive dogs on chronic administra-
X - tion. Other observations indi-
NR cated that this action is prob-
ably due to a reduction in sym-

X pathetic tone as a consegquence

of post-ganglionic sympathetic

blockade. In acute experiments
the compound elicited a hypertensive response, similar to
guanethidine. It was less effective than guanisoguin (IX,
R1=R"=H, X=Br) in lowering myocardial norephinephrine levels®°

The cardiac and renal hemodynamic effects of debrisoquin
sulfate have been studied in hypertensive patients and found
to be similar to those observed with guanethidine and the
ganglionic blocking agents. Lowered blood pressure associated
with reduced cardiac output and renal blood flow are apparently
characteristic of the hemodynamic pattern of inhibition of the

peripheral sympathetic nervous system?l

A new clinical study of guanoclor,i{2—(2,6-dichlorophenoxy)
ethyl] amin03 guanidine sulfate, in 35 hypertensive subjects
has been described,22

Part I of a review on guanethidine covering the discovery,
development, chemical structure, physical properties and phar-
macological actions of this drug has appeared.Z3

Pargyline -~ The effect of pargyline on blcod pressure in
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spinal and decerebrate cats has been studied. It was found
that the acutely administered drug produced a slowly develop~-
ing hypertensive effect of long duration in spinal cats but
under similar conditions in decerebrate animals, there was no
effect on blood pressure, These experiments were held to
indicate that the presence of the medullary vasomotor center
is necessary to prevent the peripheral hypertensive action of
pargyline?a A report appeared dealing with the pharmaco-~
dynamics of pargyline in the rat and cat.2% A clinical study
concerning the effect of pargyline on blood pressure and mood
of 83 hypertensive patients with moderate to severe essential

hypertension was described’®®

Mebutamate - The mechanism of the hypoteunsive action of
mebutamate was investigated in cross circulation experiments
in anesthetized dogs. The results suggested that the initial
and transient hypotension may be largely due to the direct
vasodilator action and that the sustained effect may be ac-
counted for by an inhibition of the sympathetic vasomotor tone
at the spinal and ganglionic levels.2°

Amino Acid Enzyme Inhibitors - A comparative clinical study
of the antihypertensive effects elicited by intravenous in-
Jection of a-methyldopa and a-methyl-m-tyrosine has shown,
contrary to previous reports, that the latter agent has a
longer duration of action in essential hypertonia and also a
more pronounced orthostatic effect2®

Findings of autoimmune haemolytic anemia associated with
a-methyldopa therapy have been described®9,30 gnd a case of
hypertensive response to (-methyldopa has been reported3?l

Antihypertensive Diuretic Drugs - A review of the treatment

of hypertension with antihypertensive diuretic drugs has ap-
peared.3< In a cliunical study in 21 patients on triamterene
(2,4, 7=triamino-6-phenylpteridine), the drug had an incon-
sistent antihypertensive effect on the systolic blood pres-
sure which was minimal in most patients, but in combination
with hydrochlorothiazide appeared to be useful in providing a
slight additional systolic blood pressure reduction and an
increase in serum potassium levels33

Diazoxide - It has been reported that 14 of 16 patients with
severe chronic hypertension, who had become unrespousive to
a-methyldopa, guanethidine and hydralazine, respounded to a

20 day intravenous regimen of 300 mg doses of diazoxide with

a substantial mean arterial pressure drop accompanied in some
cases by clearance of retinopathy, decrease of cardiac size
and lessening of congestive heart failure. Subsequently the
blood pressure could be controlled by administration of chlor-
thalidone plus reserpine for a period of 30 months. Thus it
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would seem that acute repeated reductions of arterial pressure
during the 20 day period of diazoxide administration modified
the severity of the vascular disgasg possibly by readjusting
the so-called pressure barostat.-+s5°

Beta Adrenergic Receptor Blocking Agents - The proceedings of
a symposium on this subject have been published in which the
use of propanolol (l-isopropylamino-}-(l-napthoxy)-2-propanol

ol hydrochlor%ge) in hypertension is

discussed. The pharmacological

properties of a new adrenergic
B-receptor antagonist, l-isopro-
pylamino-3-(3-tolyloxy)=-2-propa~
nol hydrochloride (ICI h5+763)
(X) have been described.>

OCH2CHCHoNHCH (CH3 ) 2

. HC1

CH3 X

Peptides ~ Some bradykinin analogs have been synthesized and
biologically evaluated. The BfE:trifluoromethylphenylalanine
analog was found to be about 1.5 times as active as bradykinin
in lowering guinea pig blood pressure but only one-half as
active in lung bronchoconstrietion, thus supporting the idea
that different receptor sites are _involved for the hypotensive
and bronchoconstrictive effects.> The proceedings of a sym~-
posium on hypotensive peptides have been published.3®

Other Antihypertensive Agents ~ A series of mesoionic com=-
pounds known as\y -oxatriazoles
N (XI) has been synthesized and
\\C-O- shown to produce a hypotensive
effect when administered intra-
e @ |
0

venously to anesthetized dogs at
a dose of 5 mg/kg. The blood

N pressure reduction ranged from
about 6% (R=l,3-dimethylbutyl)
XI to 30% (R=cyclohexyl) and the

duration of action from one to
two hours. Some of the hypotensive effects of these compounds
may be due to competition with norepinephrine for adrenergic
receptors.%©

Some N-substituted phenoxyethylamines (XII) have been
prepared and their hypotensive effects evaluated in anesthe-
tized norwmotensive cats and neurogenically hypertensive dogs.
A study of the structure-activity relationships revealed that
the 2-(2-methoxyphenoxy) ethylamino moiety is necessary for
maximum effect. Three members of the series; XII, R =
CH2CHOHCH20CH2CH=CHp, (CH2)4CeH40CH3 D and (CH2)a0CeHa=-2,5
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(0OCH3 )2, were subjected to clinical
trials in which antihypertensive

OCH »CH-NHR activity was observed.4l
2CH2

~ OCHg

XII

A uumber of substituted 1l,4-diazabicyclo[4.k.Oldecanes
have been synthesized and shown to lower the blood pressure
of 5,5-diallylbarbituric acid - anesthetized cats upon intra-
venous administration. It appears that the hypotensive

activity is primarily attribut-
able to the l,4-diazabicyclo
[L.4.0]decane system but may bdbe
quantitatively modified by the
nature of the substituents. The
=R most potent compounds in the
~ series are XIII, R = CH(CeHs)2
and CHpCHoNHp. The mechanism
XIIT of action remains to be deter-
mined but probably is not gan-
glionic blockade.%*2

CHa

N

Experimental results relating to the hypotensive activity
of 3-methoxy-4¥-[4-(4-phenyl-l-piperazinyl)butoxy ] acetophenone
(XIV) as the monohydrochloride (Su-14542) or dihydrochloride
(Su=13396) in normotensive and renal hypertensive dogs have
beeun reported. These were interpreted as indicating that
Su-14542 does not act by ganglionic blockade but does possess

B-~adrenergic stimulating activity.+3
COCHg Other investigators presented
data from which they concluded
that Su-14542 is a potent -
receptor blocking agent but not
a stimulant of the pB-receptors
CHsO ™ N/ \ of cat, rabbit or dog hearts.,
0(CHz)z~ N-CgHs It was suggested that the heart
stimulation previously observed
following administration of
XTIV Su-~l4542 is mediated reflexly as
compensation for the fall in
arterial blood pressure resulting from the intense g~receptor
blockade produced by this compound.?* The effects of Su-1L542
on cardiac output and coronary blood flow®*® and on femoral
renal blood flow*® have been described.

Some condensed alicyclic lepidines (XV, n=3,4,5) have
been the subject of a pharmacological study in comparison
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with lepidine (4-methylquinoline)
itself and shown to exhibit a
hypotensive response in rats and
cats.*

XV

A new clinical study of the antihypertensive action of
Progesterone in 17 hypertensive patients has been reported.
A significant decrease of both systolic and diastolic blood
pressures upon daily adwministration of 100 to 300 umg of
progesterone intramuscularly was observed. The lowering of
blood pressure was related to a reduction of peripheral re-
sistance. The authors do not propose progesterone as a
therapeutic agent for arterial hypertension but believe
that its action is of interest in considering the pathological
physiology of primary hypertension.48

General - A theory of hypertension, in which a set of existing
ideas have been integrated in a new way, has been presented
where it is suggested that adaptation of the baroreceptors

to the high arterial pressure might be the primary factor

in the disease. The clinical features of benign and malig-
nant hypertension and the change from one to the other could
be accounted for on this basis. Therapeutic implications of
the hypothesis are considered,49 and in this regard it is
interesting to consider studies previously discussed.,®%? 35

The role of renin in renal hypertension has been dis-
cussed and a hypothesis put forward containing the novel
proposal that the blood pressure lowering capacity of the
kidney is directly proportional to its renin content.3©

A twenty year clinical follow-up study on essential
hypertension was reported.>?
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Chapter 7. Diuretic Agents
Edward J. Cragoe, Jr. and John B. Bicking
Merck Sharp & Dohme Research Laboratories, West Point, Pa.

A large volume of research pertaining to diuretics was published
in 1966. Many publications were concerned with chemical and patent
reports vhich were largely extensions of series with known diuretic
activity. Others involved biological and clinical studies regarding the
mode of action and extra-renal effects of established diuretics. Although
novel structural types with diuretic properties have been reported and
interesting fundamental research on electrolyte transport and mechanism
of drug action has been described, no obvious breakthrough has occurred
during this year.

General. Noteworthy regogtsl and reviews pertaining to the pharma-
cological,2 endocrinological~’»™ and clinical? aspects of diuretics have
appeared in the recent literature. The use of diuretics in the treatment
of hypertension has been reviewed with especial emphasis 02 the hypoten-
sive action of the aldosterone antagonist, spironolactone. Fundamental
studies on the mechanism of transport of electrolyte across the tubular
epithelium have indicated that phospholipids may play a critical role.
Phospholipase C and pancreatic lipase markedly reduced the rate of reab-
sorption of saline droplets infused into rat proximal tubules., Likewise,
phospholipase C reduced the ability of extractable lipids to bind sodium
and potassium ions in rat kidney homogenates; whereas, phospholipase D
and ribonuclease appear to enhance cation binding.

Organomercurials. Although the synthesis of nevw organomercurial
diuretics is apparently at a standstill, interest continues in the mode
of action of agents of this class. A variety of experimental techniques
have been used in attempts to define more clearly the site of action of
the mercurial diuretics in the kidney tubule. Recent stop flow studies
with meralluride have shown that the mercurial can inhibit sodium reab-
sorption in the distal tubule. The magnitude of this effect bears a
direct relationship to plasma sodium concentration. Since furosemide
produces an added response during maximal mercurial natriuresis in normal
but not in acidotic dogs, it was suggested9 that, in the acidotic state,
the action of mercurials is extended to the ascending limb of Henle's
loop, considered to be the major site of action of furosemide.

Studies on the distribution of 203Hg-chlormerodrin have already
demonstrated that the cells of the proximal convoluted tubule contain the
maximal concentration of mercury during diuresis in the dog. It has now
been shown—~ that a similar distribution of mercury results when diuresis
is prevented by metabolic alkalosis or administration of p-chloromercuri-
benzoic acid. Therefore, the tubular binding of chlormerodrin need not be
determined solely by factors involved in the production of diuresis, but
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may be more closely related to tubular secretion of the drug. The dis-
tribution patterns of 20 Hg-mersalyl have also been described.

Acylphenoxyacetic Acids. Ethacrynic acid (I), the powerful salu-
retic effect of which has been documented, was made available commercially
in the United States in January, 1967.

c1 c1 Additional studies on the sites of
0 action of I showed that it probably
I inhibits reabsorption of sodium and
CQH5-C-C -0-CH-COCH chloride in the proximal tubule as well
gH as in the ascending 1limb of Henle's
2 . loop.12513 It was demonstrated in the

perfused dog kidney that I reduces renal
vascular resistaniﬁ in contrast to the
thiazides and mercurials which increase resistance. Ethacrynic acid
markedly increases bromide excretion and has been recommended for the
therapy of bromide intoxication.

Aromatic Sulfonamides. A considerable volume of biological and
clinical literature continues to appear regarding furosemide (II) which
was made available to the United States' market in 1966. In addition to

)

c1 NHCHQ—I\O /ll ClNZ

| CH3
= 0
HoNOS COOH HNOSS o1 -cagﬁ/ \'
CHy ——
11 III 3

the publications concerning its use in a variety of clinical situations,
some fundamental facts concerning its pharmacological properties have
been elucidated. Stop-flow studies in man have confirmed the animal data
which indicated that the_gite of action of the drug was the loop of Henle
and early distal tubule.*® Furosemide was reported to decrease renal
vascular resistance in the kidney of anaesthesized dogs receiving a
constant flow of femoral artery blood. The drug also increased renal
blood flow in animals with intact kidneys. Hydrochlorothiazide and
chlorothiazide showed the opposite effects while ethacrynic acid was
similar to furosemide., These observations offer a hemodynamic basis for
the unique effects of furosemide and ethacrynic acid since, in addition
to their renal tuEular effects, they appear to increase renal blood flow
by vasodilation.t* From toad bladder studies, it was concluded that
furosemide has no direct effectl$n the sodium pump, but may act as an
antagonist of cyclic 3',5'-AMP. Although the effect ig rather small,
furosemide does appear to reduce blood pressure in man ., 10-20

2-Chloro-5—[ﬁ;methyl—N-(2—methyltetrahydrofurfuryl)sulfamoy;7henzene—
sulfonamide (mefruside, FBA 1500, Bay 1500) (III) was reported to be a
potent diuretic in mice, rats, dogs and man. The lowest effective oral
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dose in hydrated rats was 0.05 mg./kg. and there was ? linear increase

in urinary sodium chloride and water as the dose was 1ncreasgd ?o 320

mg./kg. Maximum saluresis congiderably above that 9f ?he thiazides was

des~ribed. Mefruside, in contrast to hydrochlorothiazide, was gffect}ve

in hepatectomized rats. It islmsgabolized to 2 lactone derivative which
)

also has dluretic properties.

Earlier work>> on 3-sulfamoyl-k-chlorobenzamide, IV, (sulclamide)
has been extended to include the corresponding benzoic acid, V. Both
compounds were active in rats at 2 mg./kg. orally, but at 50 mg./kg. V is
more potent. They were effectivE in dogs in the range of 5 to 30 mg./kg.
1.v. and 50 to 200 mg./kg. D.0.°

c1 .l
I
HpNO,S COR HpNOoS 0,NOCRR3CO0H
2
IV, R = NHp VII
vV, R = o0 CH3
VI, R = NHN
CHs

A number of hydrazides of 3-sulfamoyl-U-chlorobenzoic acid were
studied for possible interactions with catecholamine-dependent functions.
Only the cis-N-{2,6-dimethyl-l-piperidyl)-3-sulfamoyl-L-chlorobenzamide
(VI, Clopamide, Brinaldix) was active. It inhibited reserpine-induced
hypothermia in mice and increased the sensitivity of rabbit aorta strips
to noradrenaline.

In a series of compounds of type VII, the most active in rats were
those_in which the sulfamoyl group was in the para position and Rl, R 6
and R3 respectively were (1) H, H, H, (2) CHs, H, H and (3) H, CHg, CHg.®

Benzothiadiazines. A large volume of literature continues to be
generated regarding the thiazides, some of which is only of archival
valueé g lazide-induced hyperglycemia has been correlated with potassium
loss, 1y although more evidence will be required to validate this find-
ing. Indeed, abnormal glucose tolerance curves resulting from chloro-
thiazide therapy are reported to ite normalized by potassium chloride or
triamterene administration.2? However, the hyperglycemia due to hydro-
chlorothiazide in nephrectomized-alloxanized rats was related to increased
glycogenolysis caused by inhibition of cyclic 3',5'-AMP phosphodiesterase;
the resultant accumulation of cyclic 3',5'-AMP increased the hyperglycemic
effect of epinephrine.30 Other causes of thiazide-indugid hyperglycemia
have been suggested including reduced insulin secretion and impaired
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glucose uptake by peripheral tissues.32

Since reports of new thiazides which have reached the clinic are
rare in recent years, a new addition is worthy of mention. This com-
pound, the 3-a-methylbenzyl derivative of hydrochlorothiszide (VIII), is
referred to in the literature as Diu 60 (Dehydrosanol, Pertensosonol).

Preliminary reports on its chﬁmistry
" CH3 have.appeared previously,33’3 but
Clo N | 72\ deta§led reports of its toxicolog-
r—CH ical3® and diuretic proverties in
N -/ animals are now available which
HENOQS// ‘go/’ indicate that it compares favorably
2 with othgr thiazides in animals and

in man.3
VIII

Pteridines. The diuretic properties of triamterene, 2,4,7-triaminc-
6-phenylpteridine (IX, R=2¢C ), are well known., A number of related
compounds (IX) in which the 6-Pphenyl group was replaced by a variety of
cycloalkenyl groups and by furyl were found to have diuretic activity in
rats about equal to that of triamterene., 1 One compound of this group,

HQN\Tgy\j//NQW/’NHQ ReHN\<§N\\//KQj/Rl
I
R/Q}/\jéﬂ R3ENOC \W/’\fm
N, Mg
X X

2,k,7~triamino-6-(2-furyl)pteridine (furterene, IX, R = 2-furyl), in the
form of its formic acid salt was selected for detailed study because of
its low toxicity. Its action in promoting sodium and chloride excretion
while suppressing potassium excretion resembles that of triamterene. The
persistence of activity in the adrenalectomized rat shows that furterene,
like triamterene, dggs not function solely as a specific antagonist of the
mineralocorticoids,

Preliminary communications have described the diuretic activity of
the 6-pteridinecarboxamide Wy-5256 (X, RL = CgHs, R2 = R3 = 2-methoxy-
ethyl). The renal pharmacology of Wy-5256,39 and the synthesis and
structure-activity relﬁtignships of a series of 6-pteridinecarboxamides
(X) including Wy-5256, 1,4 10w have been published in detail. Wy-5256
has about the same diuretic potency as hydrochlorothiazide in rats and
dogs. It probably acts directly on the renal tubule to promote the
excretion of nearly equal amounts of sodium and chloride along with some
potassium. It is interesting to note that Wy-5256, like furosemﬁde and
ethacryﬂic acid, produces an increase in total renal blood flow Y
Studies*1s42 on the pteridinecarboxamides (X) have shown that R~ must be



Chap. 7 Diuretics Cragoe and Bicking 63

aryl, preferably ungubstituted phenyl, for good oral diuretic activity.
In a series where RZ = R3, maximum activity was reached when these groups
are 2-methoxyethyl as in Wy-5256. In a second series where R = H, maxi-
mum activity was attained in compounds in which R3 is 2-diethylamino-
ethyl or 2-morpholinoethyl. Activity was lost when the T-amino group was

replaced by hydroxyl.

Pyrazines. N-Amidino-3-amino-6-chloropyrazinecarboxamide ()(I)u3
previously was shown to reverse the electrolyte excretion effects of
deoxycorticosterone acetate in the adrenalectomized rat and was Shoﬁﬁ to
be a potassium-gparing natriuretic agent in the intact rat and dog.

The preparation and renal electrolyte effects of a series of com-
pounds in which the 5-position of XI haﬁ been variously substituted have
been reported. > Greatly increased activity was
NH found in a group of compounds (XII) which bear
Il a 5-amino substituent. The parent compound,
c1, N _CONH-C-NH, N-amidino-3,5-diamino-6-chloropyrazinecarboxamide
:[ij;]l\ (XIIa) is most active, producing a 50% reversal
>~ of the DOCA effect in adrenalectomized rats at
T NHp 2.5 ug./rat. XI produces an equivalent effect
at 36 yg./rat.
H

XI, Y

XII. Y = RR2y Compounds of type XII in which R} is H and
I, Y = - R is straight chain alkyl (methyl through
XIIa, Y = NH2 butyl), isopropyl, allyl or cyclopropyl are

o nearly as potent as XITa. Similar compounds in
which R~ is branched butyl or higher alkyl are considerably less active,
The 5-diglkylamino compounds with up to a total of six carbon atoms in
Rl and R? are highly active. The S-gnilino compound (XII, R} = H, R® =
06H5) is moderately active; the homologous benzyl and phenethyl compounds
are weakly active. High potency is retained on introduction of alkyl and
aryl substituents at the terminal guanidino nitrogen atoms of XIIa;
replacement of the 6-chlorine atom by hydrogen greatly reduces activity.
The introduction of halo, hydroxy, alkoxy, mercapto or alkylthio groups
into the S5-position gives compounds of greatly reduced activity.

The action of XIIa in reversing the electrolyte effects of aldo-
sterone probably is directly on the distal tubular handling of sodiﬁ and
potassium rather than through a specific antagonism of the hormone.

Clinical studiesh7'5o show that XITIa*HCl (amiloride hydrochloride)
used alone produces a moderate natriuresis and a marked antikaliuresis;
it potentiates the natriuretic effects of hydrochlorothiaszide and etha-
crynic acid in edematous and hypertensive patients while completely
reversing the kaliuretic effect of these diuretics,

Other Heterocyclic Compounds. The diuretic properties of 3,6-
dicarboxycoumarin and some of its esters have been reported earlier.5
A new 8up of coumarincarboxylic acids and their derivatives have been
studied in the rat and several members show a similar pattern of
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activity, i.e., enhancement of sodium and chloride ion excretion with
slight or insignificant effect on potassium excretion. In a series of
esters (XIII) of 3,8-dicarboxycoumarin, the 3-ethyl and 3,8-bismethyl
esters were the most active saluretic agents (30 mg./kg. orally). A
number of lower alkyl esters (XIV) of 3,6-dicarboxy-4-hydroxycoumarin
also were active at the same dose and were effective in reversing the
electrolyte effects of exogenocus aldosterone.

COQRl
I

| ;[ I
COLR rloc | COR

OH
XII1 XIv

The cyclic immonium salt, 1,4-dihydro-2,3-dimethyl-4-phenyl-l,L-
ethanoisoquinolinium chloride (XV, Su-lhQ74), is a diuretic agent of
novel type. It produced a diuretic, natriuretic and chloruretic
~esponse in the dog at 5.0 mg./kg. orally.53 Potassium excretion was
decreased. Su-1407k had a similar diuretic and natriuretic effect in the
rat at 6.2% mg./kg. orally but was without appreciable effect on potassium
excretion.?® In the dog, Su-1407h4 reversed the electrolyte effects of
injected aldosterone; thus, its action may be due to inhibition of the
effect of the endogenous hormone . ”

H
+ _CH N
)ﬁq/ ’ 0 N\IT
c1- N U emcn
C6H5 HNCHQCH2C6H5
' XVI

L4~Phenethylamino-1H~pyrazolo/3,4~d/pyrimidine hydrochloride (XVI)
was reported55 to have diuretic and natriuretic activity in rats about
equal to that of acetazolamide; however, it appears to be longer acting.

_ ACH)e (Cgis)p-c O >c=nn
/’ N-CH l |
~ O~ / 3 CO__NH
N

XVIT XVIII
\\
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An investigation of the biological properties of some azoninoindoles,
azecinoindoles and benzazecines showed that several of_jhese bases have
significant diuretic and natriuretic activity in rats.5 The azecino-
indole (XVII) is most active, producing a good diuretic response when
given orally at 50 mg./kg.

It has been claimed that 5,5-diphenyl-2-imino-lt-oxazolidinone (XVIII)
produces a prompt, intense diuresis in the rat when administered orally
at 20 mg./kg.57 The volume of urine is increased 5-10 fold; the effect
of XVIII on electrolyte excretion was not described.

The hyvpoglycemic and lipolysis-inhibiting compounds, 3,5-dimethyl-
pyrazole and 3,5-dimethylisoxazole, produce a significant diuresis in
fasted rats at 100 and 50 mg./kg. i.p. This effect is grgatly attenuated
in water~loaded rats and is not observed in guinea pigs.5 The diuretic
activity like the hypoglycemic activity of these compounds appears to be
species~-specific.

The azidopyrimidines (XIX), S-ethoxyethyl- and 5-propargyl deriva-
tives of 2-amino-k-azido-6-phenylpyrimidine, reverse the oliguria pro-
duced by ADH in the alcohol-~
saline loaded rat”?? at doses less

Cetls /y\\,/NH? than 1 mg./kg. This action is the
:r/ I result of a nonspecific antagonism
R -Qtr/N to the hormone since both compounds
produce diuresis and saluresis in
N3 the absence of injected ADH.

Studies of the diuretic action of
XIX, R = C~H-OCHACH~- (SC-16102 SC-16102 in the dog also have been
’ 2n5rrre o ( ) reported. 0
CH=CCH,- (8C~16100)

Hydrazides. A series of hydrazides and sulfhydrazides were tested
orally as diuretics in mice at 50 mg./kg. Two compounds, XX and XXI,
were as active as chlorothiazide at S mg./kg. Three other ggmpounds,
XXII, XXTII and propionhydrazide, were somevwhat less active.

Rl 1
XX, RY = cH30; R®,R3 = &
2 = 3 l 3 =
22 CONHNE XXI, Rl HO; 32,33 H
2 XXII, R* = HO; R°,R° = H
23 XXIII, R1,R2,R3 = HO

Hormonal Factors. A number of publications have centered on the mode
of action and the inhibition of the antidiuretic hormone (ADH, vaso-
pressin). It was shown that ADH in the rat may regularly cause diuresis
as well as the generally observed antidiuresis. 2 This biphasic action
is dose-dependent, i.e., small doses of the hormone injected or infused
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produce diuresis; larger doses produce antidiuresis. An analogous dual
action of oxytocin on water excretion was also reported.63 Studies in
human subjects support the previous hypothesis that cyclic adenosine
3',5'-monophosphate is the intracellular mediator of the antidiuretic
action of ADH. Given intravenously, the nucleotide decreased urinary
volume and raised osmolarity in normal subjects given an excess water
load; in a patient wigﬁ diabetes insipidus, it produced a response exactly
like ADH (pitressin).

Cyclophosphamide (XXIV) (50 and 100 mg./kg.) and its metabclite
2,2'-dichlorodiethylamine, were found to producg a water diuresis in
rats and dogs.”” Evidence was presented
that these compounds act by inhibiting

NH the action of ADH. A similar effect of
/ \ ¢0 5,5=diphenylhydantoin in man at the 66
(CH2)3 P high i.v. dose of 500 mg. was reported.
(CHpCHC1)p

The interesting observation that
the analgesic acetaminophen (N-acetyl-
XXIV p-aminophenocl) accelerates net water
flow across the isolgted toad bladder
led to its trial in patients with diabetes insipidus. T A single dose
(1.2 to 2.4 g.) produced a marked fall in urinary excretion and a rise
in osmolality. It was suggested that acetaminophen may be a useful sub-
stitute for vasopressin in diabetes insipidus.

The complex effects of aldosterone infusions on the renal resggnse
to angiotensin in normal and edematous subjects have been studied.

Diuretics from Plant Sources. Reports of diuretic activity in
naturally-occurring substances or their extracts have been abundant in
the past and they are always difficult to evaluate. Recent%g diuretic
properties have been described for extracts of birch leaves Betula
verrucosa), celery7O (Apium ggaveolens) and the Indian plants, Boerhaavia
repens and Boerhaavia rependa.
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Chapter 8. Angina Pectoris and Antianginal Agents
Arch C. Sonntag and Robert I. Meltzer
Warner-Lambert Research Institute, Morris Plains, N.J.

It is generally agreed that the pain associated with angina pectoris
is due to a relative hypoxia of the myocardium. Attacks of angina can be
precipitated by increasing the heart's oxygen demand, or by decreasing its
supply. Emotional factors play a major role in increasing myocardial oxy-
gen requirements by increasing cardiac sympathetic nervous activity.!

The heart is a curious organ. In contrast to skeletal muscle, myo-
cardial metabolism is entirely aerobic, there being little or no conversion
of glucose or glycogen to lactic acid. In fact, heart muscle extracts
lactic acid from the blood, converting it to pyruvic acid.? Production
of lactic acid by the myocardium has been observed during exercise of
patients with coronary artery disease. Lactic acid production is most
frequently observed in extensively diseased hearts, and is usually associ-
acted with disease of the left anterior descending coronary artery.3 Skel-
etal muscle extracts about 22 percent of the available blood oxygen, while
extraction in the heart runs about 70%." This high arterio-venous oxygen
difference requires that changes in myocardial oxygen supply be dependent
on modifications in coronary blood flow (CBF).

Drug therapy of angina pectoris has traditionally involved the use of
agents believed to be coronary vasodilators in an effort to increase CBF.
Some agents which produce a marked increase in CBF in the normal subject
fail to effect either an increase in CBF or relief of pain in patients
with angina pectoris. Failure of purported coronary vasodilators to re-
lieve angina may be due to a number of factors. The myocardium possesses
an extremely efficient auto-regulatory system, the strongest stimulus for
vasodilation being hypoxia. 1In order to produce a therapeutic degree of
vasodilation in the diseased heart, a drug must produce a greater degree
of vasodilation than the hypoxia itself. Gorlin has concluded that the
failure of vasodilators to increase CBF in anginal patients might be due
to a hypoxia-produced exhaustion of the coronary reserve for further vaso-
dilation.® McGregor and Fam have pointed out that this does not exclude
the effect of these drugs on collateral flow. These authors accept the
theory of an auto-regulatory mechanism which adjusts blood flow to metabol-
ic need. This adjustment depends on the presence of a metabolite in an
arteriole in close contact to the myocardial cell. This mechanism regu-
lates the flow of blood at the site of oxygen utilization and should not be
disturbed. 1In the ischemic heart, the flow of blood to the auto-regulated
arterioles is insufficient. The useful antianginal agent should exert its
effect by increasing the blood supply to the arterioles by acting on the
large conductive and collateral vessels. McGregor and Fam assert that an
agent which increases CBF by interfering with the auto-regulatory function



70 Sect. II - Pharmacodynamic Agents Archer, Ed.

will allow those arterioles which are already receiving adequate blood to
further divert blood away from ischemic areas and into healthy ones.®

During the last few years there has been a de-emphasis of the ana-
tomical considerations associated with. angina pectoris and an increasing
concern of a possible upset of auto-regulation or of sympathetic stimula-
tion in the heart. Berne suggested the role of adenosine nucleotide break-
down products in the auto~regulation of CBF.7 1In the presence of a de-
aminase inhibitor, adenosine has been observed in the perfusate of iso-
lated cat and guinea pig hearts subjected to anoxia. The increase in CBF
during graded hypoxia has been found to be proportional to the sum of
adenosine, inosine, and hypoxanthine released from myocardial tissue.®
The possible involvement of plasma kinins in the auto-regulation of CBF
has been suggested. Bradykinin, kallidin, or eledoisin were found to in-
crease coronary sinus outflow, coronary sinus oxygen tension, and stroke
flow without affecting blood pressure or heart rate. The effects of these
kinins were attributed to coronary vasodilation by a direct action on the
myocardial vessels.? Gorlin has suggested that plasma kinins, released
from ischemic or inflamed tissue, may be pain producing substances. 10
It should be pointed out that it is not known whether or not these agents
are released into the circulation during attacks of angina pectoris.

In the course of their work on a canine heart model for angina,
Szentivanyi and co-workers claim to have found evidence for the existence
of a substance, hyperemin, which regulates coronary vessel responsiveness
to metabolic requirements. In the absence of hyperemin, vasodilation
could no longer be produced by metabolic stimuli or by adrenalin. Admini-
stration of hyperemin from a donor heart reestablished normal responses.ll
Presumably, angina pectoris may involve a lack or insufficiency of a
hyperemin type material in the human heart.

The hemodynamics associated with attacks of angina pectoris have been
extensively studied. Diamond reported elevated left ventricular end di-
astolic pressures during exertional angina.12 Roughgarden noticed an
increased systemic and pulmonary blood pressure during attacks of exertion-
al and spontaneous angina.m’ll+ Gorlin and his associates reported a max-
imal increase in left ventricular end diastolic pressure of 3mm Hg. during
exertional angina and no pressure change when angina followed the admini-
stration of isoproterenol.l!® Parker observed slight increases in left
ventricular end diastolic pressure to precede the onset of exertional an-
gina. However, no correlation was found between the onset of pain and the
development of pressure changes.16 McGregor's group found no difference
in the hemodynamics of anginal patients from normal subjects, even though
the patients were experiencing anginal pain. The response of both groups
to sublingual administration of nitroglycerin, either at rest or ten min-
utes before exercise, was similar.!” Roughgarden maintains that an anginal
attack is accompanied by an increase in pressure and that relief from the
attack, whether spontaneous or as a result of nitroglycerin treatment, is
accompanied by a drop in blood pressure towards the pre-attack level.l®

The evaluation of possible antianginal agents has been limited to
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determination of CBF changes. The methodology of screening antianginal
compounds has been reviewed.%>18+19>20 poye criticized available methods
of evaluation on the basis that they give no information concerning the
distribution of blood flow within the myocardium or the effects on arterio-
venous communications.2? It is quite likely that differences in distribu-
tion of CBF rather than total flow are important.

A major difficulty with transferring results obtained in the labora-
tory to the clinic is the fact that these studies are usually carried out
in animals with normal circulation, or other situations which differ great-
ly from those found in the diseased heart.

There have been many efforts to screen antianginal drugs using ex-~
perimentally induced coronary insufficiency. Szentivanyi and Juhasz-Nagy
have attempted to produce an animal model to simulate angina pectoris. A
functional coronary rigidity resembling that found in anginal subjects was
induced in the dog heart by prolonged hypoxia, bilateral stellectomy, or
by intracoronary injection of hexamethonium or dibenamine. These workers
claim that papaverine and prenylamine (I) cause vasodilation in the state
of functional coronary rigidity. Intracoronary injection of papaverine
produced an increased flow but did not restore the hyperemic response to
brief reduction in coronary flow.2l Unfortunately, these authors did not
report the effects of nitrates on their model. The use of pituitrin in-
duced coronary vasoconstriction has recently been reinvestigated by Papp and
Szekeres. Injection of pituitrin produced coronary insufficiency in the
conscious rabbit as measured by the elevation in the T wave in the ECG.
The lowest dosage of drug capable of normalizing the T wave amplitude in
50% of the test animals, or the percentage decrease in the T wave produced
by different dosages of the drugs, was claimed to be more sensitive for
drug evaluation than results obtained by inhibition of pituitrin induced
vasoconstriction.?2 1In all attempts to produce experimental coronary is-
chemia, the question remains as to how closely the experimental procedure
resembles the clinical situation.

The clinical evaluation of antianginal drugs has been recently re-
viewed.?3 Russek has criticized the techniques used in the evaluation of
antianginal drugs. The use of a double blind technique is no guarantee
that the results are infallible. According to Russek, many of these stud
ies involve an experimental design in which the drug is administered with-
out regard to its known pharmacological action and no effort is made to
synchronize the drug effect with the periodicity of anginal attacks.?"

Wendkos has proposed an "Orthostatic Electrocardiographic Index' in
an attempt to demonstrate nitrate activity.25 This study is hardly con-
clusive as it was carried out on four schizophrenics without demonstrable
organic heart disease. Wendkos recently reported that nitroglycerin and
isosorbide dinitrate abolished ECG signs of ischemia provoked by i.v. ad-
ministration of ergot alkaloids to anginal patients.2®

The use of ECG changes in evaluating antianginal drugs has been widely
criticized. The ECG gives only indirect information concerning the state
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and adequacy of the coronary circulation.® Abrahamsen and Kiil maintain
that ST changes may not reflect myocardial blood supply, as disturbances
in CBF can be reversed without changes in the ECG.27

The lack of understanding of angina pectoris is reflected in the wide
variety of drugs used in the management of this syndrome. 1In a recent
review, Master listed 70 different medications including narcotics, vaso-
dilators, tranquilizers, antispasmotics, anticoagulants, hypometabolic
agents, estrogens, hypercholesterolemia antagonists, MAO inhibitors, and
vitamins.?3

Despite criticism of its efficacy and mode of action, nitroglycerin
remains the most widely used drug in anginal therapy.ze’29 There has been
a growing realization that nitroglycerin may exert its therapeutic effect
through a number of mechanisms. It is well known that nitroglycerin in-
creases CBF in normal individuals. Using nitrous oxide desaturation tech-
niques to determine CBF, Gorlin found sublingual nitroglycerin to decrease
CBF by 167% in patients with angina pectoris. Gorlin suggests that the
beneficial effects of nitroglycerin may be the result of decreased myo-
cardial contractility.® The use of nitrous oxide techniques has been
criticized and they have been replaced by methods based on radioactive
isotopes.20 Bing's group, using Rb®* in anginal patients, found a 13%
decrease in CBF 2-8 minutes after sublingual nitroglycerin administration,
and a 57 decrease after 8-15 minutes. Bing reports similar decreases in
CBF for iproveratril (I1) and carbochromene (111).39 Measurements of CBF
using Xel!33 have showm nitroglycerin to have a biphasic response. Rees
reported that in dogs nitroglycerin produced an increase in left ventri-
cular efficiency, as well as an immediate rise in CBF which was greatest
at the end of injection, fell away at 3 minutes and reached a minimum at
6 minutes, then returned to normal. Rees suggested that the effect of
nitroglycerin on the coronary vessels is brief and restricted to the first
phase. The subsequent increase in coronary resistance might then be an
auto-regulatory effect due to reduced myocardial oxygen requirements.31
Bernstein, using Xel33 techniques, found intracoronary injection of nitro-
glycerin to produce a biphasic response in man as well as dogs. 1In pa-
tients with angina pectoris, there was a 38.57 increase in CBF % minute
after administration of nitroglycerin. At 4-6 minutes the increase in flow
was only 4.8%. This brief increase in CBF could bring about relief of
pain by removal of metabolites from ischemic areas of the myocardium.
Bernstein suggests that systemic effects predominate in the second phase
of nitroglycerin response to give decreased arterial pressure, cardiac
output, and decreased coronary vascular resistance. Because of the drop
in atrial pressure, coronary flow falls below control levels. The prophy-
lactic and sustained actions of nitroglycerin could be due to a lowering
of myocardial metabolism.32 Bernstein's results are open to criticism
because of the use of intracoronary injections of relatively high con-
centrations of nitroglycerin.

McGregor's group maintains that retrograde flow into an ischemic area
may be increased for twenty minutes following nitroglycerin. The action
of nitroglycerin would then be due to a redistribution of blood within the
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myocardium, accompanied by a reduced energy expenditure.6 Najmi found
nitroglycerin to reduce pulmonary artery pressure, total pulmonary re-
sistance and right ventricular work. Najmi suggested that pooling of
blood in the peripheral venous, or pulmonary vascular systems, would re-
sult in a decreased heart size with concomitant reduction in cardiac work.3
It seems unlikely that this rationale alone would explain the action of
nitroglycerin, since vasodilation and pooling of venous blood could be
accomplished by vasodilators, which are ineffective in relieving anginal
pain.

Needleman attempted to correlate the antianginal activity of nitrates
with their ability to produce loss of respiratory control in mitochondria.
He suggests that nitroglycerin exerts its effect by reacting with SH groups

within the mitochondria, thereby causing an uncoupling of phosphorylation.3L+

Russek has found isosorbide dinitrate and pentaerythritol tetranitrate
to produce a significant improvement in exercise tolerance as well as exer-
cise ECG tests.®® A wide variety of nitrate esters have been found to
provide relief of angina pectoris. There is no information, however, to
suggest a difference in the basic pharmacological action of these com-
pounds. Such differences are presumably due to differences in absorption
and rates of metabolism.3¢,37,38

Dipyridamole is a potent coronary vasodilator. Despite the fact that
it causes a substantial increase in CBF, its value for the acute relief or
prevention of angina pectoris has been seriously questioned. Considerable
effort has been expended in the study of this drug. Deutlicke reports
dipyridamole to inhibit adenosine deaminase which results in an accumula-
tion of adenosine. Since adenosine is a potent vasodilator, there is an
increase in CBF.3? Emmons found dipyridamole to inhibit platelet aggluti-
nation and proposed that dipyridamole prevents the uptake of adenosine by
red blood cells, thereby delaying its deamination.“? Stafford feels that
dipyridamole inhibition of adenosine deaminase is unlikely, as high con-
centrations are necessary to produce inhibition of deaminase from intesti-
nal mucosa. Much lower concentrations of dipyridamole potentiate the
action of adenosine on myocardial tissue. Stafford proposes that dipyri-
damole prevents the uptake of adenosine by myocardial tissue or red blood
cells."l schmidt reported dipyridamole produces increased myocardial
collateral circulation in dogs."2 McGregor found dipyridamole to increase
cardiac output and ventricular minute work as a result of increased stroke
volume."3 McGregor maintains that the increased CBF is a result of an
increase in the rate of capillary flow"" rather than a result of shunting
through other pathways as suggested by ‘/\Iinbury.L*5

Prenylamine (I) was introduced in Europe as a coronary vasodilator
which reduces the noradrenaline and serotonin content of the heart. Ini-
tial double blind studies have shown a decrease in the pain of angina
pectoris. Results using objective methods, based on ECG changes and
Masters Two-Step techniques, have been equivocal. 1Ito found prenylamine,
dipyridamole, and 7-chloroethyltheophylline to increase diastolic pressure
as well as CBF. Ito states that factors other than increased diastolic
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pressure are assoclated with increased CBF and suggested dipzridamole di-
lates coronary arteries even in coronary sclerotic patients.*® Jacobsson
found no difference between the effects of oxyethyltheophylline, prenyl-
amine, or placebo in the relief of subjective or ECG signs of ischemia."’
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A number of compounds have been reported which have coronary dilator
properties or other activities which have culminated in their clinical
trial for use in angina pectoris. Lidoflazine (IV) is claimed to be a
specific, long acting coronary vasodilator. This agent appears to reduce
coronary vascular resistance in dogs and causes an increase in coronary
venous pOz.“

A study of iproveratril (II), carbochromene (III), hexobendine ),
and dipyridamole indicates that these long acting coronary vasodilators
probably do not exert their action by an adrenergic mechanism. Only in the
case of carbochromene was the arterio-venous oxygen difference affected by
prior reserpinization. The dose-related activity in reserpinized do%s
suggests that the primary effect of carbochromene is not adrenergic. 9
Carbochromene has been reported to increase CBF by prolonging the action
of adenosine on the coronary arteries.30 Iproveratril and carbochromene
have been clinically available in Europe for some time. Iproveratril is
currently being investigated in the United States.>? Clinical trials of
hexobendine have not been reported but the compound appears to be headed
for the clinic.3!
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Benfurodil (VI) has been claimed to be a cardiotonic-vasodilator,
which has clinical vaiue in angina pectoris. However, no data is avail-
able.5%2 TIldamen (VII) has recently been placed on the European market as
an antianginal agent. Ildamen has a positive inotropic activity and ap-~
pears to be a stimulator of beta adrenergic receptors.53 Pyridinolcarba-
mate (VIII), a bradykinin antagonist, has been shown to be an anti-
arteriosclerotic agent in rabbits, and is claimed to be beneficial in
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angina pectoris, as well as in reopening occluded arterial segments in
patients suffering from arteriosclerosis obliterans.>%»3%

A direct relationship between the catecholamines and angina pectoris
has been known for some time. Raab proposed that attacks of angina
pectoris result from a coincidence of two basic factors: 1. A predispos-
ing element of impaired coronary dilatability due to sclerosis, and 2.

A cardiotoxic trigger involving a temporary influx into the heart of
catecholamines. Raab also suggested that a direct action of catecholamines
on the coronary vessel may be involved in the genesis of arteriosclerosis.’®
It is generally accepted that an overexcitability in the sympathetic ner-—
vous system exists in a substantial number of individuals with angina pec-
toris. Valori recently reported that urinary excretion of norepinephrine
and epinephrine was greatly exaggerated following myocardial infarction.57
Nestel has shown that compared with normal men, those with angina pectoris
secrete abnormally large amounts of norepinephrine and similar amounts of
epinephrine in response to emotiomnal stress.>

Epinephrine and norepinephrine produce an increase in coronary blood
flow. Nevertheless, these agents have a deleterious effect on patients
with angina pectoris because the increased CBF is insufficient to meet an
increased oxygen requirement, which is a result of increased blood pres-
sure, heart rate, and myocardial contractile force.

Ahlquist has attempted to explain the actions of the catecholamines
in terms of two different types of adrenergic receptors.59 According to
Ahlquist's nomenclature, alpha receptors generally mediate vasoconstriction
and excitatory functions, while stimulation of the beta receptors produces
vasodilation and other responses associated with smooth muscle relaxation®
Beta receptors are believed to mediate the chronotropic and inotropic
action of catecholamines. Epinephrine is active on both alpha and beta
receptors while the action of norepinephrine is primarily on the alpha
sites. Isoproterenol has little action on alpha sites, being a potent
stimulator of beta receptors.

There has been a great deal of interest in the nature of coronary
sympathetic stimulation. Braunwald's group observed coronary vasodilation
after the intracoronary injection of isoproterenol and concluded that beta
receptors are present in the coronary circulation.®l Gilmore has recently
reported the gresence of both alpha and beta receptors within the coronary
vasculature. © Govier found both alpha and beta receptors as evidenced
by changes in atrial refractory period.63 Gaal and his associates have
suggested that both alpha and beta receptors are present in the coronary
vessels and that normally the beta response predominates. After blockade
of the beta receptors, administration of epinephrine or norepinephrine
results in stimulation of only alpha receptors which results in coronary
vasoconstriction.®* Zuberbuhler and Bohr studied the response of smooth
muscle from various sized coronary arteries and concluded that alpha and
beta receptors are present in the larger arteries, but that beta recep-
tors predominate in the smaller vessels.®5 Takenaka has observed similar
effects in the isolated perfused dog heart.®® Braunwald proposed that
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both alpha and beta receptors are present in the coronary arteries but
only beta receptors are found in the myocardium.67

By electrical stimulation of the stellate and caudal cervical ganglia,
Szentivanyi observed simultaneous dilation in one region of the myocardium
with constriction in another. Szentivanyi concluded that the myocardium
and coronary arteries are supplied by different sympathetic pathways.68
It has been suggested that the vasodilation observed on stimulation of
sympathetic fibers is a result of a sympathetic cholinergic innervation.
In a recent study, Feigl stimulated the stellate ganglion and hypothalamus
and found no evidence of cholinergic mediated coronary vasodilation.”?
Information obtained by sympathetic stimulation of the coronary circula-
tion has been recently criticized. The distribution of alpha and beta re-
ceptors within the coronary vasculature may vary with species and physio-
logical state of the animal. Different experimental approaches may favor
stimulation of either alpha or beta receptors. Other factors may be in-
volved such as dose or time dependent actioms of catecholamines on dif-
ferent receptors.71

69

Because of their possible role in angina pectoris, the chronotropic,
inotropic, and oxygen wasting effects of the catecholamines have been
greatly explored. Braunwald maintains that the decreased efficiency in
myocardial oxygen utilization produced by catecholamines is a consequence
of increased myocardial tension.%7 However, the consensus of opinion seems
to be that these effects are due to changes in myocardial metabolism in-
volving stimulation of the beta receptors.’? Interaction with the beta
receptor is believed to result in the formation of adenyl cyclase which
catalyzes the formation of 3', 5'-cyclic adenosine monophosphate. Cyclic
3', 5'-AMP acts as a secondary mediator by increasing glycolysis and
lypolysis as well as increasing cardiac contractility.73’7“’75 Svedmyr
recently demonstrated that blockade of beta receptors with MJ-1999 pre-
vents the myocardial stimulation, hyperglycemic, and free fatty acid and
lactate mobilizing effects of catecholamines.’®

In view of the known actions of catecholamines on the myocardium and
from the observation that the individual with angina pectoris has a hy-
peractive sympathetic system, it is rationalized that blockade of the beta
adrenergic receptors may benefit the anginal patient. There are a number
of agents which produce a selective blockade of the beta adrenergic recep-

tor, their structure activity relationships have been reviewed.’7»78:79
OH R4 In general, beta adrenergic
R, -C-CH,-N blocking agents are ethanol amine

\R2 derivatives. Dichloroisoproterenol

(R;=3,4-dichlorophenyl, R,=isopropyl,
R3=H), was the first agent to display selective beta blocking activity.
However, it also possesses an intrinsic beta stimulatory action. Proneth-
alol, (Ryj=l-naphthyl, Ro=isopropyl, R3=H) was found to have a beneficial
effect in anginal %atients by beta blockade which reduced myocardial oxy-—
gen requirements.8 Pronethalol has some stimulatory action on the beta
receptor and was withdrawn when it was found to produce thymic lymphosar-
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coma in mice.81 A large number of phenethanol amine derivatives block

the beta receptor. INPEA (R;=p-nitrophenyl, Ry=isopropyl, R3=H) selectiv-
ely blocks beta sites without influencing alpha receptors.®? Dimethyl-
isopropylmethoxamine (R1=2,4-dimethylphenyl, Rz=isopropyl, R3=CH3) 83 and
t-butylmethoxamine, (R1=2,4-dimethoxyphenyl, Rz=t-butyl, R3=CH3)8" have
been reported to produce a selective blockade of some, but not all, beta
receptors. MJ-1999 (Ri=p-methanesulfonamidophenyl, Ro=isopropyl, R3=H)
has been reported to be a selective blocker of beta receptors.

Propranolol (Rj=l-naphthyloxy, Rop=isopropyl, R3=H) has elicited a
great deal of attention in the treatment of angina pectoris.85 Harris re-
ported that propranolol produced a decrease in heart rate, cardiac out-
put, stroke volume, ejection time index, and significant increases in
atrial and mean right atrial pressures. Propranolol blocks the effects
of isoproterenol and causes epinephrine reversal.®® The reversal of
epinephrine as well as increases in atrial pressures is probably due to an
unmasking of the less significant stimulatory effect of the alpha re-
ceptors. Working with dogs, Rowe's group found propranolol to decrease
body oxygen consumption, cardiac output, CBF, and left and right ventri-
cular work. Total peripheral, pulmonary and coronary vascular resistances
were increased.8’ Nayler recently reported that in the anesthesized dog,
propranoclol produced a 297 decrease in CBF as well as a decrease in myo-
cardial oxygen consumption.88 Sowton and Hamer, in anginal patients,
found that propranolol reduced cardiac output 20% both at rest and on
exercise. Stroke volume was reduced 157 at rest and 5% during exercise.
Heart rate fell 10% at rest and 15% during exercise. Left ventricular
work was reduced by 21% at rest and 247 on exercise. These changes were
accompanied by significant decreases in oxygen uptake.89 Chamberlain found
propranolol increased heart size at rest and during exercise in normal
subjects.

In double blind studies, Gorlin's group found an 81% improvement in
anginal patients when treated with propranolol. Propranolol produced a
decrease in heart rate, end diastolic ventricular volume and a fall in
left ventricular systolic mean pressure. Mechanical efficiency was not
changed by propranolol but oxygen consumption decreased 25%. Gorlin notes
that CBF decreases more than oxygen consumption suggesting some coronary
vasoconstriction, probably a result of alpha stimulation. ! Ginn and
Orgain, in a double blind study of 18 patients, found an 837% improvement
in anginal pain frequency.92 Hamer found propranolol to increase exer-
cise tolerance in anginal subjects and suggested that this is obtained at
the expense of a reduction in myocardial contractility and in peripheral
blood flow.2® Rabkin has found improvement in anginal patients and sugges-
ted there is a carry over effect after discontinuing the drug.gu Rabkin's
observation is interesting as propranolol is known to have a relatively
short half-life.®8!

Exercise tolerence has been significantly increased by a combination
of propranolol and nitroglycerin, suggesting a possible synergistic
effect.®> Russek recently reported that a combination therapy of pro-
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pranolol and nitroglycerin resulted in improvement in the frequency of
anginal attacks and ECG signs of ischemia. Russek maintains that nitro-
glycerin compensates for the vasoconstriction action of propranolol.96

While many investigators have shown propranolol to produce an improve-
ment in exercise tolerance or consumption of nitroglycerin tablets, there
is no work demonstrating improvement in ECG signs of ischemia. Gillam and
Prichard studied ECG signs during exertional angina of 7 patients treated
with propranolol. Four patients showed a greater degree of ST depression
while 3 patients showed less.?7 TFisch has criticized the use of beta
adrenergic blocking agents in angina pectoris since these agents should
produce an in vivo coronary vasoconstriction, an effect which is in
contradiction to the customary use of vasodilators in angina.98 It is of
interest that beta adrenergic blockade has not proved effective in pre-
venting attacks of angina of an emotional origin.99

Snow reported a decreased mortality rate followin% myocardial in-
farction when patients were treated with propranolol.1 O  The increased
survival rate following infarction was attributed to a prevention of
cardial arrhythmias by beta adrenergic blockade.101,102,10 More recent,
carefully controlled, double blind studies have failed to confirm Snow's
findings of increased survival.l0%,105 1t has been pointed out that beta
blocking agents should be restricted to patients without overt signs of
myocardial decompensation. Blockade of the sympathetic nervous system in
:g imgg%red heart removes the drive necessary to maintain cardiac func-
ion.

The possibility of treating angina pectoris with beta adrenergic
blocking agents has opened new avenues of research, particularly in the
area of cardiovascular sympathetic innervation. The future role of these
agents in the therapy of the anginal syndrome is a question which is yet
to be fully answered. It is hoped that mistakes made in past investiga-
tions of antianginal agents will not be repeated in this area.
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Chapter 9. Pulmonary and Antiallergy Agents.
Walter T. Moreland, Chas. Pfizer & Co., Inc., Groton, Connecticut.

The year's most significant developments in the fields considered to
be within the scope of this c‘napterl occurred in areas associated with
chronic obstructive lung disease. For the most part, these appeared as
reports summarizing and clarifying older thinking regarding cause and
effect relationships, or as studies which suggest new approaches to be
explored. Most of the reported drug developments can be identified as
arising in a fairly straightforward manner from earlier work.

Obstructive Lung,Disease.——Carabasiz briefly summarized some impor-
tant differences between bronchial asthma, chronic bronchitis, and pul-
monary emphysema, which are the presently recognized major categories of
chronic obstructive lung disease. While it is obvious that these
diseases have many common features and that methods of treatment will
continue to overlap substantially, such distinctions are of great value
because they are an essential first step in identifying new approaches
that can be logically pursued with specific methodology. Thus, bronchial
asthma is viewed as an allergic phenomenon associated with bronchial and
tracheal hypersensitivity to challenge from a variety of stimulil-4 —-a
view that is consistent with the fact that corticosteroids continue to
occupy a predominant position in its treatment.?,® It follows that the
emergence of significant improvements in the primary treatment of bron-
chial asthma should continue to depend on the realization of a clearer
understanding of allergy. Chronic bronchitis, on the other hand, is
believed to be associated with airways obstruction arising from abnor-
malities in mucous secretions.2:7:8 This suggests that better knowledge
of the systems responsible for mucus production and transport should lead
to the evolution of drugs more effective than the presently available
mucolytics and expectorants.

In contrast with the above diagnostic categories, in which reversi-
ble changes are often recognized soon enough to respond to appropriate
therapy, emphysema is presently thought to result from the irreversible
destruction of lung tissue. Consequently, present methods for handling
emphysema are usually palliative or prophylactic, and the development of
rational treatment awaits identification and understanding of the under-
lying disorder. Since the onset of emphysema appears to be associated
with repeated injury to lung tissue by inhaled irritants, by infection,
or by other factors that are as yet unrecognized,2’9 it is reasomnable to
seek experimental models in animals subjected to a comparable challenge.
Rats exposed to sulfur dioxide,1lV or dogs to cigarette smoke,ll over
extended periods of time, and newborn piglets subjected to prolonged
hypoxial2 were reported to develop emphysema-like conditions. It remains
to be shown that such models are an accurate reflection of the human dis-
ease and, in their present state of development, it seems likely that they
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will be more useful for identifying specific factors to be explored in
detail than as routine tools to be used in drug design. Reports such as
those that associate familial emphysema with serum alphaj-antitrypsin
deficiencyl3 may provide useful clues to understanding the etiology of
the tissue destruction characteristic of this disease.

Bronchodilators.--Bronchospasm of varying degree is present in all
types of obstructive lung disease.8,14 This accounts for the widespread
symptomatic use of bronchodilators, and they should continue to occupy
an important therapeutic position, even if there should be dramatic
improvements in primary therapy. Despite this, there were few signifi-
cant developments in this area during 1966 and much of the following is
a direct extension of matters discussed last year.l Recent clinical
reports, which summarize many earlier studies, indicate that metaprotere-
nol may have significant advantage over the standard sympathomimetic
bronchodilator, isoproterenol, in terms of side effects and oral absorp-
tion.1l> Several papers reemphasized the suitability of tracheal muscle
preparations as an in vitro test for bronchodilator action.l® Lands and
coworkersl/ extended their studies of differences in B—-adrenergic recep-
tors at various physiological sites, and a possibly related difference
between bronchial and cardiovascular B-receptors was suggested in clinical
studies with metaproterenol and the B-receptor blocking agents K&§-592
and propranolol.3’18 Studies with the methanesulfonamido analogs of
catechol amines have shown two, MJ-1992 and MJ-1987, to have good bron-
chodilator action.1l9 Bronchodilator activity, along with other proper-
ties believed to be desirable in agents for treating cor pulmonale, was
reported for the two non-sympathomimetic structures CIBA 31531-Ba?0 and
Mj-1988.21
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CH3S0,NH MJ-1987  CH3 ( 2)2—-@— 3
NH
? 2Hs
: /r:: «\' CH3O A Ny
— CH30 N
CIBA 31531-Ba MJ-1988

Antitussives and Mucolytics.——C'nalmers,22 in a short review of
currently available cough suppressants, emphasized that antitussive
action mediated solely through inhibition of the cough reflex is generally
undesirable in chronic obstructive lung disease, and that the rational
approach to treating persistent coughing is to eliminate the causative
irritation. It follows from this position that traditional cough sup-
pressants,23‘27 as well as methods which conventionally invelve comparisons
with codeine?8 in situations where coughing is acutely induced,29 are
likely to be of limited value for chronic use.
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More significant antitussive action should be expected from drugs
that act directly on the mucociliary system, which is more closely 30-32
associated with the cause of the cough. The proceedings of symposia
on mucus production, transport, and function in various organs suggest
an acceleration of research in this area. On the other hand, the scant
space devoted to respiratory tract secretions in Gottschalk's monograph
on glycoproteins33 is indicative of an urgent need for additional factual
information.

The respiratory tract mucociliary system is responsible for the
removal of inhaled foreign substances, and serves an important emollient
and protective function; 34 deficiencies in these functions would be
expected to lead to obstruction or to cough-producing irritation which
may be further aggravated by defects in mucus production. Hence,
potentially useful drug actions include, (1) alterations in the quantity
and/or quality of mucus produced, (2) adjustments in the quality of mucus
by direct physical or chemical action, and (3) regulation of ciliary
action which, assisted by the cough reflex, is responsible for movin§ .
mucus and attendant impurities outward against the force of gravity. -36
Little is known about the physiological control of mucus secretion.

There is evidence for the involvement of serotonin in the control of i
gastric mucus secretion (and against adrenergic or cholinergic control),3]
and the fact that gastric irritation can produce reflex secretion of
mucus in the bronchioles, 22 suggests common control mechanisms in both
organs. Lven less is known about the physiologic control of mammalian
ciliary action;38 innervation of ciliary cells cannot be demonstrated3?
and no neurchumoral control mechanisms are presently recognized,39
although Spock reported that ciliary action in tissue cultures of human
nasal polyps is mildly stimulated by ::1cet:ylcholine."0 (The same paper
reports profound stimulation of cilia under these conditions by ATP.)
Cilia may be responsive to changes in pHAO or ionic strength,36 and it
was suggested that ciliary beat frequency is a function of the amount

and viscosity of tracheal secretions.

Perhaps as a result of this lack of understanding, efforts generally
centered on examining the functional properties of mucous secretions, and
discovering means to alter them. Methods were reported for the objective
measurement of mucous flow and viscosity, which attempt to overcome
difficulties associated with the non-homogeneous nature of most samples,
of bronchial mucus and with the measurement of such properties in situ.jé’

- N-acetylcysteine, to judge from the number of favorable clinical
reports, has emerged as the most useful, locally-acting mucolytic agent
presently in common usage.%f6 Its mucolytic action is presumed to depend
on sulfhydryl-disulfide interchange reactions which reduce the molecular
size of mucous glycoproteins, thus lowering the viscosity of secreted
mucus. A related approach, the local application of 2-4 M solutions of
urea, almost certainly depends upon the well-known ability of this agent
to alter higher order structure and solubilize biological macromolecules
in aqueous solution.47

The systemic drugs Bisolvon(:> and pimetine, mentioned last year,l
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continued to attract attention. Favorable clinical reports from trials
with the former, administered orally, parenterally, or by aerosol, have
now reached several thousand cases in the European literature--its action
being variably described as antitussive, mucolytic, or expectorant.
Studies in rabbits show that the drug, at 1 mg/kg orally, increases the
volume of respiratory tract fluid, which is accompanied by a decrease

in the concentration of solids and probable decreases in the concen-
tration of glycoproteins.48 These effects appear to parallel those seen
in man and suggest that the drug should be classified an expectorant.
This expectorant action was inhibited by atropine, but the very large
doses required_(20-40 mg/kg) do not appear to support the proposition
that Bisolvon(:)acts through a specific cholinergic mechanism. It was
pointed out that similar actions have been reported with emetine and the
ipecac alkaloids, as well as with pilocarpine. Electron microscopic
studies in rats showed that Bisolvon(g)induces changes in the secretory
cells of trachea and upper bronchi, and it was suggested that secretion
of mucolytic enzymes might be stimulated by the drug.49 Pimetine, on the
other hand, was reported to be clinically superior to aminophylline in
reducing sputum volume, equivalent in relieving cough, and inferior in
improving lung function. Its airways-clearing effect, termed "broncho-
perviant', was ascribed to decreases in volume, viscosity, and adhesive-
ness of abnormal respiratory tract secretions.’0 Present evidence,
therefore, does not suggest that these two agents act by the same
mechanism, although additional comparative studies to establish the point
are clearly desirable.

Respiratory Stimulants.--Therapeutic measures to overcome ventila-
tory deficiencies and to reduce the blood carbon dioxide levels in ob-
structive lung disease were thoroughly discussed by several authors .31
The use of currently available respiratory analeptics in obstructive
lung disease was criticized on the basis of toxicity and short duration
of action,32 and the use of Tris buffer to correct respiratory acidosis
was questioned on both theoretical and practical grounds.>3 Reinvesti-
gation of the use of carbonic anhydrase inhibitorsd% and diuretics,55
on the other hand, led two groups to suggest that indirect ventilatory
stimulation through adjustment of kidney function represents a useful
alternative. Although the last of these approaches is the most rational,
it is obvious that none would be expected to have any effect on the
underlying disorder, which must be associated with the inability of
diseased lung tissue to properly carry out its function of oxygen-carbon
dioxide exchange.

Allergy.-~-Glynn categorized the various types of allergic responses,
reemphasizing that allergy should be considered a branch of immunology, >0
and the immunological aspects of delayed hypersensitivity were thoroughly
reviewed.>7 From this viewpoint, it is axiomatic that advances in the
understanding of allergic phenomena can be expected to depend on progress
in the field of immunology, and that only from the latter source will
emerge approaches to treatment that deal with causative factors rather
than with symptoms. With the exception of corticosteroid therapy,>,6.38
which presumably owes at least part of its effectiveness to suppression



Chap. 9 Pulmonary, Antiallergy Moreland 87

of the immune response, most approaches continue to d2al with the anta-
gonism of inflammatory responses that probably should be considered the
sequelae of some primary immunological event. Extensive reviews on the
role of mast cells39 and mediators thought to be involved in inflammatory
responses60 summarized much of the present mechanistic understanding.
Buffoni reviewed the possible biological significance of histaminasebl--an
area which seems to have been relatively neglected in considering the
regulation of phenomena thought to result from the action of endogenous
histamine. The continued utility of antihistaminic agents for symptomatic
treatment of allergic phenomena62s63 undoubtedly assures that histamine
will continue to occupy a central role in mechanistic studies in this
field.

Antihistamines.--Although it is relatively easy to prepare active
antihistaminic compounds with substantial elements of structural novelty,
it remains difficult to identify means for introducing significant im-
provements. Additional clinical trials with the dibenzoxazepine deri-
vative SQ-1064804 and the tetrahydroquinazoline Hpt—909,65 cited last
year,l did not suggest impressive advantages over existing agents. The
desirability of incorporating a component of antiserotonin66 activity
remains an open question.

Ash and Schild,67 on the basis of in vitro studies with agonist
analogs of histamine and with antihistamines, suggest that histamine
stimulatory receptors in guinea pig ileum be designated Hj} receptors.
Those responsible for stimulation of gastric acid secretion and inhibi-
tion of rat uterus represent another type which are different from H]
receptors in terms of agonist structure-activity relationships and in
the fact that specific antagonists are unknown for these responses.

Lish and coworkers®8 provided evidence that adrenal epinephrine release
contributes significantly to the protection of guinea pigs by anti-
histamines when the histamine challenge is given intravenously, but not
when it is administered by aerosol. Accordingly, they suggest that the
latter route of histamine administration should provide the more reliable
estimate of antihistaminic activity. tiowever, recent studies showing

that certain antihistamines inhibit the reflex release of epinephrine in
cats and dogs following histamine challenge®9 suggest that it may be
extremely difficult in the whole animal to separate antihistaminic

actions from adrenergic effects. These findings lead one to the conclusion

that "specific" antihistamine activity is still best measured on strips of
guinea pig ileum.

The alternate approach of using histidine decarboxylase inhibitors
to treat disorders associated with the actions of excessive histamine
was again suggested by Levine,’0 on the basis of favorable clinical
results in mastocytosis with brocresine (I, NSD-1055, C1-54998). HNew
support for the validity of this idea
was provided by the report that histamine
biosynthesis is markedly increased
following anaphylaxis in rats and guinea
pigs.7l If this phenomenon proves to be
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general for other types of allergic reactions, a position long held by
Schayer,72 efficient inhibition of histidine decarboxylase may provide a
means for preventing the slowly developing symptoms that have been diffi-
cult to correlate with the rapid release of histamine from mast cells.
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Chapter 10. Agents Affecting Gastrointestinal Functions
William A. Bolhofer and Henry I. Jacoby
Merck Sharp & Dohme Research Laboratories, West Point, Pa.

Secretion. In the past year, publications describing chemical sub-
stances that inhibit gastric secretion were greatly exceeded by papers
devoted to the study of mechanisms of secretion induction and inhibition.
Many of these were concerned mainly with gastrin and its synthetic
derivatives, secretin, histamine, 2-deoxyglucose, and insulin. Although
stimlation of secretion is not a major objective of medicinal chemistry,
knowledge of the mode of action of stimulators and physiological condi-
tions inducing secretion could be of value in the design of inhibitors.
Therefore, appropriate papers on secretion stimulation and mechanism have
been included in the present review.

Gastrin and Derivatives. Recovery of gastrin activity from antral
mucosa by the use of techniques such as ultracentrifugation, ultrafiltra-
tion, and Sephadex gel filtration to minimize fragmentation_of protein-
aceous material has indicated to one group of investigators™ that gastrin,
as it exists in the antral mucosa, is a lagger protein than the hepta-
decapeptide isolated by Gregory and Tracy.

A synthetic derivative of an active fraction of gastrin, commonly
referred to as the "gastrin-like pentapeptide" or ICI 50,123, has been
further evaluated in animals and humans and has been used as an investi-
gational secretory stimulant. This pentapeptide (I) consists of the
tetrapeptide unit, TryMetAspPhe , from the carboxyl end of the gastrin
molecule, acylated og the tryptophan amino group with N-(tert-butyloxy-
carbonyl)-p-alanine.

(CH3 )3C0CO-B-AlaTryMetAspPheNH, I

ICI 50,123 increased secretion in the perfused rat stomach where it
had a more rapid onset and shorter durﬂtion of action than gastrin but
was only about one-eleventh as potent. It was similar to gastrin in
that large doses caused an inhibition of secretion in dogs.

In the human, ICI 50,123, administered pargnterally, caused practi-
cally no circulatory or blood pressure changes. Peak stimulation of
gastric output was obtained by i.v. infusion of 0.01-0.1 pg./kg./min.”
In a single-dose evaluation, 6 ug./kg. f ICI 50,123 was equivalent to
iTe} ug./kg. of histamine acid phosphate. No synthetic derivatives of
gastrin, other than those already reviewed,? have been described.

The maximum stimulatory response of acid output elicited by gastrin
in man was higher than the maximum response to histamine or histalog.
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At lower doses, a synergistic effect between histamine and gastrin was
found but the maximum secretory effect of gastrin alone was not potenti-
ated. Atropine had a distinct inhibitory effect on the maximum secretory
response to gastrin.lo The patterns of electrolyte and acid secretion
resulting from gastrin stimulation in man_were found to be very similar
to those following histamine stimulation.lt Secretion of intrinsic
factor in man was stimulated by gastrin 11k

In the denervated Heidenhain pouch of the oxyntic gland area in
dogs, the maximum acid secretory response to gastrin II and secretion
stimulating peptide (ICI 50,123) was lower than to histamine.}3 Gastrin
has been shown to have a stimulating effect on acid secretion from the
isolated bullfrog mucosa, -

Insulin and 2-Deoxyglucose. The stimulation of gaétric secretion
by insulin and 2-deoxyglucose and the mechanism of their action has
received increased attention.

In pylorus-ligated rats, 2-deoxyglucose (2DG% (600 mg./kg.) adminis-
tered subcutaneocusly evoked maximum stimulation.l By the same route

of administration in chronic fistula rats, the gastric response was all
or none and the threshold dose was approximately 50 m ./kg. Atropine
abolished the gastric response to 2DG in these rats.1® The stimulatory
effect of 2DG on dogs with gastric fistulas was completely eliminated by
vagotomy. However, 2DG and insulin both stimulated secretion in a
Heidenhain (denervated) pouch in dogs also having an open gastric fistula
(innervated). Closure of the fistula allowed acid from the stimulated
stomach to bathe the antrum and duodenum resulting in inhibition of the
Heidenhain pouch secretion. The authors suggest that these data demon-
strate vagal mediated release of gastrin from the pyloric gland area by
2DG and insulin.l? In similar type experiments, other investigators
suggest that inhibition of secretign in a Heidenhain pouch by insulin may
be due to liberation of glucagon.l

Rats made diabetic by administration of alloxan showed an inhibition
of acid secretion which was suggested to be purely the result of the
hyperglycemia following the destruction of the beta cells of the pancreas.lg
However, hyperglycemia induced by parenteral administration of %lucose,

did not inhibit histamine stimulated gastric secretion in rats. O 1n
human diabetics a decrease in gastric secretory function was associated
with elevated fasting blood glucose levels,

After a normal stimulatory effect, high doses of insulin (> 0.45
U/kg.) in dogs with gastric fistula showed a consistent inhibitory effect
on histamine-stimulated acid secretion®? with the earliest observed effect
being a reduction of XK' in the gastric juice. Restoration of the blood
sugar levels by i.v. administration of glucose did not reverse the inhibi-
tion of acid and K' output, showing that the inhibition was not related
directly to the insulin hypoglycemia.Z* Administration (i.v.) of potas-
sium chloride (1 milliequivalent/kg.) completely and rapidly reversed
the insulin inhibition of gastric electrolyte excretion. These results
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indicate that the insulin inhibition might be the result of a redistribu-
tion of intracellular K' with depletion of K' from sites essential to
secretion.”? Potassium chloride also modified the inhibitory effect of
insulin in nonhistamine-stimulated animals.2® Rats on a potassium
deficient diet for four weeks also showed a diminution of gastric acid
secretion which was accentuated by administration of excess mineralo-
corticoid.

Secretin, an intestinal hormone obtainable from the duodenum,
particularly on acidification, has been used clinically as a diagnostic
aid in pancreatic disease to stimulate pancreatic secretion. It has
been well-established that secretin also inhibits gastric acid secretion.
The most recent investigation showed that secretin inhibited gastrin-
stimilated secretign but not that induced by histamine in dogs with a
Heidenhain pouch.2 Insulin rglease by the pancreas is stimulated by
secretin in dog529 and in man. 0

The preparation of_ very pure secretin3l has been described and
degradation studies32:3i gg the pure hormone have permitted a structural
assignment to be made.3 4 The assigned structure is that of a straight
chain polypeptide consisting of twenty-seven amino acid units (II). It
shows a resemblance to glucagon in that 14 of the amino acid units
(No. 1, 2, 4, 5, 6, 7, 8, 11, 15, 16, 18, 20, 24, and 26 in II) in secre-
tin occupy the same position in the peptide chain as they do in glucagon.

His-Ser-Asp-Gly-Thr-Phe-Thr-Ser-Glu-Leu-Ser-Arg~Leu~
1 2 3 4k 5 6 7 8 9 10 11 12 13

NHo NH2

|

~Arg-Asp-Ser-Ala-Arg-Leu~Glu-Arg-Leu-Leu-Glu-Gly~Leu~Val
1 15 16 17 18 19 20 21 22 23 24 25 26 27

IT

The struggure proposed for secretin was synthesized by Bodanszky
and coworkers-~ by two different methods. In one, the heptacosapeptide
chain was formed by stepwise addition of individual amino acid units
and in the other, four peptide fragments were combined., However, none
of the synthetic preparations have been as potent as the purified secre-~
tin from natural sources.

Inhibitors of Gastric Secretion. Various other hormonal polypeptides
have been the subjects for gastric secretory investigation. Bradykinin
showed an inhibitory effect on gastric acid secretion in dogs.37 Angio=-
tensin caused a modgst inhibition of food induced secretion volume in
Pavlov pouch dogs.3 Secretion volume but not acid concentration was
reduced in dogs with a Heidenhain pouch by antidiuretic hormone. Oxy-
tocin was without effect.,
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A series of l—(dialkylaminoalkyl)benzimidﬁzoles having an inhibitory
effect on gastric secretion has been reported. O oOne representative,
1-(2-piperidinoethyl )benzimidazole (III) had an EDsy of 11.2 mg./kg. for
total acid in the rat. At 50-100 mg./kg. p.o. gasfric emptying time was
increased and intestinal motility was inhibited. It was concluded that
parasympathetic transmission was selectively blocked.

o)
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The effect of four adrenergic blocking agentﬁ on gastric secreticn
in dogs has been reported by Pradhan and Wingate, 1 Phentolamine and
tolazoline induced secretion at 1.2 mg./kg. i.p. Phenoxybenzamine at
20 mg./kg. i.p. and dichloroisoproterenol at 10 mg./kg. i.p. did not
induce secretion and both blocked bethanechol induced stimulation in
some experiments and histamine induced stimulation (volume and acidity)
in all experiments. Under certain conditions, the secretion inhibiting
effect of adrenergic agents (isoproterenol and epinephrine) was partially
blocked by dichloroisoproterenol leading to the conclusion that adrenergic
inhibition of gastric secretion is mainly a PB-receptor function.

2,2'-Bipyridine (IV) decreased volume, hydrogen ion, and pepsin out-
put in pylorus-ligated rats bﬁﬁ had no effect on insulin- or histamine-
stimulated secretion in dogs. 2

3-Methylamino-2,l-benzisothiazole (V) (7.2 mg./kg.; s.c. and p.o.)
caused a sharp reduction in volume and approximately 10% reduction of
hydrogen ion concentration in pylorus-ligated rats. A dose of 20 mg./kg.
i.v. in histamine- or insulin-stimulated dogs with innervated gastric
pouches resulted in volume reductions up to approximately S50% and a very
small but statistically significant decrease in acid concentration.

The effects of p=-chloromercuribenzoic acid, N-ethylmaleimide and
iodoacetamide on various enzymes in the gastric mucosa were studied by
histochemical methods., These compounds block gastric acid secretion
and also inhibit sulfhydryl-containing enzymes. No conclusion was reached
as to whether these inhibitors act by blocking energy-producing systems
or by inhibitiﬁﬁ a specifiec enzyme system involved in the production of
hydrogen ions.

The action of adenosine-3',5'-monophosphate (6-8 mg./kg., i.v.) on
the human gastrocintestinal tract has been determined. Intestinal motility
was promptly abolished and, after histamine stimilation, acid output was
depressed 35:x17% although no significant change in volume or pH was
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reported.2+5

Opipramol (S-Z;Q(B-hydroxyethylpiperazino)propyl7F5H-diben o(b,f)~-
azepin dihydrochloride) reduced gastric hyperacidity in humans.

The inhibitory effect of various anticholinergic agents on gastric
secretion in the human has been the ﬁubject of ﬁgveral publicaﬁions.
These agents include glycopyrrolate, T poldine, tropenzilene 9 gbenzilic
acid ester of T7-methoxy-N-methyltropinium bromide), and piribenzil 0
(venzilic acid ester of N,N-dimethyl-2-(hydroxymethyl)piperidinium
methyl. sulfate). Three quaternary ammonium salts of the general structure
benzyl tri(s8-alkoxyethyl)ammonium iodide had an inhibitory effect on
gastric secretion in Shay rats. These compounds were reported to be
non-anticholinergic.

In humans, estrogens had no effect on the secretion of acid or pepsin
a2nd probably increased the production of mucus in the stomach. However,
they appeared to control the symptoms of ducdenal ulcers.>?2

In human ulcer patients, heparin did not significantly reduce basal
gastric acid secretion but produced a significant inhibition of the
response to histamine and insulin stimilation.?3 1In guinea pigs, heparin
also markedly inhibited the gastric secretory response to histamine but
in betazole (3-(E-aminoethyl)gﬁrazole) stimilated animals there was an
increase in secretion volume. It was concludzd that heparin may have
its effect by binding with histamine., Heparin significantly inhibited
secretion in dogs stimulated with food, insulin, acetylcholine, methg-
choline, 48/80, histamine, and gastrin.

Ulcers. The relationship betweeg acid and pepsin,56 nutritional
state 51590 his amine®? and histidine®C metabolisg sulfate synthesis
and Sé5 uptake, 1 hypophysectomy, 2 sex hormpnes, 3 and other factorséh’65
on the production of "stress" or drug induced ulcers has been studied.

Amitriptyline (2.5-10 mg./kg. s.c.) protected male rats against
immobilization ulcggs, while chlordiazepoxide (5-50 mg./kg.) had no
protective effect.®® wWhen given concurrently, however, the protective
effect was 1.7 fold greater with the combingtion than with amitriptyline
alone, Nortriptyline, chlorgromazine,and imipramine all were found to
prevent Shay ulcers in rats., T These agents also increased mucin content
in the gastric juice. Several pyrimidines (h-methyluracil, L,6-dihydroxy-
pyrimidine, 2-methyl-h,6-dihydroxypyrimidine, cytosine) caused a U2-~72%
reduction in6§astric ulceration produced by repeated oral administration
of caffeine, These compounds apparently stimulate regenerative pro=-
cesses and complement the effect of other therapeutics in the treatment
of gestric ulcers.

Halidor (l-benzyl-l-(3~-dimethylaminopropoxy)cycloheptane fumarate)
reducgd the ulcer formation due to 16-20 days of glucose feeding in
rats.®? Restraint and serotonin ulcers were also blocked. Phenindione
(2-~phenyl-1,3-indandione) therapy in man was reported to have induced
hemorrhagic ulcerative colitis.(©
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Powdered aspirin, placed on dog explanted mucosa, blocked histamine-
stimulated acid secretion. Edema and hemorrhagic petechiae were observed
on the explant.7l Aspirin ingestion in dogs caused bleeding from isolated
gastric pouches which was dose-related.’2 Choline salicylate did not
produce these changes. Aspirin in suspension or in either of two precip-
itated solutions at pH 3.0 produced gastric hemorrhage in Pavlov pouch
dogs. Salicylic acid, methyl salicylate, salicylamide or acetaminophen
solutions did not produce hemorrhage. Neither of the two groups of agents
produced hemorrhage when given at pH 6.5.72a

Carbonic anhydrase inhibitors decreased the incidence of phenyl-
butazone induced ulcers in rats with acetazolamide giving complete pro-
tection. There was good correlation between diuretic activity of the
carbonic anhydrase inhibitors and the degree of antagonism of the ulcers.
This was cited as support for the contention that the ulcerogenic activity
of phenylbutazone is partly due to stimulation of carbonic anhydrase in
the gastric mucosa.

Motility. Several new methods for the study of gastrointestinal
motility in unanesthetized dogs were published in the last year. All
utilized chronically implanted transducers attached to the serosal surface
of the stomach or intestine. Reinke and coworkers used modified extra-
luminal strain gage transducers to record contractile activity and tone
from circular and longitudinal muscle of stomach, small intestine, and
colon in the unanesthetized d.og.'(l‘L The effect of S-hydroxytryptophan,
neostigmine, morphine, histamine, and hexamethonium on the patterns of
contractile activity were described. Rosenbaum et al. analyzed parameters.
such as shape, force, frequency, and velocity of circular and longitudinal
muscle contractile activity.75 Nelson et al. studied the effect of ipsulin
and feeding on motor activity of the circular muscle of the stomach.l
Renecker and Brendel measured rhythm and intervals of "peristalsis" in
the stomach, small intestine, and colon.TT Atropine, neostigmine, and
cholecystokinin were studied, none of which altered the frequency of
contraction. Passage of a charcoal meal in mice was facilitated by
neostigmine, pilocarpine, barium chloride, 5-hydroxytryptophan, and
castor oil and inhibited by anticholinergics, papaverine, and ganglionic
blockers. 'l

In a study of acetylcholine receptors in longitudinal muscle of
guinea pig small intestine, using tritium-labelled atropine, three compo-
nents could be distinguished:79 (1) a binding site with a capacity of
180 picamoles/gm., (2) a binding site with capacity about 1,000 pica-
moles/gm., and (3) a nonsaturable compartment with a clearance of 4.7
ml/gm. Woolley and Gommi showed that serotonin receptors in an isolated
strip of rat stomach could be specifically destroyed by two treatments
with purified neuraminidase plus ethylenediaminetetracetic acid. O The
response to serotonin could be recovered by the addition of purified
gangliosides indicating these make up part of the receptor.

An evaluation of drug effects on gotility of isolated strips of
human gastrointestinal tract was made. 1-93 The pylorus was found to
resemble other areas of the gut in its response to drugs but the cardiac
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and ileocecal sphincters were pharmacologically distinct, being con-
tracted by epinephrine and acetylcholine. Cholinergic agents, norepi-
nephrine, and epinephrine caused contraction of cat longitudinal esophageal
smooth muscle. The actigﬁ of the latter ¢¢wo compounds was blocked by
tolazoline and atropine. Isoproterenol inhibited esophageal smooth
muscle and was antagonized by propranolol, The effects of neurchumors

and drugs on the electrical and cogtractile responses of the pyloric

region were reported by Daniel.85: 6 Adrenergic agents, cholinergic
agents, histamine, serotonin, phenylbigusnide, and morphine were all
studied and their mechanism and site of action analyzed.

Commercial pregarations of cholecystokinin stimulated peristalsis
in the colon of man®! and gall bladder, stomach, and small intestine in
the dog.88 In dogs, secretion of natural cholecystokinin stimulated by
jejunal perfusion with O,1 N HC1l did not produce an increase in small
intestinal motility but did produce gall bladder contraction.8

Gastrin pentapeptide (I) in doses producing near maximal secretion
of gastric acid (0.0l mg./kg./min.) increased motor activity of the
antrum in man.%9 Higher doses of pentapeptide were needed to stimulate
colonic activity in man.90 Gastrin II in doses of 25 or 50 Mg. i.v.
was found to increase motor action of the distal colon end rectum, how-
ever, the effect was more pronounced in the proximal portion of the
alimentary tract,91 Doses used were 10 times the amount necessary to
elicit acid secretion.

Glucagon (9-180 7/kg.) degressed neostigmine induced motility of
stomach, duodenum, and colon.92 No correlation between duration of
inhibition and arterio-venous glucose differences was noted.

In a study of the effect of various narcotic analgesics on the
pyloric sphincter in rats, morphine (0.5 mg./kg.), meperidine, and
papaverine caused an increase in flow through the pylorus, but dextro-
moramide and diphenoxylate (ethyl l-é%-cyano-B,3—diphenylpropyl)-h-
phenylisonipecotate) decreased flow.

Several different types of antispasmodics have been described. Most
of the agents are anticholinergics, however a few appear to have other
activities. Nafiverine (VI, R I l-(a-naphthyl)ethyl) showed anticholin-

ergic, antihistaminic, and anti-
serotonin activity and blockade of
/ \ BaCly, spasm on isolated ileal
RCOOCHQCHQN\_—J/NCHgCHgOOCR *2HC1 mscle 9% The effect on activity
of wvariations of R in VI have been
reported.?? Piribenzyl (see ref. 50)
VI inhibited spasm induced by acetyl-
choline, histamine, and BaCl, and
inhibited intestinal motility in dogs in doses of 0.02-0.05 mg./kg. i.v.96
In man this compound inhibited gastric emptying and small intestinal transit.9T
N-Methylbis-{4-chlorophenoxy )acetamide showed activity against acetyl-
choline, and BaCl, spasm of isolated rat duodenum and was effective in
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inhibiting intestinal motility in the mouse.98 It also blocked histamine
induced contraction of guinea-pig ileum, histamine hypotension in dogs,
and serotonin diarrhea. Nicotinyl dihydrocodeine in doses of 8 mg./kg.
i.v. decreased peristalsis and tone of dog duodenum as recorded by the
balloon technic. Barium chloride and neostigmine stimulation were
inhibited.99 The results are the reverse of those obtained with dihydro-
codeine.

Clinical studies indicate that malethamer, a crosslinked copolymer
of ethylene and maleic anhydride, was effective in the treatment of
diarrhea due to its unusual water binding c:apaci’cy.loo’l 1 Anisotropine
methyl bromide (2—propylpentanoyltropinium methyl bromide) and pheno-
barbital provided greater relief for various functional gastrointestinal
disorders than the anisotropine alone or belladonna alkaloids with
phenobarbital.lo2

Ulcerative Colitis. The use of immunosuppressive drugs (6-mercapto-
purine, busulfan, 6-thioguanosine, azathlogrene) in experimental therapy
of ulcerative colitis has been reported Results have been encour-
aging in the small group of patients tested but potentially serious side
effects were observed due to the high doses that were required. Disap-
pointing features are the failure to achieve a cure and the severity of
relapse on suspension of treatment.

Antiemetics. Diphenidol (1,l-diphenyl-k-piperidinobutancl) has
been reported to have antiemetic activity equal to chlorpromazine, but
w1thout0%any of the central nervous system actions of the phenothia-
zines, It blocked apomorphine induced emesis by oral, i.m., and rectal
administration. In clinical trials dephenidol was found to be more
effective thanog Ylacebo for relief of nausea and vomiting, with few
side effects. It was also found to be effective against various
types of vomiting in man in an uncontrolled experiment.
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Section III - Chemotherapeutic Agents
Editor: Lee C. Cheney, Bristol Labs., Syracuse, N.Y.

Chapter 11. Antibiotics and Related Compounds
Lee C. Cheney, Bristol Labs., Syracuse, N.Y.

General. -- References cited in this brief report are intended
as guides to the most notable chemotherapeutic advances in
this vast field during 19%66. Antiviral, anrtifungal and anti-
neoplastic antibiotics are found in Chapters 13, 15 and 16
respectively.

The alarming increase in serious infections caused by
drug-resistant gram-negative bacillils2 is attributed in
part to the ominous phenomenon of "infectious drug resistance"
in enteric bacteria3«4% (cf. Chapter 12) discovered in Japan
in 1959.3 The majority of all antibiotic-resistant strains
of Escherichia coli, Aerobacter, Proteus, Pseudomonas,
Klebsiella, and Salmonella from clinical sources are capable
of transferring multiple-drug resistance (R factors) to
sensitive strains of enteric bacteria in mixed culture.5:6:7
The in vivo transfer of drug resistance has been demon-
strated.® Genes responsible for the resistance can be
carried on extrachromosomal DNA. A deeper insight into the
biochemical and genetic bases of drug resistance? may hope-
fully lead to more effective countermeasures against this
"public-health hazard".’

The B-lactam antibiotics continued to be the cynosure of
synthesis. Some structure-activity relationships of peni-
cillinslO ang cephalosporinsll'12 were discussed. Timely
reports aimed primarily toward the evaluation of the newer
highly serum-bound penicillins dealt with the controversial
relationship of drug-serum Trotein binding to clinical anti-
microbial effectiveness.13.14

The crowning intellectual achievement of the year was
Woodward'sl® brilliant total synthesis of cephalothin (X) and
cephalosporin C (XIII) via a key intermediate presumably
useful for the synthesis of unique variants of both
cephalosporins and penicillins.
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Uses of chemicall{ defined media for producing anti-
biotics were reviewed. An excellent book on the bio-
synthesis of antibiotics was published.17 A practical book
for physicians and clinical laboratory personnel became
available.

Penicillins. -- Dicloxacillin (III) was effective in 48 of 49
patients afflicted with pneumococcal and staphylococcal wound
infections.l® BAgainst clinical isolates of S. aureus and S.
epidermidis, dicloxacillin was 2 to 3.5 times more active than
cloxacillin (II) and oxacillin (1).19 other clinicians found
dicloxacillin highly efficacious for oral treatment of
infections caused by streptococci and penicillinase-producing

staphylococci.
AL s
R: u\o/'LCCONH ' H3 C6H5—(’3HCONH \—CH3
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Ampicillin (IV), by virtue of its broad spectrum, continued to
be of interest for the treatment of various infections

caused by gram—-negative organisms. In a comparative study,
ampicillin was active against 43% of 109 strains of E. coli
whereas benzylpenicillin (V) was active against only 9.9% of
the same group. Synergism between ampicillin and several
B-lactamase-resistant penicillins was observed in the
laboratory22'23’24 and also in a clinical study involving

urinary-tract infections.25 CHg
Cets 7 fH3 H3
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Hetacillin (VI)2% has given higher human serum concen-
trations than those obtained with ampicillin.27 Twelve
groups of clinicians studied the effect of hetacillin in over
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865 patients afflicted with a variety of gram-positive and
gram-negative infections. Notably satisfactory clinical
results were reported.

After oral administration to the dog, penamecillin (VII),
which is the acetoxymethyl ester of benzglpencillin, produces
prolonged benzylpencillin serum levels.? According to
pharmacokinetic evidence30, the penamecillin is slowly
absorbed unchanged throughout the intestinal tract and then
is rapidly hydrolyzed to benzylpenicillin by nonspecific
esterases. Compound VIII is an example of the hitherto
unknown penicillin aldehydes for which a general synthesis
was developed.

Further observations were published concerning the
mechanism of action of the penicillins.3 - Data support
the concept that the B-lactam antibiotics inhibit a trans-
peptidase essential for a cross-linking reaction in bacterial
cell-wall synthesis. Transpeptidase derived from cell-free
systems of E. coli, like that from S. aureus, is inactivated
by penicillins. Thus, the possession of cellular permeability
barriers in addition to PB-lactamase productive capacity
apparently tends to protect gram-negative bacteria from lethal
attack by P-lactam antibiotiecs.33

A reliable and rapid procedure was described3® for the
iodometric detection of staphylococcal penicillinase in
clinical microbiology.

Cephalosporins. -- Many patients with a history of penicillin
hypersensitivitg have shown no allergic response to
cephalothin (X) 7.38,39 4 cephaloridine (XI).40.41
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1

XIVv R = 2,6—012C6H4C0—, R = —OCOCH3
In laboratory tests cephaloridine was generally more active
than cephalothin against gram-negative organisms.40'42 In
man, average peak serum levels of cephaloridine were double
those of cephalothin and more prolonged.4o'42'43 Urinary
excretion of cephaloridine was about twice that of
cephalothin.40 Anemia developed in several patients
receiving cephaloridine.41 Some toxic reactims associated
with cephaloridine therapy were attributed to the low renal
clearance of the drug combined with its notable stability in
the body.43 Cephaloridine, however, was less effective
against genicillinase-producing staphylococci than ceph-~
alothin.42 an improved synthesis of cephaloridine was
utilized to prepare a series of analogs.l

A clinical trial®> established cephaloglycin (x11)4® as
the first reported orally effective cephalosporin. Cephalo-
glycin, cephalothin and cephaloridine showed comparable
activity against most of the gram-negative pathogens tested.?>
The known instability of cephaloglycin in solution46 may have
contributed to the disturbing side effects noted, namely
gastrointestinal distress and severe diarrhea.?>

Semisynthetic cephalosporins, such as XIV were found to
protect cephaloridine and cephalothin from decomposition by
the enzymes of certain gram-negative bacteria. Because mice
can be protected from hitherto resistant infections with a
mixture of the enzyme inhibitor and cephaloridine, for
example, such combinations may become therapeutically
important .48

Most methods used for the preparation of amides and esters
of cephalothin (X) gave rise to the isomeric A“-cephalothin
derivatives (XV) which have decreased antimicrobial activity.

l It is known that dry
l l—-CH CONH— pyrldlne and other ?rgan—
2 I ic bases can appreciably
Ar_N CH20C0CH3 isomerize the 432-
4 compounds to the corre-

sponding cephalosporin
derivatives.135:49
Recent publicat-
R = amide or ester moiety ions?0, 51,52 have
presented substantial
evidence for possible cross—allergenicity of the penicillins
and cephalosporins. However, direct interaction of the B-

XV
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lactam of the penicillin nucleus with an amino group of
carrier protein (penicilloylation) seems to be the most
important mechanism for antigen formation in penicillin
allergy.53 Striking differences between the known chemical
behavior of a penicillin B-lactam and a cephalosporin 8-
lactam ring system, even when the side chains are identical,
suggest statistically significant differences in sensitizing
potential. Furthermore, the nature of the side chain in a
penicillin is an important factor in determining antigenic
liability.52

Tetracyclines. -- Methacycline (XVI), marketed in the U.S. in
September, was recently evaluated in the treatment of
respiratory-tract infections.54
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Doxycycline (XvII), also a chemical modification of
oxytetracycline, gave high, protracted blood levels and

showed an activity comparable to demethylchlortetracycline.55
Minocycline (XVIII)?>6,57 was found more potent than any other
reported tetracycline. Efficient oral absorption in animals,
unique effectiveness against tetracycline-resistant strains of
staphylococci and useful activity against M. tuberculosis
H37Rv are all properties attributed to minocycline.

Lincomycin. -- Antimicrobial potency and spectrum of
lincomycin (XIX) have been modified significantly by structur-
al alterations involving changes in the two substituents on
the pyrrolidine ring and by replacement of the 7-hydroxy group
with a chlorine or a bromine atom.>8 For example, changing
the N-CH, to N-C_H_ preserved the gram-positive potency and
enhanced the gram-negative activity about tenfold. 7-Chloro-
7-deoxylincomycin (XX) proved several times more active than
lincomycin in vivo against gram-positive bacteria but was
inactive, as is the parent, against gram-negative bacteria.

At least ten U.S. patents concerning various lincomycin
derivatives were issued during 1966. Further analogs are
under investigation.
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Rifamycins. -- Systematic chemical modification of rifamycin

SV (XXI) has led to remarkable chemotherapeutic improvements
which include broadening the antimicrobial spectrum to include
gram-negative bacteria, gaining oral activity and obtaining
higher stability. Sucha derivative is exemplified by
rifaldazine (XXII)59'60 which has shown clinical promise in
the treatment of respiratory and urinary-tract infections,
osteomyelitis and tuberculosis.

c H. O _C= =
"22736 "5 0 XX1 R =H
XXIT R = CH=N-N N-CH3
= N
XXIIT R CH2 (CH3)2

Mannich bases (XXIII)61 of rifamycin SV and rifazine,62 a
phenazine derivative of rifamycin SV, are other examples of
enhanced therapeutic efficacy through structural changes in
the natural product.

Gentamicin. -- This 2-deoxystreptamine-~containing amino-
glycosidic antibiotic is related to the neomycins, the
paromomycins and kanamycin. Clinical reports indicated
gentamicin is a drug of choice for parenteral and topical
treatment of infections caused by Pseudomonas aeruqinosa63'64
and Proteus mirabilis.®3 Forty-seven of 50 patients topically
treated for various bacterial infections were cleared of
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infection. No irritation or sensitization was caused by the
drug.66

Kasugamycin. -- The unique structure of kasugamycin was
established as an aminoglycoside containing a carboxyamidino
grouping.67 This inhibitor of polypeptide synthesis68 has
low toxicity and it is of particular interest for treatment
of Pseudomonas infections.

Spiramycin. -~ Hydrolytic removal of the mycarose sugar com-
ponent of this macrolide antibiotic produced neospiramycin
which is twice as active as spiramycin against S. albus and
E. coli.®9 Because of facile deacetylation in vivo
acetylspiramycin failed to show any clinical advantages over
the parent spiramycin.70

Kanamycin. -- With the exception of Pseudomonas infections,
kanamycin has proved to be a valuable antibiotic for the
treatment of drug-resistant tuberculosis and serious infect-
ions caused by gram-negative bacilli.’1

Capreomycin. —-- Because of low toxicity and remarkable activ-
ity against drug-resistant strains of M. tuberculosis,
capreomycin, a polypeptide antibiotic, was recommended for
use in multiple-drug therapy.

Chloramphenicol Analogs. —-- Microbial kinetics have permitted
a more precise guantification of substituent effect on
antimicrobial activity in a series of chloramphenicol
analogs.73
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Chapter 12. Synthetic Antibacterial Agents
Robert G. Shepherd and Arthur Lewis
Lederle Laboratories, American Cyanamid Co., Pearl River, New York

Perspective.—Work on these agents in 1966 was directed toward improve-
ment in the level of activity or in the pharmacology of known active struc-
tures. No new antibacterial type active in animals or in man was reported.

Several sulfanilamides and other synthetic antibacterialg as_well as the
antibiotics are involved with "infectious drug resistance."12%:3 Infectious
drug resistance denotes the transmission of drug resistance from one bac-
terium (so far only Gram-negatives) to another of the same or different
strain, species, or genus. This is accomplished by conjugation: formation
of a temporary intercellular connection between two sex types and unidirec-
tional transfer of the resistance genes end a transferability factor, usu-
ally associated with an extra-chromosomal sex-determining factor.™ Conju-
gation leads directly to a new recipient strain with a comparable level of
resistance. The surprising facet of this phenomenon is the simultaneous
transfer of resistance to a whole series of chemically and biochemically
unrelated antimicrobials (most commonly sulfanilamides, tetracyclines,
streptomycin, and chloramphenicol but also more recently penicillins, kana-
mycin, neomycin, nalidixic acid and nitrofurans). There appears to be a
close genetic relationship between the resistance genes which leads to
their becaming arranged immegiately adjacent to one another in the genetic
element (DNA) transferred.?»© In spite of requiring several minutes and the
proper physiological conditions, conjugation does occur in vivo, even
though less readilyl:7than in vitro. Resistant bacteria can be "cured" of
infectious drug resistance with various acridines in vitro, albeit with low
frequency;l,2,3,5usually the cure applies to all the resistance factors but
some segregation has been achieved.?,

The true chemotherapeutic significance of this phenomenon is not defined
at the moment® but it requires careful scrutiny since it involves so many
drugs and so many organisms {(Coli, Salmonella, Klebsiella, Shigella,
Vibrio). Perhaps, by means of this new lock at a bacterially old process,
we will now be able to devise a cure for this "infectious disease"” of
bacteria which will be effective in vivo and will finally enable us to
deal with the important problem of bacterial resistance (cf. a clinical
study9 of atebrin in combination therapy of multi-drug-resistant urinary
infections).

In Vivo Actives.—The Gram-negative activity of nalidixic acid I is seen
from further work to be very structurally specific. Several 1,5-naphthyri-
dine analogs apparently had little, if any, activity in vitro or in vivo
while one 1,6-analog (3-carboxy-L-oxo-1,5,7~trimethyl-1,6-naphthyridine)
was partially effective against Kleb. pneumoniae in mice (70% survival with
subcut. 200mg/kg/day)."© The intermediate diethyl N-(2,6-dimethyl-l-pyri-
dyl)amino-methylenemalonate had some in vivo Staph. activity (60% survival
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with subcut. lOOmg/kg/day). Curiously, three l,7-naphthyridinesll had only
Gram-positive activity: 1,6,8-trimethyl-3-carboxy-Ui-oxo-1,7-naphthyridine
was active against Staph., Strep. and Pneumococcus (partly effective) at 25,
100 and 40Omg/kg/day orally in mice; the 1,8-dimethyl-6-ethyl and the 1-
ethyl analogs were much less active.

CH3 W Exgﬂs NF o NF W, n
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Several types of nitrofurans (NF = 5-nitro-2-furyl) with interesting
levels of in vivo activity were reported but margins of safety were not
given. The Y-aminoquinazolines II [Z = N(CH3)CoH)O0H, N(CoH)O0H), and
NHCyHg~1-pyrrolidinyl] had a broad in vitro spectrum, including. Pseudomo-
naes, Proteus and Aerobacter, and high activity (0.01-12mecg/ml).12 However,
only activity in vivo against Staph. aureus was reported (EDsy oral 30-80,
intraperitoneal l-l5mg/kg); activity correlated poorly with the in vitro
data. Homologs of CHs were less active. Pyridazinone III and its dihydro
intermediatel3 were about equal in vivo and in vitro in Salm.-Staph. activ-
ity; 2-alkylation lowered the in vitro activity of both. In contrast, it
increased the in vivo activity of the former and decreased that of the lat-
ter. Their in vitro activity (min. inhib. conen. 2-6meg/ml) was less than
that of IT (0.05-0.8mcg/ml) while the in vivo activity was the same. Also
poorer in activity in vitro and in spectrum was the triazole, IV which had
comparable Salm.-Steph. activity in vivo (EDgq 20-h0mg/kg).lu 1-Acylation
or 5-alkylation decreased its activity which was greater than that of the
open~chain N-formylamino nitrofuramidine, in turn more active in vivo than
the amidine itself. The l-methylcarbamoyl-5-imino derivative of IV was
activeld against Staph., Salm. and Coli in mice at about hOmg/kg with an
oral LDy of 1900. A series of 2-(5'-nitro-2'-furyl)CH==CH~ pyridines
showed %he following single intraperitoneal anti-Salmonella activity (ED5O
2-10mg/kg; oral EDg 5~-75mg/kg) relationship in mice: 6-CHpoOH-l-oxide =
5~CHpOAC~1-oxide > gLCHgOAc-l-oxide > 5-CHo0Ac > 6~CHpOH = S—C%EOH >
6-CH20Ac with approximately the same relationship of toxicity. The 5-
methyl-l-oxide reported last year had comparable activity. The as-triazine
derivative V was partly effective~! against Staph. and Salm. infections in
mice at 100mg/kg. Activity of 5-methylmercaptgmethyl—3-(5'-nitrofurfuryl—
ideneamino)-oxazolidin~2-one was unprosmisingl in various urinary infec-
tions in a small clinical trial.

Further eclinical investigations have confirmed the efficacy of ethambu-
tol (EMB), (+)-N,N'-bis(l-hydroxy-2-butyl)ethylenediamine, in treatment of
pulmonary tuberculosis, and also demonstrated its use against renal and
vesical tuberculosis, 9 agg %E Ege treatment of pulmonary infections due
to atypical mycobacteria.“?=**== In controlled trials conducted in the
National Sanatoria of Japan25 to determine the best third component of a
triple regimen with isoniazid (INH) and streptomycin (SM) in original
treatment, cycloserine and p-amino-salicylic acid (PAS) were less effect-
ive and more toxic than EMB while ethionamide was as effective as EMB but
less well tolerated (cf. a dose-response comparison in monkeys2*), In a
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companion trial,?® ethambutol (lg daily) combined with either cycloserine
(0.5g daily) or ethionamide (0.5g daily) was well tolerated and highly
effective in tuberculosis re-treatment (resistant to SM, INH and PAS). In
these trials a diminution in visual acuity occurred in about 2% of the pa-
tients receiving lg EMB daily; the effect was reversible. ghis igcidence
and reversibility was observed in other clinical studies.? 9 A re-
duced dosage regimen3o avoided the visual disturbance8 While EMB by itself
is effective against acute and chronic tuberculosis, 0,31 combined ther-
apy is recamended to avoid emeréence of resistant mycobacterla. In man,
about 10% of EMB is metabolized?! to the inactive dicarboxylic acid by the
sequence —~CHpOH —> ~CHO —» ~COoH. A structure-asctivity study 32 has defined
the very specific requirements for activity in an extensive series of EMB
analogs.

CHj

NE_ My M3 _N._CyHs P

peaie} gﬁr p*
" - AC\ 7

v VI VII VIII

In combination with SM, ethionamide (ETH, lg daily) was as effective as
INH (0.3g daily) in men by three therapeutic criteria. However, the ETH
regimen was considered to be too toxic to be clinically acceptable.
Clinical incidence of side-effects from ETH (plus INH) decreasgd sharply
with dosage: 31% for 1lg, 1 18% for 0.75g and 8% for 0.5g dally. Separation
and characterization of ETH metabolites has been achieved and their quanti-
tative interrelation is under study. The majority of ETH is metaboligzed
and rapidly excreted in the urine. 5> A substantial amount is converted to
its sulfoxide VI which has now been shown to be e%ual%y active and inter-
convertible with ETH in man and other spec1es. Extensive metabo-
lism to inactive compounds also occurs by dethiation (directly or, more
probably, through the sulfoxide) to the carboxamide, deamidation leading
to 2-ethyl isonicotinic acid, and by l-methylation to give VII, which is
partly converted to ¥EII. Dethiated VII and VIIT and the sulfoxide of VIII
were also observed.

Continued work on sulfanilamides includes studies on tests to guide
their use, new uses, new compounds, metabolism, protein binding, and a
toxicity warning. An improved method for determining bacterial sensitivity
to sulfa drugs permits reliably taking advantage of their activity
against 80-90% of E. coli and Proteus mirabilis urinary infections in gen-
eral practice, in bacteriuria of pregnancy and in hospital pat1ents.39
Synergism between the ineffective polymyxins and the bacteriostatic sulfa
drugs in vitro, using a number of strains of Proteus mirabilis and vulgar-
is, led to an 8- to 6l~fold decrease in active concentration and to bacte-
ricidal action*Os>*l (cf. in vivo work in 1963). No such 1nteract1ﬁn occurred
with either of these agents when combined with five antibiotics. Plas-
modium falciparum strains resistant to chloroquine and quinine are clini-
cally susceptible to sulfanilamides and diaminodiphenylsulfone.42,43 sul-
fasymazine ' appear to be a useful agent in the treatment of bacteriuria
during pregnancy. Using the computer method recently reported, the
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dosing, interval and the maintenance dose for sulfasymazine has been calcu~
lated.h5 As in other suilfanilamido heterocycles, introduction of bromine or
chlorine into the heterocycle increased the persistence™™ of lY-sulfa-2,6-
dimethoxypyrimidine; acute toxicity and protein binding were also increased.
The isomeric 5-sulfa- 3-ethyl-1,2,L-thiadiazole and 2-ethyl-1,3,k4-thiadia~
zole were compared*? as to detailed differences in renal elimination char-
acteristics independent of protein binding. Clinical and pharmacological
studiﬁg were done on extremely long-acting L-sulfa-5,6-dimethoxypyrimi-
dine,*© and on this and four other long-acting sulfa drugs (3-sulfa-6-meth-
oxypyridazine, h—sulfa—2,6-dimeﬁhoxypyrimidine, 2-sulfa-5-methoxypyrimidine
and 2-sulfa-3-methoxypyrazine).*d

A study?Q of 2-sulfanilamidopyrimidine itself rounds out the picture of
the metabolism of ulfapyrimidines:51 large variations in N'-acetylation,
in N*"-sulfonate, N'-glucuronide and Nl-glucuronide formations occur in
closely related compounds. The 5,6-dimethoxy- and 2,6-dimethoxy- L-sulfa-
pyrimidines are 2% and 80% converted to glucuronides. In contrast to, these
and other sulfapyrimidines, 2-sulfa~-l,6-dimethoxypyrimidine is not N*-
acetylated in vivo; its Nﬁ—acetyl derivative is, in fact, rapidly deacety-
lated.

Purther study of sulfa drug protein binding has indicated that there is
more to its effect on antibacterial activity than just the percent bound
at equilibrium under special conditions. Human serum was found to increase
the minimal inhibitory concentration for both sulfadiazine and sulfadime-
thoxine but the increase for each was eight times as great for Shig. dysen-
teriae as for E. coli.”’2 In addition, the ratio of the increases in m.i.c.'s
of the two sulfas in the presence of 20-50% human serum was too small (2)
to correspond to the ratio (L2) of percentage of unbound sulfa. The binding
capacity of human serum protein determined by equilibrium dia.lysis53 was
nearly the same (ca. 2 moles/mole protein) for 8 sulfanilamides (pKg's 5.7-
7.2), this small capacity supporting chemical rather than absorptive bind-
ing; protein affinities varied a hundred-fold. A quite different number (;ﬁ)
of binding sites for one of these, sulfamethoxypyridazine, was calculated:
fram thermodynamic data based on equilibrated Sephadex columns; the ener-
getics indicated binding by ven der Waal's forces.

A warning has been issued to physicians that the long-acting sulfenil-
zrmides, sulfamethoxypyridazine and sulfadimethoxine, have been implicated
in the development of Stevens-Johnson syndrome.’? Over the years, many other
drugs and certain conditions ggaccination, foods, infections themselves)
have also been implicated,ss’ and this very low incidence syndrome may be
an allergic reactign with multiple etiology or may have a single, still un-
determined cause.”

Quinoxaline di-N-oxides, which were extensively investigated 15-20 years
ago as antiviral, amebicidal and antibacterial agents, have received some
further attention. Compounds such as 2,3-dimethylquinoxeline-1,l-dioxide
were shown?' earlier to be active gs the result of rapid metabolism to the
hydroxymethyl analog. Recent work’® has disclosed also the bis( hydroxy-
methyl) metabolite, which was still more active. However, the toxicity in-~
creased as did the activity and precluded chemotherapeutic use.”S The mono
and bis acetoxymethyl analogs were found®? to have reasonable Gram-negative
activity (50% survival at 20-120mg/kg intraperitoneally) in mice but near
toxic levels. A quinoxaline-1,lU-dioxide-2-aldehyde hydrazone (R— CH==N-ovaz-
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olidin-2-on-3-yl), orally active against Pasteurella in mice (ED;O 13mg/kg)
and in a_Proteus urinary infection model in rats (min. effective dose
3mg/kg),°o is possibly related more to its nitrofurfurylidene analog, fura-
zolidone, than to the dioxides above, since the active series here comprises
only hydrazones. No to%icityérelationship to either was indicated.

Three recent papers 1,62,63 reported the activity of three ammonium bis-
quaternaries, ZCHp(Meo)NECgH;o N(Mep)CHpZ where Z is CpiHps, COOCyoHps end
COOC1oHpy, against a lethal Klebsiella rhinoscleromatis infection in mice,
intraperitoneal dosage of 2-5mg/kg twice daily for 12 days giving 100% sur-
vival. The LDs50 single dose values given were T70-100mg/kg and no data or
comment on activity against other organisms was given.

Antiseptics (In Vitro Actives).—Compounds are included here if reason-
ably complete experimental in vitro data have been reported—inactivity in
vivo is assumed unless the article states otherwise. For assessing practi-
cal applicability, the effect of protein and lipid on in vitro activity and
toxicity data are necessary but are frequently lacking. In vitro structure-
activity studies on in vivo actives are covered in that section. No in vitro
antituberculous reports have been included.

S /N NF /N NF F /N\N
—_ \“(J I l/o H @—” x \E J
NF NN NC— NH N Hp
X X 2 x1 XTI
The b’ﬁyclic IX (furazolium chloride as its salt) had broad-spectrum
activit (0.4-12meg/ml) substantially superior to that of nitrofurazone
and comparable to that of nitrofurylacrylamide. C~Methyl substitution or
ring expansion decreased activity while insertion of a vinyl group increased
activity against Staph., Strep. and Aerobacter. The bis(nitrofgryl) X had
Coli-Staph., activity comparable to IX but a narrower spectrum, > Some aryl
and heteroaryl pyrazoles and isoxazoles XI were about as actived (0.2~
1 cg/ml) as those reported earlier. The as-triazine XII had broad ggt%vi—
tyP 7 (0.2-1mcg/ml) but apparently not as broad as the vinyl analog,®®; 9 or
the 3-N(CHpOAc), derivative of the vinyl analog.(©

NF-CH=CH 0\,/NH2 NF-CH=C Ny CH, e c AN 0685
| | WF~CH=CH-C
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Further work on nitrofuryl vinyl68’70 and butadienyl compounds has been
reported. 3-Amino-6-[3'~methyl-4'-(5-nitro-2-furyl)-butadienyl]-as-triazine,
the butadien¥l analog of XII, was very active in vitro (Coli-staph. at 0.03-
0.06meg/ml). 1 1n 2-disubstituted amino-1,3,U4-oxadiazoles, the nitrofuryl-
3'-methylbutadienyl compound was less active than the vinyl analog, and the
thiadiazole analog of the best (0.8-2meg/ml) compound was less active,’2
Branching of the butadiene, especially with alkyls larger than methyl, de-
creased activity73 of the 2-RpoN-oxadiazoles, as did a 2-alkyl or phenyl
group on the oxadiazole. % 4-Methyl-3-methylthio-5-(5t-nitro-2'-furylvinyl)-
l,2,h—triazole75 had Coli~Staph. activity at l—l2mcg/ml.

A ten-fold increase in Coli-Staph. activity (to l-2mcg/ml)76 resulted on
cyclization of the acyl semicarbazide to the 2-amino-oxadiazole XIII. The
2~-oxo analog had Coli-Staph. activity at lmcg/ml while its 2-ethoxy and
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2-chloro analogs were much less active. Various 3-acyl-2-oxo analogs of XIII
were equally active but less toxi ;77 the 3-CHz-2-oxo0 analog was more ac~-
tive (Coli-Staph. at O.lmeg/ml).(® The 3'-methylbutadienyl 2-oxo analog!d
shifted in antibacterial spectrum (Staph. 0.4 and Coli 50mcg/ml). The pyr-
imidinone XIV was broadly active but only at lO-30mcg/ml except fgr Shigella
(0.5meg/ml); cross-resistance with furazolidone was not observed.0

In the 3-(5‘'-nitro-2'-furyl)acryloyl g§0u§ XV, activity was poor when Z
was pyrazoline, alkyl or carbethoxyalkyl. 1,02 ynen 7 was 2-imidazoline,
Staph. activity was 1os§ without change in Coli activity relative to the
simple amide (7 = NHp).®3 When bromine is present (Z = CHoBr or NF—CH==
¢(Br)—~CHO), »85 the compounds act by a different mechanism and are unste-
ble in vivo to SH groups. When 7 was NHNH-disubstituted pyrimidinyl,76:
Coli-Staph. activity was good (lmcg/ml) but not_when Z was NH-5-CHopyrimid-
inyl-2,4-Ro (lOmcg/gé) or NHNH-certain acyls.®? The spectrum of 60 nitro-
furans was studied: classes of compound in decreasing order of activity
are NF--CH=CH~—Z, NF-(CH==Ne~NH--hetero, NF-=CH==N-hetero, NF—hetero, NF—
C(==NH)—NHNHR.

In the aldoxime, the aldehyde guanylhydrazone and vinyl-quinoline compar-
isons89 of Coli-Staph. activity in vitro, changing 5-nitro- to 5-methylsul-
fonyl- furyl produced l- to 100-fold decreases in activity, in contrast to
the same variation on chloramphenicol.

The susceptibility of almost all strains of various species of Neisseria
(gonorrhoeae, meningitidis, flava) to in vitro inhibition by acetazolamide
(2-acetamino-1,3, 4-thiadiazole~5-sulfonamide) is unique relative to other
org;anisms,9o,9:,L but apparently does not carry over to in vivo infections.
Inhibition of only N. gon. occurred at high CO, concentrations; the other N.
and resistant bacteria appear to have low concentrations of carbonic anhy-
drase. 0

A miscellaneous group of antiseptics reported is mostly reminiscent of
known antibacterial types: 2-guanidino-6-substituted quinazolines92 vs.
Staph. and Salmonella at 10-100mcg/ml; N,N'-di(cyclohexylpropyl)-1,L4-bis
(aminomethyl)cyclohexane93 vs. Staph., Strﬁp., Salm. and Coli at 3-10meg/ml;
3-(p-bromophenyl )~6~bramo-1, 3-benzoxazine?* vs. Salm. and Klebsiella at 20-
Lomeg/ml; and sodium dodecyldi-(and mono)chlorodiphenyloxidesulfonate? vs.
Staph. at 5mcg/ml. The activity of the pyridazinones”® XVI (R = H and CH3)
is curiously specific: O.5-3mcg/ml against Shigella species but much less
effective against Coli and Salmonella. :

Mechanism of Action.=-Nalidixic acid I selectively inhibitg DNA synthesis
in growing E. coli, acting directly against its replication. The bacteri-
cidal phase of its action can be prevented by inhibition of the synthesis of
protein (e.g. by chloramphenicol) or of RNA. Similarly, the addition of sev-
eral, but not all, nitrofurans antagonized its in_vitro antibacterial acti-
vity against various Proteus-Providence species,98 but nalidixic acid did
not oppose the action of the nitrofurans. The latter also antagonized its
activity against Coli and Salmonella strains,99 as did tetracycline and
chloramphenicol against a number of coliform organisms.loo Against B, sub-
tilis, one of the few Gram~positive bacteria susceptible to it, the mode of
action is also selective inhibition of DNA synthesis.lOl The various hypo-
theses on the mechanism of action of isoniazid have been reviewed.

Research Techniques And Screening Methods.—A variety of chromatographic
techniques continue to be applied to separation and identification of syn-
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thetic antibacterial agents and their metabolites. Gas chromatograghy of 60
nitrofuryl and nitrofurylvinyl heterocycles has been accomplishedl 3 on a
silicone column generally without decomposition. Nitrofurantoin, nitrofura-
zone, and furazolidone as well as a large group of other nitrofurans were
studied in a variety of solvent systems by thin-layeriO% and by paperi©O>
chromatography.

About 20 sulfanilamide derivatives have been characterized by their thin-
layer chromatographic behavior in a dozen solvent systems(CHClééROH mixtures
with or without a third solvent) using detection with iodine,l p-dimethyl-
aminobenzaldehyde,lo7 or CuSOu—NHuOHl 8 and quantitative ultraviolet spec-
trophotometry.106:109 A two~dimensional thin—laier qualitative method using
a basic and an acidic system was also reported. 10 work continueslll on au-
tomated analysis of sulfa drug samples (20 per hour) based on the usual di-
azotization and coupling method; reproducibility for therapeutic concentra-
tions was satisfactory (1-2%). Paper chromatography of tuberculostatic
agents containing a C=S moiety employed rapid development with methanol-
water and detection by means of iodine-azide or mercury-fluorescein re-
agents.112 Differential thermal analysis has been applied to the examination
of the identity and purity of ethambutol, sulfa drugs and other synthetic
pharmaceuticals.113

Analog camputers were used for model calculations on the influence of
protein binding on the clearance of a long-acting h—sulfa-5,6—dimethoxypyr-
imidi gll and for devising optimal therapeutic regimens for sulfasyma-
zine.

No nevw antibacterial screening methods were reported. Recent success in
experimental animals and in vitro with growing the leprosy bacillus has led
to significant and promising additions to our knowledge.l > Over 100 Myco.
leprae strains fram all over the world and from the several clinical types
of leprosy have now produced mouse foot-pad infections. The relationship of
bacterial morphology, administration of antileprotic agents, BCG vaccina-
tion, and immune~response suppression to production of increased infectiv-
ity in mice has been studied. The neural involvement produced by this or-
ganism in the mouse and hamster infections is unique among the mycobacteria
and is characteristic of the clinical disease.

Reviews.—The followin% have been reviewed: species differences amon%
gi?ydrofolate reductases,l 6 ethambutol laboratory and clinical studies,<9s

structure-activity relationships in ethambutol analogs,32 mode of ac-~
tion of isoniazid.,lo2 progress in leprosy research,ll5 long-acting sulfanil-
amides in urinary tract infec‘tions,)4 and infectious drug resistance.ls? > b
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Chapter 13. Antiviral Agents
Ernest C. Herrmann, Jr., Mayo Clinlic and Mayo Foundation,
Rochester, Minnesota

Because it is brief, this review regrettably must exclude cer-
tain significant aspects of antiviral research. No attempt will be made
to include the substantial basic research on viral inhibition. Perhaps

even more serious 1s the exclusion of papers on Interferon and agents
that induce interferon (statalon, helenine). Tt is possible that inter-
feron is the key to a comprehensive approach to the problem of human viral
disease but more work must be done to establish that interferon has a role
in recovery from such disease in humans.

At least one review appeared in 1966.UL'It is rather unfortunate
that the authors' introductory remarks indicate that basic research has

now established the feasibility of specific viral inhibitors. Basic
research has only confirmed what has been known for well over a decade:
that viruses can be inhibited without harm to the host. Perhaps the
basic researcher has been slow in capitalizing on early antiviral studies.

It is worth noting that virtually all agents presently used in fundamental
antiviral studles were discovered in less than a logical manner--in fact,
most were products of screening programs. The authors imply that there
was loglc to the discovery of hydroxybenzylbenzimidazole; actually, this
was first observed to be an inhibitor of poliovirus in 1955 in the course
of a screening program)é"The authors may well have later rediscovered
this compound but apparently only after screening a "large number'" of
benzimidazole derivatives. Such historical reflection seems necessary at
times to establish how antiviral agents have been discovered.

For the present, perhaps the term '"chemotherapy" should be re-
placed by '"antiviral." Few seem clear in their use of the term ''chemo-
therapy'" in viral disease. 1Indeed, in that some of the most interesting
antiviral drugs are protective only, the term "chemotherapy" 1s completely
inaccurate.

Adamantanes. Amantadine hydrochloride (Symmetrel, EXP 105),

now released by the Food and Drug Administration, has been further
examined 1n double-blind studies in volunteers infected with influenza AE

virusELénd in epidemics caused by the same virus in adults\*and in chil-
dren\>"These studies noted no significant toxic reactions despite pro-
longed dosage schedules. All studies indicate some suppression of anti-
body response to the infecting virus and a substantlal decrease in the
number and severity of influenza cases. The drug did not completely
suppress the antibody response or the disease. Apparently only one trial
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<
included attempts to 1solate the virus. Although there has not been a
high degree of success in using virus shedding as a parameter in this
type of clinical trial, there was considerable success with this technique

in an experiment with horses infected with influenza A/EQUINE 2 virus.ﬁz/
Only three of seven horses treated with amantadine briefly shed virus

while all seven untreated animals shed virus for 8 days. Drug-treated
horses had a decreased immune response but it was thought that they were
immune to rechallenge with the same virus. There has been some concern
that a highly active prophylactic agent might prevent development of
natural immunity. However, even if this is a genuine problem, amantadine

1s clearly not sufficiently potent. In mice infected with an adequate
dose of virus, amantadine suppressed but did not eliminate the specific

antibody response}z’ Amantadine apparently does not have an effect on
antibody response in general,

One reporfé/indicates that amantadine, ammonium ion, and capro-
chlorone may have the same mode of actlion: they inhibit penetration of

influenza virus into the cell. This further emphasizes the usefulness of
drug research in exposing a previously little known aspect of cell-virus
interaction. There remains, however, a continuing problem of quantitation
in comparative studies of antiviral agents. There is no general agree-
ment on which tests are valid in demonstrating an antiviral effect and
which tests produce reliable quantitative data., Some effort 1s being
made to study the proper experimental design in tests with mouse influenza
and amantadine.\Z” St1l1l another in-vitro antiviral test, a copy of the
gradient-plate method used in antibacterial studies, has been described. e
Both amantadine and rimantadine hydrochloride (EXP 126, «-
methyl-l-adamantanemethylamine HCl) were given to children during an epi-
demic caused by measles and influenza B viruses. VL~ No beneficial results
were observed, which 1is not surprising because these two viruses are not
very sensitive to these drugs but it 1s of interest that rimantadine is

being tested clinically, This compound is about eight-fold less toxic in
embryonated chicken eggs than 1s amantadine, but it may be slightly more

toxic in mice.\/*~ In mouse experiments rimantadine 18 quantitatively
superior to amantadine against influenza A virus infections, and it showed
stronger therapeutic effect. More than 1,200 humans have received the
drug and it appears to be better tolerated than amantadine L—/’Preliminary
clinical trials indicate that rimantidine is active in protecting against
influenza A, virus disease.

N-Methyl-l-adamantanecarboxamide octochloro chlorination product
was reported\Ji’to have a remarkable curative effect in mice infected
intracerebrally with lethal doses of neurotroplc influenza A/WSN virus.
Even 1if treatment is withheld until the mice show tremors and paralysis,
they can still be saved; however, this drug has no effect on pulmonary
influenza virus infections in mice. Whatever its use, this drug certainly
manifests a true chemotherapeutic action.
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It is only fair to point out that, with protective drugs active
against only certain strains of Influenza virus, there are substantial
logistic problems. Before amantadine can be used, there must be timely

laboratory diagnosis indicating that a community is under attack by a
virus which is sensitive to the drug. Few physicians are in a position to

obtain such timely information. Suggestions have been made on how the5_
entire problem of more rapid laboratory diagnosis might be approached.\i/’

Thiosemicarbazones., A number of reports on the use of
methisazone (N-methylisatin-p-thiosemicarbazone, marboran, 33T57) appeared

in 1966. This drug was found to be beneficial in vaccinia gangrenosa)i/’
ineffective in chickenpo not surprising], rather effective in protecting
humans against variola minor (alastrim) & beneficial in malignant lympho-
ma in man\gb[which, 1f confirmed, would be remarkable], perhaps useful in
children given smallpox vaccine when it is contraindicated}39/beneficia1
in a serious case of eczema vaccinatum}ﬁL and inadequately tested in a
unique case of cowpox.“E&’In virtually all these clinical trials there
was a substantial amount of nausea and vomiting. Even with this trouble-
some reaction it would seem wise to have the drug available 1in the United
States for use in the occasional smallpox vaccine reactions, which are
often fatal, and the rare smallpox scares.

On the basis of development of resistance to methisazone by
rabbitpox virus in tissue culture and in rabbits, the possibility of this

problem also occurring in the use of this drug in smallpox was suggested.“ai”
As shown in many antibacterial studies, in-vitro induction of resistance
does not necessarily have clinical implications. There is some question
whether use of this drug will ever become so extensive that drug resis-
tance could occur. During 1966, two reports appeared on test methods for
thiosemicarbazones, one involving vaccinal tail lesions in the mouse QL

and the other a combined use of anticonvulsants with antiviral compounds

to control vaccinia virus infections in mouse brain.\&Z—

Inhibition of adenovirus 11 by methisazone\®¥tame as a surprise;
however, the virus dose used was extremely small and it was found, by
other test methods,VEkﬁl'that methisazone did not affect plaque formation
of adenoviruses 1, 2, and 5.Y£Z’These same methods did reveal that
methisazone produced considerable toxicity in HelLa cells, the type of
cell used in the original study. It 1s possible that the antiviral
action observed was due to a toxic reaction not readily observed in the

test system used.

Extensive clinical trials were made with isothiazole thiosemi-
carbazone (l4-bromo-3-methyl-isothiazole-S5-carboxaldehyde thiosemicarbazone,
M & B 771L) which, although very active in animal tests, has virtually no
activity against smallpox either therapeutically or prophylactically. \Z%Jo-
Again vomiting was a common reaction, and this drug also produces an un-
conjugated hyperbilirubinemia in humans, which has now been studied in
rabbits. \3Lf—
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Nucleosides. Apparently 5-iodo-2'-deoxyuridine (IUdR, idox-
uridine) has become a standard drug for treatment of herpetic eye infec-
tions. The most recent report of its effectiveness in this disease in-

volved 1,202 human casesk%&/There has been some concern about IUdR in-
hibiting corneal healing; it now appears that, in herpes simplex infected
eyes, corneal healing is not reduced. 33 urther studies in hamsters
have also reconfirmed the therapeutic effectiveness of this drug&ég:’
Some very encouraging results have been obtained in the treat-
ment of dermal herpetic lesions in man with IUdR.tZéEEL’If the drug was
dissolved in dimethylsulfoxide (DMSO) it was especially active; indeed,

DMSO alone seemed to be beneficial. Both of these studies were well con-
trolled, and in one of them both virus 1isolation and serologic tests were

used to confirm the diagnosis. Early use of the drug on the involved
tissue is essential. Because herpes simplex virus is sensitive to many
compounds, the treatment of dermal herpes seems long overdue. The Upjohn
Company has been pursuing such a clinical trial using the antiherpetic
compound cytosine arabinoside (cytarabine, CA). &~

It has been claimed that cytarabine has some toxicity in the
cornea when used in herpes keratitis; however, a recent report indicates

that thls so-called toxicity 1is essential to the antiviral effect of the
drug \32” There 1is also a report of successful treatment of a single case
of vacecinial b1epharokeratitis<ﬂyﬁith cytarabine. There have been a num-
ber of reports on the inhibition in tissue culture of DNA-containing
adenoviruses by cytarabine.\gi”With other test methodsN22Z“it was found
that DNA inhibitors, such as IUdR, BUdR, and CUdR, were not highly active
against adenoviruses 1, 2, and 5, and this is true also of cytarabine
which was much more toxic than the restX&6ome antiviral activity could
be demonstrated, especially with CUdR, but it was not remotely comparable
to that seen with herpes simplex and vaccinia viruses. It has been sur-
prising that DNA-containing adenoviruses seem to be resistant to such
inhibitors.

IUdR was found to be active against infectious bovine rhino-
tracheitis virus in cell culture but there was some doubt about activity
in rabbits\$% Trifluorothymidine seemed to be more effective than IUdR
in herpetic corneal lesions in rabbit eyes,tblﬁhile the antiherpetic com-
pound methylaminodeoxyuridine was less effective than IUdR in the same
study.

In cell culture studies, 6-azauridine was much less active than
IUdR against vaccinia virus}jgsﬁnd azathymidine and uracil methyl sulphone
were less active against herpes simplex virus. ¢ -Cyclopentyl-6-mercap-
topurine was claimed to be active against Friend leukemia virus in vivo {2~
Of interest 1s the antiviral effect found for N2 (2-hydroxyethyl)-adenine
in mice infected with Coe virus (coxsackie A-21)\¥% Although this is not
a typical common cold Virus, it does produce colds in human volunteers
(there has been a study of the effect of this drug in such volunteers but
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the details have not been published). In mouse studies, antiviral effects
were observed with one tenth the lethal dose of the drug. Drug toxicity
could be suppressed by xanthine oxidase inhibitors which did not influence
the antiviral action. It 1is significant that both animal and human trials
can be used to study inhibition of this virus.

Other antiviral agents of interest. There have been reports of
antiviral agents active in laboratory tests and it is not easy to deter-
mine which of these, if any, might lead to a useful drug. Some investi-
gators may still be confusing toxic effeets on the host with true anti-
viral action. Despite this, antiviral studies have made commendable
progress from the original concept that specific viral inhibition was not
possible,

A further report has been made on phagicin, a protein material
from phage-infected Escherichia coli that has shown antiviral effects
against vaccinia and herpes simplex infections of the eye.tﬁi’Apparently
this protein is a poor antigen. Hydroxyurea is an inhibitor of DNA
synthesis in a number of biologic systems, including those of vaccinia
and herpes simplex viruses. So-3. Because viral protein synthesis
appears to be unaffected, the authors suggest this might make a useful
drug that would not influence specific immune response., This seems a
little premature in the absence of substantial proof of activity in vivo.

In further studies of plant antiviral substances it was found
that a number of extracts had activity against influenza virus in cell
cultures and in mice.3” Influenza A virus appeared to be inhibited in
mice treated with 1-(L-fluorophenyl)-1-phenyl-2-propynl-N-cyclohexyl-
carbamate (FPC and 2-diethylaminoethyl-4~methylpiperazine-l-carbox-
ylate.\éé;The latter compound, when studied in cell culture, appeared to
have a mode of action much like that of amantadine.ir Compounds that
stimulate mucus productfon (cholinergic compounds) made influenza A virus
infection in mice more severe while anticholinergic drugs made the disease
less severe\N2# The concept of using pharmacologically active drugs rather
than specific antiviral agents has some merit and certainly requires fur-
ther exploration, especially for the problem of the common cold,

Viractin, a distillate from Streptomyces griseus, has been
claimed to protect humans from respiratory virus disease., It was found,

however, that the material had no in-vitro or in-vivo activity in tests
against a variety of resplratory viruses N2¥ A note appended to this re-
port is highly critical because apparently no clailm was made for actlvity
except in humans. Products from E. coli ropionibacteria =>4and Salmo-
nella tzphosa%d/have produced interesting antiviral effects. It must be
sald, however, that the search for antiviral antibiotics 1s still in its
infaney.

Among a host of other papers on antiviral effects is one report-
ing that huge doses of the plasma expander, polyvinylpyrrolidone, inhibit-
ed vaccinia and herpes simplex viruses in cell cultures, Substituted




Chap. 13 Antivirals Herrmann 127

morpholonium quaternary compounds have been shown to be active in mice
infected with mouse hepatitis and herpes simplex viruses.\e3Tn cell cul-
ture, Nt ~furfurylbiquanide was active against a varilety of RNA viruses.

A lengthy report on the effect of salicylates on EMC virus in cell culture

is not completely convincing\—//bertain derivatives of lL-oxo-5-thiazoli-
dine are claimed to have a wide antiviral spectrum but only data for

poliovirus inhibition are presented.\é//’

Bauer“éz’ﬂas made an interesting suggestion in attempting to
relate virus size to the effectiveness of antiviral agents, It 1s per-
haps somewhat early in the history of the search for antiviral drugs to
draw too many conclusions from the presently known antiviral substances.
One wonders what the conclusions would have been if a few dozen other

known antiviral agents had been incorporated in Bauer's study. Various
pharmaceutical companies still have a number of agents not yet reported

in the literature; for example, Smith Kline & French Laboratories has a
compound or compounds highly active against a number of rhinoviruses in
cell culture systems?\JL’Without information on a number of such com-
pounds, analysis at this time seems premature.

An Interesting and comprehensive study of compounds that re-
lease cyanate in vivo, resulting in antiviral effects only against
pseudorabies virus,\fjlzgtilustrates the fundamental discoveries result-
ing from studies of agents uncovered in a screening program. A close
look at the products of screening programs could convince one that, al-
though these programs have been the sole source of antiviral drugs so far,
they in fact also may have been even more productive in basic research.
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Chapter lha. Human Antiparasitic Agents
Edward F. Elslager, Parke, Davis and Co., Ann Arbor, Mich.

INTRODUCTION — Better drugs are still needed for the treatment of many
chronic and debilitating human parasitic diseases, including schistosomia-
sis, filariasis, Chagas' disease, leishmaniasis, trichuriasis, and strongy-
loidiasis. Moreover, a reappraisal of the status of malaria chemotherapy
has indicated: (1) the urgent need for developing new fast-acting suppres-
sive agents effective against drug-resistant plasmodia; (2) the potential
usefulness of long-acting drugs, particularly in malaria eradication pro-
grams; and (3) the importance of developing safe and effective anti-relapse
drugs capable of effecting a radical cure in a single dose or, at most, in
a three-day regimen. During the past year significant progress was made 1In
man's continuing struggle against parasitic diseases. 1In the discussion
that follows, frequent reference is made to recent reviewst=5 that provide
background information on broad aspects of parasite chemotherapy.

MALARTA — Several reviews have recently been published.lJ375'8

(a) Fxperimental Models for Studying Drug-Resistance — The problems posed
by the existence of drug-resistant strains of falciparum malaria have spur-
red efforts to develop better experimental models for studying this phenom-
enon. As reviewed elsewhere,S’9 strains of avian, murine, and/or simian
parasites have been induced to acquire resistance to representatives of all
the major classes of antimalarial drugs, and the resistant lines have been
employed in cross-resistance studies to determine the interrelationship
among the various chemical types.3’5’10"15 Results from these experiments
provide a better rationale for selecting alternative drugs for use against
drug-resistant parasites, and afford a basis for recognizing compounds with
a novel mode of action.

(b) Mode of Action of Antimalarial Drugs — It is generally assumed that
antimicrobial agents exert their effect by inhibiting essential enzymatic
reactions in the affected microorganism itself. Among intracellular organ-
isms such as malarial parasites, however, the possibility exists that the
agent inhibits an enzymatic reaction of the host cell that produces a pro-
duct essential to the parasite. The latter mechanism is apparently involved
in the action of anti-pantothenates against Plasmodium lophurae. This para-
site, which requires an external source of coenzyme A (COA), is inhibited

by anti-pantothenate (SN-14,622) when it is developing intracellularly, but
not when it is cultured extracellularly in vitro.1® The anti-pantothenate
presumably interferes with a red-cell system synthesizing CoA, thereby de-
priving the parasite of an adequate source of CoA.

A recent comparison of the action of chloroquine, guinacrine, pyrimethamine,
and sulfadiazine on P. lophurae developing intracellularly or extracellu-
larly in vitro showed that each drug had the expected inhibitory effect on
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parasites developing within their host erythrocytes, but that none inhib-
ited the development of extracellular parasites at the same concentrations.
Assuming that parasite integrity is maintained, one explanation would as=-
sume that certain drugs are concentrated in the red cells so that parasites
within the cells are actually exposed to much higher concentrations than
were used in the medium. This explanation is plausible with regard to
chloroguine; for recent studies®® suggest that chloroguine is selectively
toxic because it attains higher concentrations in parasitized red cells than
in normal erythrocytes, and that resistance is due to an Impairment of the
mechanism by which such drug levels are accumulated. A second explanation
is based by analogy on the proposed mechanism of action of the anti-panto-
thenates, and would assume interference by the drug with a host cell-

enzyme system that supplies a product required by the parasite.l7

17

A number of considerations place P. berghei in the class of microorganisms
that are dependent on endogenous synthesis for folate-containing cofac-
tors.t®:2%  Recent experiments show that P. berghei can convert dihydro-
folate (FHo), but not folate, to materials capable of satisfying the growth
reguirements of Pediococcus cerevisiae, and therefore presumably cofactor
forms of tetrahydrofolate (FH,).20 This shows that cells of P. berghei are
capable of folate cofactor biosynthesis and do not have to depend on the
host erythrocytes for this function. The utilization of FHz required NADPH
and was inhibited by pyrimethamine,l9 which suggests the presence of FHo
reductase in these parasites.

(c) Suppressive Antimalarial Drugs

(1) Sulfones and Sulfonamides, either singly or in combination with pyri-
methamine, are of considerable interest as possible alternative drugs for
oral suppressive use against drug-resistant P. falciparum. Among them,
diaphenylsulfone (DDS)(Ia), conventional sulfonamides such as sulfadiazine,
and the long-acting congeners sulforthomidine (IIa), sulfamethoxypyridazine
(ITb), sulfapyrazinemethoxine (ITc), and sulfadimethoxine (IId) have been
evaluated.8:5:82727  Tn man, response to these drugs is characterized by
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relatively slow antimalarial action,3’2*7™2% greater efficacy against P.

falciparumgl'ZS than P. vivax, <€ suppressive action against multi-resistant
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P. falciparum, 21,23,27 gnd good tolerance.2t27 The daily administration
of 25 mg of DDS concurrently with 300 mg of chloroquine base and 45 mg of
primaquine weekly proved highly effective in preventing patency following
challenges with two strains of chloroguine-resistant P. falciparum.27

The sulfone-sulfonamide group acts at a different site than cycloguanil
(IX) or pyrimethamine, presumably by preventing the incorporation of p-
aminobenzoic acid into folic acid. Utilization of the two types in combi-
nation enhances antimalarial activity in experimental infections®:5,15 ang
in man,3,22,28 affords broad action against resistant organlsms 3’5’15 and
decreases the likelihood of the emergence of resistance.®S There is un-
doubtedly a need for further assessment of the antimalarial value of sul-
fones and sulfonamides, both alone and in combination with other agents.
Because of known deficiencies, however, they are not likely to provide the
final solution to the problem of treating drug-resistant malarias.

(2) h-Aminoquinolines — Earlier reports®»2® that III was active against
chloroquine-resistant P. berghei were surprising, since the chloroquine-
resistant strains studied to date have proved uniformly cross-resistant to
other L-aminoquinolines and to 9-aminoacridines.5’® However, recent stud-
ies utilizing a different chloroquine-resistant strain of P. berghei showed
a high degree of cross-resistance between III and chloroguine. Similarly,
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IV and relatives exhibited potent activity against normal P. berghei, but
were ineffective against a chloroquine-resistant strain. 30~

(3) Potential Antimetabolites — Several new types are reported to be active
against drug-resistant malarial parasites in experimental animals. Tetra-

hydrohomopteroic acid (Va) was effective against both normal and pyrimeth-
amine-resistant P. cynomolgi in monkeys , 3% but tetrahydrochomofolic acid (Vb)
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was inactive.3t Activity was also reported among certain 2,4,7-triamino-6-

phenylpteridines,®® 2, L-diaminoquinazolines (VI)33 and bis(2,k-diaminopyrim-
idines)(VII).%*

(4) Other Agents — Prodigiosin,®S l-aminocyclopentane carboxylic acid,®®
and Hetol® (VIII)3® are effective against P. berghei in mice. Hetofo is
also active against P. cynomolgi and P. knowlesi in the monkey.3®

(d) Repository Antimalarial Drugs

(1) Dihydrotriazine and Pyrimethamine Salts — A single 5 mg/kg I.M. dose of
cycloguanil pamoate (Camolar®) (1X) protects man for many months against
challenges with susceptible strains of P. falciparum or P. vivax.Z3 37,38
Urinary excretion studies in human volunteers indicate that protection is
maintained until the daily cycloguanil excretion rate decreases to 0.25 mg
or less, usually for 8-9 months.2®® In accord with theoretical expectations,
the drug was ineffective against parasites known to be highly resistant to
chlorguanide, pyrimethamine, or both.3 Cycloguanil pamoate is useful, how-
ever, against partially resistant strains, although the protection period
is shortened.®®/4° Further, coadministration of amodiaquine with cyclo-
guanil pamoate prolonged the period of protection in areas where parasites
have some degree of resistance to chlorguanide or pyrimethamine but are
sensitive to the h-aminogquinolines.4t Cycloguanil pamoate was well toler-
ated with respect to systemic toxicity and provoked only mild to moderate
local reactions at the injection site when injected properly.3s37741
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(2) Sulfones — Potential long-acting sulfone and sulfonamide derivatives
have been synthesized3’42’43 to provide substances that (1) in combination
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with cycloguanil pamcate or related compounds®’4% might enable a sequential

block in the metabolic pathway and afford broader repository action against
drug-resistant lines than either drug alone, and (2) may be particularly
convenient in the treatment and prophylaxis of leprosy.¥2:43:45 among them,
DADDS (Ib) has been studied most extensively. A single parenteral dose of
DADDS protected mice for many weeks against challenges with P. berghei and
monkeys for many months against challenges with P. cynomolgi trophozoltes or
sporozoites.3242:46  (I1-564, a mixture of cycloguanil pamoate and DADDS,
showed better activity than either component alone against drug-resistant
plasmodia in animals?® and in man.4°

The duration of action of PAM-1503 (CI-608)(X)%® and six other repository
sulfones against P. berghei in mice was intermediate between the short-
acting DDS and the very long-acting DADDS .47 Generally, the pattern of
urinary excretion in rats also was intermediate between that of DDS and
DADDS.%” While additional work may be needed to assess the best form and
amount of repository sulfone for use with cycloguanil pamoate, the poten=-
tial antimalarial value of such & combination has been demonstrated»40,42,46
Further, each of these compounds, together with DADDS, completely suppressed
Mycobacterium leprae infections in mice when given in single parenteral
doses at 2-month intervals.%S

(e) Radical Curative Agents — RC-12 (XI) has substantial activity against
the preerythrocytfzrforms of P. cynomolgi in the monkey but shows little
promise as a schizonticidal or suppressive agent.%® Mo reports have yet
appeared concerning lts efficacy and tolerance in man. Related compounds
have recently been described.4®

LETSHMANTIASTS — Leishmania is responsible for millions of smoldering
ulcers among inhabitants of endemic regions in Africa, the Americas, and the
Near and Far Fast. Recent studies have confirmed earlier reports® that the
repository antimelarial drug cycloguanil pamoate (IX)(supra) shows promise
in the treatment of cutaneous leishmaniasis. Thus, 63% of 8% patients in-
fected with Leishmania mexicanum were cured with a single dose of cyclo-
guanil pamoate, including some subJjects with a condition of more than 20
years' duration.5® An effective repository drug would have important ad-
vantages over previous methods of treatment since dermal leishmaniasis
occurs mainly among people in remote areas.

Several other compounds have recently been reported to be effective against
leishmaniasis in experimental animals and in man, including monomycin,51
paromomycin, 5t dehydroemetine, 5% and Berenil®.53

CHAGAS' DISEASE — At least 7 million persons in South and Central
America are infected with Trypanosoma cruzi, the causative agent of Chagas'
disease. 1In contrast to the successful development of effective drugs for
the African tr;ypanosomiases,:L the treatment of cruzi infections has been
generally unsatisfactory. There is evidence that nitrofurans may be effec-
tive against acute infections, but no adequate curative agent has been
found.®’5
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No new information 1s available concerning the usefulness of piperamide
maleate (XII)5* against T. cruzi infections. Certain piperidine relatives
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XII DPiperamide XIII

(XIII) are also effective.®® Other compounds recently reported to show ac-
tivity against T. cruzi in vivo include amphotericin B, emetine, isoquino-
line-l-carboxaldehyde thiosemicarbazone, metronidazole (XIV), actinomycin

D, and certain di- and triaminotriphenylmethane dyes;3®257 2 L-diaminoquin-
azolines (VI);3® and quinazoline derivatives of aspartic and glutamic
acids.5® Actinomycin D, mitomycin C, and fluorouracil deoxyriboside inhibit
the growth of T. cruzi in vitro by interfering with the synthesis of pro-
teins and nucleic acids by the flagellate.s9 Furadantin sodium and NF-902
show early, marked action against intracellular forms of T. cruzi in chick
embryo tissue culture.®®

TRICHOMONIASIS — No parasitic infection is as common among women of the
temperate zones as vaginal trichomoniasis.

(a) Nitroimidazoles — Metronidazole (Flagyl®)(XIV) exhibits broad antipro-
tozoal activity and in particular has found widespread use in the oral
treatment of trichomoniasis.'’? The metabolism of metronidazole in the dog
and in man is similar.®' In both species, the urine contained 61-69% of
unchanged metronidazole, together with smaller amounts of the corresponding
acid (26-28%) and a second metabolite which was tentatively identified as
the ether glucuronide (5-11%). The authors found no evidence that the nitro
group had been reduced. The synthesis of novel nitroimidazole compounds as
potential antiprotozoal agents continues at a dizzying pace,62"7° but none
has yet been demonstrated to be superior to metronidazole against tricho-
moniasis in experimental animals or in man.
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XIV Metronidazole XV Niridazole XVI 15,960 R.P.

(b) Other nitro heterocyclic compounds possess antitrichomonal activity,
including niridazole (XV) and relatives,7l nitrofurans,72‘74 nitropyr-
roles, 75,78 nitrothiophenes, 77 and nitropyrazoles.’® Among them, 15,960
R.P. (XVI) is of particular interest. When given orally to mice, 15,960
R.P. was equi-active with metronidazole against Trichomonas vaginalis and
nearly ten times as potent against Lamblia muris.’® It also showed good
oral activity against intestinal amebiasis in rats and hepatic amebiasis in
hamsters due to Entamoeba histolytica. Urinary excretion studies in the
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rat and dog Were encouraging.’® When 15,960 R.P. was given orally to rats
in a single 250 mg/kg dose, 4O% was recovered in the urine over a 48 hr
period. Comparative recovery figures for metronidazole and aminitrozolets 2
were 16% and 0.2%, respectively. In dogs, > 50% of the dose was eliminated
in the urine within 24 hr, of which 70% was unchanged.’® This suggests
that 15,960 R.P. should reach the foci of infection in high concentration
after oral administration.

AMEBIASIS — The ideal antiamebic agent must be capable of eradicating
Entamoeba histolytica from both the bowel and from extra-intestinal sites
and should be virtually non~-toxic. Agents with sustained, prophylactic an-
tiamebic properties are also needed. Although many good drugs are available,
no single preparation is capable of exerting.all the actions required.

(a) 2-Amino-5-nitrothiazoles — Earlier studies®’7® demonstrated that nirid-
azole (Ambilhard) XV )80,81 has strong therapeutic effects against amebiasis
and schistosomiasis (infra) in experimental animals and in man. Results
from recent human trials confirm that niridazole, administered in a dosage
of 500 mg b.i.d. or t.i.d. for 10 days, is highly effective against both
intestinal and hepatic amebiasis, but side-effects including frequent ECG
changes and occasional neuropsychic episodes were encountered.®2-8¢ 1.
though niridazole goes far toward meeting the therapeutic requirements of a
single direct-acting amebicide, more extensive trials are needed to assess
its safety in man relative to antiamebic agents in current use.®3-85 Many
other 2-amino-5-nitrothiazole derivatives exhibit antiamebic activity.’*

(b) Metronidazole (XIV) is ineffective against schistosome infections but is
widely used in trichomoniasis (supra).'’€ In a recent notable study, 800 mg
of metronidazole given t.i.d. for 10 days cured 22 out of 25 patients with
acute amebic dysentery, and each of 10 patients with confirmed amebic liver
abscess.®® In contrast to the niridazole studies, no significant BCG
changes or neuropsychiatric disturbances were encountered in patients re-
ceiving metronidazole.®8  Purther large-scale confirmatory trials are
obviously necessary, but, on the basis of present results, the authors sug-
gest that metronidazole may be unique as a single direct-acting amebicide,
effective in the bowel and the liver, and without significant toxicity.

Many other nitroimidazoles also exhibit antiamebic properties.®®>67,70

(¢) 8-Quinolinols — In recent clinical trials, clamoxyquin pamoate (Clam-
oxyﬂ3)ZXV1153 was compared with iodochlorhydroxyquin in the treatment of
diarrheal disease.®7 Clamoxyquin pamoate was administered in a dose of 16
mg of clamoxyquin base per kg daily for 5 days. Iodochlorhydroxyquin was
given in a regimen of 1500 mg daily for 10 days. Clamoxyquin pamoate was
tolerated well and was equal to iodochlorhydroxyquin in reducing the daily
number of stools, in improving stool consistency, and eliminating fetid
odor. Both drugs were effective in eliminating blood and mucus when present
in stools. Clamoxyquin pamoate was usually better than iodochlorhydroxy-
quin in ameliorating subjective gastrointestinal symptoms and was superior
or equal to iodochlorhgdroxyquin in eliminating E. histolytica, Giardia
lamblia, and Shigella.®”
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(d) Anthramycin methyl ether (XVIII)®® had a marked effect on intestinal
amebiasis in the rat; single oral CDgpo values against the K9 and 200 strains
of E. histolytica were 0.22 and 0.18 mg/kg, respectively.89 The antibiotic
also exerted a definite chemotherapeutic effect in experimental infections
with Trichomonas vaginalis and Syphacia obvelata.®®

(e) Emetine inhibits protein synthesis in certain mammalian cells, species
of Saccharomyces, and in Anemia phylitidis, a higher plant, but not in cell-
free extracts prepared from E. coli. Although different in chemical
nature, (-)-emetine and the ipecac alkaloids show configurational and con-
formational similarities to (-)-cycloheximide and the glutarimide antibiot-
ics and have similar effects on protein synthesis.90 These results define
a structural basis for the inhibition of protein synthesis, and suggest a
novel synthetic approach to new compounds of potential interest.

SCHISTOSOMIASIS — Nearly 200 million people are infected with schisto-
somiasis, and on a world basis these infections are spreading. The degree
of prevalence, the seriousness of the infection, and the paucity of adequate
drugs make schistosomiasis one of the great challenges in parasite chemo-
therapy today.Z®’® Several reviews have recently appeared.s®2

(a) 2-Amino-5-nitrothiazoles — Previous studies3®:79,84 indicated that nirid-
azole (XV) was highly active against Schistosoma mansoni and S. japonicum
in animals and showed promise against S. haematobium and S. mansoni in man.
In subsequent clinical trials, 37190 piridazole given orally in daily doses
of 20-30 mg/kg for 5-10 days afforded "cure rates" of 33-100% against S.
haematobium =95, 98,100 ang 23.91% against §. mansoni.>3» 96, 97,989,100 e
drug has uncertain value against 8. Japonicum in man.> Minor drug reactions
including headache, abdominal pain, nausea and vomiting, and ECG changes
were frequently observed but were seldom severe enough to warrant cessation
of tl’le:c‘apy.s‘?”"99 However, infrequent but serious toxic reactions, including
epileptiform seizures, psychoses, and epistaxis, were also encountered 83,9799
Therefore, several investigators have recommended that niridazole be used
only under strict medical sggervision and that unsupervised mass treatment
be approached with caution.¥’~99

Studies in mice with *%C niridazole showed that unchanged drug is taken up
from body fluids both by adult S. mansoni and by embryonated eggs, and that
metabolites accumulate in organs of the parasite.?®! Rapid metabolic con-
version by the parasite appears to be responsible for the ensuing tissue
damage, possibly by causing overloading of a particular enzyme system which
might be a nitro-reductase.t®r Other nitrothiazole compounds reportedly
have schistosomicidal activity.’%»80,81,102
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(b) Nitrofurans — Furapromidium (F30066)(XIX) kills S. japonicum in vitro
and has prophylactic effects in mice and curative action in rabbits and
dogs.® The drug was active against S. japonicum in early human trials, but
the cure rate was disappointing at the regimen employed. In a recent trial,
furapromidium administered orally in doses of 50-100 mg/kg for 1-4.5 months
enabled a cumulative negative rate of 81%.1°3 The authors consider fura-
promidium to be a suitable alternative when antimonial treatment is contra-
indicated.*®® Other nitrofurans are reported to be active,t0%,105
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(¢) Lucanthone Relatives — Hycanthone (XXb),31%® a new metabolite of lucan-
thone fXXa), was reported earlier to be much more potent than lucanthone
against S. mensoni in hamsters.*©® However, in a recent comparison of the
relative effectiveness of hycanthone against S. mansoni in various hosts,

it was only one-tenth as active in mice as in hamsters.1%” The drug has
pronounced activity against S. mansoni in Cebus monkeys,lo7 but no reports
have yet appeared on its efficacy and tolerance in man. Numerous other sub-
stances related to lucanthone, hycanthone, and mirasan exhibit antischisto-
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some activity, among which compounds XXI-XXIII are representative.l08,109

(a) Aminophenoxyalkanes — Preliminary clinical reports indicated that N-[5-
(p-aminophenoxy Jpentvl Jphthalimide (amphotalide)®,%1C produces a definite
therapeutic response in S. haematobium infections at fairly well-tolerated
doses, but diminution of the visual field was observed in several patients.
The search was therefore continued for compounds devoid of retinal toxicity
and more active than amphotalide in experimental animals.t©:211  among
hundreds of aminophenoxyalkanes that were synthesized®?l and tested, 10
XXIV was selected for initial clinical trial. A total dose of 60-120 mg/kg
over l-k days cured 16 of 4k subjects infected with S. haematobium. The
drug gave rise to no ocular symptoms, but did produce serious vomiting.t®©
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(e) Organophosphorus Compounds — The motor responses of S. mansonl to vari-
ous pharmacological agents suggest the presence in the worm of an inhibitory
cholinergic system.'1® (arbachol, arecoline, and a variety of cholinester-
ase inhibitors produced a paralysis of the worms which was reversed by
atropine and by secondary and tertlary amines, but not by quaternary am-
monium ganglion blocking agents. 112

Tartar emetic and the tris(p-aminophenyl)carbonium salts inhibit cholin-
esterase activity in schistosomes.® There is thus some rationale for the
evaluation of potential cholinesterase inhibitors against schistosomiasis.
Trichlorofon is reported to have activity against S. Jjaponicum in mice, dogs,
and man**3 and against S. haematobium in man. 5,95~ However, tests against
S. mansoni in mice and monkeys showed insignificant action by large oral
doses of the drug, 118,114 2nd the concentration required to produce paraly-
sis of S. mansoni in vitro is rather high when compared with the dosage
claimed to be effective chemotherapeutically against S. haematobium and S.
jeponicum.?*2 Therefore, it is questionable whether cholinesterase inhib-
ition can account for the antischistosomal action of trichlorofon. It is
perhaps too early to pass judgment on the clinical usefulness of trichloro-
fon, but its known toxicity for man discourages its use.S

In contrast with trichlorofon, maretin (XXV) and the corresponding thioate
ester exhibited very potent oral activity against S. mansoni in mice,+13-114
However, neither compound showed strong activity against S. mansoni in mon-
keys at well-tolerated dose levels, and both failed to kill worms in vitro
in concentrations of 16 ug/ml.113 The lack of in vitro activity suggests
either an insufficient drug concentration in the . medium, or conversion to

an active metabolite by the host.

(f) N,N-Dialkyl-N'-(4-arylazo-l-naphthyl )alkylenediamines (XXVI) exhibit
widespread chemotherapeutic and prophylactic activity agalnst S. mansoni in
mice and monkeys and against S. Jjaponicum in mice. 115,116 Mhe usefulness
of these compounds in human schistosomiasis has not been evaluated.

INTESTINAT, HELMINTHIASES — The world-wide incidence of intestinal hel-
minthic infections in man approaches the staggering figure of two billion.
The prevalence of these infections and their complex and far-reaching ef-
fects upon body function cause them to rank among the most Important disease
problems of man.

2

(a) Drugs Active Against Intestinal Nematodes

(1) Thiabendazole — Reports on the value of thiabendazole against human
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helminthiases were summarized recently.3’17 The drug has broad action,
particularly in multiple doses, in suppressing egg production by most of
the important intestinal nematodes of man, but is relatively ineffective
against Trichuris. Effective doses frequently cause dizziness, and to a
lesser extent nausea and vomiting. Relative to other anthelmintics, thia-
bendazole is likely to excel in the treatment of strongyloidiasis, creeping
eruption, and possibly trichinosis.®

(2) gyrviniumgpamoateg has been used mainly in the single dose treatment of
enterobiasis, but more recent evidence indicates it is also useful against
strongyloidiasis when given over a period of 1-2 weeks.® (I-578, a combina-
tion drug containing pyrvinium pamoate and piperazine, was developed to in-
corporate the efficacy of pyrvinium pamoate against Enterobius vermicularis
and piperazine against Ascaris lumbricoides into a single convenient medi-
cation. In preliminary clinical trials, CI~578 showed marked activity
against single or multiple pinworm and ascarid infections when given in a
single oral dose (2.5 mg of pyrvinium base and 75 mg of piperazine per kg
of body weight) on 2 successive days.lls’ll9 Among Tl subjects treated,
the cure rates for E. vermicularis and A. lumbricoides were 98% and 68%,
respectively; a significant reduction in egg counts was noted in the re-
maining patients. The drug was well tolerated.t18,119

(3) Dymanthine hydrochloride (N,N-dimethyloctadecylamine hydrochloride) is
active against Syphacls obvelata and Hymenolepis nana in mice. In a pre-
liminary clinical trial, 32 of 50 subjects (64%) infected with Ancylostoma
duodenale were cured following a single oral 50 mg/kg dose of dymanthine
hydrochloride.'®° G@astrointestinal side-effects were frequently observed
but were mild and amenable to symptomatic treatment .20

(4) 1,4-Phenylenediisothiocyanate (XXVII) was reported earlier to be effec-
tive against nematodes and cestodes in experimental animels. Subsequently,
the drug was administered to 43 patients with hockworm disease in a dose of
300 mg every 12 hr.1®' Among 38 patients followed-up, 21 (55%) were cured
and 13 others showed a substantial reduction in egg count. Mild gastro-
intestinal side-effects were noted in 17 subjects.T2*

(5) Other Anthelmintics — Efforts directed primarily toward the development

of anthelmintics for veterinary use (Chapter 1U4b) have recently yielded a

variety of active nematocides of potential usefulness in man.® Among them,

various benzimidazoles, ©s122-124 teotramisole (XXVIII) and relatives,+25
N=C=3
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pyrantel (XXIX)*®® and analogs,*®” 1,2,k-oxadiazoles (XxX),2® nitrodan
(XXXI),*29230 ang imidazodiguinolinium salts (XXXIT)*3! are noteworthy.

(b) Drugs Active Against Cestodes
=LAgR hchlve ngainst (estodes

Paromomycin sulfate is a basic oligosaccharide-type antibiotic with unique
action against Entamoeba and Trichomonas.®*® Tt has recently been reported
to be highly effective against the human tapeworms Taenia saginata,l32-134
Taenia solium,t33 ang Hymenolepis nana.t33 Doses of 15 to L5 mg/keg daily
for 3-5 days were most frequently employed, although larger single doses
were also effective.l3% Subsequent studies in animals showed that paromo-
mycin had inconsequential effect against H. nana in mice or H. diminuta in
in rats, but strong action against Hydatigera taeniaeformis in vitro and in
cats.135 Although the mode of action of parcmomycin against parasites is
unknown, it inhibits the incorporation of amino acids into the trypsin-
soluble protein fraction of Staphylococcus aureus 257.136 At the ribosomal
level, paromomycin prevents the attachment of amino acyl-s-RNA and causes
accunulation of m-RNA.136
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Chapter 14(b). Animal Antiparasitic Agents
Dale R. Hoff, Merck Sharp & Dohme Research Laboratories
Division of Merck & Co., Inc., Rahway, New Jersey

Anthelmintics for Treatment of Roundworm Infections

Pyrantel tartrate, representing a new class of anthelmin-
tics, was announced in 1966. The therapeutic properties of tetrami-
sole, reported in the previous year, were confirmed in a series of
papers describing laboratory and field studies. The data presently
available in the published literature are not yet sufficient to allow
a detailed comparison of these new anthelmintics and thiabendazole,
but some important similarities and differences can now be discerned
All three are broad-spectrum and are efficacious against many species
of important nematodes parasitizing the entire gastrointestinal tract
of cattle and sheep. Pooxr control of Trichuris is a weakness common
to all three. An impressive breadth of spectrum for tetramisole was
suggested in the preliminary announcement of this drug, in which ac-
tivity against at least 56 species of nematodes in thirteen hosts
was listed.l

Pyrantel tartrate has a somewhat higher safety factor than
tetramisole, according to published accounts (see Table I), though
neither approaches the high therapeutic index reported for thiabenda-
zole.

Differences in the effects of these three anthelmintics
against lungworm infections may be due to the varied physiological
dispositions of these drugs, reflecting differences in absorption and
metabolism. Tetramisole was reported to be effective against lung-
worms. Thiabendazole, which is rapidly metabolized, has been shown
to have a significant effect against lungworms (vide infra), althoudh
special dosing schedules are required. Pyrantel tartrate, not being
well absorbed from the intestine, was said to be inactive against
lungworms.?2

A comparison of the relative potencies (in terms of recom~
mended oral doses for control of parasitic gastroenteritis in sheep),
minimum lethal dose (sheep), and the safety factor for these three
substances is given in the table:

TABLE 1
Effective Safety
Compound Dose MLD Factor
Pyrantel Tartrate 25 mg/kg 180 mg/kg3 ca. 73 4
Tetramisole 15 mg/kg 80 mg/kg4 ca., 4-5

Thiabendazole 44 mg/kg >1000 mg/kg~?2 > 234a
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Pyrantel Tartrate

This substance, which has the structure trans-l-methyl-2-
[2-(2-thienyl)vinyl]-1,4,5,6-tetrahydropyrimidine (I), was the most
promising member of a new class of anthelmintics announced by
W. C. Austin and coworkers.® These compounds evolved from laboratory
assays employing Nematospiroides dubius in mice and Nippostrongylus
muris in rats. From a brief discussion of structure-activity rela-
tionships in the series, it appears that a lower order of anthelmintic
potency was found with relatives in which the intercyclic vinylene
linkage was fully saturated or in which the tetrahydropyrimidine ring
was replaced with an imidazoline. Methylation of the secondary ring
nitrogen was beneficial, and introduction of a methyl substituent in-
to the 3-position of the thiophene ring apparently leads to enhanced
potency.

Description of chemical procedures for preparation of py-
rantel salts and related structures appeared in a series of Pfizer
patents.6‘9

cribed as a colorless crystalline

H
, , | N
Pyrantel tartrate was des
:\s: C\\C | -C4HgOg¢ Y
N

material which is soluble in water

H éH (180 mg/ml). Solutions are sensi-
3 tive to ultraviolet light, under-
Pyrantel Tartrate going trans-cis isomerization upon
I prolonged exposure. Storage in

dark bottles is sufficient to pro-
tect solutions against light-in-

duced degradation.3

In laboratory trials, the substance, administered orally as
a 5% solution in water, gave good control of Trichostrongylus colubri-
formis infections of sheep at 45 mg/kg or 25 mg/kg.> Doses of 12.5
or 25 mg/kg resulted in substantially complete elimination of Nema-
todirus battus from experimentally infected lambs. In a trial with
naturally infected sheep, pyrantel tartrate at 25 mg/kg, orally, was
effective in the removal of Ostertagia, Trichostrongylus, Nematodirus
Cooperia, and Chabertia, but had little effect on Trichuris.> Death
of one lamb out of six was seen following use of an oral dose of 180
mg/kg. 100 mg/kg was well tolerated in twelve sheep.

Efficacy of pyrantel for the prevention of parasitic gastro-
enteritis in sheep was demonstrated in field trials with lamb flocks
harboring variable but moderate infections of Nematodirus, Ostertagia,
Trichostrongylus, and Haemonchus.10,11 Under the conditions of these
trials, pyrantel was found to result in somewhat greater average daily
weight gains than the other anthelmintics used for comparison (be-
phenium, methyridine, thiabendazole), though the objection was made
later that the thiabendazole dose used in the Nematodirus trials was
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less than the dose recommended by the manufacturer for control of
Nematodiriasis.l?

Reference was also made to good activity with pyrantel

against Ascaris in swine and against Toxocara and Toxascaris in(kg&s

Tetramisole

The circumstances which led to the discovery of tetramisole
(II, Ar = CgHg), a new broad-spectrum anthelmintic, were describedin
two papers from the Janssen Laboratories.ls13 2-Acetylimino-3-[2-hy
droxy-2-(2-thienyl )ethyl Jthiazoline (Thiazothienol, IV), which was
under investigation as an anthelmintic in poultry and sheep, was
found to undergo metabolism in these species to the more potent 6-(2-
thienyl)-5,6-dihydroimidazo[2,1-b]thiazole (III, Ar = 2-thienyl).
This metabolic transformation was not observed in rats or mice.
Tetramisole was the product of
N//\\T—Ar N//\\T_Ar systematic development of reduced
l — N | . imidazo[2,1-b]thiazoles of the
S'/L - s /L‘—“~ types II and III. Thirty-three
II examples of both types were des-
cribed, 13 but detailed structure-
Tetramisole, Ar = CgHg activity relationships were not
discussed.

l N’CH2?H_AI A more detailed report

{ OH of the metabolic studies with thia-
S COCH 4 zothienol appeared in a new paper
iv by Allewijn and Demoen. 14

Walley4 examined the action of tetramisole against natural
and experimental infections with parasitic nematodes in 1076 sheep
and 18 goats. Oral doses of 15 mg/kg gave good results against adult
and immature roundworm species in the abomasum and intestines, with
the exception of Trichuris. The same dose, or 10 mg/kg, was effective
against the lungworm Dictyocaulus filaria in these species. At 10
mg/kg, the drug resulted in 82-94% removal of immature lungworms
seven days post-infection, and 41% three days after infection (sheep).

Slight side-effects were observed with doses of 15-20 mg/kg,
orally™; the animals showing depression or occasional twitches. Con-
vulsions followed administration of 50 mg/kg doses, but the animals
recovered. One of twenty sheep dosed with 80 mg/kg died.

Efficacy of tetramisole against a broad spectrum of gastro-
intestinal parasites and lungworms in sheep and goats was confirmed
in a series of field trials by several investigators.lS‘21

Rossl® found that tetramisole at 12.5 or 15 mg/kg, orally,
was effective against 3-day-old or adult Ostertagia circumcincta, but
failed to remove a high proportion of the parasites when given ten
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days after infection.

Fitzsimmons®l noted erratic action of tetramisole (12.5 or
25 mg/kg, p.o.) against 3rd and 4th-stage larvae of Trichostrongylus
colubriformis in goats, though the agent was highly effective against
the adults of this species at both levels.

Guilhon?? recorded incomplete removal of Bunostomum tri-
gonocephalum even at 20 mg/kg sub-cutaneously (sheep). WalleyZ, on
the other hand, showed good control of Bunostomum spp. at 10 mg/kg,
s.c., in two sheep, and generally good control of these species with
the standard oral doses, although the results were somewhat erratic.

Guilhon?® observed deaths of sheep using 50 mg/kg of tetram-
isole, sub-cutaneously. Walley4 suggested that 50 mg/kg is the toxic
dose for parenteral tetramisole, but noted that the compound is more
effective by this route, hence the therapeutic index should not be
substantially altered.

Preliminary accounts of trials with tetramisole in cattle
have appeared.22923 A subcutaneous dose of 10 mg/kg gave good results
against adult and immature Dictyocaulus viviparus, Ostertagia, and
Cooperia, except for poor control of fifth-stage larvae of Ostertagia.
Nearly all calves receiving this treatment showed moderate signs of
toxicity, and tissue reactions were observed at the injection site
in about half of the animals.

Thiabendazole

Thiabendazole (V) was found

N N effective against larval and adult lung-
N X . . .
>>“<§ :Z worms of cattle, Dictyocaulus viviparus,
N
H AN

but only under specialized conditions of

administration.24 Use of three consecu-
\Y; tive daily intramuscular injections of

33-110 mg/kg resulted in 100% clearance
of immature parasites (15-17 days post-infection). Three daily treat-
ments with 44 mg/kg of thiabendazole, intramuscularly, removed 95.5%
of adult D. viviparus. Oral, intratracheal, or intraperitoneal routes
were ineffective or unsatisfactory.24a25,26' The lack of effectiveness
of single dose treatments with thiabendazole for the treatment of
lungworms was attributed to the known27,28 rapid conversion of this
substance to inactive metabolites. Irritation and residues at the
injection site limit the usefulness of presently available dosage
forms of thiabendazole for intramuscular treatment of lungworm infec-
tions.

The rat lungworm, Angiostrongylus cantonensis, was removed
by 200 mg/kg doses of thiabendazole.<=9

Thiabendazole was reported effective against mature Oeso-
phagostomum spp. in swine at a rate of 66 mg/kg %p.o.), but to~be—
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without effect against the tissue-phase parasites at 5 days after in-
fection.30 The effects of thiabendazole on therapy and prophylaxis
of Trichinella spiralis in swine were described by Campbell and
Cuckler.>l

Other Nematocides

A new installment in the interesting story of the selectiwve
effect of haloxon (VI) on helminth cholinesterase appeared recently.32
It had been shown earlier that the phosphorylated enzyme; i.e., bis-
(dichloroethoxy)-phosphoryl cholinesterase, which arises from inter-
action of haloxon with a cholinesterase of sheep, dephosphorylates
rapidly compared to the corresponding phosphorylated enzyme which
formed from haloxon and cholinesterase from Haemonchus contortus.

The higher therapeutic index of haloxon relative to older organophos-
phate anthelmintics was attributed to this observed biochemical dif-
ference between host and parasite.

CHy The study has now been
extended to include parasitic nema-
¢l todes other than H. contortus. It

was found that three other species

(C1CH2CH,0),PO o which are sensitive to haloxon;
namely Oesophagostomum venulosum,
Hal O. dentatum, and Ascaris lumbrij-
aloxon PO i P oy

coides, also contain a cholinester-

VI ase which is efficiently deactivated

by haloxon. The original hypothesis

for the basis of selectivity observed with haloxon was supported by
the observation that phosphorylated enzymes from Dictyocaulus filaria,
a species which is not sensitive to haloxon and from Bunostomum tri-
gonocephalum, which has only fair susceptibility to haloxon, are
rapidly reactivated, presumably via ready dephosphorylation. Three
nematode species which are normally located in the large intestine
gave quite different results. Though infections with these species
do not respond readily to treatment with haloxon, cholinesterase from
the parasites was rapidly deactivated by the drug. Failure of the
correlation with these helminths was attributed to the possibility
that their physical location protects them from lethal concentratims
of the anthelmintic.

The correlations between specific anticholinesterase inhi-
bition and anthelmintic action of haloxon is not perfect, but they
help to explain the unusual properties of this drug. Perhaps the
information derived from these studies will lead to discovery of new
anthelmintic orxrganophosphates with even higher selectivity of action
between nematodes and mammals.

3-Methyl-5-(p-nitrophenylazo)rhodanine (Nitrodan(:z VII)is
an interesting anthelmintic with quite a different spectrum of action
from the nematocides discussed above.
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When administered continu-

CHz—N—— =0 ously in the diet of experimental ani-
mals, it brought about the removal of

&=C\5/CH‘N_N NO, the pinworm Syphacia obvelata in mice
VIT Ascaridia galli in chickens, and Tox-

ocara canis, Ancylostoma caninum, and

Uncinaria stenocephala in dogs. The
effective dose levels were dependent upon duration of treatment and
ranged from 0.016% to 0.1% in the diet.3>

The drug was ineffective against Nippostrongylus muris,
Aspicularis tetraptera, or Nematospiroides dubius in mice and Tox-
ascaris leonina in dogs.

Anthelmintics for the Treatment of Liver Fluke Infections

Oxyclozanide

HO Cl The utility of oxyclozanide
OH e (VITII) for treatment of adult liver
7\ fluke infections in cattle and she
c CONH ;
was demonstrated in laboratory tests
— and several field trials.38-40 1t was
Cl Cl effective against adult flukes in
1 sheep at 15 mg/kg, and in cattle at
10-15 mg/kg. Toxic side-effects were
Oxyclozanide observed in doses above 30 mg/kg, with
VITI deaths occurring at 60 mg/kg (sheep
and cattle). The safety factor was
considered to be four in average animals, but less in those which are
dehydrated or suffering from extensive liver damage. Like the other
fasciolacides now available37, oxyclozanide has an effect against
immature flukes (6 weeks or older), but only at higher and toxic dose
levels.36,37,39

M&B 10,755

Preliminary accounts of a newer modification of the nitro-
phenol class of anthelmintics appeared.41,42 This compound, M&B
10,755 (IX), was reported active at 8 mg/kg in sheep or calves (1/5
of the maximum tolerated dose) against mature Fasciola hepatica, when
given intramuscularly or subcutaneocusly. Activity against immature
(4-6 weeks) flukes was observed at the higher dose of 20 mg/kg (1/2
of the MID). Oral dosing was less satisfactory.

OH
A gaper by Boray, Happich,
3

1 O3 and Andrews contains a comparative
study of the liver fluke agents carbom
tetrachloride, hexachloroethane, hetol
(1,4-bis-trichloromethylbenzene), hexa-

N chlorBEEéne, hexachlorophene monophos-

M&B 10,755 IX phate, Hilomid ® (a combination of
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3,5,4"'~tribromosalicylanilide and 5,4'-dibromosalicylanilide), 2,2'-
dihydroxy-3, 3' -dichloro-5,5' -dinitrobiphenyl, oxyclozanide, and diso-
phenol (2,6-diiodo-4-nitrophenol). None of these substances was ef-
fective against 4- or 6-week-old infections at the doses which are ad-
equate for eradication of mature flukes. Removal of these immature
parasites could be demonstrated with all of the compounds tested, but
in every case only at toxic levels. The authors emphasized the im-
portance of anthelmintics effective against immature infections,
particularly for controlling acute outbreaks of fascioliasis. There
exists a clear need for new fasciolacides which are capable of eradi-
cating immature liver flukes at safe doses.

Coccidiosis
Buquinolate

Many examples of a variety of alkyl 4-hydroxy-6,7-dialkoxy-
quinoline-3-carboxylates (X) were found to possess a high order of
coccidiostatic activity when tested for prevention of experimental
Eimeria tenella infections in chicks.43 The preferred examples were
ethyl esters, but relative

OH e
potency was most sensitive to
RO~ A R, Fhe nature of the a}k9xy groups
I 2 in the 6- and 7-positions of
RO — the quinoline ring. R, was
N varied from methyl to propyl,
X isopropyl, and allyl. Simi-

Buquinolate, R = (CH3bCHCH2;R1 - C2H5.}ar1y, homologous series where-
in the groups R and C; to C o
straight- and branched-chain

hydrocarbon residues were examined. Highest potency was obtained with

6, 7-bis-(isobutoxy)quinolines, and ethyl 4- hydroxy -6, 7-bis-(isobutoxy)

—qulnollne -3-carboxylate [X, R; = C,Hg, R = (CH,), CHCH TWEé selected

for extensive evaluation and was given the genefic name buquinolate.

In laboratory and pen trials, buquinolate at 0.00825% in
the diet was effective for protection of chicks from mortality and
morbidity due to exposure to nine species of Eimeria.43-47 A dietary
level of 0.00825% of buquinolate was judged similar in coccidiostatic
efficacy to a combination of amprolium (XI) (0.0125%) and ethopabate
(XII) (O. 0004%) 46

CO,CHy

HCl Buquinolate was
n-C3H7—'/ XOC,H¢ found to be poorly ab-
CH N | sorbed from the chicken

= intestine48, and to

possess low acute and

NHCOCH sub-acute toxicities4?
Amprollum Ethopabate The maximum tolerated
X1 X111 single oral doses were

to be 1
5§p35t89kg°an3 i8‘2§§§
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in chickens and turkeys, respectively, and greater than 7.5 g/kg in
mice and rats. Chickens tolerated continuous feeding of a diet con-
centration of 0.088% for 31 days or 0.044% for ten weeks without
signs of toxicity. Use of up to three times the recommended dose in
chickens had no adverse effect on growth.44-45a50-53 The recommended
dietary level of 0.00825% was said to have no harmful effect on feed
conversion, egg production, egg quality, hatchability, or fertil-
ity.~1,32,53 Lower efficiency against turkey coccidiosis was sug-
gested in one report.44

The coccidiostatic nature of buquinolate was demonstrated
by resumption of development of £, necatrix infections which could be
observed seven days following withdrawal of the drug.54.

Quinolines related in structure to buquinolate were des-
cribed as coccidiostats in a recent patent from Imperial Chemical

Industries.55

Meticlorpindol

In preliminary accounts, 2,6-dimethyl-3,5-dichloro-4-hy-
droxypyridine (meticlorpindol, XIII), was reported to afford good
protection against nine species of coccidia in chicks when fed in
the diet at 0.0125%.°6,57 Weight gains and feed efficiency in birds
treated with meticlorpindol were judged good.

OH NovastatCD

Brown, Mueller, and Morehouse>8 re-

ported studies with 2-chloro-4-nitrobenzamide

Cl AN Cl

o N> ~CHj (XIV) and combinations of XIV with N-(p-nitro-
phenyl })-4-acetamidobenzenesulfonamide (XV)
Meticlorpindol against coccidiosis. These authors noted that
XIII tolerated levels of XIV were able to protect

chickens from mortality due to exposure to E.
necatrix or E. tenella, but that protection against E. acervulina
could be achieved only at toxic levels with XIV alone. A combination
equivalent to a final dietary concentration of 0.025% of XIV and
0.020% of XV, designated Novastat prevented development of coc-
cidiosis when tested against all three Eimeria species E. tenella,
E. necatrix, and E. acervulina. Use of Novastat ® resulted in no
Teduction of growth response in chicks, and a 3.9% improvement in feed
efficiency, relative to uninfected, unmedicated controls.

OONH, SO,NHC _H,4-NO,, (P)
Cl

> NHCOCH
XIV XV
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Chapter 15. Antifungal Agents
Robert B. Angier
Lederle Laboratories, American Cyanamid Co., Pearl River, New York

The many publications in this area during 1966 have covered both
the elaboration and verification of the usefulness of previously known
drugs and the announcement of new compounds with potentially interesting
activity. Considerable effort has also been given to the study of the
mode of action of various antifungal antibiotics. The material in this
chapter is divided primarily into sections on polyene antibiotics, non-
polyene antibiotics and synthetic compounds.

Polyene Antibiotics--This class of compounds is of considerable use-
fulness, primarily for the treatment of systemic mycoses and conditions
caused by various species of Candida.

Clinical reports on the curative effect of amphotericin B continue
to appear. They include its succegsful use in the followﬁné systemic
fungal diseases: blastomycosis 1,2,3 coccidioidomycoses, 727 cryptococ-
cosis,®»7 Candida endocarditis,® Candida meningitis,” meningitis due to
Sporotrichum schenkii,lO and histoplasmosis.ll:12 A new therapeutic ap-
proach involving adjustment of the dosage of this antibiotic with regard
to the patient's renal function and the serum level of the has allow-
ed the use of smaller doses than those generally recommended.l3 The
complete structure of amphotericin B is still unsolved. However, one
reportl# suggests that a partial structure for ~amphotericin B aglycone
can be formulated as I. Further work is necessary to determine the com-
plete oxygenation pattern and the position of attachment of the mycosamine
moiety to the aglycone. A second report suggests a similar structure in
less detail.l> A timely review articlel® covers toxicity, mechanism of

action and thera-
COH peutic usefulness

HO on
//\\v/”\\//“\\//L\l/’\\//N\w/’\jgﬁo of amphotericin B.
H
0]

CH3

H

I H3C OH
Nystatin has been found to be a satisfactory drug for the treatment

of vaginal moniliasis in nonpregnant womenl? while in oral candidiasis its
sodium salt in the form of an aerosol was reported to be efficacious.

CH3

A clinical trial involving 355 patients with various skin aibments
has delineated the usefulness of a lotion containing pimaricin, neomycin
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and hydrocortisone. A general cure-rate of 70% was seen.19 several other
clinical trials have shown pimaricin to be useful particularly in vaginal
moniliasis?0,21,22 and a review article has apg ared.23 A corrected
structure for pimaricin (IIg has been reported<™ while lucensomycin (111)
was found to be a homolog.2

HyC 0 I R = CH

III3 R = B—CH2CH20HQCH3

The relatively new antibiotic, candicig%n, has given excellent re-
sults in the treatment of vaginal moniliasis=® and fair results with cu-
taneous moniliasis2! but good comparative étudies with previously known
antifungal agents have not been reported.2

Hamycin, used for the treatment of 30 patients with proven vaginal
moniliasis, produced cures in 29 patients and was considered to be an out-
standing drug for the treatment of this disease.29 1In contrast to this
its use in 10 cases of systemic mycoses resulted in improvement in only
two cases.30 A question has been raised as to the possible ident%iy, or
at least close similarity of hamycin, trichomycin and candicidin.

The mode of action of polyene antibiotics has been the subgegg gﬁ a
number of reports in 1966 among which are three review articlesd
The general theory is that these antibiotics cause a change in the perme-
ability of the fungal cell membrane with attendant depletion of essential
cellular constituents and that this change in permeability is in some way
triggered by a binding of the antibiotic to the cell membrane via a ster-
oid~-antibiotic complex. Further support for this theory, which in effeect
says that the presence of a steroid in the cell membrane is indeed a nec-
essary prerequisite for polyene sensitivity, came as the result of an in
vitro examination of the effects of polyene antibiotics on mods % bilayer
membrane systems of egg lecithin, with and without cholesterol.

Earlier studies had shown that added steroids could prevent the an-
tifungal activity of same polyene antgbiotics possibly by complexing with
the antibiotic. A more recent stu using Candida albicans has now
shown that wide differences exist among these antibiotics with reference
to the variety of added steroids which will interfere with antifungal
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activity. In addition a similar variation exists in the ?bility of vari-
ous antibiotics to initiate rapid loss of potassium ion.3

Nonpolyene Antibiotics--The mode of action of griseofulvin (IV), a
subject relatively geglected in the past, is now recelving attention. It
has been suggested3 that this antibiotic interferes with the replication
mechanism of fungal cells. However, a review article3? indicates that de-
spite the rather large amount of recent work there is at present no clear
answer to this question. Several studies on the metabolism of griseoful-
vin show that in the Egthltwo major metabolites, 6- and Y-demethylgriseo-
fulvin, are produced, "’ wh&le in the rabbit the only primary metabolite
is the 6-demethyl derivative. 1 p-Ethoxyacetanilide and p—methOﬁgbenzyl—
amine were found to inhibit this metabolism in rat liver slices. An
investigation of the origin of O-methyl groups in griseofulvin using th—
labelled substrates revealed that pyruvie aciﬁ.3 serine, and formic acid
supplied carbon to all three methoxyl groups.

An evaluation of microerystalline griseofulvin therapy (oral) in
scalp ringworm using 324 patients emphasizes that successful therapy re-
guires different treatment schedules for nonfluorescent Tﬁ&chophyton in-
duced infections and those caused by Microsporum species. Althougﬂ
griseofulvin (IV) is usually given orally (as above) a recent report >
discloses successful topical treatment of 29 cases of superficial dermato-
phytosis with a 5% griseofulvin ointment.

A ring-B carbon analog of Eriseofulvin was synthesized but had no
significant antifungal activity.

¥ H\ S -
CHgeeer” o+ ~CCHy N
Yo
CH3
v

A structure-activity study of cycloheximide (V), its derivatives and
analogs using Saccharomyces pastorianus suggested that keto, hydroxyl, and
imide nitrogen groups may bﬁ involved in a 3-point attachment of antibio-
tic to the sight of action. 7 The inhibitory effects of cycloheximide in
yeast, algae, and mammalian cells seem to resemble one another in that in
each case the primary effect is an inhibition of proﬁgin synthesis, where-~
as inhibition of nucleic acid synthesis is indirect.

The polypeptide antifungal agent, X-507%C, used in 39 patients, was
active agﬁinﬁt North American blastomycosis, stoplasmosis, and sporo-
trichosis ' 9abﬁt under the drug regimen that was used the relapse rate
was rather high. 9
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Variotin, for which a detailed structure (VI) has now been report-
ed 5 has been used in the form of an ointment to treat 72 patients with
rlngworm infections caused primarily by T. rubrum and T. mentagrophytes.
The results, 43 cured and lz with improved conditions, suggest that fur-
ther trials are warranted

CH3
H \ = H
CH. // '\C==d/ H
G R NG Nl
CH2 2
H ﬁ-—N
VI 0

Preliminary data indicate that the following ant1b10t10§ may be po-
tenttally useful: ggrrolnltrln, 22 ¢-1 from C. v1ncetox1cum, necrotox- 8
i sporaviridin, oph10b01051n,5 frenolicin,57 and rufochromomycin.5

Synthetic Antifungal Agents--Probably the most interesting of the
antifungal agents developed during the last few years is tolnaftate (VII).
Clinical trials reported during 1966 have continued to show that this com-
pound is a highly effective and extremely well tolerated®9 speci 1c agg
in the treatment of superficial mycoses caused by dermatophytes. 2,63
It is noteworthy, however, that t o cases of tinea nigra caused by Clado-~
sporium wernecki were not cured.6% A teratogenesis study indicated that
tolnaftate dges not adversely affect rat or mouse fetal and postnatal

Or o0 OO

VIT VIII

Several clinical studiest6,67,68 with thiabendezole (VIII), a broad-
spectrum systemic anthelmintic, have shown it to be potentially useful in
superficial fungus i gectlons of ghe skin, particularly dermatophytic in~-
fections of the groin®® and feet. Cutaneous moniliasis is not affect-
ed.66 A structure-activity study on sixty-eight 8-hydroxyquinolines 9
led to the selection of 5,7—dichloro-8—nicotinoyloxyquinoline as the most
active compound. The latter compound was tested in 24 patients with my-
coses caused by trichophyton species. Total recovery of 14 patients and
marked improvement in L4 was reported. 9 An ointment containing broxy-
quinoline (IX) and brobenzoxalidine (X) ( an intestinal antiseptic and
fungicide) showed promise in the treatment of superficial mycoses of the
skin. 70 Topical treatment of 398 patients gave improvement in 82% of the
cases as follows: after 7 - 10 days 119 had cleared and after 11 - 21
days another 209 had cleared.
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A regimen of treatment for ringworm of the nails which included the
use of a 30% pyrogallol plaster, % tetramethylthiurem disulfide and 1% -
dimethylaurylbenzylammonium chloride appears to have been highly successe
ful. 1In 50 patients with 283 infected nails 96% of the finger nails and
91% of the toe nails were cured. 1 The relapse or reinfection rate was
lQ-lhﬁ. A rapid, single, overnight treatment of tinea versicolor with a
2.5% selenium sulfide suspension appears to be useful despite a rather
high recurrence rate. Out of 98 patients 81 showed complete elimination
of the fungus while another 9 showed merked improvement.’2

Although not generally appreciated polynoxylin (polyoxymethyleneurea)
appears to be useful in the treatment of oral candidiasis. Of twenty-four
cases treated with polynoxy%'n lozenges for one month 17 were cured and the
other 7 showed improvement. Among a group of 200 cases of vaginal in-
fection of various kinds treated with a preparation containing 1% O-iodo-
benzoic acid and 11% triethanolamine 15 patlents with vaginal monoliasis
gave results rated as good to excellent in 95% of the cases. Th The treat-
ment of 150 cases of monilial skin infections with a cream containing 0.1%
penotrane (phenylmercury 2,2'-dinaphthylmethane-3,3'~-disulfonate) and
0.25% prednisolone resulted i9 clearing of the infection in 75% of the
cases and improvement in 15%. > No sensitivity reactions were observed.

Subcutaneous phycomycosis, a tumor assoclated with the fungus Basi-
diobolus haposporus or B. meristosporus, appears to be susceptible to
treatment with potassium iodide. Of 12 cases seen 5 of them could bg
treated regularly with potassium iodide and all of these recovered. Pre-
vious attempts to treat other cases with nystatin or griseofulvin had been
unsuccessful.

11-Todo-10-undecylenic acid is claimed to be superior to 1lO-undecy-
lenic acid for the treatment of a dermatophytosis of the skin of gulnea
pigs caused by trlchophyton spec1es.77 The iodo derivative in a 1% solu-
tlon gave an 82% cure while undecylenic acid in a 10% solution gave only
a 23p cure.

An in vitro structure-activity study of 34 simple derivatives of h—
thlocyanatoanlllne was carried out using 8 dermatophytes (3 genera). One
compound, 2 67dlchloro—H—thlocyanatoanlllne, was found to be active topi-
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cally in guinea pigs but in man it produced skin sensitization.78 The
authors comment on the inadequacy of animal tests to detect compounds
causing sensitization reactions in man.

In Vitro Synthetics-~Many compounds are regularly claimed, with
varying degrees of documentation to have in vitro antifungal activity.
The following compounds and groups of compounds were selected as of inter-
est on the basis of the degree, variety and reliability of documented
activity: Dbasically-substituted ethers gf benzothlazole, §
aralkylthiocyanates and isothiocyanates, Y l,3-b§nzoxathloles, 1 l,2—benz—
isothiazolone ,82 N—dichloroiogosalicylanilides, 3 2,h—b1s(arylam1no
pyrimidines,8 dehydroemetine, > 3,3 '=dihydroxy~q, B~ dlethylstllggng
1,3-bis(2—chloroethyl)-1-nitrosourea, nitrofuran derlvatlves
2-bromo-3-phen l-2—propenal,9l 2—hydroxythlobenzam1des 1 3,5 thladla-
zin-2-thiones, 3 carbonyl- and thiocarbamoyldisulfides,éu cinnamylidene
derivatives of G~aminohydroxamic acids, 9 amine oxides, quaternary salts
of basic esters of B(- l—naphtgyl)acryllc acid, 27 h-(2-aroylethyl)-1-piper-
azinecarboxylic acid esters, N(t-am1noalkyl$ ~2-imidazolidones, caleium
capryl-2 lactylatelOO and esters of dithiocarbamic acids.lOl

Test Method--A technique has been described for the in vitro screen-
ing of 1ar§e numbers of compounds for antifungal and/or antibacterial pro-
perties It involves the use of small tubes containing only 0.5 ml of
medium and has been checked out with known antifungal agents. Its advan-
tages as a screening procedure are described. 2

Severaﬁ §eneral reviews have appeared within the last two
years,.103,10
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Chapter 16  Antineoplastic Agents

Charles W. Young and David A. Karnofsky

Sloan-Kettering Institute, New York, N. Y.
Introduction - Research on antineoplastic agents follows an orderly se-
quence. Drugs which exhibit antitumor activity in animals bearing trans-
planted neoplasms or cytotoxicity in cell cultures are considered for fur-
ther study. These chemicals are examined with respect to toxicology,
effects upon resistant tumors, and biochemical mechanism of action.
The animal tumor screen continues in use in spite of widespread doubt as
to its efficacy because no better method to select drugs for clinical trial
against cancer has been found. Recently, Goldin, et al. have reviewed
the results obtained in the screening system of the Cancer Chemotherapy
National Service Center and suggested potentially useful simplifications;!
Freireich, et al. have examined the predictive utility of preclinical
toxicology with - respect to anticancer agents;2 and Zubrod and coworkers
have analyzed the chemotherapy program of the National Cancer Institute 3
Drugs which show consistent antitumor activity in pre-clinical studies are
evaluated for therapeutic effects against various forms of cancer in man.

Purine and Pyrimidine Analogues - The following comments will center
upon work published in 1966; Heidelberger has included earlier work in
this area in his recent review.* Modifications of 6-mercaptopurine (I)
are of continuing interest because of mercaptopurine's activity in human
leukemia, and the ultimate development of resistance by the leukemic
cells to this drug. 6-methylmercaptopurine riboside (II) is converted to
6- methylrnercaptopurine ribonucleotide (III) by a nucleoside kinase. Cells

SR1 R, that have lost inosinic pyrophos-
1 phorylase, a mechanism whereby
I CI—I b they became resistant to I, are
3 ribose still inhibited by II. Bennett has
II1 CH3 ribose-
PO demonstrated the presence of III
4

in cells exposed to I and suggested
that part of inhibitory effect of I
may be mediated in part through its conversion to III;® a synergism be-
tween the antitumor effects of I and II has been reported in mice bearing
Ehrlich ascites tumor.

The limited therapeutic activity of the fluorinated pyrimidines 5-
fluorouracil (FU) and 5-fluoro-2'-deoxyuridine (FUdR) in certain forms of
adenocarcinoma, principally of the digestive tract, have led to the syn-
thesis of a variety of analogues. Dinucleoside phosphates containing FU
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residues have been produced in the hope that they would be cleaved intra-
cellularly thus generating the corresponding ribo- or deoxyribonucleotide
without recourse to a nucleoside kinase reaction. (»8 The concept is
pertinent since loss, or lack, of enzymes in the pyrimidine salvage path-
way is one potential mechanism of tumor resistance to FU or FUdR.
Since B-5-fluoro-2-deoxyuridylyl-(5'-5"')-B-5-fluorodeoxyuridine did not
inhibit growth of Ehrlich ascites tumor cells resistant to FUdR, 7 the
aforementioned hope has not been realized. A series of 5-halo-6-oxydi-
hydro derivatives of the fluorinated pyrimidines has proven resistant to

o enzymatic degradation in animals; by spon-
F R=deoxy- taneous regeneration of the 5-6 double bond,
H Br ribose FU or FUdR is released over a prolonged
A CH3 period of time. 9 One of these analogues,
o H v 5-bromo-6-methoxydihydro-5-fluoro-2'-
R deoxyuridine (IV), has been active against

colon cancer in a preliminary clinical trial but has not been found to
possess any advantage over FU, 10

1-B-D-arabinofuranosyl cytosine (ara-C, cytosine arabinoside (V) is
a synthetic nucleoside analogue with antitumor and antiviral activities;
the preclinical studies on this compound have been reviewed by Smith. t1
Ara-C is active in the treatment of acute leukemia. !2 This agent produces
cytotoxic and therapeutic effects by

Ha Ry R2 inhibiting synthesis of DNA; a nucleo-
- Ri V H arabinose tide metabolite of ara~C impedes
//|\ | VI F arabinose conversion of cytidylate to deoxycy-
O N tidylate thus depleting cellular pools
R2 of this DNA constituent. The recent

demonstr ation that metabolites of ara-C may be incorporated into DNA or
RNA may also be pertinent to the drug's cytotoxicity. 13,14 Insensitivity
or resistance to the toxic effects of ara-C has been correlated with the
absence of (or loss of) deoxycytidine kinase, 14 Ara-C is rapidly deamin-
ated to ara-U which lacks cytotoxic activity; this deamination can be in-
hibited by replacement of the 4-NHp with -NHOH, -NHCH3, -NHNH;, or
-NHAc 15 or by methylation on the 5 posit:ion.16 Such substitutions alter
rates of degradation in vivo but have not produced an increase in thera-
peutic index. 1-B-D-arabinofuranosyl-5-fluorocytosine (ara-FC) (VI)
was synthesized in the hope that it might combine the inhibitory effects of
both ara-C and FUJR. 17 Ara-FC has proved to be identical in its biologic
activity to ara-C in preclinical studies. 18

Antibiotics with Antineoplastic Activity - A number of tumor -inhibitory
antibiotics form stable complexes with DNA thereby interfering with syn-
thesis of RNA. Three of these antibiotics, actinomycin, mithramycin and
daunomycin {(which is probably identical to rubidomycin) possess
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unequivocal activity against cancer in man. Kersten, Kersten and
Szybalski have summarized the literature on the binding of a number of
these antibiotics to DNA and reported their own observations on the physi-
cochemical properties of the complexes so formed. 19 By chromophore
groups these antibiotics can be divided into three classes: actinomycins
(VIL), chromomycins (VIII) including mithramycin and olivomycin, and

the anthracyclines (IX) which include daunomycin, cinerubin, nogalamycin

|
¢o to OCH3 OH

and a number of others. The binding characteristics of these antibiotics
can be usefully compared with those of acridine dyes (X). The anthracy-
clines and acridine dyes are similar in that they intercalate between base
pairs in DNA; they differ in that the anthracycline-DNA complex is stable
whereas the acridines are displaced in solutions of high ionic strength.
Presumably the aminosugar residues in the anthracyclines are responsible
for stabilization of the antibiotic-DNA complex. Physiocochemical evi-
dence of intercalation is not seen in complexes of DNA with actinomycins
or chromomycins. Both actinomycins and anthracyclines cause stabili-
zation of native DNA to thermal denaturation; the anthracyclines are con-
siderably more effective in this respect on a molar basis while chromo-
mycin antibiotics are without effect., The effect of the antibiotic-DNA
complex upon thermal denaturation seems pertinent to some aspects of
the drugs biological effects on cells. Separation of strands of DNA is a
presumed prerequisite for their replication; an antibiotic complex which
interferes with this splitting would inhibit DNA synthesis. Mithramycin
has no effect upon thermal stability of DNA and no acute effect upon DNA
synthesis at concentrations which inhibit synthesis of RNA, 20 The anthra-
cyclines enhance the thermal stability of DNA to a greater extent than do
the actinomycins; the former are also less selective in their inhibitory
effects on synthesis of nucleic acids.2! The relationship of binding of
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these antibiotics to the base composition of DNA has been examined by
means of spectral shift, change in melting profile, inhibition of RNA poly-
merase and the change in buoyant density in a cesium chloride gradient.
The results obtained by various workers employing these several tech-
niques are not in total agreement. It seems clear, however, that the pre-
sence of deoxyguanosine residues in DNA is required for binding of Actino-
mycin D, Anthracyclines can complex with poly dAT and poly dGdC;
however, binding of nogalamycin may be favored by dAT pairs while that
of daunomycin is not. The presence of cations (Mgt* or Cs™) may play

a role in complex formation between the chromomycin antibiotics and DNA.

Extension of these comparisons into intact cells and into clinical
pharmacology is now becoming possible at least with respect to actino-
mycin D, daunomycin and mithramycin. Actinomycin D is the most potent
of the three drugs on a molar basis whether considered in terms of growth
inhibition in cell culture, depression of RNA synthesis or the usual clini-
cal dosage. In cell cultures, actinomycin can produce acutely almost
complete inhibition of RNA synthesis; this degree of inhibition can not be
achieved acutely with mithr amycin20 or daunomycin. 22 The extreme
sensitivity of nucleolar function and of the synthesis of ribosomal RNA to
the effects of low concentrations of actinomycin D has again been empha-
sized by ultr astructural?3 and ultr acentrifugaLl24 observations. Nucleolar
morphology and the synthesis of nucleolar RNA also seem quite susceptible
to the effects of daunomycin. 22,25 The existence of genetically functional
DNA within mitochondria gives importance to a report that actinomycin D,
mithramycin, rubidomycin and nogalamycin can each interfere with the
utilization of ATP generated by oxidative phosphorylation in Sarcoma 37
ascites cells. 26 In clinical trials, both actinomycin D and mithramycin
are active in some patients with testicular cancer; both drugs produce
regressions in neuroblastoma. 270n the other hand, daunomycin is active
against acute leukemia while actinomycin seems ineffective. 27 In their
clinical toxicology, the three drugs are similar in that they all produce
bone marrow hypoplasia. They differ in that hepatic and renal toxicity,
hypocalcemia and hemorrhagic phenomena, the latter related to capillary
injury and elevated prothrombin time, seem peculiar to mithramycin.

With the recent availability of 3H-actinomycin D a positive correla-
tion has been reported between uptake28 and prolonged retention?? of the
labeled drug ty tumor cells and the sensitivity of those cells to the
cytotoxic effects of the antibiotic.

Recent reports on a number of other antitumor antibiotics merit
mention because of their pertinence to the study of normal cell metabolism
although the drugs in question either have little clinical applicability or
are yet to receive adequate trial. Cycloheximide and related glutarimide
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antibiotics are receiving increasing use as inhibitors of protein synthesis
in yeast and mammalian cells; Vanek and Voncracek have presented a de-
tailed description of their biogenesis in Streptomyces noursei30 while
Siegel, Sisler and Johnson have examined the relationship between struct-
ure and fungitoxicity in Saccharomyces pastorianus. 31 Grollman has
postulated an analogy between cycloheximides and emetine, and suggested
a structural basis for their inhibitory effects upon protein synthesis. 32
Pactamycin also has proven to be an inhibitor of protein synthesis; differ-
ing in some respects both from puromycin and the cycloheximide antibi-
otics. 33,34 Kajiwara and coworkers using synchronized cultures of HeLa
cells have identified a point of inhibition of cellular proliferation by phleo-
mycin following completion of DNA synthesis and prior to prophase. 35

Vinca Alkaloids - Because of the clinical utility of vinblastine and vin-
cristine in the treatment of some types of human cancer, other alkaloids
similarly obtained from Vinca rosea Linn. have been studied in experi-
mental tumors and in man. Vinleurosine, a dimeric indoline alkaloid,
like vinblastine and vincristine, but clearly different from them on phy-
sicochemical and chemical tests,received a therapeutic trial in 42 patients
with a variety of neoplasms. 36 Only one, a patient with Hodgkin's disease,
obtained clinical benefit; the majority of lymphomas and leukemias treated
in this study were known to be resistant to vinblastine or vincristine. On
the other hand, a clinically modified vinblastine, vinglycinate sulfate,
desacetyl vinblastine 4(N, N-dimethyl-glycinate) sulfate, or VGL has
produced beneficial responses in Hodgkin's disease, lymphosarcoma,
bronchogenic carcinoma and chondrosarcoma. 37 Clinical improvement
was obtained in several patients felt to be resistant to vinblastine and
vincristine. The toxicity of VGL resembles that of vinblastine; leuko-
penia was dose limiting, neurotoxicity was not observed in the 31 patients
studied. No better explanation for the antitumor effects of the vinca alka-
loids has been adduced than that of mitotic arrest,offered some years ago;
further support for this mechanism has been obtained from studies in
patients with Hodgkin's disease, lymphosarcoma, and acute leukemia. 38
On the other hand mitotic arrest cannot account for the peripheral nerve
injury commonly produced in patients by therapy with vincristine, nor for
the inhibition of synthesis of DNA produced in regenerating rat liver by
vinblastine. 39 Studies continue upon the effects of the vinca alkaloids upon
protein and nucleic acid metabolism in vitro. 40 The drug concentrations
employed to produce inhibitory changes in these studies are so far beyond
any that are achieved in vivo that the observations are of doubtful perti-
nence to clinical effects,

Asparaginase - L-asparagine amidohydrolase (E.C. 3.5.1. 1) inhibits
growth of some murine lymphomas and leukemias; it is presently under -
going preliminary clinical trial, In leukemic patients,a drug-associated
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decline in circulating leukemic cells has been observed. 41 The antitumor
activity of asparaginase was first described as an unknown factor in
guinea pig serum by Kidd. 42 The identity of the guinea pig serum factor
was established as asparaginase by Broome. 43 In clinical trials of as-
paraginase an enzyme preparation from E. coli is being employed; this
bacterium produces at least two proteins with asparaginase activity only
one of which is active in the mouse lymphoma assay. 44 Presumably the
enzyme is cytotoxic by reducing extracellular asparagine levels and thus
intracellular asparagine in those cell populations which lack the enzyme
to aminate aspartic acid. Asparagine dependence is not uncommon in
murine leukemias. 45 When studied in vivo the earliest effect of aspara-
ginase upon the sensitive murine lymphoma 6C3HED was inhibition of
protein synthesis, as manifest in decreased incorporation of 14C -valine
into protein. 46 This occurred within minutes following administration of
the enzyme; inhibitory effects upon synthesis of DNA were detected by
120 minutes while rates of RNA synthesis began to fall only after 240
minutes. Extensive necrosis of tumor cells was observed by 12 hours
following drug administration. The availability of an active preparation
from E. coli has permitted initial clinical trial, however, the current
preparation is pyrogenic and antigenic. The rate of production of the
enzyme in a clinically useful preparation is still too modest to permit an
adequate clinical trial,

Miscellaneous Synthetic compounds - Procarbazine, (N-isopropyl-a-(2
methylhydrazino)-p- toluamide hydrochloride), one of several derivatives
of methylhydrazine which have antineoplastic activity against transplanted
tumors, has proven clinically useful in the management of Hodgkin's dis-
ease. A second derivative, N-allophanoyl-a-(2 methylhydrazine}-p-toluam-
ide, appeared to have activity comparable to that of procarbazine in a
preliminary clinical trial. 47 The mechanism by which procarbazine and
related compounds produce cytotoxicity is not established. Procarbazine
produced a short-lived inhibition of synthesis of DNA, RNA and protein
when studied in a mouse lyrnphoma;48 the methyl group enters the l-carbon
pool and participates in transmethylation reactions. 49 Pertinence of

these observations,as well as those previously described of molecular
autoxidation to the drug's antitumor effects,awaits demonstration.

Because of the utility of 1, 3-bis(2-chloroethyl)-1-nitrosourea

(BCNU) (XI) in the study of experimental leukemia in mice as well as be-

] cause of its activity against human

CICI'I.?.CI'121|\ICONHCHZCHZC1 neoplasms, 50 5 series of haloalkyl

NO X1 nitrosoureas have been synthesized

and tested against L.-1210 leukemia

in mice.?! In general the most active compounds were 1-[2-(chloro or
fluoro)ethyl]-1-nitrosoureas substituted in the 3 position by a 2(chloro or

fluoro)ethyl or cycloaliphatic group.
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A series of acetylenic carbamates have proven to have potent anti-
tumor effects against transplanted murine tumors and to be devoid of hyp-
notic properties;52 one of these, 1-1-diphenyl-2-propynl cyclohexylcarba-
mate is undergoing clinical trial. In structure-activity studies the acet-
ylenic group and aromatic 1,1 substituents were essential for antitumor
activity. Provided that the carbamoyl nitrogen had two substituents they
could be varied widely. The pairing of cyclohexyl and H gave high potency.

Investigation of hydroxyurea and related derivatives has continued
in spite of their limited clinical utility. That hydroxyurea is cytotoxic by
reason of its inhibitory effects upon synthesis of DNA,has been widely
demonstrated. Recent observation in cell culture53 and cell-free extracts
54 have confirmed previous reports that the drug inhibits ribonucleotide
reduction. A detailed morphologic analysis of cell damage in rats treated
with hydroxyurea indicated that lethal effects occurred only in those cells
synthesizing DNA at the time of drug administration. 35 A variety of
hydroxyurea analogues have been tested in transplanted tumor systems;
56,57 the 1-ethyl and {-methyl derivatives of hydroxyurea possess anti-
neoplastic activity equal to or greater than the parent compound. Oxamyl
hydroxamic acid inhibited rates of growth and DNA synthesis in E. coli
and Ehrlich ascites tumor respectively in a fashion quite comparable to
hydroxyurea but it also produced significant methemoglobinemia which
mitigates against its clinical use. 58

The tumor -inhibitory activity of analogues of purine and pyrimidine
bases led Shealy and several coworkers to synthesize a series of ana-
logues of the imidazoles in the biosynthetic pathway to purine ribonucleo-
tides and to test these analogues for antineoplastic effects. 59 Beginning

with 5 (or 4)-aminoimidazole-4 (or 5)

N—_/CONH, -carboxamide (AIC) (XII) or the ana-
X// XiI X=CH logue 5-amino-v-triazole-4-carbox-
\ XIII X=N amide (XIII) they produced diazo
N Hp derivatives (XIV) which react with
H secondary amines to produce tria-
zenes. A number of these triazeno
/N /CONH, derivatives possess antitumor activ-
X\ @j\ Xv ity against transplanted cancer in
N N@ animals; one compound 5-(dimethyl-
2 triazeno)-imidazole-4-carboxamide
(XV) is undergoing clinical trial, Of
CONH, 11 mono-substituted triazeno imi-
Y, XV X=CH dazoles tested, only 5-methyltriazeno
& XVl X=N imidazole-4-carboxamide was con-
1\'1 \N=N—N(CH3)2 sistently active against the mouse

H leukemia L-1210. Two of nine
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triazeno-v-triazole-4-carboxamide derivatives were active against 1-1210;
the effectiveness of the dimethyl derivative (XVI) was roughly comparable
to that of the imidazole derivative (XV). In patients, XVI was found to be
distributed into total body water; roughly 50% of an oral dose was absorbed;
and 40% of an intravenous dose was excreted within 6 hours. 60 The drug

is a potent marrow suppressive in animals and man. 61
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Section IV - Metabolic Diseases and Endocrine Function
Editor: R. V. Heinzelman, The Upjohn Company, Kalamazoo, Michigan

Chapter 17. Antidiabetic Agents
Rex Pinson, Chas. Pfizer & Co., Inc., Groton, Connecticut

This review is essentially a continuation of the same chapter in the
1965 Annual Reports. Its primary purpose is to extend and up-date the
material presented there. Both reviews emphasize physiology and bio-
chemistry because the significant advances in diabetes research are being
made on these fronts, wnile progress toward new antidiabetic drugs has
been slow. This emphasis also stems from a conviction that new approaches
to antidiabetic therapy are most likely to come from application of new
knowledge about metabolism and its regulation.

There have been two general reviews of diabetes.l’2 The latter, by
Goodner, is particularly recommended for its comprehensive treatment of
the biochemistry and physiology underlying metabolic regulation and the
way these processes are deranged in diabetes.

Insulin

"Too much is known about insulin', complains a Lancet editorial
writer,3 and surveying the mass of information that is yet to be fitted
into a coherent, unifying theory of insulin secretion and action, one is
inclined to agree. Reviews on the pancreatic S—cell,4 the chemistry and
biochemistry, biosynthesis,b secretion and action of insulin,’ published
during 1966, all leave the impression that far more is known than is under-
stood.

Biosynthesis and Storage. Available evidence leaves little doubt
that insulin, like other polypeptides, is assembled in linear fashion from
the N-terminal end on a ribosomal RNA template. The chief question has
been whether the two chains are produced independently or whether a pro-
insulin, like chymotrypsinogen, is first formed and then cleaved into the
two chains after the disulfide linkages have been formed. Current evidence
favors the view that the A and B chain are produced independently. Com-—
bination of the two chains apparently does not involve a specific enzyme
and the proper alignment of the sulfhydryl groups seems to be directed
solely by the configuration of the polypeptide chains.® Glutathione insu-
lin transhydrogenase, which can catalyze the oxidative coupling of the two
chains, apparently has no capacity to direct the establishment of a parti-
cular configuration.8 The morphology of insulin storage, as revealed
by electron microscopic studies, has been reviewed recently.
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Secretion. Despite the vast and rapidly growing body of fact about
insulin secretion, there is still little insight at the molecular level
into mechanisms by which various substances trigger insulin release. It
certainly scems that the time is ripe for unification and correlation of
this knowledge and the formulation of hypotheses that can serve as a
basis for further experiment. The tools exist. Many substances are now
known to cause the release of insulin from the pancreatic 8-cell, several
of which appear to do so in different ways. There are also a number of
inhibitors of insulin secretion and techniques exist for studying the
action of these substances on pancreatic preparations ranging from iso-
lated cells to the perfused organ.9,10,11

Recent evidence suggests that insulin is not a feedback inhibitor of
its own secretion.

Glucose is one of the major natural stimulants of insulin secretion.
It acts directly on the B~cell and apparently must be metabolized to exert
its effect., Other metabolizable sugars, such as fructose and mannose,
also stimulate insulin release but non-metabolizable sugars do not.11,13
Inhibitors of glucose metabolism such as mannoheptulose? and 2-deoxyglu-
cosel3s prevent glucose from gtimulating insulin release. The effect of
glucose is so rapid that detectable elevations of plasma insulin occur
within one minute of starting a glucose infusion. In the isolated perfused
rat pancreas, a glucose pulse produces a pulse of released insulin within
30 seconds.1l5 Calcium is essential to the process and cannot be replaced
by magnesium, Potassium is also apparently essential and a sufficiently
high potassium concentration can cause insulin release from isolated
pancreas preparations.l5 Pretreatment with growth hormone or witn gluco-
corticoids leads to an increased respounse of insulin secretion to glucose,
but ne%tger normone has an appreciable direct effect on in vitro prepara-
tions,/»”

Glucagon is also a potent, direct stimulator of insulin secre-
tionl0,13,17 and the suggestion has been made that its action may be
mediated through 3',5'-AMP, which has been found to stimulate insulin
secretion directly.l8 Considering the mechanism of the glyvcogenolytic
effect of glucagon in the liver, this is a reasonable suggestion, which

is consistent with results of experiments in man (see below).

The insulin releasing activity of the sulfonylurcas has been studied
extensively and differs in important respects from that of glucose.
Mannoheptulose and diazoxide do not inhibit the insulin releasing effect
of the sulfonylureas although they both block glucose induced insulin
secretion.9,19

The insulin releasing effect of amino acids has been thoroughly
reviewed.20 Many, but not all, amino acids stimulate insulin secretion to
some extent. Arginine, because it is the most potent, has been studied
extensively. The action of leucine differs sufficiently from that of the
other amino acids that it appears to function by a different mechanism.
Arginine is a potent stimulator of insulin secretion in the normal pancreas
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and its effect is not blocked by diazoxide or by epinephrine. Pretreatment
with growth hormone increases the sensitivity of the pancreas to arginine,
as it does to glucose. The effects of leucine are somewnat different.
Although leucine causes significant insulin release from the normal pan-
creas, effects comparable to those obtained with arginine are achieved
ounly on hyper-functioning pancreatic tissue - either in patients with
functioning islet cell tumors or in subjects stimulated by three days of
chlorpropamide pretreatment. The insulin releasing effects of leucine in
chlorpropamide pretreated subjects can be blocked by diazoxide.

Adrenergic mechanisms are of great interest in insulin release, not
only because of their probable importance to the physiological control of
insulin secretion, but also because the generally nigh level of under-
standing of adrenergic mechanisms should lead, by analogy, to an improved
understanding of the mechanisms that govern insulin release in the pan-
creas. Predominantly oa-adrenergic stimulants suci as epinephrine and nor-
epinephrine inhibit insulin release and their effects can be partially
blocked by a-adrenergic blocking agents such as dihydroergotamine and
phentolamine,< The B-adrenergic-stimulant, isoproterencl, on the other
hand, causes insulin secretion from the pancreas and this effect can be
almost completely blocked by the B-adrenergic blocking agent, propranol-
01.22 (Considering these effects, and that 3',5'-AMP stimulates insulin
release directly, it is natural tc suggest that the cyclic nucleotide may
be one of the mediators of insulin secretion. Enhancement of insulin
secretion by theophylline, a phosphodiesterase inhibitor, supports this
idea.l® Moreover, propranolol, which is known to inhibit isoproterenol but
not glucagon activation of adenyl cyclase, blocks isoproterenol hyper-
glycemia and insulin release, but does not inhibit either the hyperglycemia
or insulin release caused by glucagon in human subjccts.22

The hyperglycemic effects of diazoxide are well documented and are
known to result from an inhibition of glucose uptake in peripheral tissue
as well as inhibition of insulin release from the pancreas.lg Diazoxide
has no effect on insulin release by the sulfonylureas or arginine,zo but
blocks glucose and leucine?V stimulation of insulin secretion. Diazoxide
inhibition of insulin secretion .can be at least partially reversed by o-
adrenergic blocking agents.l9 Whatever the primary action of diazoxide,
it is aggarently sufficient to overcome its phosphodiesterase inhibitory
action, whiich would be expected to potentiate insulin secretion, as
theophylline does. Considering the known effects of diazoxide on intra-
cellular electrolyte balance,2§ it would be interesting to examine this
aspect of its action in connection with effects on insulin release. That
potassium is essential for insulin secretion and can even stimulate the
process, has been mentioned. Convincing evidence has been offered that
carbohydrate intolerance that may well derive from insufficient insulin
secretion is frequently associated with clinical states of potassium
deficiency, especially primary aldosteronism. 2%

Insulin Action. A comprehensive listing of the actions of insulin is
given by Williams and Ensinck in their review.’/ The specific effects of
insulin on plasma carbohydrate and lipid turnover have also been re-
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viewed.25 Steiner has reviewed the effects of insulin on metabolism in
the liver and has included a thoughtful analysis, insofar as one is now
possible, of the relative effects of substrate availability, enzyme syn-
thesis and allosteric effects.?0 Weber and his colleagues have reviewed
the concept that insulin functions over the relatively long term to control
the metabolic activity of the liver by acting as an inducer of glycolytic
enzymes and a repressor of gluconeogenic enzymes.27 Other reviews on the
control of liver metabolism emphasize the shorter term feedback control
exerted by metabolic substrates.28:29,30,31 gome new data on the effects
of acute and chronic insulin deprivation on hepatic metabolism are also
valuable.32,33

Levine currently views the action of insulin as occurring primarily
at the cell membrane, but certainly not as a primary effect solely on glu-
cose transport, from which all other effects derive.34 He makes the
important point that intracellular effects do not necessarily mean intra-
cellular presence. Indeed few, if any, of the postulated actions of
insulin have been produced in cell free systems and there remains no con-
vincing evidence that insulin penetrates beyond the cell membrane.
Although there is now good evidence that insulin can stimulate protein
synthesis independently of amino acid transport facilitation, it has not
been possible to demonstrate a direct effect of insulin on a complete cell
free protein synthesizing system in vitro.35,36 The effect of insulin
treatment or insulin deprivation on the animal (or isolated perfused liver)
from which the preparation is made, are readily seen, however. Potassium
balance in muscle has proved to be remarkably sensitive to insulin. 1In
muscle preparations, ion fluxes can be seen after treatment with insulin
at levels that produce no detectable effect on glucose metabolism.37
Insulin rapidly reduces 3',5'-AMP levels in adipose tissue, probably by
inhibiting adenyl cyclase, and this effect has been suggested as the basis
of the direct, antilipolytic action of insulin.38 A provocative recent
paper presents evidence suggesting that during insulin activated glucose
transport across the rat fat cell membrane, the sugars form either imines
or glycosylamines with the e-amino group of lysine residue.39

Two new theories of insulin action have been offered and commented
on.3 Bessman has suggested that insulin acts by forming a mechanical link
between hexokinase and the mitochondrion, thus promoting efficiency by
anchoring an ATP requiring process near its source of supply.40 Dormandy
has suggested, from experiments using erythrocytes and hemoglobin, that
insulin has an immediate physical action on the cell-extracellular inter-
face, altering the redox potential gradient across the plasma membrane. %l

Plasma Factors that Influence Insulin Action. Berson and Yalow argue
persuasively that there is no evidence that insulin of pancreatic origin
ever becomes bound to a plasma protein, from which it can subsequently be
released in recognizable form.42 Newer evidence, based on an examination
of the insulin-like activity of plasma, from which all immunoreactive
insulin had been precipitated with anti-insulin serum, confirms this con-
clusion.43 Nevertheless, there is ample evidence that there exist in
plasma, substances that have insulin-like activity or that can modify the
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action of insulin in experimental systems. Therc now seems to be general
acceptance of the view that bound insulin (Antoniades), atypical insulin
(Samaan and Fraser), and nonsupressable insulin (Froesch) are the same.
Indeed, there is as yet no convincing evidence to rule out the possibility
that such insulin-like activity is also identical to the Vallance-Owen
insulin antagonist.44 The two classes of substances have generally been
regarded as different because they are prepared in different ways and there
has been a tendency to explain certain similarities in their action by
postulating cross-contamination.#5 A line of experimentation that adopted
the view that the two substances were the same and then attempted to upset
this hypothesis, might yield some very interesting results, Both materials
inhibit insulin uptake by isolated muscle and adipose tissue, inhibit the
action of insulin on muscle (diaphragm) and show insulin~like activity on
adipose tissue.45 In vivo activities of both preparations have been
demonstrated by injection of the partially purified factors into
rats.46,47,48 Some of these, employing intraperitoneal injections and
examination for effects on the diaphragm, appear to be special cases of

in vitro experiments, however, since the diaphragm was surely directly
exposed to appreciable concentrations of the injected material.*8 The
existence of both an albumin insulin antagonist and bound insulin has been
demonstrated in rat plasma.49 The level of plasma nonsupressable insulin
has been found not to decrease during supression of insulin secretion by
mannoheptulose.>0 Additional evidence has been obtained that the sulfonyl-
ureas do not release insulin from bound insulin preparations.Dl

Several groups are studying the Vallance-Owen insulin antagonist
from various points of view. Purification leading to 150 fold enrichment
has been carried out.>2 Reproducibility of preparations of the antagonist
from plasma has often been poor53,54 and the use of alternate albumin
isolation methods has led to fractions with insulin-like activity but no
inhibitory activity.54 Further confirmation has been obtained that the
albumin fraction from diabetic plasma contains consistently more inhibi-
tory activity than that from nondiabetic subjects.53 Preparations obtained
to date are still far from homogeneous and have been shown to contain o=
globulins.d3 From their studies on the mechanism of action of the
Vallence-Owen insulin antagonist, Davidson and Goodner conclude that its
primary effect is to block the sugar transport effect of in%ulin and that
albumin bound free fatty acids play no part in its action.> There is
still no conclusive evidence to indicate whether the Vallance--Owen insulin
antagonist, as had been postulated earlier, is the albumin complex of the
insulin B~-chain, but prepared mixture of reduced B chain and albumin did
increase hyperglycemia in rats made diabetic by a high protein, high fat
diet.56 The separate A and B chains both inhibited glucose uptake in
diaphragm, but neither blocked the stinmulatory effect of added insulin.
The A chain, but not the B chain, increased the incorporation of glucose
carbon into COg in adipose tissue. This action could be blocked by anti-
insulin serum.>7/

Evidence has been offered for the existence of a hormone, produced

in-the liver and under pituitary control, that favors lipogenesis from

glucose by inhibiting the action of insulin on muscle.?$ A substance that
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stimulates the uptake of nonutilizable sugars by the rat diaphragm,
reminiscent of the Goldstein work factor, has been isolated from the gas
perfused cat heart.29.

Other Hormones

The pituitary growth hormone is known to exert profound effects on
metabolism and pancreatic function. Although the hormone has little
effect on acute administration or on tissues in vitro, continued adminis-
tration leads to substantially elevated plasma insulin levels and increased
insulin secretion in response to a glucose load.t0 A theory that the ana-
bolic effects of growth hormone require the additional effect of insulin
and that, with relative deficiency of insulin, its diabetogenic action
(elevated free fatty acid levels and decreased glucose penetration) pre-
dominates has been proposed.61 The role of growth hormone as a pathogenic
agent in diabetes has been questioned recently, partly as a result of
studies on patients who underwent pituitary stalk section to relieve
retinopathy. This is taken as further confirmation that whether growth
hormone is diabetogenic probably depends on whether there is an adequate
supply of insulin.

Glucagon and epinephrine acutely stimulate gluconeogenesis in per-
fused rat liver, probably through 3,'5'-AMP. The hormone sensitive step
is apparently before the formation of three carbon intermediates, since
gluconeogenesis from fructose is unaffected.®3 The effect of catechol-
amines and other hormones on lipid mobilization has been well reviewed
by Steinberg.54

Intermediary Metabcelism

One of the most important products of research on diabetes has been
increased understanding of the physiology and biochemistry of metabolic
regulation. It is obviously impossible, in a review of this kind, to
cite more than a few of the advances that have been made, even in a
single year. The selection here is based on a judgment of their signi-
ficance to diabetes, heavily weighted by the perscnal interest of the
reviewer. Several have alrcady been menticned in cennecticn with hormone
activities.

Randle has reviewed his concept of a glucose-fatty acid cycle, with
some new experimental material. There has been a recent review of
gluconeogenesis, with good current references.®’ The control of puospho-
fructokinase, one of the important rate limiting enzymes of glycolysis, is
still not fully understood. The activity of the enzyme in mammalian muscle
is influenced by substrate concentration and by 3',5'-AMP, which can acti-
vate the ATP inhibited enzyme, apparently by an allosteric effect. Acti-
vation by epinephrine has not been demonstrated, however, and other adenine
nucleotides may well be involved.67 Glucokinase, previously found in rat
liver, has now been identified in extracts of liver from well nourished
humans and dogs, but is absent during periods of poor nutrition.58 Fatty
acids have been found to inhibit several liver glycolytic enzymes and
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especially pyruvate kinase. A scheme whereby this effect could act to
change the metabolic activity of the liver from glycolysis to gluconeo-
genesis has been proposed.

The regulation of fatty acid synthesis in adipose tissue has been re-
viewed by Ball, with emphasis on a citrate-malate cycle that provides both
extramitochondrial acetyl-CoA and part of the NADPH required for fatty
acid synthesis.7O Further quantitative work on the pathways of glucose
and acetate carbon in adipose tissue has also been reported.

Sulfonylureas and their Congeners

The introduction to therapy of tolazamide’2 brings to four the number
of sulfonylureas or related compounds commercially available in the
United States. A comprehensive investigation of the metabolism and ex—
cretion of acetohexamide in human subjects has largely confirmed the con-
clusions reached in earlier studies and the report of this work includes
leading references to studies on the metabolism of other sulfonylureas.73
1-Butyl-3-(p-hydroxymethyl)benzenesulfonylurea has been identified as a
significant metabolite of tolbutamide in man and the predominant metaboclite
in the rat.87 1In a pilot clinical evaluation, l-cyclohexyl-3(4-trifluoro-
methyl-benzenesulfonyl)urea gave satisfactory diabetic control with dosage
once a day.74 An investigation of the hypoglycemic activitg and toxicity
of a hypoglycemic sulfathiadiazole (I) has been published.7

A series of exceptionally potent sulfonylureas has been reported.
Threshold hypoglycemic doses of the most active compound (II) in the rat
and dog were only 0.005-0.020 that of tolbutamide. Hypoglycemic activity
at 0.1 mg/kg in humans was reported.76 A number of piperazinesulfamylggea
congeners of an earlier series of sulfamylureas have been synthesized.
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Further studies have confirmed that prolonged sulfonylurea treatment
does not lead to exhaustion of the pancreas, but slightly increases its
insulin secreting capacity.

Biguanides

When writing about phenformin and the other biguanides, authors
almost without exception state that the mechanism of the hypoglycemic
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action of these drugs is unknown. The weight of evidence now available
leads one to question seriously whether this disclaimer is still warranted.

It now seems reasonable to accept, as was proposed some years ago,
that the primary action of phenformin is to inhibit_energy transfer at
the cytochrome b site of the energy transport chain?8>79 and that this
results in decreased ATP concentrations and increased inorganic phos-
phate and AMP concentrations, The known effects of phenformin on meta-
bolism can rationally be traced back to this primary effect on electron
transport, The most important of these effects on metabolism are in-
creased glycolysis in adipose tissue and muscle and reduced gluconeo-
genesis in the liver, Both can be accounted for by the resulting
reduction in the ATP/AMP ratio, which regulates the activity of the key
enzymes of glycolysis, gluconeogenesis and oxidative metabolism in ways
that are now reasonably well understood. Whether hypoglycemia results in
a given circumstance will depend on the balance of the effects on glyco-
lysis and gluconeogenesis--that is, how rapidly the lactate formed by
glycolysis in fat and muscle is reconverted to glucose in the liver. The
operation of this balance of effects has been elegantly demonstrated by
Altschuld and Kruger. In both in vivo and in vitro experiments, they
showed that the guinea pig, which is quite sensitive to the hypoglycemic
effects of DBI, responds to the drug with decreased liver ATP levels and
marked reduction in gluconeogenesis from lactate and glycerol. The rat,
on the other hand, which is quite insensitive to the hypoglycemic effects
of DBI showed no significant reduction of either ATP levels or gluconeo-
genesis. In recent studies, which he regards as preliminary because of
the small number of patients involved, Kreisberg found that phenformin
inhibited gluconeogenesis (observable as a reduction in the absolute
quantity of glucose recycled and a reduction in glucose replacement
rate).

Several objections to this mechanism for the hypoglycemic action of
the biguanides were discussed in last year's review. Some additional
comment on these is appropriate here. The evidence that the hypoglycemic
action of the biguanides depends ultimately on an inhibition of oxidative
processes rests heavily on the results of in vitro experiments. It has
frequently been objected that the concentration of the biguanides
necessary to produce the observed effect is substantially greater than is
obtained in vivo. In one recent study, however, using isolated tissues
from the guinea pig, the rat and the pigeon, the drug concentration
required to inhibit oxidative processes was essentially the same as that
required to stimulate glucose uptake and the concentrations were in the
range that drug metabolism studies suggest are attained in vivo.82
Moreover, the relative sensitivity of the tissues was in the same order
as the relative sensitivity of the three species to the hypoglycenic
action of the biguanides. In another investigation, a number of the
effects of phenformin on metabolism in rat adipose tissue,-- inhibition
of glucose oxidation and lipogenesis, both basal and insulin stimulated--
were traced to an inhibition of pyruvate oxidation, presumably resulting
from interference with electron transport.8
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The suggestion that the biguanides poteuntiate the action of insulin
by increasing the uptake of insulin by muscleb® scems questionable. If
this were the case, onec would expect the effects of the biguanides on
metabolism to parallel those of insulin, but in fact, they are usually
the opposite. 1Insulin promotes glycogen deposition, lipcgenesis, and
protein synthesis, all of which the biguanides oppose.“o’g’%5

Convincing clinical reportg that phenformin treatment results in
weight loss continue to appear,®®: but no biochemically rational
explanation for this effect has yet been advanced, Inhibition of lipo-
genesis has frequently been mentioned as the cause of the observed weight
loss, and is often attributed to decreased plasma insulin levels. Cer-
tainly this is a well documented metabolic action of the biguanides, but
it is clearly insufficient to explain weight loss. Whether dietary
carbohydrate is more or less readily converted to fat can have no effect
on body weight unless there is a net loss of carbon frowm the system.

When weight loss is due to an imbalance between caloric intake and energy
expenditure, the net loss of carbon is in the form of C0. Phenformin

has been reported to cause an increase in net conversion of glucose carbon
to CO,, but an attempt to confirm the observation has thus far failed.8!
Both Investigations, however, are in relatively early stages and resolu-~
tion of the question must await the results of further work. There could
be a net loss of carbon in biguanide treated patients through urinary
excretion of lactate, but there is little evidence to suggest that this
occurs to a significant extent. Weight loss due to biguanide treatment
has been attributed by some investigators to the anorectic effect of the
drug, and considering the differences that small decrements of caloric
intake can make, it is not possible to dismiss this suggestion from data
presently available, especially without an alternate rationalization.

Other Hypoglycemic Compounds

A series of 4-(l-naphthyl)butylamines, for the most part derivatives
of naphthylacetic acid, have shown hypoglycemic activity comparable, in
the most active members, to chlorpropamide. A superficial structure-
activity analysis has been attempted, but no details of their action have
been published.90
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Chapter 18. Atherosclerosis
Joseph J. Ursprung, The UpJjohn Company, Kalamazoo, Michigan

[ntroduction - The importance of atherosclerosis as a cause of death and
disability, especially in Burope and North America has increased tre-
mendously within the past few decades. This 1s partly because, with

the advancement of medical science, more people live longer. Neverthe-
less, the development of atherosclerosis severe enough to Jjeopardize
normal function, or even life itself, cannot be considered a normal part
of the aging process. Many factors have been implicated in its genesis:
diet, heredity, stress, obesity, hypertension, metabolic disorders such
as disbetes and hypothyroidism, climate and smoking. Probably no one
factor alone produces the degenerative changes seen in advanced athero-
sclerotic disease. There is circumstantial evidence that manipulation
of one or several of these basic factors will benefit at least some
percentage of the population and therefore these must be pursued. Pre-
ventive treatment directed solely against basic causes may be impractical
and perhaps a more logical approach is to try to prevent or inhibit
formation of atheromatous plagues which eventually become calcified,
resulting in the characteristic lesion of arteriosclerosis.

The Framingham study continues to yield information correlating
serum 1lipid levels with coronary heart disease. Risk of coronary
disease is related to lipoproteins and their lipids.l This risk could
be predicted at all ages for men, but only before the age of 50 for
women. In diabetics excess of heart disease occurs related to elevation
of lipoprotein levels, especially triglyceride-rich particles. Tri-
glyceride and cholesterol concentrations and levels of their transporting
vehicles independently exert an influence on heart disease. The same
study showed that risk of angina pectoris and sudden death was propor-
tional to the degree of overweight.2 Adiposity, however, proved
unrelated to the rate of development of myocardial infarction. The
contribution of obesity to risk of angina and sudden death was independ-
ent of blood pressure and cholesterol levels. The Framingham study of
5,127 subjects can find no difference in mean cholestercl-phospholipid
ratio between those who developed coronary disease and those who did not.3
Schilling and co-workers,? in a study of 2,100 men and women of ages 18
to 65, found that the triglyceride curve {plotted against age) was
parallel to serum cholesterol in the female while in the male it deviated.
In precoronary and postcoronary patients triglyceride levels were higher
than in normal subjects. They conclude that variation in levels of serum
triglyceride 1s more closely related to coronary arterial disease than
variations of serum cholesterol levels.
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Further evidence has been presented that a strong association exists
between smoking and atherosclerosis. Increased mortality is seen in
smokers>,€ although the correlation between smoking and serum lipid
patterns is not clear. A study by the Health Insurance Plan of Greater
New York? has shown that physical activity plays a role. The least
active smoker has an incidence of rapidly fatal myocardial infarction
which is nine times that found among the most active smokers. A rapid
rise in free fatty acid is seen® and an enhanced utilization of fatty
acids® occurs in smokers apparently due to nicotine ingestion. The
relationship of this fatty acid rise to myocardial infarction is uncer-
tain.

Diet - That serum lipid levels can be manipulated to some degree by
dietary methods alone has been known for some time. The problem is

the design of a diet which is acceptable to the patient. The design of
such a diet has recently been discussed.® It has a moderate fat content
(30% of calories) containing 10% saturates and 13% polyunsaturates. The
effectiveness of adherence to a "prudent diet" is seen in the Anti-
coronary Club studylo which reports that the prevalence of obesity,
hypertension and hypercholesteremia were significantly reduced during
the first four years of this program. The authors also present data
showing a decrease in new coronary disease events in the study group,
although as yet these numbers are relatively small.

Engelbergll has shown that the introduction of highly unsaturated
fats to the diet lowers triglyceride levels and increases the rate of
lipolysis in normal adults. There was no change in lipolysis rate in
patients in whom triglyceride levels did not decrease. This provides
further evidence that lipoprotein lipase is the major physiological path-
way for the removal of endogenously synthesized triglycerides from the
blood stream and provides an explanation for the triglyceride-lowering
action of unsaturated fats. The effect of dietary carbohydrate on serum
1lipid levels is under extensive study*2,13,14,15,16,17 put published
information does not permit positive correlstions as yet.

Correlations between coffee drinking and elevated serum lipid concen-
trations were found in men with coronary heart disease but not in
healthy controls.'® (affeine has been shown to elevate free fatty acids
in the human and in the dog.19 This elevation is suppressed by the
administration of sucrose. The guthors feel that caffeine elevates FFA
by a mechanism different from adrenaline or nicotine and may be a direct
effect on fat pads and via an influence on the adrenal cortex.

Drugs Affecting Serum Lipids - Because cholesterol is the principal com-
ponent of the atheromatous plaque, measures to reduce the level of
cholesterol in the blood by drug therapy may reasonably be expected to
prevent, or at least retard, the development of atherosclerosis. The
most important drugs available today have been reviewed recently.2° The
National Lipid Lowering Study, whose intent is to evaluate the effects
of cholesterol lowering drugs on the prognosis of coronary disease, is
just getting underway. The study anticipates a total of 8,000 patients
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to be studied for ten years and end points to be measured are the inci-
dence of secondary myocardial infarctions, strokes or death. The drugs
entered into the program at the moment are D-thyroxin, nicotinic acid,
Clofibrate (CPIB) and Premarin.

The fate of agents which inhibit cholesterol biosynthesis and
accumulate sterol intermediastes is still debated. No direct link
between desmosterocl build-up and the profound side effects of triparanol
(lenticular cataracts, alopecia and ichthyosis) have been demonstrated.
Recent reports have indicated that triparanocl (MER-29) increased the
incidence of aortic lesions in gerbils,®! improved atherosclerotic
symptoms in pigeons,®2 and in man,23 for periods up to sixteen weeks,
lowered blocd pressure, levels of serum cholesterol and produced improved
cardigec function. Other agents which accumulate desmosterol continue to
appear. A large series of A- and B-ring-modified azacholesterols®? and
cholesterol analogs with oxa- and oxa-aza side chains®> have been reported.

The cholesterol lowering agent AY-994L (1) has been studied extensively
in the rat,2® pig,®%¢ 3og25® and cockerel.®? It inhibits the conversion
of T-dehydrocholesterol to cholesterol and cholesterol levels in the
serum, liver, adrenals, kidney and aorta are decreased while the pre-
cursor levels are increased.a’eb The compound has been used as a tool
to study the course of cholesterol biosynthesis.®® Study of a series of
structural analogs has allowed a definition of the structural require-
ments for this type of activity.2®

A large series of biphenylyl-substituted compounds was tested in
vitro for inhibition of the synthesis. of cholesterol.3® 5-(L-Biphenylyl)-
3-methylvaleric acid (W 2531) (2) and 2-(dimethylamino)ethyl 5-(4-
biphenylyl)-3-methylvalerate hydrochloride (W 2795) were the most potent
inhibitors. W 2531 inhibits the incorporation of acetate into cholesterol
and lowers serum cholesterol in the rat®' but not in the dog.32

g—ClC6H4CH2NHCH2a<:::>—CHZNHCH206H4Cl—g
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Studies on the action of Benzyl N-Benzyl carbethoxyhydroxamate (W 398)
(3) showed an accumulation of cholesterol in the liver with no effect on
serum cholesterol levels. It is suggested that the drug inhibits the
transfer of cholesterocl from the liver to the blood.S33

Phenformin continues to show interesting effects on serum lipids in
addition to its antidiabetic action. It produces lowered serum choles-
terol and triglyceride levels in man.3*% No effect on lipolysis has been
seen in rats.>> These effects are not detectable with other antidiabetic
agents such as Tolbutamide and Tolazamide.S3€

Atromid S (CPIB, ethyl chlorophenoxyisobutyrate) has now been released
for sale in the U.S.A. Reports of its effectiveness in lowering serum
triglycerides and serum cholesterol continue to appear.37 It has shown
effectiveness in the diabetic®® with concomitant disappearance of retinal
exudates.3®2 In combination with Thyroxine the two drugs complement one
another.3° Fibrinogen levels have been lowered dramatically when CPIB
was given to patients with coronary thrombosis.*® This effect on
fibrinogen could not clearly be related to its cholesterol lowering
property. The drug appears to lower free fatty acid levels in man?t but
an inhibitory effect on lipolysis in rat epididymal adipose tissue could
not be detected.*® (Concern over the hepatomegaly produced by CPIB has
prompted extensive study of the effects of the drug on the liver. This
increased liver weight seems to disappear on chronic administration in
the monkey and dog.*® Microbodies appear in the liver simultaneously
with the appearance of hypolipidemia®** suggesting a relationship between
microbodies and lipid metabolism.

Other agents which have shown activity in experimental animals include
phenyramidol45 which appears to inhibit hepatic microsomal enzymes, o-
benzoylthiamine disulfidef® a series of pyrimidine-5-acetic acid deriva-
tives,*” the antifertility agent 4*72 and chondroitin sulfate A,48 which
is said to afford protection against coronary atherosclerosis. Three
butyrophenones, WY-6123 (5), WY-3L457 (6) and Trifluperidol (7) were
studied in humans.®® WY-3457 had been reported earlier to inhibit
cholesterol synthesis and to produce ichthyosis. WY-6123 had little
effect on cholesterol levels but Trifluperidol had a marked effect in
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lowering cholesterol levels and after 5 months there has been a complete
absence of skin and hair changes. Roniacol (B-pyridylcarbinol) when
given to patients for 6 months produced g marked reduction in fatty acid
esters and cholesterol.3® Nicotinic acid produced similar results but
the authors claim Roniacol gave fewer side-effects. Pyridinolcarbamate
(8), an antibradikinin agent, is reported to prevent atheromstous

changes in the rabbit.®’ In man52 the agent 1s reported to have a
definite antianginal effect along with a host of other reactions, includ-
ing antiinflammatory and analgesic responses.

A very promising method of lowering serum cholesterol sppears in the
bile acid sequestering agents. The material which has received most
clinical work, cholestyramine, an anion exchange resin, sequesters bile
acids from the gut, stimulating cholesterol degradation and consequently
also cholesterol synthesis. The rat®® and pig>% are able to synthesize
cholesterol rapidly enough to compensate for this bile acid drain while
the chicken and human cannot, and therefore show a decreased level of serum
cholesterol and other lipids.®> This effect can also be produced simply
by T-tube drainage of the bile.5® The drug has some effect on removal
of fatty acids,>®®thyroxine,57 porphyrins® and fecal nitrogen>® but at
effective doses there appears to be no clinical problem. The develop-
ment of gallstones has been reported in guinea pigseo with the use of
this drug but at the same time neomycin, which also sequesters bile acids,
is reported®® to prevent cholestanol induced gallstones in the rabbit.
Cholestyramine has found clinical use in the relief of pruritis®2 of
biliary cirrhosis and psoriasis. Other agents which have been shown to
remove bile acids effectively are neomycin and N-methylated neomyein, &3
thyroid hormones,®* DEAE Sephadex,® and the azacholestane 9.%€
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Several agents which inhibit absorption of cholesterol have alsc been
studied as cholesterol lowering agents. These include N-cyclohexyl-
linoleamide (Linolexamide) (10)®7 diosgenin,®® pectin®® and a variety of
mucilaginous polysaccharides.7°

The influence of lipolysis inhibitors continues to be studied
vigorously but their influence on the atherosclerotic process is uncer-
tain. Nicotinic acid and various derivatives is the subject of many
communications.’t It has been shown to prevent the FFA rise caused by
smoking in humans.”® DPerhaps the most interesting lipolysis inhibitor
at the present time is prostaglandin El73 which is extremely active at
a very low dose level. The effect of the B-blocking agent Propranolol
has been studied in acute myocardial infarction and found to be of no
value.”® It appears to have some benefit in angina pectoris?> but its
side effects are severe.

Hormones — A more detailed account of the effect of estrogen on lipids
and its protective effect on coronary atherosclerosis in the cockerel
has been published.76 This same protective effect on the coronaries

is also reported in the cholesterol-fed pigeon.77 A suggestion has been
made that the female aorta under the influence of estrogen has a greater
"healing-power" of the vascular connective tissue than the male aorta.’®
Evidence has been presented that patients with coronary artery disease
have a higher ratio of estrone to estradiol than normals suggesting that
estradiol may indeed be a protecting factor in the disease.’”

The search for estrogens having a greater effect on lipids than on
the uterus continues.8° 1l6&a-chloro-estrone—-3-methyl ether has shown no
effect in humans®! while the steroid 11 appears to have a rather large
split between its hypocholesteremic and uterotropic responses in the
rat.®2 The various esters of nicotinic acid with estradiol have been
studied extensively but appear to be uterotropic.83
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A series of thyroxine analogs having structure 12 have been synthe-
sized and evaluated for hypocholesteremic activity.84 No promising
candidates are apparent. O-Methyl DI's and DI, have been prepared but
show only a weak hypocholesteremic response in mice.8®% Negative reports
on the) effectiveness of thyroxine are beginning to appear. Cholesterol
fed cockerels are not protected against coronary atherosclerosis by D-
and L—Thyroxine,86 and in fact the thyroid hormone may enhance the
development of cholesterol atherosclerosis in the rabbit despite a
lowering of serum cholesterol.®? 4 very preliminary report also finds
no change in mortality or morbidity in humans treated with D-thyroxine.®®

The role of antiinflammatory drugs in the treatment of atherosclerosis
is still being investigated. Cortisone acetate has been shown to reduce
the development of plaques in cholesterol-fed rabbits by about 75%.8°
Phenylbutazone was also effective but aspirin was not. Cortisone did
not cause regression of already formed plagues indicating that the
action of the drug is in the early stages of plague formation through its
antiinflammatory properties rather than through any lipemic effects.

Thrombosis and Fibrinolysis -~ Platelet adhesiveness is mediated by ADP.
Release of ADP from the platelet causes aggregation.so This response

is inhibited by ATP.®1 The mechanism proposed for the clumping reaction
is that ADP inhibits the splitting of ATP to ADP, a reaction which other-
wise occurs through platelet membrane ATPase which usually keeps the
platelet in an unsticky state. Inhibition of this ATPase by ADP leads

to the exposure of adhesive sites and permits platelet aggregation.

o1

Certain physiologic and dietary materials affect the platelet reac-
tions. Catechol amines enhance platelet aggregation92 and promote
thrombus formation.®3 Fatty acids appear to enhance platelet aggrega-
tion, with saturated fatty acids being more effective than unsaturated
fatty acids.® Thrombosis is produced in the dog by single rapid
infusion of long-chain saturated fatty acids®> but chronic slow infusions
are nonthrombogenic.96 Apparently the dog has sufficient thrombolytic
power to handle the latter situation.

Literature on the effects of dextran on platelet adhesiveness is
contradictory. The method of measurement is important. It appears to
reduce platelet adhesiveness to glass97 but has no effect on ADP-induced
aggregation.98 Tts effect in humans is equally confused. 2® Although
it may play a role in surgeryloo and certain occlusive vascular diseases,l
it appears to have no benefit in acute myocardial infarction.1©2

o1

Atromid S reduces platelet adhesiveness®®3 and increases bleeding

time'°% in man. Estriol, in man, has no effect on platelet adhesion.?t
A large series of guanidino compounds has been studied and found to be
active inhibitors of ADP-induced platelet aggregation.lo6 Some of the
most active are §-guanidinovaleric acid, p,p'-diguanidinodiphenylsulfone
and p,p'-diguanidinodiphenylmethane. Other agents which have shown some
activity are N—Ethylmaleimide107 and a series of membrane-active drugs,lo8
such as chlorpromazine, imipramine, nortriptyline, etec. Prostaglandin E,

0os
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has been shown to reduce clotting time very markedly in rats.>9®

A study in coronary patients has shown that fibrinogen levels are
increased over normal controls''® and that fibrinolytic activity is also
decreased in these patients.''* The rate of degradation of fibrinogen
is inhibited in rats fed an atherogenic diet.'2 It would seem reason-
able then that some control over the clinical outcome of stherosclerosis
could be had by the use of fibrinolytic agents. The enzymes strepto-
kinase and urokinase continue to be evalusted*'® with some benefits
reported in the therapy of acute Thromboembolism.®'# Phenformin'lS is
still the only drug of interest as a fibrinolytic agent other than the
enzymes and CPIB mentioned earlier.

Psycho-Social Factors - One's personality and environment greatly
influence his prognosis of coronary thrombosis.t16 Personality type A
individuals are highly prone while the fully developed type B are
essentially immune to the disease’l” provided their serum lipids are not
abnormal. Seemingly healthy individuals exhibiting type A behavior
exhibit a serum lipid pattern similar to that found in persons suffering
from coronary artery disease. They exhibit abnormal preprandial and
postprandial values of serum triglycerides while blood sugars are normal+t®
This triglyceride response can be controlled by the administration of
corticotropin,119 which acts apparently by augmenting the adrenal dis-
charge of hormones. The mechanisms involved in the lipid responses of
behavior type A remain uncertain.

Summary - Knowledge in the field of atherosclerosis is expanding at a
very rapld rate. There seems to be sound evidence that vigorous dietary
measures along with the use of drugs can bring serum lipid levels to a
"normal" value and that, with these measures, a considerable majority of
coronary heart disease and atherosclerosis cases may be prevented. The
Anti-coronary Club study lends support to this statement and hopefully
the National Lipid Lowering Study, just getting underway, will provide
conclusive evidence on this point.

The release of Atromid S to the U.S. market provides a powerful tool
to the physician in his fight against coronary artery disease. A very
promising method of treatment is emerging in the use of bile acid
sequestering agents. This therapy provides safety along with a method
of lowering cholesterol levels which is highly physiologic in nature.

Study of the mechanism of thrombosis and its inhibition by drugs
affecting platelet aggregation is proceeding at a rapid rate and shows
great promise for future application. The application of Prostaglandin
E1, a material occurring naturally in humans, in this area is an in-
triguing possibility. The study of atherosclerosis and its prevention
remains one of the most vigorous and perhaps one of the most important
areas in medical research.
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Chapter 19. Reproduction
Daniel Lednicer, The Upjohn Company, Kalamazoo, Michigan

Introduction - At first sight, the intricate process of mammalian repro-
duction would appear vulnerable to interuption by outside agencies at
numerous points. In the female, for example, one could, at least in
principle, prevent ovulation, sperm capacitation, transport of that sperm
to the oviduct, penetration of the egg by sperm, division of the ferti-
lized egg, transport of the egg to the uterus, or even finally nidation.
The developmental process of the male germ cell from the spermatogonium
to a mature sperm cell would also appear to offer numerous points of
attack. Despite this, the only practical means of chemical contracep-
tion as of this writing consists of estrogen progestin type of oral
contraceptives. Though much effort has been expended in the search for
some means of contraception which does not involve the pituitary, such
an agent has not yet been found.

Steroids — The steroidal oral contraceptives now available in the U. S.
have recently been reviewed' as has the chemical development ofthese
drugs.® The belated recognition of the importance of the estrogen com-
ponent of these formulations has led to the development of the so called
sequential agents; studies seem to indicate that better control of intra-
menstrual bleeding is achieved with the "sequentials,”$5%,5 than with

the combination drugs. The finding that certain progestins had long
lived action when administered parenterally has led to the development

of injectable long acting contraceptives; one of these (medroxyprogest-
erone acetate) is administered as the pure progestin,6 the other
(dihydroxyprogesterone acetophenide) is given with an injectable estrogen
(estradiol enanthate).” Interestingly, some clinical success has been
realized in achieving contraception with an orally administered pure
estrogen (diethyl stilbestrol)® or a pure progestin (chlormadinone) in
low dosage.9

Apparent exceptions to the rule that a saturated A ring is necessary
for progestational activity have been reported recently. Thus, com-
pound 1 was shown to exhibit weak gctivity in the Clauberg assaylo
while 2 showed good activity in inducing arborization of rabbit uter-
ine epithelium;ll’12 the observation that 2 is uterotropic as well,

OH,CECH o%,CHzCECCHg

CH3COs



200 Sect. IV - Metabolic & Endocrine Heinzelman, Ed.

suggeststhat a single compound estrogen-progestin contraceptive is in
the realm of possibility.

The search for steroids with non-~classical biological spectra included
the preparation of the modified steroids 3 to 10.

The biological activ-
ities are summarized in Table I.

OH OH
H
O F-
3 L
R
CHsO
CH30
5; A8114, R=0
6; R=0
OH
75 R =/
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Table I
Biological Activities of Selected Steroids
Compound References Biological Activity

3 13 5% of Progesterone; Clauberg
Y 14 very weak estrogen

5 15 uterotropic; .01l% esterone
6 15 . uterotropic; -03% esterone
7 15 uterotropic; 0.6% esterone
8 16 gonatropin inhibitor; low

uterotropic activity

9 17 antiestrogen; antiprogestin,
10 18 progestin

Compounds Related to Triphenylethylene - Derivatives of this class of
synthetic estrogens continue to be an area of interest for the prepara-
tion of potential antifertility agents. Thus, compounds 11, 19 12,20 and
1521 are all reported to possess uterotropic activity, the potency
depending on the substitution pattern. No biological data are available
for 14.22 The incorporation of a basic ether into the nitro triaryl
ethylene 1523 led to a potent oral antifertility agent; this compound
(CN-55,945-27) was shown to be an estrogen antagonist®* and to be
effective probably because of this antagonism.®® Replacement of the
nitro group in 15 by an ethyl similarly leads to an estrogen antagonist.
In this case, however, the cis and trans isomers (16, 17)=® showed
markedly different blologlcal propertles, the cis compound (IC1 47,

699; 17) behaved as a conventional estrogen while the trans compound
(IC1 46, U4T7hk; 16) was a weak estrogen and antagonized the effect of
concomittantly administered estrogen.27 In puzzling contrast to this,
the isomers of 15 show identical antifertility activity,2® and the
corresponding isomers of 12 show the same antigonadotropic potencies.

P 40

20

R3 11
R' = H,CFs R' = H,OH,0CHoCeHs
R2 = CFs R® = F,C1,CF5
R® = CHs,0CHs
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1 2
TSN
OH R Bl

X
- CFs
N/

13 R® 1h
R* = H,0CHs R',R® and/or R® = OCHs
R® = H,C1,0CHs X = Br,Cl

[::::NCHECHZO (CHa) sNCHoCHSO,

@
M
o
ul

(CHs) sNCHoCHS0 17

cis

A series of chromenes and chromans (18, 19 and 20), analogous to
previously recorded tetrahydronaphthalenes,28 has been reported;29 com—
pound 19 [cis, R=OCH-CHoN(CHzHs)o] was the only one to show activity as
an antifertility agent at 1 mg./kg. Replacement of g methylene by
nitrogen similarly leads to attenuation of potency; thus, only one [23,
R*=R2=R*=H; R3=0CH-CH-N(C-Hs)o] of a series (21-2L) of indoles showed
antifertility activity.so The tetrahydronaphthols 25 and the dihydro-
naphthalenes represented by 26 were all shown to be potent estrogens ;3!
in contrast to this, the glyceryl ether 27 showed many of the estrogen
antagonistic properties characteristic of the previously reported basic
ether.32 Attempts to simplify these molecules by replacement of the
phenyl at the 1 position by vinyl and ethynyl (28) led to a series of
inactive compounds.33

Ed.
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RS
18; A'»2; R = H,CHs,CHoCHoN(CoHs) 2 21; R = OCHoCHoN(CoHs)z;
19; cis diphenyl; R = H,CHs, RZ,R%,R* = H,0CH3
CHoCHoN(CoHs) 2 22; R® = OCHoCHoN(CoHs)o;
20; trans diphenyl; R = H,CHs, R',R3,R* = H,OCH3

CHzCHoN(CoHs)o 23, R® = OCHZCH2N(CoHs)z;
R',R®,R* = H,0CHs

2h; R* = OCHoCHoN(CoHs)s;
R*,R%,R® = H,OCHs

R R

o (]
YT >
CHaS Cefls
25; R = H,CHs,F CH30 “

26; R = H,CHs,F,OH
27; R = OCHoCHOHCHZOH

Cells
. (D

28; R = -CH=CHs,-C=CH
X = CHs,0 29; R = H,0COCHs

I

The cyclohexylidene 29, has been reported to be a weak estrogen,
effective as an antifertility agent, which will under certain condi-
tions exhibit antiestrogenic activity.3*

Miscellaneous Structural Types - The oxazolidine thione 30 (U-11,63L4) was
Teported to be an effective antifertility agent in the rat.®S It was
shown to be devoid of hormonal properties and to suppress the deciduomata
development in a traumatized uterus.>®® The dibenzodiazocine 3137

caused complete inhibition of fertility in rats at 2.5 mg./kg. in the
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rat; the demonstration®® that this compound behaves as an estrogen on
several endpoints seems to account for this activity. A uterotropic
factor from spoiled grain39 has been isolated; structural elucidation

CF Colls
OCHs W= Ut
NH |
_ P~
cl N
50 CeHs
31
0
. O -
Cog O3
o CHs
32 33
C=CH
CHB <C2H5) 2NCH20H20
OH Cels
0 Z CGHS cL
34 35

showed this compound (zearalenone) to be the macrocyclic lactone 32.%°
This class of compounds has been reported capable of controlling animal
fertility.4! A potential approach to a postcoital "pill" comes from
the finding that the nonsteroidal estrogen 33 effectively prevented
pregnancy in the rhesus monkey when administered at 10 mg. per day for 6
days following mating.*2 The perhydro phenanthrene 34 (Ro 5-2537) shows
interesting steroid antagonistic properties in that it will inhibit the
uterotropic effect of stilbestrol but only minimally that of estradiol;
the compound also inhibits the stimulatory effects of androgens in the
male.%> The possible significance of such an agent in reproductive
processes is not known.

Induction of Ovulation - Fallout from the recent emphasis on work on
antifertility has been a tool for the treatment of infertility due to
ovulatory failure. The use of clomiphene citrate (35) for this clinical
condition has met with a good measure of success;** a double blind study
demonstrated that the response was indeed a drug effect.*> Though the
exact mechanism of action of this agent is not clear, it has been shown
to increase the estrogen output in women without increasing urinary gona-




Chap. 19 Reproduction Lednicer 205

dotropins.#® An alternate approach to induce ovulation involves the use
of human gonadotropic preparations.*7,48 Refractory cases have been
successfully treated with a combination of clomiphene and gonadotropins.49
Biological Considerations - Progress in this area as in many others
depends on developing a clearer understanding of finer details of the
hormonal mechanisms involved in both the normal processes and in drug
action. The availability of radioimmune assays for human serum LH>9,5*
and for urinary FSH®? should help provide information on the action of
drugs at the pituitary level. In an elegant pilece of work, the uterine
estrogen receptor was recently isolated in highly concentrated form.>3

The role of the hypothalmus in the regulation of the reproductive
cycle is coming under increasingly intensive investigation; the action
of hormones on this entity has recently been reviewed.>®* Considerable
progress is being achieved towards the isolation of the hypothalamic
releasing factors for the pituitary hormones.S5>

Summary - The means for chemical contraception are now at hand, with
various estrogen progestin regimes. Considerable clinical and biological
effort is devoted to finding new and more convenient means of employing
these hormonal agents. The success achieved with postcoitally admin-
istered estrogens may lead to a postcoital pill. Despite a large amount
of both chemical and bilological work on compounds which may be loosely
termed estrogen antagonists, no notice of clinical success of such an
agent has as yet appeared. An ideal agent for achieving contraception
would be one which completely bypassed the endocrine system; this break-
through is still to come. The intensive work on the endocrinology of
reproduction is bringing closer the day when the process will be fully
understood.
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Chapter 20. Steroid Hormones and their Antagonists
Patrick A, Diassi and Leonard J. Lerner, The Squibb
Institute for Medical Research, New Brunswick, N, J.

A bibliography of steroid conjugatesl as well as a
treatise on the metabolism of steroid hormones2 have been
published. The abstracts of papers presented at the Second
International Congress of Hormonal Steroids are available3.

Corticoids

A possible explanation for the anti-inflammatory action
of cortisol based on the prevention of release of plasma
kinins has been published4. A number of 8-dehydro analogs of
corticosteroids have been synthesized5 and their thymolytic
and salt retaining properties measured. The compound found
to have the highest thymolytic activity was 1 (11,4 x hydro-
cortisone). Again the fallacy of projecting biological
activity from one series of steroids to another was demonst-
rated by the large decreazse in activity exhibited by the 8-
dehydro steroid 2 as compared with l6a-methylprednisolone (3).

CHpOAC CH,O0R
c= o =0
o Efiji?.o '::?gH3
)
AN~
1 2 Ac

. R =
F 3 R =z H, 8,9-dihydro



Chap. 20 Steroid Hormones Diassi and Lerner 209

The 2l-desoxy-1l6a,l7a-isopropylidenedioxypregnenes
4 and 5 show potent anti-inflammatory properties and the
allylic alcohol 6 has water solubility and a partition co-

efficient (water-ether) which might predict a favorable per-
cutaneous absorptionG.

H
F

A number of 3-(2'-chloroethoxy)-6-formylpregn-3,5-~dienes
have been prepared’ of which 7 shows a marked dissociation of
local and systemic anti-inflammatory activity. Both 1,4-di-
methylestratrienes 8 and 9 are active in the carragenin-
induced foot edema rat assay at the subcutaneous dose level

of 25 mg./rat8,
CH,0AC
=0 OR

HO 1057 ...C 3 CH

7 \

CLCH,CH, -

R
HO
R

8
9 Ac

It has been proposed9 that there is a direct relationship
between the inhibition of growth of mouse fibroblasts in vitro
and the anti-inflammatory activity of 11B-hydroxylated
steroids, 1ll-Ketosteroids do not show this inhibition and this

may be due to the lack of enzyme systems necessary to convert
ll-keto to 1l1B-hydroxy steroidslO,
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Studies on the mechanisms regulating secretion of
aldosterone and glucocorticoids11 and on the mode of action
of aldosteronel? have been published,

Progestational Compounds

The l6-methylene derivative (10) of chlormadinone (11)
is twice as active as 1l in the modified Mc Phail assay on
oral administrationl3, The deciduogenic activity of sub-
stituted estradiols has been used as another parameter for
assessing intrinsic progestational activityl4’l »16  Both
17-(2-butenyl)-estradiol 3-acetate (12) and the 17-(2-methyl-
allyl) derivative (l3) were active in this assay. The totally
synthetic 18-homolog 14 of norethisterone (15) has proven to
be a potent progestational compound in animalsl7,18 and in
manl9,20,21 = mme 6a-methyl derivative 16 has 85 times the
activity of 15 in the Clauberg assay22. (%)-18-Methyl-19-
norprogesterone (17) is a potent progestogen23.

[

c=0 OH

¢« + QAC .

R
Ac
Ccl 12 R = CHCH=CHCHj

10 R = CHy 13 R =z CHC(CH3)=CH,
11 R = H,

14 R; = CyHg, R2 = H
15 Ry = CHj3, Ry =z H
16 Rl - C2H5, Ry = CH3
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Androgens

The effect of l-alkyl substitution in decreasing the
androgenicity of a number of 5a-androstanes has been noted
and a proposal regarding the structural requirements for
biological activity of androgens has been made24.

178-Trimethylsiloxytestosterone (18) has been shown?2>
to be more active on subcutaneous administration than testo-
sterone. The prolonged duration of action of this compound
has also been noted26,

A new class of orally active alkyl steroid-178-yl1 mixed
ketals of aliphatic and cycloaliphatic ketones have been pre-
pared?’7, A member of this series, 178-(l-methoxy-l-cyclo-
hexyloxy)-3-propionyloxy-5a-androst-l-ene (19) shows greater
androgenic activity than methyl testosterone.

CH3
0-Si (CH3)3

0] H5C>-CO
18 19

An evaluation has been made of the nitrogen retention:
androgenic and myotrophic:androgenic dissociation ratios of
anabolic steroids?8, A number of new anabolic agents have
been synthesized which have a good ratio of myotrophic to
androgenic activity. These include 1l7a-methyl-androsta-1,
5-diene-38,17R-diol (20)29, 5a-estr-2-en-178-o0l (21)30 and
its l7a-methyl derivative 22, the two 2a,3a-epithio-5a-
androstanes 23 and 2431, the l-keto-S5a-androstane 2532 and
178~ (L-methoxy-1-cyclohexyloxy)-androst-5(10)-en-3-one (26)27,

17a-Methyl-4,9,11-estratriene-178-0l1-3~one(27), a potent
anabolic steroid, has been reported to produce liver toxicity
with low dosage in humans33.
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OH OH H
.OCH3 cuoR /? ..R
~ S«-
H
20 21 R = H 23 R=H
22 R g CH3 24 R = CH3

Ed.

CH3
H o '3< > H
.-« CH3 . - . CHy

Estrogens

The relative uterotrophic activities of 3-and l7-desoxy
derivatives of estrone and estradiol and their alkyl deriva-
tives hawve been published’”. A comparison of the hormonal
activities of some new l7a-haloethynyl steroids is also
available33,

The totally synthetic (¥)-8a-isomer 28 of 17B-hydroxy-
17a-~ethynylestr-5(10)-en-3-one (29) is about one-half as
active as 29 in a pituitary blockage test36, l-Acetoxy-17a-

ethynylestradiol 3-acetate (30) is ten times as active orally

as l7a-ethynylestradiol (31)37,

H
...C=CH

R0

30 Rl:OAC R2=AC

28 8a
29 8p 31 Rj=Ryp=H
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Estradiol dipropionate has been shown to hasten brain
maturation in new born rats38, It has been found that there
is no necessary correlation between estrogen antagonism and
progestational activity of steroids39., The spiran 32 exhibits
very pronounced antiestrogenic activity40.

Insect Hormones

The synthesis of ecdysone (33) the insect moulting
hormone has been announced by two groups4l:42. Furthermore
isolations of 20-hydroxy-ecdysone (34) from silk worm%3
(ecdysterone)44, crayfish%5 and oak-silk moth (crustecdysonefl6
and tobacco hornworm?7 have been reported, Four compounds
have been isolated?8 from the leaves of Podocarpus nakaii Hay
all of which have insect moulting activity. The structure
proposed for ponasterone A is 35, Crustecdysone has been
isolated from Podocarpus_elatus, an Australian timber tree49,
The ready isolation of these compounds from plants makes it
possible to supply large amounts of active substances for
biological testing.,

33 R = H Ry g OH

2
34 Ry

35

Ry, = OH (Cpp and Cyy configurations undefinedf
= OH (Cyp and Cy5 configurations undefined)
H

oo
N
"nn
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The secretion of large amounts of cortexone (36) by

the water beetle (Dytiscus maaginalis) as a defensive sub-
stance has been reported-v.

10.

11.

12,

CH2OH
=0
0 o
36
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Chapter 21. Non-steroidal Antiinflammatory Agents
T. Y. Shen, Merck Sharp & Dohme Research Laboratories
Divison of Merck & Co., Inc., Rahway, New Jersey

Introduction - Interest in the search for new antiinflammatory drugs
has continued with growing emphasis. During the past year more than
one hundred groups of new compounds have been disclosed in the
patent literature as potential antiinflammatory agents. The prospect
of finding a better drug, possibly with a novel mode of action, is
further enhanced by the intensive clinical and pharmacological
efforts_ to unravel the etiology and pathogenesis of rheumatic di-
seases. An increasing appreciation of various immunological factors
involved in many connective tissue diseases® has opened a new dimen-
sion to medicinal chemists. A wealth of background materials are to
be found in two comprehensive monographsa’4 and several review arti-
cles. 27 Current clinical and biological reports are conveniently
abstracted in an NIH publications, freely available to qualified in-
vestigators in this field.

Etiology and Pathogenesis of Rheumatic Diseases -~ The detection of
various infectious agents, e.g. PPLOY and diphtheroidslo, in the syn-
ovial joints of some rheumatic patients continues to suggest that
chronic symptoms may be the result of a primary infection with im-
munologically induced secondary manifestations. Following an acute
inflammatory response the pathogenesis is initiated by the presence
of an antigenic material, such as denatured y-globulin or other auto-
antigensll, the formation of which may involve sulfhydryl exchange
reactions. An insoluble immuno complex is then formed with an anti-
body like rheumatoid factor, possibly with the participation of
complement. The antirheumatic activity of sulfhydryl compounds, e.g
penicillamine (I), may be attributable to its ability to dissociate

CHj //o
/e —ci-c
CH “OH
3 sH NH,

I

or inactivate the immuno macro globulins at this stage.12 The en-
suing chemotaxis and phagocytosis processes have also been investi-
gated in detail. The former is inhibited by hydrocortisone and
chloroquine in vitrol3, and the occurrence of extensive phagocytosis
in synovial Jjoints is evidenced by the observation of "inclusion
bodies" inside polymorphonuclear leukocytes.11’14 An outcome of pha-
gocytosis is the release of various lysosomal proteins and enzymesl3,
which are capable of producing local inflammation, tissue erosion,
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protein denaturation and the generation of autoantigens, and thus
completing a self-perpetuating cycle of pathogenesis.

Test Methods - As a model manifesting both an acute inflammatory re-
sponse and disseminated secondary lesions, the adjuvant arthritis
assay in rats has become widely accepted in many laboratories. The
effect of various known agents on such parameters as the decrease in
foot volume, the restoration of body-weight 1oss, the reduction of
plasma "inflammation units" 6 and the change in erythrocyte sedi-
mentation rate has been descrlbed 17,18,19 The relative potency of
known drugs was estimated by Glenn 20 as indomethacin (I1), 81, hydro-

CH o H

@"
cortisone acetate 6, flufenamic ac1d (ITI) 1.6, indoxole (IV) 1.1,

CO_H

2
NH
| 2

III \Y%

phenylbutazone 1 and 1bufenac (V) 0.5. With certain immune suppres-
sive agents, Newbould 21 observed that the gradual development of
secondary lesions (polyarthritis) is inhibited by a three-dose treat-
ment started just before the challenge with Freund's adjuvant.

The procedure of inducing inflammation in canine joints with
microcrystalline sodium urate has been modified and extended to
man.“2,23 When needed, this assay provides another animal species
for preclinical evaluation of new drugs.

With the availability of new non-steroidal agents as reference
compounds, the development of new in vitro assays as potential pri-
mary screens has been much facilitated. According to Mizushima24,
the thermal denaturation of protein can be inhibited by a number of
antiinflammatory compounds with an order of activity roughly in
agreement with their in vivo potency. As a 51m le model to study
the stabilization of lysosomal membrane, Brown2> has described a new
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protocol based on heat-induced hemolysis of canine erythrocytes.
The interaction of antiinflammatory acids with the lysyl €-amino
group in serum albumin or histidine decarboxylase, in competition
with pyridoxal phosphate, was suggested by Whitehouse?® as a mode of
action for these agents and adoptable as a preliminary assay. It is
interesting to note that the lysyl €-amino group has also been impli-
cated in the cross-linking of fibrins27 and collagen (after oxida-
tion to aldehyde).28 Alterations in the reactivity and serum level
of free sulfhydryl groups have previously been related to connective
tissue diseases. An in vitro assay measuring the acceleration of di-
sulfide interchange between serum sulfhydryl groups and 5,5'-dithio-
Eii (2-nitrobenzoic acid) (DINB, Ellman's reagent VI) by non-ster-
oidal aggnts was recently des-

cribed. The increased rate may
NO,, o be indicative of free sulfhydryl
g groups uncovered by antiinflamma-
~OH tory agents through an induced

conformational change of the pro-
tein molecule. However, Hichens30
observed that antiinflammatory

S compounds can block the binding
site of DINB, which has a config-
uration not unlike several anti-
inflammatory aryl acids. Thus,

HO-G the acceleration may be caused by
' an increase of unbound DINB con-
0 NO2 centration instead. Studies on
the inhibition of various tissue

VI proteases by known drugs have been

extended.3! several antiinflammatory acids have also shown fibrino-
lytic activity in vitro at relatively high concentrations.32 This
is coincidental with a recent clinical note suggesting the applica-
tion of fibrinolytic agents in rheumatoid arthritis.

So far, no single in vitro assay has been generally accepted as
the most promising preliminary screening. Many antirheumatic drugs
have shown activity in a variety of the in vitro assays mentioned
above. Obviously the spectrum of a compound and not the activity in
any single assay should be emphasized. At the present time, the op-
timal biochemical profile of an ideal agent remains shrouded in the
unknown.

Indomethacin and Analogs - Among several isosteric modifications of
indomethacin studied at Merck”™, an indene isoster, "cis"-l-p-chloro-
benzylidenyl ~-5-methoxy-2-methyl-3-indenylacetic acid TVTT), was found
to be half as active as indomethacin. The corresponding '"trans' iso-
mer was only one-tenth as active. The structure-activity relation-
ship of Nj-aroyl and N,-aralkyl indole acetic acids is generally
parallel to that of indene isosters, indicative of a similar mode of
action. Based on X-ray diffraction data, the nonplanar configuratim
of the Eii—isomer was suggested as the preferred conformation of
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I indomethacin (IT) in vivo.

The possible modes of action
CH of indomethac¢in remain to be a
subject of active interest. As a
reference compound it has been
Cl1 found to be active in most of the
neis"  VIT in vitro and in-vivo assays men-
—_ tioned above. .While none of these
can be considered as the primary
mode of action, certainly several
are contributory. An earlier report35 of kallikrein inhibition was
not confirmed.36 The suggestion37 that the antiinflammatory activity
of indomethacin may be due to the displacement of tissue-bound corti-
costeroid has also been disputed.38 The distribution and metabolism
of indomethacin in various species have been reported in detail39,
and a number of long-term clinical studies have been published.4o'43

Aryl acetic Acids - Of several aryl acetic acids described in the
last report, no significant developments have been noted regarding
ibufenac and namoxyrate. Detailed pharmacology and toxicity data on
naphthypramide (VIII)44 and p-n-butoxyphenylacethydroxamic acid (CP
1044 J3, 1X)45,46 have been published. The antiinflammatory potency

Cﬂi CH3
o]
CH

| I
3>NCH 5CH,-C —ﬁ -NH,, CH ,CH,,CH,CH,,0 @—CHZCNHOH
CH3 !

VIII IX

of the latter is comparable to phenylbutazone and is at least partly
attributable to its effects on the adrenals. The corresponding amidz
has analgesic activity only, and the free acid is completely inactive.

Available animal data indicated that several substituted phenyl
aliphatic acids possess a high degree of antiinflammatory activity,
greater than or comparable to that of indomethacin. In the carragee-
nin edema assay the ED5g of (+) 3-chloro-4-cyclohexyl-da-methylphenyl -
acetic acid (X) is ca. 0.3 mg/kg.%47, being the most potent compound
reported so far. 4:§1pheny1yl—3-hydroxybutyric acid (XI) has an
ED5n of 14 mg/kg. in the edema assay and a gotency of six times
phenyibutazone in the U.V. erythema assay.4 Another analog, p-
anilinophenylacetic acid (XII)49 also showed a high degree of
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activity in both edema and adjuvant arthritis assays. The ortho ani-
lino analogs (see fenamates below) are less active. Substituted 3-
phenothiazinyl acetic acidsso, o-benzamidophenoxy and o-benzamido-
phenyl acetic acids®l have also been claimed. -

As with indomethacin analogs, the in vivo biological activity
of several a-methylphenylacetic acids is invariably associated with
the dextro rotatory isomer of the sinister absolute configuration.4”
Thus the stereo-specificity of the a-carbon atom of these anti-in-
flammatory agents appears to be identical with that of plant growth
hormones.

Fenamates - The antirheumatic efficacy of both mefenamic acid and
flufenamic acid (III) have been demonstrated in the clinic.?2,53 The
equipotency dose was estimated as aspirin 2.4 g. mefenamic acid 1.7g.,
flufenamic acid 0.67 g. and phenylbutazone 0.33 g., rather at var-
iance with their activities in animals. No outstanding differences
between the side-effects of the four drugs were reported in this
study. Clinical data on the more potent congener, meclofenamic acid
(CI 583, XIII) has not been published.

o .
ll Interest in close analogs of fen-

C-OH amates is illustrate@ by 8-tri-
fluoromethyl phenothiazine-l-car-
[::I:NH boxylic acid (XIV)54 (an S-bridged
analog; and the acetic acid homo-
Cl 1 logs. Heterocyclic analogs are
H exemglified by several pyrimidine
3 (xv)>® and pyridine (XVI)>7 iso-
X111 sters. Replacement of the carbox-
vl group by a tetrazole58 resulted in a slightly less active but pos-
sibly less toxic analog. It is noteworthy that the optimal activity
O

Il

“OH M//]:C\OH
XV M= N
NH IQN NH

S XVI M= C
Ry,R,

XIv
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enhancing groups of these analogs apparently are considered to be
identical with those in fenamates, i.e., 2,6-diCl-3-Me, 3-CF3 and 2,
3-diMe, originally selected by the Parke-Davis group.

Indoxole - In the chemical study of indoxole (XVII)59 and its ana-
- logs the minimum structure require-
OCH , ment for significant activity was
O defined as 2,3-diphenyl indole.
The potency enhancing effect of two

additive. Substitutions at Cg of
the indole ring (a sensitive posi-
tion in the indomethacin series) by

XVII Cl, F and CH, had little influence

on the activity, whereas N,-alkyla-

tion and acylation were detrimental. The highly conjugated system
has strong U.V. absorptions at ca. 250 and 310 mp suggesting that
the two anisyl groups, like the aryl groups in fenamates and phenyl-
butazone, are not coplanar. Biological activity in animals was re-
lated to the log of the average serum level which is largely deter-
mined by the solubilizing vehicles used in formulation.20,60 1In-
doxole was modestly active in crystal-induced synovitis in man at
2.4 g/day.%1

5
‘ \ p-methoxy groups was specific and
N
Ilii OCH

Sulfhydryl Compounds - The anti-rheumatic activity of penicillamine
(T) has been attributed by Lorberl? to its ability to dissociate ab-
normal macroglobulin and to restore serum sulfhydryl levels in vivo,
either through sulfhydryl-disulfide interchange or chelation of
divalent metal ions like copper which catalyze the oxidation of sulf-
hydryl groups. Penicillamine, cysteine and other thiol compounds
are cagable of solubilizing collagens in vitro®2 as well as in
vivo.© Inhibition of kallikrein and foot-edema in guinea pigs by
these compounds has also been noted. %4

Immune Suppressive Agents - Satisfactory clinical results have been
obtained in the treatment of rheumatoid arthritis with an immune
suppressive agent cyclophosphamideés, but wider application must a-
wait the availability of a safer and less toxic agent.

Following the discovery of a novel antipolyarthritic agent
I.C.I, 43,82317, a thiophene derivative, I.C.I. 47,776 (XVIII), was

described as a new immune suppres-
HO Z sive agent capable of inhibiting
— CH3 the development of polyarthritic
lesions, antibody response and other
/l::iy/cﬂﬂli;:X;O autoimmune syndromes in rats. The
inhibition was attributed to inter-
¥ ference with generation of high
XVITII

energy phosphate esters necessary
for protein and nucleic acid syn-

thesis. These potent cytotoxic
agents are valuable laboratory tools
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but of limited clinical applications.

Miscellaneous - Two novel agents reported to possess antiinflamma-
tory, antipyretic and analgesic activities nearly comparable to
phenylbutazone are N,N-Di(m-aminophenyl )butyl-ethylmalonamide (Gy-97

XI1X)%® and 1-(4—chlorophen§1)—4—22—[3—(2-pyridyl)acryloxy}ethyl}
piperazine (DA 1529 XX).67 Gy-~-97 also has anti-histaminic and anti-

o
H,N —g\c CaHy (]\C ﬁ
H,N. NH—ﬁ/ N H, W H=CH-C-0CHZCH2O-©—C1_
S
XIX

XX

anaphylactic properties, whereas DA 1529 possessesmild CNS depressant
properties.

The biochemical properties of chloroquine and related anti-
malarials have been examined further. In addition to its inhibition
of the biosynthesis of sulfated mucopolysaccharides, chloroquine in-
hibits irreversibly an autolytic enzyme from bovine cartilage and a
rat skin collagenase (at 10 mM). 8 Like hydrocortisone, it inhibits
chemotaxis of leukocytes and, to a lesser extent, the phagocytosis
process.13 It also stabilizes lysosomal membranes in vitro. Poten-
tial "anti-~-degenerative" activity is clearly suggested by these
properties, but unfortunately the well-known retinopathic effect is
further complicated by a delayed symptom.©9

Proceedings of an international conference on dimethylsulfoxide
have been summarized.”0® The FDA restriction of DMSO has been modi-
fied to allow limited investigations of this unique agent. One of
its metabolites, the crystalline dimethylsulfone, also possesses a
weak antiinflammatory activity.’l On the other hand the phenyl
derivatives, benzyl methyl sulfones and sulfoxides’2, have been
found to be more potent but short acting anti-edema and analgesic
agents.
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Section V - Topics in Biology
Editor: I.I.A. Tabachnick,Schering Corporation, Bloomfield, New Jersey

Chapter 22. Molecular Aspects of Drug-Receptor Interactions.
Barry M. Bloom, Chas. Pfizer & Co., Inc., Groton, Connecticut

""Membrane biochemistry occupies a central position in
modern biology, second in importance, perhaps, only to
biochemical genetics. Replication and organization

are the significant differences between living and non-
living catalytic systems, and cellular orgfnization is
a function of membranes.' - Edward D. Korn

Membrane Biology

There is a growing realization among drug research scientists
that many receptor systems of major interest are located in the plasma
membranes of cells. Sites responsive to acetylcholine, epinephrine,
histamine, serotonin, peptide hormones such as insulin and oxytocin, and
the plasma kinins are almost certainly among this group. These receptor
systems usually remain fully responsive only as long as the structural
integrity of their highly architectured residence is maintained, and
therein lies the main stumbling block to their direct study along lines
successful with enzyme systems. Nevertheless, the present decade has
witnessed remarkable progress in the isolation and analysis of various
plasma membrane systems, and new knowledge has been amassed at an im-
pressive pace. It seemed, therefore, particularly timely this year to
review those aspects of the field of membrane biochemistry and ultrastruc-
ture that appear most pertinent to the study of drug receptor systems.

The Repeating Unit Concept of Biological Membranes - An important
concept has emerged in recent months that deviates importantly from earlier
views on the nature of biological membrane systems, The theory, as put
forward by Benson? and by Green and his colleagues3' , suggests that bio-
logical membranes are vesicular or tubular systems built up of nesting,
lipoprotein repeating units one layer thick. This viewpoint, along with a
considerable amount of compelling evidence that supports it, has been
brilliantly summarized in several papers. One chapter in a new book by
Green and Goldberger6 provides an outstanding introduction to the field of
membrane biology, viewed from this new perspective.

Judging from the evidence at hand, it would appear that the re~-
peating unit visualization seems destined to replace the classical
Danielli-Davson model of plasma membrane ultrastructure that has domi-
nated thinking on the subject ever since it was first proposed in 1935.
In the classical model, as well as its more contemporary variant, the
Robertson unit membrane hypothesis, membranes are seen to consist of a
bimolecular leaflet of phospholipid sandwiched between two layers of
globular protein. The nen~-polar fatty acid chains of the phospholipid are
oriented inward, perpendicular to the plane of the membrane system. The
polar groups of the phospholipid at the external surface of the bimolecular
leaflet are presumed to bond electrostatically to the protein, affording
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two essentially separate but continuous phases. Excellent reviews and
critiques of these earlier hypotheses are availablels7,

Because of the potentially great heuristic value of knowledge
about membrane structure, the following three sections are devoted to a
summary of the repeating unit concept as it appears most relevant to the
study of receptor systems. Mention is made of the molecular nature of the
repedting units, the types of cohesive and repulsive forces that appear to
be important in membrane systems, and discernible relationships between
form and function. The probable mode of membrane biosynthesis is reviewed
as a likely source of fundamental insights.

Membrane Formation - The formation of a biological membrane,
according to the repeating unit viewpoint, begins with the genetically-
controlled synthesis of the individual component proteins and phospholipida
These interact through specific hydrophobic bond formation to afford one
repeating unit or macromolecular lipoprotein complex. It assumes the con-
formation thermodynamically most stable under physiological conditions.

The repeating units then aggregate in two dimensions with similar (or dif=-
ferent but compatible) particles to form the membrane continuum. This
latter process occurs spontaneously in the proper environment and requires
no "informational" molecules. The resulting structure is dynamic in char-
acter. A constant input of metabolic energy 1s required to maintain its
structural integrity, and it undergoes conformational changes quite readily
under the influence of various stimuli.

In contrast to classical membrane theory, the repeating unit
concept is clearly compatible with the fundamentals of molecular genetics,
in that organization and function are controlled through the mechanisms of
protein synthesis. Genetically-determined amino acid sequences are seen
to afford protein tertiary structures characterized by a hydrophobic
interior that could facilitate specific associations with the 1lipid chains
of particular phospholipid components. It is an established fact that the
phospholipids of mammalian tissue are highly specific as to their fatty
acid content (another point of genetic control), so that one would antic-
ipate a high order of influence for the protein amino acid sequence on
which lipids are most stably bound to them, as well as where and how they
are bound. This, in turn, would largely determine the tertiary structure
of the protein~phospholipid macromolecular complex, including such key
features as the distribution of polar functionality on the membrane surface.

The phospholipid component appears to determine the preferred
mode of combination of repeating units with one another. Lipid=-free
particles polymerize to three-dimensional aggregates, which are essentially
bulk phases devoid of enzymatic activity. Reilntroduction of phospholipid
restricts the repeating units to ''side to side' interactions involving
predominantly hydrophobic protein=to=-protein bonds. This type of inter-
action affords an enzymatically-active membrane continuum. It has been
concluded, therefore, that the essentiality of phospholipid for normal
enzymatic function in such systems reflects .heir ability to '"direct"
membrane formation rather than any specific chemical effect exerted
directly on the enzymes.
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Repeating Unit Composition - The repeating units that have been
detected in various types of cell membranes appear to be made up of so-
called base pieces, which are the sub-units essential to membrane formation,
and detachable portions (headpieces and stalks) which contain enzymatic
activity, but are not essential to the membrane continuum per se. The
headpiece and stalk can be detached through procedures such as sonication
or detergent action, without disruption of the membrane. The repeating
units themselves can also be disassociated by detergent action. Upon re=
moval of the disassociating influence, the units will spontaneously
reaggregate to form vesicular membranes. Going one step further, solvent
extraction of lipid from repeating units removes their ability to form
membranes, but this can be restored by reintroduction of the extracted
lipid. The tendency to form membranes would, therefore, seem to be an
expression of the intrinsic chemical properties of these lipoprotein
repeating units.

The molecular weight of repeating units appears to range from
50,000 to over a million. The particles from inner mitochondrial membrane,
for example, have a size (MW about 1.3 million; diameter about 150A) that
corresponds to about 600 phospholipid molecules (MW = 800) and 30 protein
molecules (MW = 25,000). On the assumption that the base piece constitutes
about 40% of the entire repeating unit, Green and Goldberger6 estimate that
it would contain about six each of structural and catalytic proteins, along
with about 240 phospholipid molecules. Membranes commonly appear to possess
structural and catalytic proteins in about a 1:1 ratio.

Membrane Function - The primary functional properties manifested
by plasma membranes include a selective permeability toward ions and
molecules, the ability to translocate such species at the expense of
metabolic energy, and highly specialized enzymatic activities characteris=-
tic of the function of the parent tissue. They also often contain gly-
colytic enzymes to help meet energy needs. Determining the location of
the enzymatic activity responsible for any of these functions is a com-
plicated problem in itself. Most systems are characterized by a multi-
plicity of membranes, single membranes being the exception. Location thus
becomes a question of which membrane, which species of repeating unit, and
which sector of the repeating unit is involwved.

Repeating units of varying composition can apparently be
sufficiently complimentary to form a given membrane, and enzymatic prop-
erties are often parcelled out in blocs to different species of repeating
units. For example, it is felt that the inner membrane of the mitochon-
drion may be comprised of as many as ten species of elementary particles,
each chemically and enzymatically different, with electron transfer involv=-
ing a set of four of these.

It is intriguing to speculate whether this same kind of ultra-
structural differentiation (different repeating units) underlies the
recognized ability of a single type of smooth muscle cell, for example, to
respond to stimulation by a number of different hormones and humoral sub-
stances, each in a chemically precise but different way. Hokin8 has already
suggested the existence of "membrane patches of active liproprotein
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specialized to carry out various functions."

Permeability characteristics toward ions and polar molecules,
which vary greatly among membranes, presumably reflect the tightness of
fit among repeating units, as well as the nature of the functionality
lining the potential pores or channels. Permeability modification, by
metal ions for example, is attributable to their ability to change the
size, shape and volume of repeating units, presumably by interacting with
phospholipid anionic centers. This can induce phase transitions? which
profoundly alter the nature of the membrane. In fact, the action of metal
ions can entirely transform the shape of the organelle or cell involved.

Selected References on Membrane Biology - A number of other
important papers and books on membrane biology have been published recently.
Kavanau'" has written two provocative volumes in which he views the bio-
logical membrane as a dynamic and highly labile entity, shifting between
different substructural states with different phases of function. The
proceedin%s of symposia on membrane biology have been reviewed!l and pub~
lishedl2 The complexities of membrane phospholipids have been reviewed
in some detalll ‘17, and their role in membrane function analyzed, espe=-
cially by the Hokinsls. Wolfe has provided a useful review of cell
membrane const%&usnts as they relate to transport mechanisms. Kennedy and
his colleagues have conducted well-designed experiments with the
B~galactoside permease system in E, coli. Other noteworthy papers discuss
the properties and stabilization of lysosomal membranes 3 and the similar
effects of phospholipase C (a phospholipid zydrolyZLng enzyme) and insulin
on glucose transport in isolated fat cells?

Two recent studies25126, on the molecular nature of cell membrane
protein offer an excellent illustration of the power of modern instrumental
techniques in this field of biology. They provide evidence that supports a
model of membrane structure closely akin to the repeating unit visualization,
through the use of ORD and CD coupled with refined methads of membrane
fractionation. Additional information of importance was obtained on the
degree of similarity among membrane structural proteins from different
types of cells, the proportion of membrane protein that seems to assume a
helical conformation, and the hydroghobic nature of the membrane interior.
These same two papers and others? serve as excellent leading rzferences
to methods of membrane isolation and fractionation. IR33 and NMR3* studies
on membrane fractions have been performed with less rewarding results than
the ORD and CD efforts cited.

Changeaux and his colleagues35 have analyzed the amplifying
properties of repeating unit membranes as they respond to ligand binding,
from a viewpoint that reflects previous association with Monod3® in the
field of regulatory enzyme mechanisms. The result is a generalized math-
ematical model of the so-called cooperative properties of membranes. In
effect, this constitutes the first receptor theory specifically related to
the new concept of membrane structure, in that it emphasizes the relation-
ship between the conformational transitions undergone by repeating units
and ligand (drug) binding. One prediction of the model is that the concept
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of "intrinsic activity" of a drug, as introduced by Ariéhs, is an unnecessary
one,

Receptor Systems

The proceedings of a recent conference on adrenergic blocking
drugs37 contain a wealth of material. Belleau3’ provides a provocative
stereochemical model for the adrenergic O=-receptor based on the idea of
catalysis of ATP cleavage to %gP by a~agonists, as proposed recently in the
"dynamic receptor' hypothesis 39, Certain of the structural speculations
offered are clearly influenced by his assumption that the membrane cation
transport ATPase system is involved. This is unfortunate, since the primary
influence of O=-agonists on cation transport (rapid K+ efflux) is just the
opposite of the result to be expected from stimulation of that system, The
ability of norepinephrine to stimulate the rate of a different phosphate
ester-hydrolyzing enzyme has recently been demonstrated in a synaptic
membrane fraction from rat brain homogenates™".

Robison, Butcher and Sutherland3’ speculate that both ¢~ and
p-adrenergic receptor mechanisms are related to adenyl cyclase. Criticism
of this hypothesis is summarized by Cotten3’,

Three different laboratories have reported studies of the
adrenergic q-receptor employing labeled, insurmountable antagonists of the
p-haloalkylamine type, which bind covalently to an essential component of
this syifeg2 The carefully-designed experiments of Triggle and his col=-
leagues show quite clearly that the usefulness of this type of
adrenergic blocking agent for receptor "structure" studies is severely
limited by their low tissue specificity. For example, uptake of H3-labeled
N~ (2-bromoethyl)}-N-ethyl-N~l-naphthylmethylamine by Q-receptor-containing
tissue proves to be a linear function of the bath concentration of drug,
even at concentrations well beyond the amount required to effect complete
pharmacological blockade. It is intriguing to speculate whether this ex-
perimental approach might prove more fruitful when applied to an appropriate
membrane fraction rich in receptor material. This question seems likely to
receive attention as soon as the necessary isolation and purification tech-
niques are mastered in laboratories conducting receptor research,

Despite experimental limitations, these studies with B-haloalky-
lamine antagonists have led to certain conclusions regarding the concentra-
tion of O~receptors and the significance of ''spare receptors' in rabbit
aortic strips. Lewis and Miller43,4% have analyzed the same problems, using
H3-phenoxybenzamine in rat seminal vesicle preparations.

Both of these groups and another from Manitoba®> have offered
criticism of certain of the data and conclusions from an earlier study by
Dikstein and Sulman46, especially the suggestion that alkylation by
Dibenamine involves a cephalin-like fraction of the ~adrenergic receptor
system.

Studies on isolated guinea pig vas deferens tissue47 have been
interpreted as showing that trypsin can reverse an insurmountable blockade
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of adrenergic Q-receptors established with a B-haloalkylamine. The authors
conclude that the anionic site of the receptor is a carboxyl group derived
from arginine or lysine. However, attempts to repeat these experiments
elsewhere™! have served to demonstrate that the increased responsiveness

of alkylated tissue toward Q=-agonists, observed following incubation with
trypsin, also occurs with non-alkylated (untreated) tissue. Furthermore,
proteolytic enzymes unrelated to trypsin in their action are also capable

of reversing the blockade, suggesting that the tissue modification involved
in restoring sensitivity is not directly related to the drug-receptor complex.

Gillespie48’49 has employed fluorescence techniques to show that
smooth muscle membrane can bind norepinephrine, and that this binding can
be prevented by prior treatment with the Ci-adrenergic blocking agent,
phenoxybenzamine.

A recent series of pharmacological studies has analyzed certain
steric aspects of adrenergic drug structuresd0,51

Biel and Lum®? and Aridns>’ have reviewed the rapidly expanding
field of B-adrenergic receptor blocking agents, emphasizing their pharmacol-
ogy and important structure-activity relationships.

Pratesi, Lilla and Grana®3 have analyzed a group of nuclear-
substituted N-isopropylphenethanolamines for the relationship between their
properties as B-adrenergic blocking agents and their lipophilic character.
A linear correlation was observed between lipophilicity(7T in the Hantsch
sense) and non-specific spasmolytic activity, but specific, competitive
antagonist activity at PB-receptors proved to be a quadratic function of TT.

Wenke has done a scholarly analysis of the effects of catecho=-
lamines, their analogs, and various blocking agents on the adrenergic
receptors re%ulating lipid mobilization in adipose tissue. His reviews of
the subject3 ’54,as well as experimental studies published recently with
several colleagues”’, go far to dispel existing confusion about the nature
of the adrenergic receptor mechanisms that serve to regulate lipolysis.

The relationship between an observed physiological response and
the receptor event that triggers it often introduces complexities that are
a source of serious confusion to those studying mechanism at the receptor
level. Any knowledge that contributes to a better understanding of such
relationships is worth having. The so-called cascade reaction, wherein a
weak initial stimulus undergoes a series of amplification reactions to pro-
vide a strong ultimate response, has been clearlg explained, using
epinephrine-induced glycogenolysis as an example 6 Visual excitation and
the blood coagulation mechanism are other recognized examples of cascade
processes~’,

A generalized analysis of the stimulus-response-recovery cycle 58
and its relationship to receptors has been offered by Dikstein and Sulman™".

A preliminary attempt has been made to label the muscarxinic
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cholinergic receptor, along lines similar to the (-adrenergic receptor
studies already mentioned>?. H3-Dibenamine was employed, with atropine as
protecting agent. Future experiments will doubtless employ the new alky=-
lating species, N=2-chloroethyl-«N-methyl-2~aminocethyl benzilate, recently
described by Gill and Rang6o. This compound, which is analogous in struc=-
ture to benzilylcholine, is a highly specific, long-lasting antagonist
which effectively inhibits the muscarinic actions of exogenous acetyl=
choline. Benzilylcholine and hyoscine protect against the pharmacological
blockade it induces.

Ariénsél’éz has reported finding potent anticholinergic activ-
ity among benzilylcholine analogs devoid of any cationic head (amine moiety).
The concept of an interaction of a competitive antagonist with a receptor
area "additional' to that occupied by the corresponding agonist would appear
to have important implications to the analysis of receptor mechanisms at
the molecular level.

Elucidation of the molecular nature of another cholinergic re-
ceptor system, the enzyme acetylcholinesterase, is also being attempted
through the use of specific, irreversible inhibitors. Belleau and Tani
have recently demonstrated that N,N-dimethyl-2-chloro-2 phenylethylamine
inactivates erythrocyte acetylcholinesterase when acetylcholine is the
substrate.,. Other workers®™ have provided evidence that the action of this
compound involves alkylation at or near the anionic site of the enzyme,
rather then at the esteratic site. Future studies of this sysgem may well
be conducted with pure, crystalline enzyme, if a recent report > of the
crystallization of acetylcholinesterase from eel electric tissue can be
confirmed.

Changeaux66 has studied the effect of changing ionic strength on
an elasmobranch acetylcholinesterase preparation. In solutions of low salt
concentration, the enzyme tends to form rapidly sedimenting aggregates and
displays a high affinity for its substrate as well as for inhibitors like
decamethonium. Curare-like drugs, which are ordinarily rather poor inhib-
itors of the enzyme, actually bind to it rather strongly under these con-
ditions. The results are analyzed from a viewpoint that assumes the
existence of two conformational states of the enzyme in reversible equil-
ibrium with one another.

Mapping studies of acetylcholinesterase have been conducted in
the intact electroplax with a series of inhibitory l-methyl~hydroxyquino~
linium compounds 7. The presence of a hydroxyl group located about 5A,
from the quaternary nitrogen (as in l-methyl-7-hydroxyquinolinium iodide),
increases the inhibitory strength more than a hundredfold.

Spectral studies of acetylcholine in solution68 support the con-
clusion that the influence of the quaternary nitrogen on the reactivity of
the carbonyl group is inductive in nature and is not transmitted directly
through space.

Cuthbert®? has made a careful study of the effect of various
hydrolytic enzymes on acetylcholine~responsive systems in guinea pig
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taenia coli.

Hydrolytic enzymes have also proven useful in_locating certain
steroid hormone receptor systems. Fanestil and Edelman’® have provided
evidence that aldosterone receptor sites are located in the nuclei of
kidney cells, by showing that the action of trypsin or a proteinase from

griseus decreases the ability of these nuclear sites to bind H3-aldosterone.
The same principle has been employed71 to demonstrate the nuclear-
myofibrillar site of estrogenic hormone receptors in the immature rat
uterus, bound H3-estradiol being released in this instance.

Offermeier and Ari%ns72, in an extensive and systematic study of
the serotonin receptors in rat fundus and calf tracheal muscle, were able
to confirm the experimental observations of Woolley and Gommi regarding the
effects of sialidase and EDTA on smooth muscle sensitivity towards
serotonin. However, they strongly criticized the earlier conclusion that
a particular ganglioside is the serotonin receptor. Their work reveals
that the observed effects are mainly attributable to EDTA alone, and are
probably the result of calcium chelation.

Ash and Schild’3 have made a systematic analysis of the various
types of histamine receptors, using several histamine analogs. From stud-
ies of gastric secretion, inhibition of uterine stimulation with carbachol,
and stimulation of ileal smooth muscle, they conclude that there are at
least two classes of histamine receptors.

Leading concepts of the nature of the analgesic receptor, as well
as pertinent stereochemical studies of narcotic analgesics, have been re~
viewed by Portoghese74. Differing modes of drug-receptor association and
the phenomenon of induced fit are favored as possible explanations for some
of the complexities that characterize structure-activity relationships in
this field.

Two sym‘posia75:'76 dealing with water and its structural signifi-
cance in biological systems offer provocative reading for those interested
in receptor mechanisms.

Instrumental Methods

The elucidation of macromolecular structures, and the investigation
of how smaller molecules such as substrates bind to these substances, con-
tinues to be successfully accomplished through the use of modern physical
techniques. It seems inevitable that these methods will make important con-
tributions to future studies of receptor systems. The egg-white lysozyme
story, involving the first successful elucidation of the three-dimensional
structure of an enzgme by x-ray crystallographic analysis, has been well
told by Phillips’’ NMR spectroscopic studies/? of the egg-white enzyme
have revealed perturbations of the amide group in certain N-acetamido
sugars bound as substrates.

In general, x=~ray structural studies of biochemical interest80
are being reported with increasing frequency. For example, two groups have
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just described the structure of the complex enzyme, ribonuclease81-83,

Computer-based approaches to molecular model-building_s4 offer
promise as potentially facile methods of gaining structural information
about complex molecules of biological interest.

Circular dichroism studies of proteins and nucleic acids85 are
providing useful data on conformations in solution and their modification
by various agents. Studies of the binding of N-acetylglucosamine to egg-
white lysozyme®® and of acetazolamide to human carbonic anhydrase87
exemplify the application of this technique to the measurement of conform-
ational changes induced in enzymes by small molecule substrates and
inhibitors.
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Chapter 23. Fate and Distribution of Drugs
D.A. Buyske and D, Dvornik, Ayerst Laboratories, Montreal, Canada.

The present chapter has been written to bring the review presented
last year up to date. Approximately 1100 references as listed in the
Ringdoc Abstracts were examined; amongst them, 70 were selected from those
reporting either new findings or biochemical transformations of structures
not mentioned last year. Again, data are arranged in tabular form and
include main pharmacodynamic property, chemical name or the generic name
as listed in the Merck Index; structural formula (* indicates use of radio-
active compound), with arrows indicating site(s) of biochemical reaction(s)
described in the accompanying text. Abbreviations used: UCC, unchanged
(parent) compound; (M) major; (m) minor; (tr) trace; (A) pharmacologically
active; conj. for conjugated; gluc., glucuronide and sulf., sulfate,
respectively.

Upon examination of the reports dealing with some aspect of drug
metabolism and published in 1966, we have been left with the following
impressions. Firstly, one is overwhelmed by the number of studies
exploring the metabolic fate of drugs and related substances., It appears
that such studies are being undertaken as soon as a pharmacologically
active substance begins to look like a potential candidate for clinical
investigations. Often, labelled compounds are used; in the past, con-
clusions from absorption, distribution and excretion studies were based
on data representing recoveries of total radicactivity, i.e. comprising
the parent compound as well as its metabolite(s); nowadays, an attempt
is usually made to recognize the main biochemical transformation(s) of
a substance so as to differentiate the unchanged parent substance from
its metabolite(s) in respect to distribution, life-time and excretion
and, especially, to uncover whether pharmacodynamic activity is due to
the parent substance or to its metabolite(s). As a consequence, data and
experience gathered from such studies affect the future of a pharmacolog-
ically active substance in more than one way.

Regarding the biochemical transformations which occur on a substance
in vivo, in spite of variation with species, the metabolic fate of many a
compound can be anticipated with a considerable degree of confidence; this
can be done because there are only few biochemical reactions involved in
the process of rendering circulating substances more hydrophillic - though
not necessarily less biologically active or less toxic. The paucity of
these biochemical reactions coupled with the practically unlimited number
of substances which are, or which can be metabolized, reflect the low
degree of substrate specificity of the enzyme system(s) determining the
fate of a substance in vivo; the enzyme system(s) involved in hydroxyl-
ation(s), for example, can hydroxylate a great variety of structurally
quite different compounds.
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At this point it is pertinent to recall the capacity of many sub-
stances to alter - enhance or block - the activity of enzyme system(s):
while lasting, the change may affect not only the fate of the substance
which caused it; because of the low substrate specificity mentioned above,
the change may also affect the fate of any other substrate subsequently in
contact with the respective enzyme system(s). It is of considerable
importance to take the phenomena of enzyme inhibition and, particularly,
of enzyme induction into consideration whenever the biological activity or
the metabolic fate of a compound is either discussed, studied or rational-
ized. Appreciation of these phenomena may result in more frequent use of
agents known to affect the activity of microsomal enzyme systems for a
specific purpose: to alter the physiological or the pharmacodynamic effects
of endogenous or exogenous substances merely by altering their metabolic
fate.

An inspiring, and likely the first, example for the therapeutic
application of enzyme induction to affect the metabolic fate of an endog-
enous substance has recently been reported by Yaffe and his associates
(71): phenobarbital treatment has been used to prevent hyperbilirubinemia:
by inducing the glucuronyl transferase, enhanced glucuronide formation
enabled increased bilirubin excretion and resulted in decreased serum bili-
rubin concentration.
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SOME METABCLIC TRANSFORMATIONS REPORTED IN 1966

pATIPRTER
CHBVHELHaﬂ

l1-Halopropanes
(X=Cl, Br, I)

f
hBC—f—CH3

Dimethylsulfoxide

v

//CH5

H N-N
2 \\R

Methylhydrazine*

(R=H, or CHB)

Toxic.from Blighia sapida

, Jl’OH
HC ==q<;;7——0h2?HC o
NH

2

Hypoglycin A

New metab. of propylbromide (I) in
rat is n-propylmercapturic acid sul-
foxide (14%), trace of S-contg.
metab. suggest that S-alkyl. cystein
residues formed only with (I) (1).
Haloalkanes gen. metab. to mercap-
turic ac., and similar S-linked conj.
Addl. metab. reaction is hydroxy-
lation (2).

In rat, man: oxid. to Mep302 (rat,
15%; man, 3%); rest is UCC (3). 1In
rabbit, UCC (35%), red. to MepS (ex-
haled); oxid. to MepS02 (9.5%) (4).
MepS02 (i.p.). in rat (64%) (3) and
rabbits (75%) (4) excr. as UCC. MepS
(i.p.), in rabbit: UCC (exhaled);
MepSO (approx. 9%) and MepSOp (approx.
10%) (in urine) (4).

In rat: oxid. demethyl. to CO, for
dimethyl deriv. dependent on dose;
approx. 50% of monomethyl deriv.
demethylated to equal quantities of
CO> and CHy(5).

In rats, rapidly oxid. In vitro,
transamin. and decarbox. to methyl-
ene-cyclopropaneacetate (6), which
blocks fatty acid ()Cyploxid. in
vitro; tox. of hypoglycin prob.due to
this metab. (7).
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Surfactant

cH Ch
3

vﬂ (uh ) CH G OBNa

TM

2-Ethylhexyl sulfate®

Hypoglycemic

’

CH,CH_(CH., ) ,NHCNHC
NH NH
1-Butylbiguanide*®
o
Ngc
Ly
|3
OH
N-Acetyl-N-phenylhydroxylamine
CNS Stimulant
cy
CH,

d- Ampbvvarlne*

In rat: UCC (60%); 2-ethyl~ 2.3-
dihydroxyhexanoic acid (30%);
ethylhexanoyl gluc. (5%); 2- ethyl—

hexanol (1%). In rabbits, mainly
vce (8).

3-Hydroxy-deriv. only metab. in
guinea pig, mouse, rat and rabbit.
Hypoglycemic eff. proportional to
UCC: high in rat, none in rabbit.
In man, only UCC (9).

In rabbit, the N-O-C gluc. isolated
and identif.; in contrast to N-glue.,
the N-O-C gluc. is completely hydrol.
by B-glucuronidase (10).

ucc, rat (m), dog (M), monkey (M)
(11), man (M) (12,13), rab. (tr);
p~-CH and gluc., rat (M), dog (m),
monkey (tr) (11), rab., man (m) (12);
benzylmethylketone, rab. (m), dog
(tr); phenylpropanol, rab. (m), dog
(tr) (12); hippuric ac., rat (tr),
dog (M), monkey (m) (11), rab., man
(M) (12,13). 1In rat, diff. in metab.
of (+) and (-) forms (12).
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HO Chzcﬂahhz
Tyramine*
Antibiotic

‘\ HNCOCH
x\\‘ \ coc Cl2
02N ?HCHCHzoﬂ
51

Chloramphenicol

Anti-inflammatory

\u

]
ChzﬁhOH

0]

CHB(Chz)BO
4-Butoxyphenylacetyl-hydroxamic acid®

Analgesic

4Ok
NCCH,,

Acetovhenetidine
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In rabbit: p-OH-phenylacetate
major metab. Also, B-oxid., oxid.
deam., m-hydrox. and m-O-methyl.;
important finding: depending on
sequence, octopamine (approx. 7%)
and/or catecholamines are formed (14).

In cult. medium of bact. growing
on chloramphenicol as source of C,
series of metabolites identified,
indicating stepwise degradation to
B-carboxy-cis,cis-muconic acid (15).

In rat, UCC (m); of the 11 metabo-
lites, 4-butoxyphenylacetamide and
corresp. acid identified. Rapid
abs. and distrib. (rat, rabbit);
after 48 hr approx. 45% in urine,
30% in faeces (UCC) (16).

In man, rat: UCC (tr); U-dealkyl.
and gluc. (man 28%, rat 22%), sulf,
(man 8%, rat 6%); m-hydroxyl. (rat.
{0.01%). o-Sulfonyloxy-metab. is
new (17). 2-Hydroxyl. new metab.
in cat, dog, man; also, N-OH-metab.

(tr) (18).
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Hypoglycemic
"¥) 50 WgP(CH ),CH
Is D 1 \]
> Zé 4 2373
Tolbutamide™

Anti-leprosy

=C
T

H N 8 %
2 i I\11{2
o
Dapsone
Herbicides
\N Cl
——p R
Cl

2,6=-Dichlorobenzonitrile (R=CN)
2,6-Dichlorothiobenzamide (R=CSNH,)

Insecticide
\\‘Cébl 0
Ct g——O——g—OC H
T /CCZH
*

Chlorphenvinphos
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In man, 85% recovered as 4-CHpOH~-
and 4~COOH metabolites. In rat, 4~
CHpOH (M) with 4-COOH_(tr) and N-
dealk. (tr).. Use of -H-label clari-
fied earlier discrepancies. In rat,
rel, amts. of metabolites not changed
after chronic admin. (19).

In man, the sulfone well abs. and
excr. (75%/24 hr), slowly metab.:
UCC (up to 41%, pH-depend.); probably
N-conj. (gluc.) (27%). Corresp.
sulfoxide less well absorbed; oxid.
to sulfone (10%) (20).

In rat, rab., dog: rapid abs.,
metab. and excr. UCC (tr); 3-OH (M),
4-OH (M) and conj. (gluc., sulf.,
marcapturic ac.); CN hydrol. (tr)
(21,22). Fate of thiobenzamide
similar, as nitrile major metab. (21).
Phenolic metab. uncouple oxid. phos-
phoryl.., may explain hepatotox. (in
rab.) (23).

Completely metabolized in rat, dog;
O-des-ethylation with side-chain de-
chlorination, dephosphorylation and
side-chain oxid. to produce 6-7
metabolites (24).
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Muscle relaxant

HBC
b (T
Obhé— O'/J§
H_C ©
AN
Metaxalone
Coccidiostat
SN
H é%? )
v CCCH
20 >
0 \
OC2H5
Ethopabate*

CN depressant

I
- P
?Hz?HCnZO Cuﬂ20d3
OH CH
CH,C
3

Meprophendiol

Hallucinogen
*H_CO
3

HBCO -—CH2CH2NH2

H,CO
3

Mescalin™®
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In dog, man: oxid. of 3-methyl to
COOH (27%) followed by conj. (gluc.)
(17%); cleavage of ether bond (m).
Rapid excr. (48 hr) in rabbit (96%)
and rat (71%), slow in dog (11%).
Metabolism similar in rabbit and dog,
different in rat (25).

In chicken: ester hydrol. (20%),
with (a) N-des-acetylation (15%),
(b) N-des-acetylation, S-hydroxyl.
and conj. (sulf.) (25%); unident.
conj. (25%) (26).

Ucc, rat (M), rabbit (m); progress-
ive oxid. of glycerol chain: corresp.
deriv. of a-OH-propionic acid, rat
(m), rabbit (M) and of acetic acid,
rat (m), rabbit (tr). Both metabo-
lites lack CN depressant act. (27).

In man: rapid abs., metab. and
excr. (87%); UCC (55-60%); oxid.
deamin. (27-30%); N-acetylation
(0.1%); N-acetylation and 5-O-demeth.
(5%). Fattern of metab. in cerebro-
sp. fl. indicates N-acetyl. more
important in CNS than oxid. deamin.
N-Ac-metabolite inact. in man (28).
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Estrogen
C.H
\ aw,
HO =C OH In rat, conj. (monogluc.) and 3
unidentified metabolites; glucuronide
excreted via bile (29).
Stilbestrol®
Carcinogen

In rabbit, 7 metabolites which
include hydroxylation with conj.
L (gluc., sulf.); N-gluc; reduction
h and fission of azo-bond (30).

1-Phenylazo-2-naphthol

Antioxidant
(H C) C C CH
( ) In rat, dibenzylether is split
with subsequent oxidation to corresp.
——CH OCH OH benzoic acid (M) and its ester glu-
curonide (M). Intermediate aldehyde
also found (m) (31).
(H L) 5C ((,H )
Ionox .201',6
Antituberculosis
C.H
2%s /

y ﬁ In man (32), mice, rats and dogs,
N A\ CNH ethionamide and the sulfoxide (its
2 metab,) are interconvertible: both
appear in blood, irresp. of which
cpd. was given (33).

Ethioniamide
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Anti-cholinesterase-inhibitor

Kok 2BT Hox
CH Cli

= -~

>+ I N !

N

=+

CH26H20H2

02h5
02515

Methyprylon

- C l
) | 2
' CHCHE_CH,CH
. / 27273
/' 1> CH,CH, scH3

Methitural

C ‘i
o=<
CH \,H C“(,H

5-Ethyl-5-crotylbarbituric acid

THB-4¥

Hypnotic

=~

<z

-r
<2

jas}
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In rat (i.p.): UCC (large quant.);
dehydration to mono-CN metabolite;
additional metabolites detected

(34).

In man, 6-oxo metabolite is new

(35).

In dog, three new metabolites
isolated: 3'-carboxy-, sulfoxy-
and sulfono-derivatives of barbi-
turic acid (36).

In rat, oxidation of terminal C-
at. to acid (M) of interest since
usually, penultimate C-at. is
oxidized. Addl. metab. found (tr)
(probably unsat. alcohol) (37).
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Antiprotozoa
N Metab. pattern similar in man and
' , dog: UCC ()60%); oxid. of CHpOH to
/U\ COOH ()25%); ether gluc. of CHpOH
C_H N CH, (>5%); no reduction of NOp detected
° b cH,OH (38).
2a 2]
Metronidazole

Anthelmintic

~
Thiazothienol COCE,
Antibacterial
CCF
\ &
H // \
[J
o oh Cw N
xlzN bOeN
\ N::x(
OCH
>
Sulfadimethoxine
CH
CH

\

Indane~1,2-diol

Major metabolite (in faeces) is
5,6-dihydro-6-(2-thienyl)imidazo[2,1~
blthiazole, more potent antihelmintic
than parent drug. Finding led to
synthesis of tetramisole (corresp.
6-phenyl-thiazoline deriv.), potent
broad-spectrum antihelmintic (39,40).

Metab. of CHzO-subst. 6-sulphanil-
amidopyrimidines depends on pos. of
CHz0; e.g. (a) 2,4,5-(0CHz)z: N'-
conj. (gluc.), monkey (M), rat, rab.
{m); N*-acetyl., monkey (m), rat,rab.
(1); (b) 2,5-(0CHz)p: UCC (M); Ni-
acetyl.(tr); N+*-conj. (gluc., sulf.)
(tr) (41).

Metab. studies with the cis- and
trans- form in the rat suggest that
interconversion occurs via oxidation
to ketone and reduction back to
alcochol (42).
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Decalone, 1 or 2

Insecticide
Ci

Cl

Cl
Ccl

Dihydroaldrin

Adrenergic 8-blocker

l H
[)
. v e
_._, OCHCHCH, CHCH,
OH CH
{QIllbb \ 3
Fropranolol

Anti~-inflammatory
CONH

i 2
O (‘I\,HECHeN(CHB)E

Naphthypramide
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The metabolism of the isomeric
forms of 1- and 2-decalone was
investig. in the rabbit: reduction
to alcohol (10-50%) and conj. (gluc.)
(20-50%) (M) (43).

In housefly and pig microsomes:
mixt. of endo- and exo-6-OH-metab.
Inhib. of hydroxylation by sesoxane,
may account for synergism in vivo.
In vitro, dihydroaldrin inhibits
competitively the epoxidation of
aldrin (44).

In mice, rats, guinea pig and man:
UcC (tr); conj. (gluc.); 4'-hydroxy-
lation followed by conj. (gluc.) (M);
oxidative deamination (approx. 30%)

(45).

Not metabolized in rat, rabbit,
man. In man, 50% excr./24 hr. 1In
rabbit, 48% undergoes tubular re-
absorption (46).
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Stimuiants
CH.,CNHOE .
r E'Nq 3 Hydroxylamine moiety reduced to
Rl corresp. amine by mouse tissues.
\ Metab. probably responsible for

—s

—_

Indolylalkylhydroxylamines
(R1= H or CH})

5-Methoxytryvptoghol

N~

Methoxyindoles

Methoxyoxindoles

stimulant action (47).

In rat: oxid. to corresp. acid
(93%); conj. (vrob. with glycine)
(m); hence, 5-methoxyindole-3-acetate
acid in pineal tissue is probably a
metabolite of 5-methoxytryptophol
rather than the product of pineal
hydroxyindol-O-methyltransferase
(48).

In rat, guinea pig, rabbit: O-des-
methyl. of 5-OClz and 6-0Cli3 derivs.;
5-hydroxyl. and partial O-des-methyl.
of 4~0CHz and 7—OCH§ derivs, In vitro
O-des-methyl. in rat liver slices,
but not in microsom. prep. (439).

In vitro comparison of O~ and N-
demethyl. and ring-hydroxyl. of 4-
isomeric methoxy- and N-methyl-
methoxyoxindoles by rat, guinea pig
and rabbit liver microsomes. Large
differences noted (50).
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Diagnostic aid
Food colour

) 0 0
Ka,$ L S0,Na
i /ﬂ it
FD and C Blue No.2
Hemostatic
Adrenochrome semicarbazone*
Vit. E-act.
R
¥ 1
RN
2 CH
/1 ¢ I 3
H.CH.CH H
. o] (c:ac ECracH)BCHB
73 . f CH
CH *
3 3

«=Tocopheramine (R)=CHz, R2=H)*

N-Me thyl-Y-tocopheramine (R} =Il,Rp=CHz)

H
N-R

N

c1 %

N
. =i (C YYNCH T
I:R ?n(cHZ,g§?r20n3
CH
3

Cli,CH X

(a) X=H; (b) X=CH
. T: SN AT AN I } I \TT
: R C6h5FOC}2giC}2On

jot
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In rats (i.v.), bile (10%/30 min),
urine (65%/6 hr): UCC (45%), isatin-
S-sulfon. (12%), sulfoanthranilate
(6%); orally, poor abs. (3%/72 hr
urine). Interpretation of kidney
function test may be complicated if
dye is metabolized in humans (51).

In rat, 90% UCC; three minor
metabolites formed: one unidentif.,
other two are sulf. conj. of phenolic
OH of corresp. indole derivs., with
and without retention of semicarba-
zone (52).

In rats, both cpds. have similar
absorption and distribution pattern.
Same final metabs. as oa~tocopherol,
but vit. E-act. not due to metab-
olism to a-tocopherol (53).

Chloroquine (Ia), Hydroxychloro-
quine (Ib): In man: UCC (60%); N-
desethyl. (37%); N-bis-desethyl.
(3%); oxid. deam. (tr), subsq.redn.
or oxid. (monkey). Metab. of metabs.
reported (54).

Glycerylaminophenaquine (II): In
man: UCC; hydrol. to corresp. free
acid (M); no conj. (55,56).
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Antihypertensive
In dog: UCC (15%); transamidination
o to arginine (M) (5%) and guanidyl-
acetate, the latter giving rise to
5 i creatine (10%) and creatinine (15%);:
I s hydrol. to urea (4%), but no des-
0 anNhC\\Y” imidation; aromatic hydroxylation
N“g (4%), probably at C-7 (57).
Gue noxan*
Hypnotic ~a In rat, man: UCC; hydroxyl. and
CH} conj. (gluc.) (M) (58). In rat,rab.,
I/ dog, Rhesus monkey, man: 3'-OH; 4'-
\ OH; 6-0l; hydroxyl. of 2'-CH3., In
- rat, rab.: 8-0OH (tr); hydroxyl. of
2-CH3 (not in man) (58,59). All OH-
] metab. are less active and less
T K CHB toxic (except 2'-CHpOH) (59).
Methaqualon
Xanthine Oxidase Inhibitor
CH .
In mice, dogs and man: 6-hydroxy-
~ lation (M); small amounts of ribo-
N I \N side may be formed (60).
el kN I.J/
H
Allopurinol*"
Vasodilator In rat, rabbit: UCC (tr); 5'-OH
0 CH3 (3%) with partial conj. (gluc.),
V SL 1 oxid. to 5-one ({1%) and hydroxyl.
N ] N . -
CH.CH. CH._CH.CH.CH_~N to 4',5'-diol (10-20%); oxid.cleavage
37eTeT2Tr2 T2 | /> to 3'-COOH (15-35%); diol partly
0 N’ conj. (gluc.). Equil. between 5'-o0l
N and 5'-one. l-Hexyl enhances lipid
|
CH sol., hence (a) accel. abs. (oral,
> rectal) and metab., {(b) lack of N-

1-Hexyl-3,7-dimethylxanthine
(SK-7)

dealkyl. (unchanged uric ac. excr.)

(61,62).
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Antifolic acid

9 ?OOH
H.N . ANTOL
2 N N CHNHCH
Yy’ G
N CE,N
o 2 CH,
NH CH |
2 3 COCH
Methotrexate

Psychotropic agent

H,C
3 0
H,C N
BNE
CH_-CHCH
P R I
0 CH3
Tetrabenazine
Antloestagenlc

(/H CO O

Bis(4~acetoxyphenyl jeyclohexylidene
methane *

Tranquilizer/
S

CHCH_ CH_N N
2 e

Clopenthixol
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In rabbits, 4,7-dihydroxy deriv. is
major metab. Metab. is less toxic in
mice than parent cpd. and has lower
antifolic acid activity; this may
explain resistance of rabbit to
cytotox. of methotrexate (63).

Nine metab. formed, similar in
rab., dog and man: reduction of
ketone, hydroxylation of C-2 of side
chain and selective O-demethylation
with conj. (gluc.) (64),

Rel. low rate of excr. in rats,
rab., man. UCC (rat); des-acetyl.;
bis-des-acetyl., rat (M) and conj.
(gluc.); C=C cleavage, man (M) and
conj. (gluc.). In rats, bulk excr.
in faeces. Similar data with free
di-phenol (65).

In rat, rapid abs., slow excr.;
UcC (tr); conj. (gluc.)(m); oxid. to
sulfoxide (M); N-dealkyl. (tr) with
conj. (gluc.)(m); also unidentif.,
possibly phenolic metabolites found

(66).
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Anticonvulsant ¢

lation (M); 10,1l-bis-hydroxylation

In rat, rab., dog: ring hydroxy-
}\ (trans) (m); conj. (gluc.) (67).

CONEH
P

AY-15,613%

Antidepressant

In man: following (I) or (II) 10-
OH-like derivs., partly conj. (gluc.).
Lack of 2,10~bis-hydroxylated metab.
may indicate that aromatic (2~OH)

and benzylic (10-OH) hydroxyl.
(Ch ) NC represent alternative metab. path-
ways (68).
I :Imipramine(R=CH_)
II:Desmethylimirramine (R=H)

Tranquilize~
S
=~ ’ In man, B-(2-chlorophenothiazinyl)
. propionic acid is new metabolite
cL N (0.4% of total) (69).
|
CH.CH_CH.NCE
5 xEC 2? H3
CH3

Chlorpromazine

Glucuronide is major metab. in
mice, rats, rab., and dogs. Fluoro-
metric assay described (70).

o)
O

Quindonium bromide
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Chapter 24
The Unknown Variable in Sensitization to Drugs: Drug or Host?
Max Samter and G. H. Berryman, Univ. of I1l. Col. of Med.,
Chicago, I1l. and R. G. Wiegand, Abbott Labs., No.Chicago,Ill.

Drug toxicity and sensitization to drugs (which might
cause indistinguishable clinical symptoms) differ; toxicity
has no immunological comnotations while sensitization implies
the presence of antibodies. Yet, unexpected toxicity as well
as sensitization are likely to be results of the same 'normal'
metabolic processes which are applied to any substance which
is not part of our internal environment and therefore must be
excreted. With insignificant exception, the effective excre-
tion of a drug requires its biotransformation. Deamination,
sulphoxidation, O- and N- dealkylation, hydroxylation of ring
structures, oxidation of side chains produce a wide spectrum
of metabolites.l>2 Some of these metabolites are innocuous
(as intended), some are toxic, some are neither innocuous nor
toxic, but are sufficiently reactive to sensitize, i.e. to
form co-valent bonds with macromolecular components of the
host and to render them antigenic. It is with the formation
of such antigenic determinants, 'haptens', that these reflec-
tions are concerned. Since the discussion refers, necessarily,
to concepts which have been held for a number of years, the
bibliography covers more than the immediate past.

Extensive in vitro studies have established that meta-
bolites must meet certain criteria to qualify as 'haptens'.
Davies, for instance, listed certain groupings which can be
expected to conjugate with protein e.g, -NHy (-NOy, -N=N-),
-CONHy, -NHOH, -COOH, -OH and quinones”, and the list has
lengthened in the intervening years. In spite of our in vitro
understanding, however, the incidence of clinical sensitiza-
tion seems to be without rhyme or reason.

Drugs are absorbed, transported, metabolized and excreted;
sensitization must occur along the way. Information about
physical chemistry and biological fate of drugs is generally
available. We have abundant data, for example, about
solubility, ionization, half-life, protein binding, metabolic
handling and mode of excretion of sulfonamides%>5,6; moregver,
there is no doubt that sulfonamides are able to sensitize.
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Considering our familiarity with the pharmacological
behavior of different sulfonamides, it is frustrating, indeed,
to concede defeat; no correlation appears to exist between

their structural or functional characteristics and thelr tend-
ency to become antigenic determinants. Table I - which has

been compiled and averaged from multiple sources - presents
biochemical and metabolic studies of various sulfonamides and
notes, for each, the reported incidence of sensitization. We
have been unable to find a common denominator. Even so, it 1s
instructive to take a critical look at certain hypotheses
which have been advanced.

A short half-life, for instance, does not prevent sensi-
tization since sulfanilamide (which is readily absorbed and
excreted) and sulfathiazole (which has the shortest half-life
of all sulfonamides) produce the largest number of reactions.
On the surface, 1t seems difficult to reconclile this fact with
Lehr's view that the incidence of sensitization depends on the
amount and concentration of the sulfa drug to which patients
are exposed but we shall return to a possible explanation of
this discrepancy later on.

Several authors have speculated on the role of plasma
proteins in the processing and final disposal of drugs8, and
while 1t has been suggested that conjugation of drugs or of
their metabolites with plasma proteins might produce antigenic
compounds, this tempting Hypothesis has never been verified.
On theoretical grounds, N“-acetylated or Nl—conjugated sulfa
derivatives, even if bound to albumin, should not be expected
to become antigenic determinants. Table I supports our belief
that protein binding, per se, does not explain sensitization;

some sulfonamides which, llke sulfisoxazole, are readily
bound to albumin, cause few allergic reactions. Parker has

stated that reversible binding of a slimple chemical to protein,
regardless of degree, 1s not related to its ability to sensi-

tize “, but the possibility exists, of course, that protein
binding might prevent sensitization. Sulfathiazole, however,

which probably produces the highest number of allergic sym-
toms, 1s bound to albumin at twice the rate of sulfadiazine
(which is innocuous) and at seven times the rate of sulfa-
nilamide which sensitizes a significant number of patients.
By and large, we have no evidence that reversible binding of
sulfa drugs to plasma albumin has either a positive or nega-
tive effect on sensitization.
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The renal clearance of sulfa drugs, on the other hand,
might have some bearing on their sensitizing potential, but
the connection is, at best, suggestive. Sulfanllamide is
excreted by glomerular filtration, but some of the newer
sulfonamides are reabsorbed by the renal tubules. Experi-
mental findings suggest that tubular handling of sulfa drugs
might correlate with the ability of the drug to diffuse from
an aqueous into a lipid solvent. Tubular reabsorption creates
a long half-1ife; this 1s true for sulfadimethoxine and
sulfamethoxypyridazine. While sulfadimethoxine and sulfa-
methoxypyridazine have a comparatively low incidence of 'con-
ventional' immunological reactions, they are now known to give
rise to a significant incldence of Stevens-Johnson syndrome
which is thought to represent an immunological response.
Research into its pathogenesis is complicated by the specles
specificity of the syndrome; like other phenomena which are

caused by the biotransformation of drugs, it has no counter-
part in experimental animals.

Binding of drugs to plasma albumin is 'normal', Jjust as

-acetylation or Nl-conjugation with glucuronide must be con-
sidered 'normal' events which forestall the emergence of sen-
sitizing metabolites., The low incidence of sensitization to
drugs 1in general - considering the total number of potentially
sensitizing compounds which are taken - must mean that most
drugs and their metabolites are handled with uncanny skill and
efficiency. If sensitization does take place, it might not
necessarily reflect an obligatory, built-into-the-drug forma-
tion of an antigenic determinant, but the ‘'abnormal' and
faulty handling of a potentially innocuous metabolite by a
deficlent host.

As a result of the growing suspicion that the major (and
usually well-known) metabolites of common drugs might not be

the metabolites which cause sensitization, the search for
minor metabolites has been resumed with considerable vigor in
recent years. Williams had shown some years ago that although
sulfanilamide is predominantly excreted unchanged or as an

N* - acetylated compound, a small amount is not acetylated,
but is oxidized to 3-hydroxy-sulfanilamide in amounts up to
10% of the total recovered metabolites. The same holds true
for sulfathiazole and sulfadiazine and, concelvably, for other
sulfa derivatives.l0 Weinstein makes the interesting remark
that sensitization i1s generally assumed to be caused by
oxidized rather than by acetylated metabolites; and while he
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does not give the source for this statement, there is good
reason to believe that it is correct.ll Penicillin sensitiv-
ity presents a similar case in point: after extensive studiles
of possible breakdown products, it has lately been demon-
strated that majJor sensitization might be attributed to minor
contaminants.l2 It is conceivable, in other words, that the
formation of antigenic determinants indicates that the host
has exhausted 'normal' metabolic pathways and has turned to
pathways which produce 'haptens'.

'Normal' metabolic pathways in man may be inaccessable
for a variety of reasons, e.g. a genetic absence of the appro-
priate enzymes, or their commitment elsewhere to cope with the
simultaneous adminlistration of drugs which compete for the

same substrate.l3,14,15 Or, conceivably, the administration
of large doses of a single drug which 1is ordinarily handled in

a predictable fashion by microsomal enzymes, may exceed even
briefly, thelr capacity. With this possibility in mind,
Lehr's views should be reexamined since it seems quite possi-
ble that a drug which rarely forms sensitizing metabolites
might do so when uncommonly large amounts are given.

It has never been established, however, that the appear-
ance of metabolites which can form co-valent bonds with
macromolecules in vitro, must be followed by sensitization in
vivo. It is possible that the 'biochemical integrity' of an
individual does not end with the selection of innocuous meta-
bolic pathways, but might also have access to unidentified
'mechanisms of detoxication' which neutralize antigenic
determinants before they can conjugate with homologous
'carriers'. The existence of such secondary means of protec-
tion is strongly suggested by a study which is frequently
cited in support of the hypothesis that solubllity is a
primary prerequisite for sensitization. Sulzberger and hils

assoclates placed equivalent amounts of various sulfonamides
on the base of an induced third-degree burn.16 Sulfanilamide

produced reactions in 22% of the patients, sulfathiazole
(which produces the highest incidence of sensitization if
administered systemically) in only 7%, sulfadiazine in only
5%, but the soluble sodium salt of sulfadiazine in 57%. It
seems to us that these findings do not necessarily indict
solubility as a factor in sensitization, but rather indicate
that the skin lacks a protective mechanism which is present
if the same drugs - regardless of solubility - are taken by
mouth.
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The defenses of the host are even more impressive if he
is exposed to a drug which, like chloroquine, has a wide
spectrum of reactivity in vitro as well as in vivo. This
anti-malarial and anti-amebic drug has been recommended for
the treatment of discoid and systemic lupus erythematosus, of
autosensitivity to DNA, of polymorphic light eruptions, of
rheumatoid arthritis, of hypercalcemia, and even of pulmonary
lesions in sarcoidosis.l7 1In vitro studies have demonstrated
that chloroquine inhibits multiple enzyme systems including
the NADH - cytochrome C reductase system, that it binds to
melanin and DNA, that 1t stabilizes lysosomes, that it blocks
the sulfhydryl-disulfide interchange, and that, to some degres
it suppresses inflammation. In view of this impressive array
of biologic activities, it seems remarkable that chloroquine
is a safe drug in that only a small number of patients become
sensitive to 1it.

The intricate system which channels drugs through the
various transformations involved in absorption, circulatory
transport, metabolic handling and excretion must be endowed
with certain safeguards which can prevent the development of

antigenic determinants, or the conjugation of the antigenic
determinant with a macromolecular carrier, even though the

drug or its metabolites might fulfill one or more of the
structural requirements for sensitization.

The adaption of man to chemical assault is quite extra-
ordinary. It is intriguing that we are not more vulnerable
than we are to the continued confrontation with new chemicals
which challenge our microsomal enzymes, We have been pre-
occupied, rightly, with the structural potential of drugs
and metabolites to induce sensitization. Possibly a more
productive approach would evolve from turning our attention
to the host to analyze his means for preventing sensitization
when assessment of 1n vitro characteristics of the drug 1ndi-
cate that sensitization should occur.
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Drug % of £50% % excreted as * % of |% of
protein=| hrs. sensi-} sensi-
binding unchanged| M*- | N1- tivity| tivity
at 0.4 acetyll glucuron] react-| react-
molar ions] ions
conc'n. after | after

syst=- | topical
emic application
admin=-

istr.

Sulfanil-

amide 12 9 30-80 | 20-60 *% 12 22
Sulfathia-
zole 77 4 30 20-60 *% 19 7
Sulfadia- %
zine 45 17 60 30 10 .6 5
Sodium
Sulfadia-
zine 57
Sulfadimeth-
oxine dokk
(Madribon) 98 35 7 15 78 3
Sulfisoxazole
(Gantrisin) 90 6 70 30 6
Sulfamethoxy~-
pyridazine Fkdk
(Kynex) 91 40 30 60 10 8
Table I

Pharmacological data (approximate) and reported incidence of sensitization
for some commonly used sulfonamides.

*assuming normal renal function.

**from 5-10% of the drug is oxidized and excreted as 3-hydroxysulfanilamide
3-hydroxysulfathiazole, 4'-hydroxysulfadiazine, respectively.

***the recognition that "long-acting'" sulfonamides can cause Stevens=
Johnson syndrome is of recent origin and exact figures of the
incidence are not yet available.
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Chapter 25. Factors Affecting Adrenal Steroidogenesis
Herbert Sheppard, Research Dept., CIBA Pharmaceutical Co., Summit, N.J.

Introduction., The work to be reviewed will concern the mechanism and
pathways of synthesis of adrenal corticosteroids as they may be affected
by the natural hormone, ACTH, and various chemical agents. For the pur-
pose of orientation an outline of the pathways of synthesis is included
below, The solid arrows indicate the need for O, and reduced nicotinamide

adenine dinucleotide phosphate (NADPH) while the

Cholesterol (Chol) double arrows suggest a need for the oxidized forms
(NADP or NAD). Reference to the steroid listed be-
20a-0H Chol low will be made in the text through the abbrevia-
tions shown in parentheses. In addition, radio-
20,22-di0H Chol active compounds will be starred.

Pregnenolone (Preg) A 11-CH P — }\1,21—<i§OH P (B)=>1l-dehydro B (A)

21 —> 21-0H P (DOC) 11,18,21-triOH P (18-0H B)=11,21-

(I:H3 N \ 2 di0H-18-01 P (Aldo)
c=o 18-0H P — 18,21-di0H P (18-0H DOC)
18 17 11,17,21-triOH P (F)=9ll-dehydro F (E)
1 s
\1 l7-OH P —» 17,21-di0H P (S)

Progesterone (P)

Pathways of Synthesis. Sulfated steroids are produced by human
adrenals from both P*¥L and 200~OH-Chol®. The failure of chicken adrenals
to use Chol*3 is overcome by solubilizing high specific activity material
with Tween 80~°. The failure of 200-0OH,22-keto-Chol to trap the radio-
activity from Chol¥* mediates against its being an obligatory intermediates.

Mitochondrial fractions from the adrenals of several species contain
enzymes necessary for steroid production. These include a solubilizable
Chol side chain splitting complex6, a non-soluble cytochrome P—h507, 18-
hydroxylase and 18-0l dehydrogenase from sheep8 and bullfrog9 adrenals and
enzymes from the guinea pig adrenal which 11- and 21-hydroxylate, reduce
ring A and remove side chain of s10,

The 118-hydroxylase in adrenal homogenates of the guinea piglO is
maximally stimulated by Krebs-cycle acids in the absence of NADPH while
that of the ratldl is stimulated by both. The response in the rat varies
with the Ca concentration suggesting a partial dependence on the degree
of mitochondrial swelling. Minced rat adrenals convert P* to DOC and then
to B and 18-OH Docl2, High concentrations of NADPH inhibit 21- but stim-
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ulate 1llp-hydroxylations of P* in rat adrenal homogenates such that 11-OH
P is the major productl3.

The 18-0H DOC area on paper chromatograms may be contaminated with
allotetrahydro B which is produced in smaller amounts in the presence of
ACTEM.  Another complication is that during a preincubation period, en-
zymes are lost from the gland which can convert Preg* to P and can hydroxy-
late the P in positions 17,11 and 2115, Glucose-6-phosphate (G6P) dehydro-
genase activity is also present. Rat adrenal small particles contain a
AY-3 ketosteroid isomerase for which NAD or NADH but not NADP or NADPH
serve as activators but not electron donors or acceptors16 Without ACTH,
the adrenal of the Mongolian gerbil converts P* to DOC, 18-OH DOC and E
in vitrol7. Animals killed with nembutal instead of ether, produce B18
but the F and 19,21-diOH P seen in adrenal venous bloodl9 1s not detect-
able., The European eel converts P*¥ to 17-CH P, S, F and g0 ACTH stim-
ulates the steroid production of the adrenals of turtle and snake to a
lesser degree than that of the bullfrog2l

Aldo Synthesis., Bullfrog adrenal homogenates synthesizing Aldo at
the high rate of 250 pg/g/hr. require NADPH, fumarate and Mg9 which can
be replaced by Ca or Mn. Phosphate, ATP, Na and K are not required. Rat
and bovine homogenates contain an inhibitor of Aldo synthesis, The pro-
duction of 18-0H B and Aldo by rat adrenal quarters increases linearly
for 20 hours but, if the animals drink 1% NaCl for 8 days, production
plateaus after 2 hourse2, The accumulation of B and 18-CH DOC plateaus
after 4 hours. Adrenal sectlons from Na-deficient rats convert B¥, DOC¥*,
P* and Preg* to Aldo and B 23, Angiotensin II, NH) and ACTH increase pro-
duction from endogenous substrates while NADP+G6P stimulate conversion of
exogenous substrates as well., Angiotensin II and NHu stimulate only Aldo
production while the other factors stimulate B + Aldo. These agents are
believed to act between Chol and Preg. With the turtle adrenal, ACTH
stimulates Aldo production 250%. Rat adrenal regeneration following enu-
cleation or ACTH results in a depressed ability to produce Aldo and ﬁB—OH
B and an increased ability to form B and 18-0H DOC from P* and DOC*<H,
Adrenal homogenates of sheep, cow and guinea pig show a decreasing ability
to convert P* or DOC¥* to Aldo and 18-OH B°. The ratio of 18-OH B/Aldo is
2 for cow and guinea pig while with sheep homogenates values of 2, &4 and
9 are seen with P*, DOC¥ and B* respectively. The conversion of B to Aldo
requires NADPH but the presence of NADP or NAD promotes ll-dehydrogenation
with the formation of 18-OH A. Sonication failed to solubilize these en-
zymes, They are stimulated by Ca but inhibited by Cu, Zn, Co, Hg, Fe and
Mn.

Analysis of dog adrenal vein blood shows higher secretory rates for
Aldo, B and F _in animals on a low Na diet by factors of 8.6, 1h4.1 and 417,
respect1vely25 Incubation of such adrenals in the absence of added sub-
strate, however, results in a tvwo-fold increase, in aldo, and decrease in
B with no effect on F production. Because of this difference between the
in vivo and in vitro responses, as well as changes in F/B ratios it is
difficult to accept the proposal that Na deficiency is affecting the B to
Aldo pathway. While it is shown that twice as much B* is converted to
Aldo by Na deficient adrenals, the production of half the amount of B
tends to increase the net specific activity of B. The amount of label in
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Aldo will double even though the same number of molecules of B are con-
verted. Thus the conversion of B to Aldo will not actually be stimulated.
In man, Na depletion is thought to act at some point prior to DOC

such that the precursors are increased26, It is cautioned that since B
production is under control of both Aldo and F stimulating factors, its
measurement gives a false picture of F production. Caution is required
when dexamethasone is used to shut off F associated production of B since
it is reported to reduce Aldo production as well?7, Some interactions be-
tween the F and Aldo secreting systems must exist, since feeding a high Na
diet suppresses Aldo but stimulates F secretion®S.

Anglotensin II in vitro fails to stimulate Aldo production by rat29
and bovine30 adrenal sections. Administration for 3 days, in the rat, had
the same negative effect3l., With bovine adrenal slices, angiotensin IT
reduced acetate* incorporation in P and 17-OH P but increased it into all
other steroids suggesting a site of action prior to the formation of
Chol30, Thus the site of action of both Na deficiency and angiotensin II
remains elusive,

While Na deficiency will increase the juxtaglomerular index (JGI) of
the kidney and will result in increased Aldo secretion, division of the
common bile duct also increases the JGI but does not necessarily result in
ascites or an elevated Aldo secretion3?, Surgical relief of an otherwise
intractable hyperaldosteronism resulting from severe hepatic outflow ob-
struction is achieved by a side-to-side portacaval shunt33,

~Inhibitors of Protein and RNA Synthesis. A review of the action of
ACTH-% in 1965 points out that the obligatory requirements for RNA or pro-
tein synthesis is still open to question. The following studies do little
to correct the situation. Puromycin and cycloheximide inhibit both the
incorporation of amino acids* into protein and steroidogenesis by rat
adrenals, in vitro3%; 30, NADP+GEP reverses the inhibition of Aldo pro-
duction but not that of leucine¥ incorporation35. These agents act sim-
ilarly in vivo and in addition cause hepatic but not adrenal glycogenoly-
sis36. The suggestion that glycogenolysis may, therefore, not be involved
in steroidogenesis is supported by the finding that the adrenal responds
even better to ACTH following a pre-incubation period that results in a
loss of glycogen36. While cycloheximide and puromycin are thought to
block the ACTH stimulated protein synthesis, no stimulation by ACTH is dem-
onstrated. The problem is further complicated by the reported inhibition
of glycine* incorporation by cyclic AMP, ACTH and NADP+G6P, all of which
stimulate steroidogenesis by rat adrenal qparters37. The addition of theo-
phylline, an inhibitor of cyclic AMP phosphorylase, further depresses
glycine* incorporation without affecting steroid production. The sugges-
tion is made that with theophylline, unlike with ACTH, decreased glycine*
incorporation now represents decreased steroidogenesis. Fortuitously,
this balances the stimulation which is expected from an inhibition of cyclic
AMP phosphorylase and no change in steroid production need occur. This is
unacceptable in the absence of any experimental data.

A recent study shows that adrenals of 8 hour hypophysectomized
(hypoxed) rats secrete less steroids but have unchanged uridine* incorpora-
ting ability3 . Actinomysin D inhibits uridine* and amino acid* incorpora-
tion in the absence of ACTH but has no effect on steroid secretion in the
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resence of ACTH. It is concluded that the ACTH induced formation of a
steroid-regulating protein (not demonstrated) does not require new RNA
formation but can be directed by RNA which is stable for 8 hours. How-
ever, such data could mean that neither RNA nor protein synthesis is in-
volved in the steroidogenic effect of ACTH.

Metyrapone (M). 2-methyl-1,2-bis-(3-pyridyl)-l-propanone, continues
to be used clinically for determining the pituitary's ability to secrete
ACTH. The adrenal response to the drug as measured by the secretion of F
and S is found to depend on the pituitary reserve of ACTH and the degree
of dose-dependent inhibition of lla—hydroxylase39. The failure to include
the increased secretion of DOC leads to a low value for the inhibition of
the enzyme. The varied M response seen in liver disease may result from
altered metabolism of the drug O. NADPH does not reverse the M inhibited
conversion of P*¥ to B, 18-CH B and Aldo by mouse adrenal gquarters 1,
Neither 21-hydroxylation, ring A or 20-keto reduction is inhibited by Mue.
Acutely hypoxed rats secrete more blue tetrazolium reducing (BT+) steroids
following M suggesting a direct stimulation of the adrenal 3. However,
rats secrete a BT- steroid, 18-CH DOC, and thus inhibition of 11- and 18-
hydroxylations by M could result in an amount of BT+ DOC equal to B +18-0OH
DOC. While total BT+ material would increase, the total amount of steroid
could be the same and a direct effect on the adrenal need not be considered.

Bovine adrenal ﬁtices produce less ll-oxysteroids and more S and DOC
in the presence of M”77, The data shows that the increase in DOC and S is
much less than the decrease in ll-oxygenated steroids at the concentrations
used, suggesting an inhibition of 2l-hydroxylation. Inhibition by M of 11-
and 18-hydroxylations in rat adrenal mitochondria appears to be linked to
the utilization of Krebs-cycle acids and may act mainly on the cytochrome
P-450 system rather than the classical electron transport system 2.

Prolonged treatment of dogs with M results in elevated blood pressure,
hypokalemia, polyuria and 17-KS excretion in some animals which may have
resulted from increased S and DOC secretionu6. Adrenal hyperplasia in half
of the dogs resembles that seen in the hypertensive form of congenital
adrenal hyperplasia. Chronic treatment of rats with M and amphenone B
causes decreased weight gain and plasma B levels but increased adrenal
weights“7. Peculiarly, injecting only 0.001 pg of B increases ACTH ac-
tivity of plasma. With increasing amounts of B, the ACTH content rises
further and then decreases even if median eminance lesions were made 2
days earlier. Thus, small amounts of B may stimulate the anterior pitui-
tary directly.

SKF-12185. 2-(p-aminophenyl)-2-phenylethylamine inhibits B production
in vitro by the rat and F production in vitro and in vivo by the guinea pig
adrenal™d. Signs of adrenal insufficiency are produced in rats. Clinical
studies suggest that like M, the drug is partially an 11- and 18-hydroxy-
lase inhibitor*9,

Glutarimide Derivatives. Glutethimide (0-éthyl-a-phenyl glutarimide%
as well as its o-, m- and p-OCH; and p-OH phenyl derivatives are inactive 1,
Dehydrogenation of the ring, reduction of one or both keto-groups or sukt-
stitution of S for O yields no active compounds. The N-amino, o-amino-
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phenyl, and p-amino phenyl (aminoglutethimide) derivatives as well as 3-
biphenyl-6-keto piperidine and 3-biphenyl piperidine are found to be total
blockers. An ll-hydroxylase inhibitor, a-{p-chlorophenyl)-c~{2-pyridyl)
glutarimide is also reported.

Aminoglutethimide (AG) blocked the ACTH response, caused adrenal hy-
pertrophy in rats and normalized plasma and urine corticosteroid levels
in 2 patients with Cushing's syndrome52. Its use as an anticonvulsant
drug in 2 children produced signs of adrenal insufficiency53 The secre-
tion of F and B in puppies fell with no rlse in S or DOC and it was con-
cluded that AG acts between Chol and Preg5 Adrenal, thyroid and ovarian
weights increased in normal but not hypoxed rats given AGYD, During 182
days of treatment all clinical and biochemical signs of Cushing's syndrome
disappeared and adrenal metastasis appeared arrested®,

Steroids. A large number of steroids including adrenal corticoster-
oids, androgens, estrogens and synthetics were found to inhibit a number
of hydroxylations carried out by bovine adrenal homogenate557. However,
the use of amounts of steroids exceeding their solubilities introduces an
element of doubt as to the validity of the interpretations since some of
the effects may result from an interaction between a s0lid phase and
enzymes 58,

Norethynodrel, 17-a-ethinyl- l?B-hgdroxy-S(lO)-estrene-3-one, increases
adrenal weights in intact female rats? Plasma and adrenal B levels de-
crease at the time of day when values are normally highest. Clomiphene in-
creases output of 17-oxysteroids in a patient with galactorrhea60. Cyano~
trimethylandrostenolone,2a-cyano-k, L, 170-trimethyl-178 ~OH~ 5-androstene- 3~
one, causes adrenal hypertrophy, a fall in adrenal venous B of male rats
and inhibition of 3B-hydroxysterocid dehydrogenase6l Norethandrolone,
17a~ethyl-178~OH-4-norandrostene-3-one, stimulates the production of B by
adrenals of castrated rats and increases pituitary ACTH content 2, This
androgen partially reverses the E induced suppression of B production but
not of the adrenal response to stress®2., Testosterone, androstenedione,
DHEA, estrone and estradiol has no effect on conversion of B to 18-OH B
and Aldo by sheep adrenal mitochondria®.

Miscellaneous, Other total blockers of adrenal hydroxylations in-
clude 1,2- and l,H-naphthoqpinones5l. Inhibitors of 17-, 18- and 19-
hydroxylases include 1- and 4-(5) but not 2-benzylimidazoles5l, Inactive
compounds include imidazolines, benzimidazolines, diphenylhydantoin and
various barbiturates>l,

Adrenal necrosis caused by 2-dimethylbenzanthracene (IMBA) is blocked
by M or impaired liver function®3 while that brought on by its metabclite,
T-hydroxymethyl methylbenzanthracene is blocked only by MO%, This metab-
olite is 2-3 times more active, less toxic and spares the zona glomerulosa
(z.g.). Unlike the DMBA, RO-1-8307, N-formyl-chitosan polysulfinic acid,
having heparin-like activity, reduces the width of z.g. but not the other
zones of the rat adrenal®5, It reduces A%go secretion in cases of primary
aldosteronism and blocks 18-hydroxylation A heparin antagonist, hexadi-
methrine bromide, causes adrenal and pituitary necrosis in the rat but not
the dog despite a fall in adrenal blood flow and 17-OH steroid secretion67.
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Stimulation of adrenal function by N,N-dimethyl-p-(m-tolylazo) aniline
appears necessary for the production of liver toxicit .

Methylcholanthrene increases plasma half-life of B without affecting
its volume of distribution suggesting a decreased rate of metabolismb9.
However, when the pool size is calculated it can be seen that the turnover
of B is only slightly reduced, if at all. Phenylbutazone increases the
volume of distribution with no change in half-life but similar calculations
show that the turnover of B is the same as in cold exposure. It is sug-
gested that the increased turnover in cold stress results only from in-
creased synthesis. However, the use of steady state kinetics requires
that synthesis and degradation be equal and thus both would increase

Cortisol secretion by isolated adrenal pouches in hypoxed dogs was
stimulated by cyclic AMP, vasopressin and ACTHIO, However, epinephrine
and norepinephrine, which stimulate formation of cyclic AMP in fat pads,
dichloroisoproterenol, which inhibits adenyl cyclase, or dihydroergota-
mine, an inhibitor of action of cyclic AMP in the liver, failed to have
any effect.

The -SH binding agents, diethyldithiocarbamate, p-chloromercuriben-
zoic acid, iodoacetic acid, formamidine acetate and N-ethyl-maleimide in-
hibit 18-hydroxylation of 8. of these, only formamidine acetate fails to
inhibit 11-dehydrogenase. Of the 17-hydroxylase inhibitors tested, Su-9055
inhibits 18-hydroxylase, Su-8000 acts on 18-o0l dehydrogenase and Su-10603
is inactive with sheep adrenal homogenatess. Since Su-9055 and Su-8000
were tested on different homogenates showing appreciable variation in 18-
OH B/Aldo ratios, the conclusion that the two drugs differ in action is
open to question.

Stimulation of llp-hydroxylase activity by Krebs-cycle acids is in-
hibited by CN and AmytalB. With rat adrenal homogenates, Amytal is not
active in presence of isocitrate or Ca and the CN effect is reversed by
isocitrate + NADPH(L, Oligomycin is inactive but Antimycin A, ferricy-
anide and dinitrophenol act like Amytal. This supports the concept of a
link between the classical electron transfer chain and the P-450 contain-
ing hydroxylating system.

Rhythm and Stress. An excellent review of Circadian rhythm includes
a section dealing with that of adrenal cortical secretions’2, In the rat,
the plasma and adrenal B are higher in the P.M. and F implants in the me-
dian eminance, midbrain reticular formation and ventral hippocampus re-
duced plasma and adrenal B. However, only the median eminance implant re-
duced the A.M. adrenal B and adrenal weight/3, It is felt that the median
eminance regulates the secretion of the corticotrophin releasing factor
(CRF) while the other areas in some way modulate this effect. Humans ex-
crete more 17-OHCS in the A.M. and in men the increment associated with
"sustained effective distress" was greatest at this time7*. The increment
seen with women, however, is greatest during the P.M, trough of the
diurnal curve,

Pathological emotional stress and adrenocortical activity is reviewed
and it is concluded that the psychological variable correlating with in-
creased secretion is loss of "ego defense strength"(5, Stress increased
the CRF activity of rat plasma7 but this could be an artefact since CRF
was tested in rats with implanted pituitary tumors while ACTH was tested
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in normals. If the adrenals were larger in the tumor rats the increment
in the ACTH response could be mistaken for CRF activity.

Rats with diabetes insipidus (DI) responded to stress with a smaller
increase in plasma B and this went uncorrected after several weeks of
vasopressin treatment, despite the improvement of pI’T. Treatment of rats
with the histamine depleterJ 48/80 blocked the adrenal response to var-
ious forms of stress but not to hlstamlne7 This suggests some role for
histamine in the stress response and in this regard it should be noted
that anaphylactic shock in dogs is accompanied by a stimulation of 17-OHCS
secretionld,

A neonatal stress non-responsive per10d80 does not 2xist when plasma
B is measured in place of adrenal 881, 82,

Action of ACTH. ACTH given in Y4 injections to rats decreases adrenal
lipids and Chol esters but increases phosphatides and arachidonic acid 3.
Bovine adrenal slices use more added Chol* but not P* in the presence of
ACTH8H. The conclusion that a pool of 2l-desoxypregnanes is released by
ACTH for hydroxylation is questionable in the absence of data on the time
course of production of steroids.

Histochemical analysis of enzymes in rat adrenal sections demonstrated
that NADPH-dichlorophenolindophenol reductase of the zona fasciculata-ret-
icularis (z.f-r.) is stimulated by ACTH whereas NADPH or NADH quinone re-
ductase, NADPH and NADH oxidases or NADPH-NAD transhydrogenases are not85.

In tissue culture, cells of the rat adrenal cortex with mitochondria
of the type found in the z.g. do not respond to ACTH while those of the
z. intermedia show mitochondrial changes to the vesicular types seen in
the z.f-r.86. The tubular and vesicular forms of the endoplasmic reticu-
lum also increase. A large number of dehydrogenases are shown to be
present but ATP-ase as well as alkaline and acid phosphatase are absent.
Chromatin condensation along the nuclear membrane suggest that ACTH might
effect transformation of z.g. cells to those of the z.f-r. by action at
the nuclear or gene level,

Cloned mouse adrenal cortex tumor cells respond to ACTH with an in-
creased output of steroids which i1s independent of the growth phase87.
Within 5 minutes the cells retract from the surface of the vessel and
from each other and within 1 hour a rounded-up morphology is seen. This
cell line is unable to hydroxylate position 21 but has a high ability to
reduce the 20-keto gr up.

A synthetic B 1-2 corticotrophin stimulates B production by rat
adrenal sections83 and has a half-life in man oﬁ 32 minute589 Little
or no activity is seen with the p 1-10 gng 8 fragments88. Alpha-
melanocyte hormone has only weak ACTH-like act1v1ty8 0, a synthetic
8 1-25 corticotrophin with D-serine, L-norleucine and L-valine-amide at
positions 1, 4 and 25 respectively was prepared9l and reported to be 6
times as active as the natural and synthetic 51'2 preparatjions
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Chapter 26. 5-~Hydroxytryptamine and the Central Nervous System
Roberto Levi and Jack Peter Green, Department of Pharmacology,
Cornell University Medical College, New York, N.Y. 10021

Much of the extensive work that has been done on 5«hydroxytrypt-
amine (HT; serotonin) since its isolation and identification twenty years
ago has been directed to uncovering its possible function in neural activ-
ity. As no short review can include references to all the numerous con-
tributions, the authors have tried to select those references that are
recent and include a significant bibliography. No attempt has been made
to designate priorities for the observations, Two booksls 2 and a sym-
posiurn3 scheduled for publication in 1968 provide full references and
detailed discussions of all aspects of the subject.

Distribution in the central nervous system (CNS) - HT, which
was first detected in mammalian brain by Twarog and Page4 and Amin
e_tgl.? occurs in the CNS of many vertebrate, more primitive species
having a relatively greater concentration. The amine is concentrated in
the phylogenetically old parts of the brain®, © which are connected with
the autonomic nervous system or with the reticular activating formation,
Thus, the largest amounts of HT are present in the hypothalamus and
midbrain, while much smaller amounts are found in the cerebral cortex,
cerebellum and white matter®, After intraventricular injection, tritiated
HT was taken up by areas rich in endogenous HT7>8., The use of histo-
fluorescence microscopy in combination with drugs allowed the visual-
ization of central serotonergic neurons in their entire extension9.
Axotomy combined with histofluorescence microscopy has shown that
HT rapidly accumulates in the portion of the axons immediately proxi-

mal to the lesion, an observation suggesting that HT is synthesized in
the cell bodies and transported down the axons9-11,

Maintenance of HT (and norepinephrine also) in the rat brain is
dependent upon the integrity of the medial forebrain bundle within the
lateral hypothalamuslza 13. When the medial forebrain bundle degener-
ates as a consequence of a lesion produced in the lateral hypothalamus,
HT is depleted in the telencephalon ipsilateral to the lesion in the rat
and cat. Concomitant with depletion of HT in this region is a decrease
in the activity of L-aromatic amino acid decarboxylase, the enzyme that
forms HT from its precursorl4, Specific lesions can selectively affect
monoamine levels: lesions in the central gray area and the septum
lower the level of HT in the telencephalon without affecting the level of
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norepinephrine, whereas an opposite effect follows ventrolateral teg-
mental lesionsl2, Such studies have mapped out the central serotonergic
system., The ascending serotonergic neurons have their cell bodies
located mainly in the mesencephalic nuclei and their axons run uncrossed,
principally in the medial forebrain bundle to the limbic forebrain struc-
tures and the hypothalamusl5, The presence of descending HT neurons
has also been described in the mammalian spinal cord; the cell bodies
are located in supraspinal centers and the fibers descend in the lateral
and anterior funiculi to end in the gray matter?, 16,

Differential and density gradient centrifugation of mammalian
brain showed that most of the HT is associated with particulate material,
especially a fraction containing pinched-off nerve endingsl7-21, Dis-
ruption of the nerve ending particles by ultrasound2Z or by osmotic
shock yielded a fraction that contains vesicles like those seen at the
synaptic junctions by electron microscopy. HT, differing from nor-
epinephrine, does not seem to be present primarily in the vesicle frac-
tion20, 22,23, perhaps because it leaks out of the vesicles during dis-
ruption of the nerve endings24, The uptake of HT by particulate frac-
tions of brain25-30 is dependent upon concentration of the amine26, 27,
29,30 and upon temperature2?-29, and was not saturable with a high
concentration of HT27, 29, 30, Complexes between HT and other bio-
chemicals have been reviewed2l,

Biosynthesis - HT is synthesized in brain from the dietary
amino acid L-tryptophan (TP), with 5-hydroxytryptophan (HTP) as an
intermediate, TP is actively and stereospecifically transported into
brain31l, Increasing the intake of TP can increase the brain levels of
HT32-35, Phenylalanine and leucine decrease these levels36, 37 per-
haps by inhibiting transport of TP into the synaptosomes (Lovenberg3).
Formation of HTP from TP, which is the rate-limiting step in the forma-
tion of HT, is catalyzed by a hydroxylase specific for TP and requiring
NADPH, a reduced pteridine, 2-mercaptoethanol and probably ferrous
ion35,38-41 The hydroxylation by the pineal enzyme is inhibited by
norepinephrine, a-methyldopa, 3, 4-dihydroxy-n-propylacetamide,
and L-phenylalanine (Lovenberg, et al, 42), The inhibition of the
hydroxylase and the reduction of HT levels by a-n-propylacetamide are
not specific43,44, A drug that appears to inhibit specifically tryptophan
hydroxylase and to deplete brain HT in most species without affecting
the levels of catecholamines is B—chlorophenylalanine45:41,42- 3. But
in man the effects of this drug are not clearly attributable solely to
depletion of HT46,

The decarboxylation of HTP to form HT is carried out by a
pyridoxal-dependent, non-specific L.-amino acid decarboxylase47-52
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the distribution of which roughly parallels the content of HT in brain53, 6,
Loss of enzyme activity after lateral hypothalamic lesions occurs in the
same areas of brain that show a decrease in HT after these lesions,
probably as a result of degeneration of amine-producing neurons !4,

The decarboxylase is found in the soluble portion of the cell6, 24, 1In-
hibitors of this non-specific enzyme have been described, the most
extensively studied being a-methyldihydroxyphenylalanine54,

Disposition - It is possible that one mechanism for the disposi-
tion of the endogenously produced amine is by diffusion, which could be
followed by re-uptake by nerve endings (or by other material in tissues)
as has been shown with norepinephrine. But as yet there is no evidence
for such a cycle for HT, although, as noted above, brain and its partic-
ulate fractions have the capacity for uptake. A main catabolic pathway
for HT is oxidative deamination by monoamine oxidase to form 5-hy-
droxyindoleacetaldehyde, most of which is converted to 5-hydroxyindole-
acetic acid (HIAA) by aldehyde dehydrogenase and NAD55, 56; a rela-
tively small portion is reduced to 5-hydroxytryptophol by alcohol
dehydrogenase and NADH>7, 58, Monoamine oxidase, which, like
aldehyde dehydrogenase56, is associated with the mitochondria59, is
found throughout the brain, with highest activity in the hypothalamusé.
Lesions of the medial forebrain bundle, which produce a localized fall
in brain HT and HTP-decarboxylase activityl4, also cause a fall in
HIAA in the same areas®0, Similarly, section of the thoracic spinal
cord produces a fall in HT and HIAA caudal to the lesion with complete
disappearance of both the amine and the metabolite®l, It is possible
that some of the HIAA in brain derives from transamination of HTP,
followed by oxidation of the 5-hydroxyindole pyruvic acid, but almost
certainly most of the HIAA comes from HT., Other catabolic pathways
for HT exist in brain?2, including acetylation of the primary amino group.
In the pineal body, the acetylation of the amino group is followed by
methylation of the phenolic hydroxyl group to form melatoninb2; the
methylating enzyme has not been found in any other mammalian tissue
examined., Also uniquely present in pineal body are 5-methoxytryptophol
63 and 5-methoxyindole acetic acid®4, The hydroxyindole-O-~
methyltransferase requires S-adenosylmethionine62, Among other
postulated catabolites of HT are hallucinogenic harmalan-like compounds
{resulting from cyclization of the side-chain) and bufotenine®5, The
presence of the latter in urine has been disputedéé: 67, and its presence
in brain not demonstrated,

Numerous inhibitors of monoamine oxidase have been studied,
many in manZ, Their effects cannot be unambiguously attributed to an
elevation of HT, because they concomitantly elevate catecholamines.
Ingestion of ethanol diminishes the excretion of HIAA and elevates that
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of 5-hydroxytryptophol (and its conjugates), presumably due to the effect
of ethanol in increasing NADH relative to NAD68, 69,

The turnover rate of HT in brain, estimated by measuring the
time required to increase the concentration of HT in brain by 50 per
cent, is about 10 to 20 minutes?0, Measurement of the amount of HIAA
formed from HT yielded a half-life of nearly 40 minutes, about 0.4
ng/g/hr?l,

Much of the HT spontaneously released from neural structures
can be recovered unchanged from the incubation media containing brain
slices 72 or isolated spinal cord?3 or in perfusates of the cerebral ven-
tricles in which the HT is assumed to come from hypothalamus and
caudate nucleus’4, Electrical stimulation of a spinal cord prepara’cion73
and the medulla oblongata75 is accompanied by a release of HT, Of
special interest is the observation that electrical stimulation of the
midbrain raphe, an area consisting essentially of HT-containing neuron-
al perikarya whose terminals project in various forebrain regions,
causes a fall in HT and an elevation in HIAA in the forebrain. Unilater-
al lesions of the medial forebrain bundle prevent the stimulation-induced
changes in indole concentrations only in the forebrain ipsilateral to the
lesion, an observation suggesting that the release of endogenous HT is
mediated by a specific neural pathway76.

Numerous drugs have been shown to deplete brain of HT, as
well as other biogenic amines?, 21, 77, Reserpine, the prototype of
such drugs, may owe its sedative action to the rate at which it depletes
the brain of HT 78, A new agent, p-chloroamphetamine, depletes brain
of HT but not of catecholamines2, 3, 79, 80,

Development and growth - Brain HT is lower in fetal and new-
born rats than in the adult and increases in extrauterine life, as do the
catecholamines8l, At birth monoamine oxidase activity is low but the
decarboxylase is as active as in the mature rat82, The low levels of
HT probably result from low activity of the enzyme that hydroxylates
TP82,83, Also in rabbits84 and chicks83, brain HT increases during
fetal and early postnatal life, but results on guinea pigs conflict85, 86,

Pineal body and circadian rhythms - The pineal body is rich in
biogenic amines, and the formation and metabolism of HT, melatonin
and other indoles was noted above87,88,41  HT is found there in the
pinealocytes and in the sympathetic nerves89, as contrasted with
norepinephrine which is found only in the latter?0 and histamine which
is found in mast cells within the pineal body?l, At least some of the HT
found in the sympathetic nerves may be formed by pinealocytes from
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which the amine is elaborated and then take up by the nerve endings89, 3,

Many important physiological actions are now being ascribed to
melatonin89, 42, 3 which is found only in the pineal body. Among these
is an influence on pituitary mechanisms controlling secretion of the
melanocyte stimulating hormone and luteinizing hormone. Melatonin
inhibits the estrous cycle in rats. The estrous cycle is markedly in-
fluenced by light, which also decreases the activity of hydroxyindole-
O-methyl transferase, the enzyme that forms melatonin. Light in-
creases the activity of HTP-decarboxylase88,

The diurnal rhythm in the activity of hydroxyindole-O-methyl
transferase depends on changes in light, whereas serotonin circadian
rhythm is endogenous as it is not abolished by continuous darkness or
by blinding, but can be suppressed by continuous light exposure or by
superior cervical ganglionectomy or by section of preganglionic fibers
to the superior cervical ganglion88. Both biological clocks appear to
be modulated by nerve impulses generated by photoreceptors (the
retina in adult rats), carried through the midbrain and brain stem to the
spinal cord, to reach the pineal through a pathway including pregang-
lionic sympathetic fibers to the superior cervical ganglion?2, One
central pathway is the medial forebrain bundle, lesions of which suppress
pineal HT (and norepinephrine) rhythms as well as light induced varia-
tions of hydroxyindole-O-methyl transferase (Moore and Heller42, 92),
The pineal bodies of the monkey, kangaroo and pigeon show circadian
behavior similar to that of the rat93, A circadian rhythm of pinealocyte
mitotic activity has also been found in rat3,

It should be noted that circadian rhythms in HT levels have also
been found in the whole brain of the mouse94 and rat95, in the cortex
of the rat%6, and in the cerebrum and brain stem of the turtle97,

Effects on CNS - A large number of studies have been conducted
on the effeécts of HT on spontaneous and evoked electrical activity of the
CNS2, HT, injected into the femoral vein of unanesthetized cats and
rabbits, lowers the level of functional activity of the cerebral cortex
and subcortical structures, effects that are even more evident after
the injection of 5-methoxytryptamine98, When HT was injected into the
carotid artery of the monkey, cortical synaptic inhibitory actions were
seen, which were also seen with LLSD-25 and which could be blocked by
chlorpromazine; this response of the monkey is qualitatively identical
in dogs and cats?9, In the spinal cord of the cat, HT levels can be
markedly increased by an intravenous injection of TP or HTP, with a
concurrently large increase of monosynaptic spike height, accompanied
by spontaneous motoneuronal discharge, while polysynaptic spiking is
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depressedl00, Similar effects were seen after intracisternal injection
of HT101,

Iontophoretic a,pplic:a‘cionlo2 of HT prompted inhibitory responses
in the neurons in both neo-103 and paleo-cortex104 of the cat and on the
hippocampal neurons of the catl05,106 and of the rabbitl07, Studies
on the lateral geniculate nucleus of the cat with this technique have
shown that HT depresses the orthodromic excitation of the single genicu-
late neurons to volleys in the optic nerve fibers, but do not affect anti-
dromic excitation elicited by electrical or chemical stimulation of the
optic radiationl08, Most neurons of the same nucleus are depressed by
HT and excited by acetylcholine and norepinephrine, whereas a few cells,
very likely of the short-axon type, are excited by HT109, The olfactory
bulb neurons of the rabbit respond to HT with a slowing of the spontan-
eous discharge ratell0, In the hypothalamus of the cat, those cells
that were sensitive to HT (and norepinephrine) responded to both amines
with a decrease in the rate of firinglll, Iontophoretic application of
HT on the lower lumbar and lumbosacral spinal interneurons have shown
that HT has a depressant actionl1Z, although some neurons respond with
either facilitation or depression of firingll3,

HT has been implicated in the control of body temperature, The
suggestion that normal body temperature is a reflection of a balance
between the release of HT and catecholamines in the hypothalamus!14
is complicated by species differences in responses to both HT and
catecholamines. Injections of HT into the cerebral ventriclesll4 or in
the anterior hypothalamusll5 of the cat and dog116 produce a long-
lasting increase of body temperature, accompanied by shivering. HT
applied intraventricularly in the goatll7, sheepll8, rabbitll9 and ox120
produces a fall in body temperature. In contrast with these findings in
the rabbit after HT is injected into the ventricle or anterior hypothala-
mus, injection into the cisterna produces a hyperthermic responselll,
In the rat, p-chlorophenylalanine depleted brain of HT without affecting
body temperature3. A provocative observation is that a substance re-
leased from the hypothalamus of a hypothermic monkey raised the
temperature of another monkey when introduced into its third ventricle;
the substance released from the hypothalamus, when assayed, was
antagonized by bromo-LSD, an antagonist of HT3,

A role of HT has been postulatedl22 in Hess' trophotropic system
which integrates the parasympathetic system with activities leading to
sleep. Perhaps pertinent to this alleged role is the observed rhythm in
HT levels in the brain of mice and rats, the highest amounts being
present when rodents sleep94: 95, Raising brain levels of HT in young
chicks by the injection of HT or HTP123, 124 and in cats by drugsl125
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produced electroencephalographic patterns of sleep., The intracarotid
injection of HT had the same effect probably by stimulating the bulbo-
pontine hypnogenic areas, via the area postrema126. The injection of
HTP into one portion of the bulbopontine hypnogenic area of the rabbit
produces a slow electrical pattern of sleep, and into another portion of
this area a rapid patternl2?,

A most striking correlation between HT telencephalic levels
and sleep was presented by Jouvet3, When a cat was given p-chloro-
phenylalanine, a marked depletion of brain HT and total insomnia
followed, which could be reversed by the administration of HTP (which
by-passes the inhibited step in HT biosynthesis). Destruction of the
midbrain raphe, where the majority of serotonergic perikarya are?6,
produced a fall in HT in the telencephalon without altering levels of
catecholamines, Total destruction of the midbrain raphe produced an
arousal pattern with a severe reduction in daily sleeping time from the
normal of 60 per cent to 3.5 per cent. The extent of destruction of the
raphe nuclei is well-correlated with telencephalic levels of HT, the
electroencephalographic pattern, and amount of sleep.

In man, oral administration of TP reduces the duration of the
first phase of slow-wave (non-dreaming) sleep and provokes an abnor-
mally early onset of the second phase of paradoxical (dreaming, rapid-
eye-movement) sleep. In patients with narcolepsy, where paradoxical
sleep is the first phase, this phase is prolonged. In both cases TP
effects are blocked by met.h,ysergidelzs. Methysergide, an antagonist
of HT, blocks the early onset of dreaming sleeplZ8; it also causes in-
somnial26,

The possibility that HT may be catabolized to hallucinogenic
substances was mentioned above, This possibility, together with the
observed hallucinogenic activity of many indoles, has prompted the idea
that metabolism of HT may play a role in schizophrenia, a subject that
has been reviewed67,129, One of the provocative observations, first
made by Kety and his associates, is that feeding a combination of
tryptophan and methionine can induce symptoms of schizophrenia,
Studies of the effect of HT on affective states and behaviorl,2,67,129-132
cannot be discussed fairly in a short review. A role of HT metabolism
in the mental retardation of phenylketonurial33 remains linproved,
although it has been noted that phenylalanine inhibits transport and
hydroxylation of TP3,
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Chapter 27. Regulation of Cell Metabolism: Role of Cyclic AMP
Charles G. Smith, The Upjohn Company, Kalamazoo, Michigan

Cyclic 3',5'-adenylic acid (cyclic AMP), the structure of which is shown in
Figure 1, was isolated from animal tissue by Sutherland and Ralll’2, while
investigating the mechanism by which epinephrine exerts its glycogenolytic
effect in liver and muscle. These and subsequent investigations in various
laboratories suggested a role for cyclic AMP as a modifier or mediator of
phosphorylase3’® , UDPG-o~transglucosylase? ’®, phosphofructokinase®, lipase
tryptophan pyrrolasel®, steroidogenesisl® 18°158,18b ketogenesisl®, amino acid
uptake into liver proteins®”, acetate incorporation into liver fatty acids

and cholesterol®, lactate conversion to glucosel®, release of amylasel®,
water and ion permeability in the toad bladder®’2l, sugar transport in
thyroid tissue®® and acid secretiocn in the gastric mucosa®3. In addition,
this nucleotide has been implicated in the actions of glucagon®%*, ACTHS3,
vasopressin®® , luteinizing hormoneze, thyroid stimulating hormone®’ , sero-
tonin®®, acetyl choline®?, prostaglandinll®, histamine® , melanocyte-stimu-
lating hormone3°2 and insulin®bs30c, geveral recent papers have appeared in
which the role of cyclic AMP as a hormone mediator or "second messenger" has
been described in some detail3l”3® and a suggestion that adenyl cyclase may
actually be the adrenergic receptor site has also been made388&., It is the
purpose of this communication to center discussion on the possible value of
cyclic AMP, and test systems for measuring its effects, to the medicinal
chemist.

105115118
3

Synthesis and Degradation of Cyclic AMP

Adenyl cyclase - The synthesis of cyclic AMP from ATP is catalyzed by the
enzyme adenyl cyclase, which itself is responsive to hormone stimulation in
various tissues®®. Catecholamines have been shown to stimulate the formation
of cyclic AMP in a variety of tissues®! (Table 133), and adenyl cyclase has
been shown to be wide-spread in various tissues®®. Since procedures for the
isolation and assay of this enzyme and measurement of the products of its
reaction are available3°’4°, direct effects of analogues of ATP and/or cyclic
AMP (or hormones) on the enzyme can be determined in an in vitro system.

The degradation of cyclic AMP is catalyzed by a specific phosphodiesterase
which converts it to adenylic acig31lr41 (Figure 1). Again, the effect of
nuclectide analogues or other potential inhibitors on the degradation of
cyclic AMP can be studied in vitro in this enzyme system, and the possible
significance of such agents will be discussed below.

Cyclic 3',5'-AMP as a Hormone Mediator

The phosphorylase system - While investigating the site of the glycogenolytic
action of epinephrine, Sutherland and Cori%® demonstrated the stimulation of
phosphorylase activity by this catecholamine and subsequent studies2’32248
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implicated cyclic AMP in this process. Krebs, et al.32, have recently re-
viewed the subject of activation of skeletal muscle phosphorylase under the
influence of epinephrine, mediated by cyclic AMP. Figure 2, adapted from
thelr paper, summarizes the steps which have been shown to be involved in
this process. The direct activation of phosphorylase b kinase in muscle
extract can be demonstrated upon the addition of cyclic AMP in vitro43s ,44.
The activation of phosphorylase by epinephrine has also been demonstrated
in the perfused heart and intact heart in situ3s. Thus, three enzymatic
systems are availlable which can be studied in isolated cell preparations
for effects of analogues or chemically unrelated compounds on either the
synthesils or degradation of cyclic AMP or enzymatic activation by this
nucleotide.

The phosphodiesterase4l which cleaves cyclic AMP is inhibited by methyl
Xanthines and it is entirely possible that some or all of the biological
activity observed for these inhibitors of cyclic AMP degradation may be due
to this action. For example, theophylline has been shown to increase phos-
phorylase a activity in the isolated heart and potentiate the effects of
epinephrine in this assay3®.

Effects on lipolysis - In a recent article, Butcher3” reviews the history of
their experiments on the role of the cyclic AMP in the lipolytic process.
Their investigations showed an increase in the concentration of cyclic AMP
upon the addition of epinephrine to fat pads in vitro, followed by a stimu-
lation of the release of free fatty acids. Caffeine, a known inhibitor of
the phosphodiesterase which degrades cyclic AMP, acted synergistically with
epinephrine on the accumulation of cyclic AMP and the subsequent release of
free fatty acids®’°41l., It should be noted that the lipolytic effect of epine-
phrine was decreased by dichloroisoproterencl, a known inhibitor of the
stimulation of adenyl cyclase by catechclamine®®°37. 1In spite of this evi-
dence for the role of cyclic AMP as a mediator in the lipolytic process, the
direct addition of this nucleotide to fat pads in vitro did not stimulate
fatty acid release®®, although penetration into tissue by the nucleotide was
low. When the N6-2'-0,dibutyryl ester of cyclic 3',5'-AMP*® vwas added to
fat pads or fat pads were perfused with this compound, stimulation of tissue
free fatty acid synthesis and free fatty acid release was noted. The sub-
stituted compound was at least ten times as active in this system as was
cyclic AMP per se. The dibutyryl derivative may penetrate tissue more
effectively than does the unsubstituted nucleotide, but also it is degraded
by the cyclic phosphodiesterase more slowly than is the parent compound 7.
This is indeed an exciting example to the medicinal chemist of a relatively
simple chemical substitution which results in a marked change in the ability
of a compound to penetrate tissue and withstand the degradation that its
progenitor undergoes. At the same time, the substance obviously can be con-
verted, albeit slowly, to the active cyclic AMP and act as a "slow feed" of
the latter.

Effects on steroidogenesis -~ Early investigations®’ ’*® showed that incubation
of beef adrenal slices with ACTH resulted in an increase in the cyclic AMP
level in this tissue and that added cyclic AMP stimulated corticoid syrthesis
in rat adrenal slices. More recently, Karaboyas and Koritz?®® studied the
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mechanism of stimulation of corticoid synthesis in rat and beef adrenal
cortex slices and concluded that cyclic AMP and ACTH affect the same site

in the biosynthetic pathway between cholesterol and pregnenolone. They
further suggested that cyclic AMP is an obligatory intermediate in the action
of ACTH. 1In another recent paper, Roberts and co-workers®® concluded that
5'-AMP (as well as cyclic AMP) stimulates steroid hydroxylation in adrenal
mitochondria. The mechanism whereby cyclic AMP enhances steroid hydroxyl-
ation in this system is unknown. In their hands, hydroxylation of stercid
could not be obtained even at high levels of cyclic AMP if the adrenal mito-
chondrial system or homogenate did not contain reduced NADP, and they suggest
as possible explanations for the action of this nucleotide 1) increased
stimulation of the transport of steroid (or co-factor) across mitochondrial
membranes or 2) direct activation of the steroid hydroxylase system. Creange
and Roberts on the other hand, also studying the mechanism of 1ll1-fB-hydroxyl-
ation, concluded that cyclic AMP selectively stimulated this process in the
adrenal cortex by a mechanism which is independent of glycogen phosphoryl-
ation, reduced NADP generation and endogenous corticoid precursors®>.

In 1964, Marsh and Savara®2 reported that luteinizing hormone increased the
level of phosphorylase activity in bovine corpora lutea, that this response
was specific for the hormone and that a high degree of correlation existed
between the extent of phosphorylase stimulation and the degree of progester-
one stimulation by luteinizing hormone. In their studies, exogenous cyclic
AMP did not stimulate luteal phosphorylase activity. More recently, Marsh

and collaborators®® showed that luteinizing hormone stimulated the production
of cyclic AMP in bovine corpora lutea incubated in vitro and that this increase
preceded progesterone synthesis. Again the effect was reported to be specific
for luteinizing hormone. These investigators also demonstrated an increase

in the concentration of cyclic AMP in a human corpus luteum stimulated in
vitro by human chorionic gonadotrophin.

Other effects of cyclic AMP in vitro - In a recent paper, Appleman and co-
workers® * concluded that many similarities exist between the ATP-cyclic AMP
activation of phosphorylase b kinase and the conversion of glycogen synthetase
from the independent to the glucose 6-phosphate-dependent form.

Certain interesting effects on ion and water permeability are also thought

to be mediated by cyclic AMP. Handler, et §£.25} reported that either
arginine vasopressin or theophylline significantly increased the concentration
of cyclic AMP in the isolated toad bladder and that the two together were
synergistic. Cyclic AMP was also reported to have the same effect as vaso-
pressin on the permeability of the bladder to water and sodium ion and,
accordingly, was concluded to act as an intracellular mediator of the vaso-
pressin effect. It is interesting that this nucleotide has also been
reported to increase diuresis in vivo, as described below.

Although thyroid stimulating hormone (TSH) has been reported to increase

levels of cyclic AMP in thyroid homogenates and slicesgv’ss, the nucleotide
did not increase C1%0, production from glucose nor the incorporation of P32-
phosphate into phospholipids in vitro, as was observed with TSH per se®®’®7.

More recently, Pastan®® reported a significant stimulation of both of these
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processes by the dibutyryl derivative of cyclic AMP at concentrations as
low as 50 ug/ml but not by cyclic AMP at five times this concentration.
TSH, as expected, stimulated both processes at low concentration. Again,
as mentioned above under lipolytic studies, the enhanced activity of the
dibutyryl substituted nucleotide should be noted.

Metabolic Effects of Cyclic AMP in Whole Animals

As mentioned earlier, cyclic AMP has been postulated as the cellular inter-
mediate in the anti-diuretic action of vasopressin®0’21-25589560 in jsolated
dog kidney homogenates and isolated toad bladder. Based on these observa-
tions, Levine studied the effect of cyclic AMP on diuresis in vivo and
reported a prompt anti-diuretic effect after injection of the nuclectide

in man®l. Levine and Vogel®2 also determined the effect of the cyclic
nucleotide on heart rate, cardiac output, mean blood pressure, total peri-
pheral resistance, stroke volume, pulse pressure, blood glucose and plasma
free fatty acids in intact dogs and reported that administration of a

single dose produced effects in the whole animal resembling those of cate-
cholamines. They reported no significant changes in cardiac or metabolite
functions following administration of the 2'-,3'- or 5'-AMP, ATP or saline,
although prior administration of dichloroisoproterenol prevented the cardio-
vascular (but not the metabolic effects) of cyclic AMP. The latter nucleo-
tide has alsc been implicated in the mechanism of myocardial contractility®378%,

General Considerations

Examination of available data clearly indicates a role for cyclic AMP as a
mediator of the catecholamine stimulation of glycogenolysis, by the mechanism
depicted in Figure 2. Unlike the attempts to demonstrate the site of action
of most protein and steroid hormones®®, the expected increases in each of
the enzyme activities presumed to be mediated by cyclic AMP can be demon-
strated with direct in vitro techniques after treatment of the appropriate
tissue with specific hormones. As an example, adenyl cyclase activity and
cyclic AMP increase upon treatment with epinephrine and this in turn can

be shown, at the enzymatic level, to activate phosphorylase kinase. The
latter enzyme converts phosphorylase b to phosphorylase a which is the
active form of the enzyme catalyzing the synthesis of glucose-l-phosphate
from glucagon. The opportunities for the medicinal chemist to study
analogues and derivatives of the simple nucleotides or of compounds related
to the catecholamines are unusual in that several enzymatic steps in a

known sequence of reactions can be measured quantitatively in vitro and
effects of stimulators or inhibitors can be directly assessed. The data
implicating cyclic AMP in the lipolytic process are also quite convinecing,
and the concept of cyclic nucleotide mediation of ACTH in steroidogenesis
and vasopressin action on water and ion transport across membranes is also
sound. In vivo, cyclic AMP exerts many of the effects observed with cate-
cholamines and, in various systems, the methylxanthines (e.g., theophylline),
which are known to inhibit the phosphodiesterase that cleaves the nucleotide,
also potentiate its action. In addition, the cyclic nucleotide has been
implicated in various steps in the gluconeogenic pathway, the mechanism of
action of luteinizing hormone, glycogen synthetase and the metabolism of
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thyroid tissue.

Although it is not uncommon to associate single co-enzymes with different
enzymes catalyzing similar types of reactions (e.g., ATP with kinases, NADP
with reductases, and the like), it is not common to think of a single small
molecule as a mediator of a wide variety of hormonal or metabolic reactions.
Since adenyl cyclase is membrane bound, it is possible that stereo-specific
attachment sites on the cell surface to which the particular protein or
steroid hormone binds activate the synthesis of the cyclic nucleotide in a
particular cellular compartment, in which it then affects the activity of
another enzyme (e.g., phosphorylase kinase, lipase, or the like), thereby
completing the response initiated at the cell surface. Sutherland®’? and
Talwar®? elaborated additional possibilities whereby adenyl cyclase can
mediate different hormone effects: 1) different affinities of a single
receptor site for different hormcnes, 2) multiple sites on a single receptor
molecule, 3) unique responses in different cells to the activation of adenyl
cyclase, 4) different cofactor requirements of the various cyclases, and 5)
cellular compartmentalization effects. Regardless of the exact mechanism

of action, epinephrine can be shown both in vitro and in vivo to increase
the activity of adenyl cyclase and this effect can be stimulated or inhibited
by substances which antagonize the synthesis or degradation of cyclic AMP,

In the case of lipolysis, there appears to be a direct correlation between
the levels of cyclic AMP achieved and the amount of free fatty acld released,
which also strongly implicates the cyclic nucleotide as a hormone mediator
in this system as well., Coupled with this fact, it must be recalled that
cyclic AMP mimics the effect of epinephrine in liver slices and causes hyper-
aslycemia in various intact animals including humans31.

The finding that Ne-2'-0-dibutyryl-3',5'-adenylic acid resists the cyclic
phosphodiesterase but penetrates cells more readily than cyclic AMP itself

is of great theoretical and practical interest to the medicinal chemist.

This represents a situation toward which many investigators strive in pre-
paring substituted derivatives and analogues of pharmacologically active
compounds. Very seldom, however, are such clear-cut advantages for a rela-
tively simple derivative realized. It is surprising to this reviewer that
considerably more work has not been done to date, both in vitro and in whole
animals, with the dibutyryl compound. It is not only 1mperat1ve that suffi-
cient quantities of this substance be prepared for broad evaluation in
experimental animals to determine the overall pharmacological properties of
this unique substance, but additional related derivatives with varied side
chains also seem worth investigating. It is possible that the preparation
of similar substituted nucleosides or nucleotides of bases other than adenine
might result in increased permeability in specific tissues and decreased rate
of hydrolysis to nucleosides.

Analogues of cyclic AMP per se may alsc be worthy of investigation in view

of the fact that a specific enzyme synthesizes this compound. The enzyme

may be localized selectively in various tissues and a specific cyclic phospho-
diesterase inactivates the substance by forming 5'-AMP., Thus, enzyme systems

in which the medicinal chemist can evaluate compounds in a direct manner for
their ability to act in place of cyclic AMP or inhibit its action or degradation
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are available. One close relative of cyclic AMP, cyclic tubercidin phosphate®®,
has been tested by Butcher and Sutherland (unpublished observations) and

shown to replace cyclic AMP as an activator of phosphorylase. Certainly a
wide variety of substituted purine analogues and 2'-substituted cyclic AMP
derivatives or analogues should be prepared and investigated in the above-
mentioned enzyme systems. The ubiquity of cyclic AMP (animal tissues, urine
and E. coli®®) and the occurrence of the cyclic monophosphates of guanosine

and possibly uridine in nature?’®’?1 further strengthen the potential importance
of these compounds in overall regulation of metabolism, and extend the field

of synthesis of possible analogues or derivatives to this entire family of
nucleotides. It should be emphagsized that selective or specific inhibition

of the actlion of the progenitor substance is not the only basis for interest

in derivatives and analogues of compounds related to cyclic AMP., Increased
half-life of the molecule in the animal body, allowing it to be carried to
specific organs in higher concentration than the parent compound, can be a
decided advantage., Likewise, selective organ concentration of derivatives

or analoguescorchanges in rate of cellular kinetics can alter the overall
metabolism and distribution picture as well as the biological effects observed
with substituted nucleotides®®°72, Marked changes in polarity of the compound
may significantly influence passage across the blood-brain barrier resulting
in pharmacologically active doses of a compound in the nervous system where
the parent accumulates in only very low concentrations. Obviously, it cannot
be predicted whether such changes will be favorable of unfavorable to the
animal in which they are induced. When the cyclic AMP and cyclic nucleotide
picture is considered in toto, it emerges as a fascinating area of biochemistry
and bioclogy in which the medicinal chemist ought to play a significant role

in tailoring molecules for certain enzymatic activities which can be directly
measured in vitro and evaluated in various specles of whole animals, including
man, where indicated.
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Figure 2
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Chapter 28 Synthetic Peptides
George W. Anderson, Lederle Laboratories, American Cyanamid Company
Pearl River, New York

Introduction. This review is based on papers published in 1966, and
is necessarily selective in order to keep it short. Some of the newly
proposed synthetic procedures are interesting but need further development.
Only passing mention will be given to much important work in the field of
peptide hormones, since this is covered in the chapter on non-steroidal
hormones.

Books and Review Articles. Schrdder and Liibkel have completed their
comprehensive survey with The Peptides, Vol. II.Synthesis, Occurrence, and
Action of Biologically Active Polypeptides. This work complements the
first volume (Methods of Peptide Synthesis) which appeared in 1965, and the
two are recommended as the most comprehensive treatise on peptides avail-
able today. A less cgmprehensive but very readable Peptide Synthesis, by 3
Bodanszky and Ondetti” also appeared in 1966, as did a monograph by Kopple
Peptides and Amino Acids, which was written for the use of undergraduate
students of chemistry. Not to be overlooked are general reviews by
Wieland and Determann and Law® on recent work, and more specialized
reviews by Russell® on Cyclodepsipetides and by S. G. Waley7 on Natural
Occurring Peptides. % symposium on Hypotensive Peptides, held in 1985,
was reported in 1966.

Active Esters. The synthesis of reactive esters of acylamino acids
and their use in lengthening a peptide chain by reaction at the amino end
is a justifiably popular method; racemization is avoided, yields are good,
and purification of the products is relatively easy. Esters of N-hydroxy-
succinimide (I), N-hydroxypiperidine (II) and 8-hydroxygquinoline (III)
have received particular attention during 1966.

o ! 0
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The practical value of N-hydroxysuccinimide (HOSu) esters of acylamino
acids is illustrated by their use in the syntheses of insulin components
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by the Aachen group.g_l5 Recent improvements of the mixed anhydride
methodl® have been adagted to the synthesis of HOSu esters of acylpeptides
without racemization,l which should greatly extend the utility of these
esters. The same communication reported the synthesis of N-hydroxypiperi-
dine (HOPipz esters without racemization; however, the low reactivity of
such esters 8 is to their disadvantage. The authors of the latter refer-
ence found useful reactivity of HOPip esters of acyldipeptides with amino
acid esters, but not with peptide esters. In contrast, 8-hydroxyquinoline
(HOQ) esters of acylamino acids and acyldipeptides were found to be highly
reactive to amino acid or peptide esters;l9 esters derived from 5-chloro-
8-hydroxyquinoline were even more reactive.20 Since these esters are
especially resistant to racemization, they are promising.

Illustrative of the complexity in evaluation of active esters, it has
been observed that the mixed anhydride procedure which gives a HOSu ester
without racemization yields a partially racemized HOQ ester.17 There are
other indications that HOSu has a good balance of properties for active
ester use. Thus, it has been found that the trifluorcacetate esters of
p-nitrophenol, 2, 4, 5-trichlorophenol and HOSu are useful reagents for
making the corresponding active esters of acylamino acids, but only the
HOSu derivative gave little racemization in a sensitive test case. 1 The
use of HOSu to prevent racemization by the dicyclohexylcarbodimide method,
which likely proceeds via the active esters, will be discussed below.
Finally, an ingenious synthesis of t-butyloxycarbonylamino acids via
t-butyloxycarbonyl N-hydroxysuccinimide ester and the subsequent in situ
synthesis of t-butyloxycarbonylamino acid N-hydroxysuccinimide esters
is noted.22

An improved procedure for the use of t-butyloxycarbonylamino acid
p-nitrophenyl esters in solid phase synthesis of peptides was reported.
An opposite procedure, in which the active ester was attached to a resin,
was investigated in two laboratories® ;25; further work will be necessary
to evaluate the utility of this approach.

More evidence that commonly used active esters can be used without
racemization was found by Weygand, Prox and Kdnig.26 Their test, which
involved the coupling of Z-Leu-Phe-OH (2L) with H-Val-Ot+Bu, was applied
to a number of common methods; only the azide and the active esters gave
no racemate. However, Liberek an Michalik27 have found that racemization
occurs in coupling of Z-ala «ﬂQ-S- with H-Gly-OEt; this is an unusual case,
but it illustrates that no absolute conclusions can be drawn.

Mixed Anhydride Coupling. This very popular method, involving the
use of alkyl chloroformates as reagents to make anhydrides with acylamino
acids or acylpeptides, has been reinvestigated. Determann, Heuer, Pfaender
and Reinartz2® have shown that exposure of the mixed anhydride

X-Phe- 0 OCH20H3 to triethylamine gives racemization rates in the order

benzoyl ® acetyl; formyl for X; no racemate was found when X was
ethoxycarbonyl or t-butyloxycarbonyl. These results confirm previous
findings, and an azlactone mechanism of racemization. Anderson, Zimmerman
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and Callahanl6 presented evidence for tertiary amine participation in
mixed anhydride formation, with steric factors being important.
Racemization could be avoided in sensitive test cases by use of a tertiary
amine containing an N-methyl group, provided no excess was used. With a
suitably weak amine such as N-methylmorpholine, an excess was permissable.
Coupling of acylpeptides without racemization should now be possible,
which will considerably extend the utility of the mixed anhydride method.

Dicyclohexylcarbodiimide (DCCD) Coupling. This method was improved
by Winsch and Drees<” and Weygand, Hoffmann and Winsch30., The first
authors found that the addition of an ecuivalent or more of N-hydroxy-
succinimide to the coupling of a C-terminal leucine pentapeptide to a
tripeptide ester in the presence of DCCD raised the yield from 31% to 75%
and eliminated the N-acylurea byproduct. The latter authors found that
racemization in the synthesis of Z-Leu-Phe-Val-OtBu from Z-Leu-Phe-0OH
and H-Val-OtBu by DCCD was eliminated by using two equivalents of HOSu and
a temperature of -22°. Since an excess of DCCD was also used, the minimum
requirements for no racemizabtion were not clear. p-Nitrophenol in place
of HOSu did not eliminate racemization. In another paper3l, it was found
that the coupling of AMZ-Leu-Phe-OH(where AMZ is B-methoxybenzyloxy-
carbonyl) to H-Val- OCH,* P (vhere P is a polymer) in dimethylformamide at
room temperature in the presence of HOSu (2 equivalents) and DCCD gave
some racemization, but a similar reaction in methylene chloride gave none.
The use of optically pure fMZ-Leu-Val-OSu also gave no racemate. The
implication is that racemization-free DCCD reaction also proceeded through
the HoSu ester, but it is not rroven.

In work reported at a symposium in 1965 but published in 19668
Bzl 0Bzl
Katchalski reported good results in the synthesis of BOC-T&T—Ala—Glu-OSu
by the DCCD method, removal of protecting groups and polymerization. In
retrospect it seems likely that racemization did not occur.

Rapld Synthetic Procedures. The most interesting development of the
year was the skillful use of ¢-amino acid N-carboxyanhydrides in a rapid
synthesis in agqueous medium32., This procedure is much faster than the
Merrifield "solid phase” synthesis, undoubtedly more economical, and
orobably easier to adapt to larger scale syntheses. It appears that more
byproducts are formed, but both methods require chromatographic or more
elaborate purification of the final products.

The “solid phase’ method was further applied during the year by
Merrifield and associates. The most severe test was its use for the
synthesis of the A and B chains of insulin33; it is not possible to
accurately evaluate the results from the brief report, but insulin activity
vas obtained by oxidative combination of the two chains. In another paper
it was shown by synthesis of bradykinylbradykinin, an 18 amino acid peptide,
that the o-nitrophenylsulfenyl group can be used for amine protection in
this oprocedure. The automated solid-phase synthesis of the C-terminal
decapeptide fragment of tobacco mosaic virus protein was reported by
Stewart, Young, Benjamini, Shimiza and Leung35.



Chap. 28 Peptides Anderson 299

Amine-Protecting Groups. The O-nitrophenylsulfenyl (NPS) group,
introduced in 196339, received a good deal of attention during the year.
Selective removal in the presence of commonly used groups such as
benzyloxycarbonyl and t-butyloxycarbonyl (BOC) is a particularly desired
property, and the NPS group has been promising for this use. From
comparative syntheses of a decapeptide, Poduska37 concluded that selective
removal of the NPS group by hydrogen chloride with BOC as the "stable"
group was risky in long synmtheses. Kessler and Iselin3® reached similar
conclusions; they found promising results with thioacetamide in the
presence of acetic acid, although byproducts from the NPS caused some
difficulties. Brandenburg39 found that acidolysis in the presence of
mercaptoethanol helped avoid unwanted byproducts. Fontana et al1.lo
recommend thiophenol or thioglycollic acid.

Further workhl with the t-amyloxycarbonyl group showed that it 1s
comparable to the t-butyloxycarbonyl group. The furfuryloxycarbonyl
group was found to be between the t-butyloxycarbonyl and benzyloxycarbonyl
groups in ease of removal by acid treatment. 2

Carboxy-Protecting Groups. Stewart43 has investigated 2, L, 6-
trimethylbenzyl esters. They are comparable to t-butyl esters in
sensitivity to acid catalyzed cleavage. Methanolic hydrogen chloride does
not affect them under conditions which remove NPS or trityl groups.

Further work with diphenylmethyl,lm phenacyluu, and B-methylthioethyﬂy5
esters disclosed useful cambinations with N-protecting groups, particularly
trityl and o-nitrophenylsulfenyl groups.

Special Protecting Groups. In three papersué’u7’u8‘Hiskey and co-
workers reported a study of the problem of SH protection in the synthesis
of cysteine peptides. Mercuric acetate was found to be useful for selective
cleavage of the S-triphenylmethyl groups, and sodium ethoxide for the
S-benzoyl group. The latter group is limited in utility, however, because
of tendeﬂcy to migration to the amino group during peptide bond formation.
Guttmann*9 found that a new S-protecting group, ethyl carbamoyl
(CH3CHpNHCO-), was stable under acidic and neutral conditions but readily
cleaved by basic reagents; glutathione and oxytocin were synthesized with
its use. Wilchek et al.éo solved the problem by synthesizing peptides
containing L-B-chloroalanine and converting these to cysteine peptides
with appropriate thio compounds.

Weygand and associatesdl introduced a new protecting group for the
imidazole of histidine, 2, 2, 2-trifluoro-l-benzyloxycarbonylaminoethyl-
(IV); it is resistant to acid and to alkali, and is cleaved by hydrogena-
tion, then hydrolysis. ﬁ

F3CCH-

c
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(Iv) 2-TF group (V) DMB group (VI) phthalimidomethyl
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Weygand et al.’2 also proposed the 2, L-dimethoxybenzyl group (V) for

protection of amide groups; perhaps the most interesting aspect of such
amide protection is the resulting increase in solubility of peptides in
organic solvents. The group is removed by strong acid treatment or by

sodium in liquid ammonia.

Jilchek et al.23 found the phthalimidomethyl group (VI) to be useful
for protecting the y-carboxyl of glutamic acid; it was removed by molar
piperidine.

Biological Activity of Synthetic Peptides. The primsry reasons for
the synthesis of peptides are to confirm structures of biologically active
natural peptides and to study the effect of modification of such structures
on the biological effects. A practical goal is the synthesis of peptides
which can be used for drug purposes. Progress in these areas was made in

1966.

Much work on the synthesis of hormones and analogs was reported, and
this will be covered in another chapter as already mentioned. A coﬁplete
report on the syntheses of B-corticotropins by Schwyzer and Siebero% is
noted here; this is of general interest because of the discussion of
problems in synthesis and purification of products.

An analog of a 25 amino acid corticotrophin (ACTH) fragment with
improved properties for drug use was reported?’; resistance to amino-
peptidase activity by providing a D-serine residue at the amino end and to
carboxypeptidase by a C-terminal wvalinamide, and resistance to air
oxidation by substituting norleucine for methionine were obtained.
Biological assays showed increased potency over natural ACTH? , and more
prolonged action in human beings®7. These results suggest that synthetic
variations will be valuable in improving the medical properties of other
biologically active peptides.

Replacement of amide by ester linkages gives a class of campounds
known as depsipeptides. An example is the cyclic antibiotic valinomycin

(viI), - e
Iii .
(D-Val-L-Lac-L-Val-D-HyIv) 3 -

VII
which is composed of valine, lactic acid and @ -hydroxyisovaleric acid units
In a paper of special interest58, Shemyakin and associates showed that
replacement of one of the hydroxy acids with a similar amino acid gave
campounds with antibiotic activity which in some cases exceeded that of
the natural compound. Similarly, replacement of amide by ester groups to
give analogs of glutathione, ophthalmic acid and bradykinin gave
biologically active compounds. Resistance to enzymatic attack is one of
the interesting possibilities of such compounds.

Replacement of amino acid moieties in biologically active peptides by
other amino acids with retention of activity is common, and more examples
were reported during the year. A particularly interesting study was made
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by Hofmann and Bohn.?9 Histidine appears to be important in the biological
activity of several enzymes and hormones, probably because of the acid-base
behanior of its imidazole fragment. Hofmann and Bohn replaced the
histidine of an S-peptide fragment of ribonuclease with B-(pyrazole-1)-L-
alanine and with B -(ryrazole-3)-L-alanine; although these are isosteric
with histidine, biological activity was lost. Since the pyrazoles differ
in acid-base properties, the results suggest that the ionization behavior
of histidine is important in the activation of ribonuclease S-protein by
S-peptide.

In the antibiotic field, Vogler and Studer6o have reviewed the
chemistry of the polymyxin antibiotics. Studer, Lergier and Xogler 61
reported the synthesis of Circulin A, and Ohno and coworkers synthesized
tyrocidin A.
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Chapter 29. Nucleosides and Nucleotides

Howard J. Schaeffer, State University of New York at Buffalo,
Buffalo, New York

During 1966, a review of methods in nucleoside syntheses1 and a
review of the ionization and metal complex formation of adenosine and
adenine nucleotides were published.

The preparation of nucleosides by the fusion method continues to be
employed extensively. Todine has been found to be a good catalyst for
the synthesis of certain nucleosides by the fusion method3 Nebularine
has been synthesized in high yield by the fusion technique using bis- (p-
nitrophenyl)hydrogen phosphate as the catalyst.4 The synthesis of 2'-C-
methyladenosine has been accomplished from the protected 2-C-methyl-D-
ribono-y-lactone (I) which was reduced with bis-(3-methyl-2-butyl)borane-
(disiamylborane). The corresponding tetrabenzoyl derivative was converted
0 into the chloro sugar which after condensation
0 with chloromercuri-6-benzamidopurine followed
by deblocking gave 2'-C-methy1adenosine.5 This
compound as well as 3'-C-methyladenosine are
both cytotoxic against KB cells in culture.d
Nucleosides were prepared by the fusion method
1 from homoribose with 6-chloro-, and 2,6-di-
chloropurines. The corresponding 6-mercapto-
and 2-chloro-6-aminopurine nucleosides were nontoxic in tissue culture
(KB and HEP-Z/MP).6 A variety of aldofuranosyl nucleosides have been pre-
pared by the chloromercuri procedure.7 The utilization of the 2,4-dini-
trophenyl group as a blocking group in the preparation of 2'-amino-2'-
deoxy-nucleosides has been described in the synthesis of 2'-amino-2'-
deoxy—adenosine.8 Urbas and Whistler have prepared several 1~ (4-thio-D-
ribofuranosyl)pyrimidine nucleosides by the Hilbert-Johnson procedure.9
In all instances a 2:1 mixture of anomers was obtained with the £-D anomer
predominating over the (-D anomer. The synthesis of 4'-acetamidoadenosine
has been accomplished by the condensation of 4-acetamido-1,5-di-O-acetyl-~
2,3-di-0-benzoyl-4-deoxy-D-ribofuranose with chloromercuri-6-benzamido-
purine using a titanium tetrachloride catalyzed reaction.l0

Bzo

Me

Bz Bz

1-Deaza-6-methylthiopurine ribonucleoside and 3-deaza-6-methylthio-
purine ribonucleoside have been prepared by fusion of the corresponding
deaza-6-chloropurine with tetra-O-acetylribofuranose followed by reaction
with sodium methyl mercaptide.ll’12 Both of these deaza nucleosides were
much less cytoxic than 6-methylthiopurine ribonucleoside, but l-deaza-
6-methylthiopurine ribonucleoside was cytotoxic to HE,-2 cells which were
resistant to 6-merca€topurine.11 3-Deazaadenosine has been synthesized by
a related procedure. 3 Replacement of the 6-chloro group could not be
accomplished with ammonia. However, treatment of 3-deaza-6-chloropurine
ribonucleoside with hydrazine followed by reduction with Raney nickel gave
3-deazaadenosine.l

Montgomery and Thomas have studied the infrared, ultraviolet and NMR
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spectra of a number of mercury or chloromercury purines and compared

these spectra with the spectra of the corresponding sodium salts and N-7
and N-9 alkylpurines.14 Based on these studies, they concluded that the
mercury or chloromercuri are covalent. The chloromercury group is
attached to N-7 of 3-benzylhypoxanthine and the mercury group is at N-7 of
theophylline. The chloromercuri group is attached to N-9 of l-benzyl-
hypoxanthine, l-benzylpurine-6(l H)-thione, and 6-dimethylaminopurine.
When these mercury or chloromercury derivatives are allowed to react with
acylglycosyl halides, the attack is on the nitrogen bearing the mercury or
chloromercury group.1

The utility of a 3-substituent on hypoxanthine to direct substitution
to the 7-position has been_shown by the preparation of 70~ and 78-D-arabi-
nofuranosylhypoxanthines. Thus, 3-benzyl- or 3-benzhydryladenines were
treated with nitrosyl chloride to give the corresponding 3-substituted
hypoxanthines. The chloromercury derivatives of these compounds were
condensed with 2,3,5-tri-O-benzoyl-D-arabinofuranosyl bromide. Catalytic
hydrogenolysis of the benzyl or benzhydryl group gave 70~ and 7B-D-ara-
binofuranosylhypoxanthines. The synthesis of 7-glycosylpurines as the
exclusive product of the reactions is exemplified by the preparation of 7-
S-D-ribofuranosyladenine.16 4 (5)-Bromo-5 (4) -nitroimidazole was fused with
tetra-O-acetyl-p-D-ribofuranose to give a N-glycosyl derivative which on
treatment with potassium cyanide, then Raney nickel and finally with
acetic anhydride and triethyl orthoformate gave 7-B-D-ribofuranosylade-
nine.16 Shimizu and Miyaki have shown that the migration of the ribosyl
group in N-benzoyl-3-f-D-ribofuranosyladenine from N 3 to N 9 occurs by an
intermolecular mechanism.

An interesting stereoselective synthesis of the anomeric 5-mercapto-2'-
deoxyuridines has recently been reported.18 When 5-acetylmercapto-2,4-0-
bisg- (trimethylsilyl)uracil and the blocked chloro sugar were fused at 100-
110° for 15-20 minutes, only the P-igomer of the blocked compound could be
isolated from the reaction. However, when the reaction was carried out in
benzene solution at 37° for 90 hours, only the ¢-isomer was isolated.l8

By modifications of known procedures, the following compounds have been
prepared: 1-B-D-arabinofuranosylthymine,19 2'-deoxy-5- (trifluoromethyl) -
uridine and its a-anomer,20 o~ and B-5-trifluoromethyl-6-aza-2'-deoxyuri-
dines,21’22 1-B—D-arabinofuranosy1—5-fluorouracil,23 5-fluoro-2'deoxycyti-
dine,24 3'-deoxynucleosides of Eyrimidines,25 pyrimidine and gurine nucle-
osides of D-glucuronic acid,26’ 9-D-mannofuranosyladenine,2 3~-B-D=-ara-
binofuranosyladenine, 3-B-D~ribofuranosylorotic acid,30 5-(D=~ribofurano-
syl)-6-azauracil,31 and 5-~D-arabinitoluracil and 5-~D-ribitoluracil.

Chemical transformations of nucleosides have resulted in the syntheses
of some 2',3'-unsaturated pyrimidine nucleosides33 as well as a 4',5'-
unsaturated pyrimidine nucleoside.3% Treatment of 3'-0-tosyl-2'-deoxy-
adenosine with alkoxide produced the 2',3'-unsaturated nucleoside33,3® as
well as a smaller amount of the 3',5'-oxetane derivative.36 The syn-
theses of 2',3'-dideoxy-, 2',5'-dideoxy-, and 2',3',5'-trideoxyadenosine
have been accomplished by mono- or ditosylation of 2'-deoxyadenosine
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followed by displacement of the tosylate with sodium ethyl mercaptide and
Raney nickel desulfurization.

0
A novel transformation
F F\ ~COOH NHZ in aqueous alkali has
H/I been observed with 1-p-D-
arabinofuranosyl-5-fluoro-
uracil as outlined.38 The
open chain compound was
isolated in 50% yield and
by treatment with diazome-
thane and then with alkali
generated l1-p-D-arabino-
furanosyl-3-methyl-5-
fluorourac11 Moreover, the rlbo- or 2'-deoxyribo derivatives did not
undergo this reaction. The acid catalyzed solvolysis of pyrimidine
nucleosides has been studied and the acid stability is markedly influenced
by the number of hydroxyl groups in the sugar. In the 2'-deoxyribonucleo-
sides, the 3'-hydroxyl group exhibits a large effect on the rate of reac-
tion3? A convenient synthesis of 1-B-D-arabinofuranosylcytosine has been
reported by tosylation of N4 03' 05 -tri-O-acetylcytidine. The proposed
2,2'-anhydrocytidine derivative undergoes rapid hydrolysis to 1-B-D-
arabinofuranosylcytosine.40 Hampton and Nichol have described a conveni-
ent synthesis of 2,2'-anhydro-1-8-D-arabinofuranosyluracil by treating
uridine with diphenyl carbonate.

o —

In a continuation of some studies on acyl migrations in model com-
pounds related to aminoacyl-S-RNA, a technique has been developed using
NMR to determine the rate of acyl migration in some 3'-O-acyl ribonucleo-
sides. It was estimated that the half-time of equilibration into 2' and
3'-isomers of an average aminoacyl-S-RNA derivative in pH 7 buffer at 37°
is 2 x 107" sec. It was concluded that equilibration of an average amino-
acyl-S-RNA would most likely be much faster than peptide bond synthesis.
Two studies of ORD on pyrimidine nucleosides have appeared which assist in
the assignment of the anomeric configuration. ' >? The anomeric configura-
tion can be assigned utilizing an NMR technique, which compares the pyrimi-
dine nucleoside with its 5,6-~dihydroderivative.

In some 6-substituted purine 3'-deoxyribonucleosides,a direct correla-
tion between the extent of phosphorylation of the nucleosides and inhibi-
tion of RNA synthesis in intact Ehrlich ascites cells has been shown.

The synthesis and properties of some substituted 6-hydroxylaminopurines
has been described.?7

The structures of formycin,48 formycin B,48 and blasticidin 849 have
been described. The syntheses of_gome nucleosidic peptides related to
amicetin have also been reported.

In an elegant paper, Shealy and Clayton have outlined their synthesis
of 9{B-DL-2c, 3a-dihydroxy-48- (hydroxymethyl)cyclopentyi]adenlne (1)
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NH» which is the carbocyclic analogof adenosine.”l
N Norbornadiene was cis-hydroxylated and after pro-
\\ tection theolefin was oxidized to yield 2q, 3o~
l diacetoxy-1B,4P-cyclopentanedicarboxylic acid.
\\h N The cyclic anhydride was converted into the amide
acid which on Hofmann rearrangement followed by
HO lithium borohydride reduction on the ester gave a

derivative of 1P-amino-2¢, 3¢-dihydroxy-4f-hydroxy-
methylcyclopentane. Condensation of the amino-
triol with 5-amino-4,6-dichloropyrimidine followed
HO OH by ring closure with triethyl orthoformate gave
11 the 6-chloropurine derivative which on treatment
with ammonia gave 1I.

A most unusual rearrangement has been observed by Chheda and Hall with
the finding that N6-g1vcv1adenine (III) is converted into N- (6-purinyl)
glycine (VII).52 When III is kept in aqueous solution for a few minutes
at 100°, it loses the elements of ammonia and forms a cyclic intermediate
which has been assigned structure 1IV. N6-chloroacetyladenine (V) forms
the identical intermediate(IV). Compound IV in neutral solution under-
goes ring cleavage, and rearrangement to VII, presumably via vI.32

0
NHCOCH,NH) I N NHCOCH,C1
N N NN N N
, \\ 1,0/100° ' N e l N
"\ > N N
N N N N N N
H H H
III v v

e B

NH NH-CH, COOH

HOOC-CHy-N N | N ZN\
N
S-S
- N N N
| H

L__ N

VI VII

The initial announcement of a method for the stepwise synthesis of
oligodeoxyribonucleotides on_aninsoluble polymer support was made in 1965
by Letsinger and Mahadevan.52 gn 1966 several papers appeared on synthe-
ses with a polymer support.5 -3 The procedure used by Letsinger and
Mahadevan employs an insoluble copolymer of styrene (88%); p-vinylbenzoic
acid (12%) and p-divinylbenzene (0.2% or 0.02 %). The carboxyl groups on
the polymer were converted into acid chlorides with thionyl chloride and
allowed to react with 5'-O-trityl-2'-deoxycytidine (VIII) to yield IX.
Condensation of IX with cyanoethylphosphate and mesitylenesulfonyl chloride
or DCC gave X. When X was activated with mesitylenesulfonyl chloride and
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NH, (®—co-8u ®—conu

®—coc1 + NZF I N | N’/SE]
O‘l\\N - OJl\\N - 041\\N
0

TrO TrO Tr

OH H
0=P-OCH,CH)CN

VIII X X

condensed with thymidine XI was produced. By repetition of ‘the phosphory-
lation of the free 3'-hydroxyl group, activation and condensation steps
@D—CO-NH several different oligodeoxyribonucle-
otides were synthesized. The final
N products can be removed from the
l polymer with 0.4 M sodium hydroxide
0 in a mixture of dioxane, ethanol and
N 0 water.” 7

TrO Y CH The second method of deoxyribo-
nucleotide synthesis on a polymer sup-
4l\\ l port is different from the procedure
Q o N of Letsinger and Mahadevan in two
NCCH20H20?=O respects. The polymer employed is a
0 0 polystrene polymer which is soluble in
the reaction medium and the deoxyribo-
nucleoside is attached to the polymer
0 through its 5'-hydroxyl group by means
of a methoxytrityl group on the poly-
mer.”?s In order to functionalize
X1 the polymer (XII), it was subjected to
a Friedel-Crafts with benzoyl chloride
to give XIII. Treatment of XIII with
p-methoxyphenylmagnesium bromide gave
the trityl alcohol (XIV) which was converted to the tritgl chloride XV)
with acetgl chloride. Condensation of XV with thymidine 5 or 3'-0-acetyl-
thymidine 6 gave XVI, For internucleotide bond synthesis, XVI was allowed
to react with pyridinium 3'-O-acetylthymidine 5'-phosphate and mesitylene
chloride in pyridine solution. After treatment with water followed by
removal of the 3'-O-acetyl blocking group, XVII was obtained in good
yield. By repetitionof the condensation and deblocking steps, several
different oligodeoxyribonucleotides were prepared. Removal of the oligo-
deoxyribonucleotide from the polymer was accomplished by brief treatment
with trifluoroacetic acid in chloroform®> or dioxane.
A review has appeared on the synthesis and biological function of nucle-
otides.?’ A paper describing the synthesis of the 64 possible ribotri-
nucleotides derived from the four major ribomononucleotides has been
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S W W Wy

XIII
OMe published. 58 A report has appeared

describing the use of nucleoside 2'-0-
benzyl ethers in the synthesis of oli-
goribonucleotides. The use of 1l-di-
methylamino-1, 1-dialkoxymethanes as a
blocking group for reactive amino groups

of cytidine, adenosine and guanosine in
the stepwise synthesis of ribooligo-

f nucleotides has been described.®0

R Detailed kinetic studies on inter-

_ nucleotide bond synthesis using aryl-
X1V, RIOH sulfonyl chlorides are reported, and the
XV, R=Cl use of 2,4,6-triisopropylbenzenesulfonyl
chloride for internucleotide bond synthesis is described.bl Phosphoryla-
tion of nucleosides with organic amine salts of phosphoric acid has been

OCH3 QCH3
®-Tr-0 @ h ‘O
l
0 0
OH
XVvi XVII

studied.62,63 Additional studies on the preparation of nucleotides and
dinucleoside phosphates by the anhydronucleoside method have been reported.

»65 Finally, an interesting phosphorylation of ribonucleosides with
phosphorus trichloride has been discovered. Reaction of 2',3'-0-isopro-
pylidene inosine with phosphorus trichloride in acetone solution followed
by an aqueous treatment and removal of the blocking group gave 5'-IMP in a
917% yield. This reaction was applicable to other nucleoside isopropyli-
dene derivatives. The reaction requires oxygen and a solvent which is a
ketone or aldehyde (acetone and methyl ethyl ketone are best). It is
postulated that phosphorus trichloride reacts with the nucleoside to give
a dichlorophosphite which is then oxidized to the dichlorophosphate.
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Chap. 30 STEROIDS
Raphael Pappo, G. D. Searle & Co., Chicago, Illinois

Introduction. Interest in the field of steroids remains undiminished.

A major breakthrough was achieved in the elucidation of the biosynthesis
of sterols. Strong evidence has been obtained showing that squalene
2,3-oxide is an intermediate in the conversion of squalene to choles-
terol.r»2,3,4

Other important contributions were in the area of total synthesis.
Compounds of type I were converted to the required optically active inter-
mediates II in about 70% yield,S»® using microbiclogical transformations.

HaC 0 HaC OH R = -CHoCHoCO(CHs )3COOCHS
R or HZ-
—_— —
0 R= l
(1) 4 (11)
CHa0

Thus it has been possible for the first time to effect an asymmetric
total synthesis of steroids.

Androstane Series. The selective reduction of steroids by homogeneous
catalytic hydrogenation has been studied and shown to be promising.”’®

A new angular methylation procedure, at C;g, involving the Simmons-Smith
reagent was discovered, thus extending the usefulness of the Smith-Torgov
total synthesis of 19-norsteroids.® The preparation and properties of
5,19~cyclosteroids was the subject of several studies.l©ll TInterest-
ingly enough, the Villsmeier reaction on enamines of 3-keto-A%*~steroids
led to the 4,6-diformyl derivatives.'?

Additional work with ammonium sulfide has shown that it is a useful
reagent for the hydrogenolysis of selenides obtained as by-products in
the selenium dioxide dehydrogenation of 3-keto-A%*-steroids to the corres-
ponding Al»%-ketones.l3

Among new compounds of interest one should mention 100-estra-4-en-
3.ones,'* A-homotestosterone,!> and 2-oxa-estra-5-en-3-ones.t®

A total synthesis of resolved l7B-hydroxy-des-A-androst-9-en-5-one
has been described in connection with the preparation of 100-methyl
steroids.17,18 (Conessine was degraded by an elegant and simple method to
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13B-cyano-18-nor-50-androstane derivatives.!® The photolysis of 3-oxo-
4,5-epoxides led to 3,5-dioxo-10(5~4 )abeo steroids.=°

Pregnane Series. Steroid allyl and propargyl enol ethers undergo the
Claisen rearrangement.= Surprisingly, cyanogen bromide reacts with 18-
hydroxy-20-dimethylamino steroids to form the corresponding 18,20-epoxy
derivatives.®? Additional work has been reported on the synthesis of
18-methyl steroids.Z3,24,235

Estratriene Series. The Wyeth chemists have published details of their
work=°»=73<B=% on the total synthesis of estratriene derivatives prepared
mainly for biological evaluation. In addition they described also & new
total synthesis of equilin.30 The Merck group working along similar lines
has found that IV is easily prepared from III and can be used to alkylate
2-alkyl-cyclopentane-1l,3-diones in cases where ITI fails.3* They also

AcO
+ NH
CHz8-C7_ _ CHp
l NHa
OH
CH30 (Iv) CHa0 (111)

published work on the chemistry of d1-8(1k)dehydroestrone.®2 The total
synthesis of 6-thia,33 L-aza,3* 6-aza,>® and 8,135-diaza3® steroids has
been reported.

Along different lines, it was interesting to note the report that
158~-hydroxyestrone and 15f-hydroxy-17B-estradiol are present in the urine
of pregnant women.

Corticosteroids. An interesting paper described the use of an iridium
catalyst for the stereoselective hydrogenation of a 16-methylene
steroid.3? Some interesting theoretical considerations were discussed in
connection with the solvolysis of 9a,11B-dichloro-steroids.3® A novel
reagent, sulfur dioxide and N-bromoacetamide, for the dehydration of 118~
hydroxy-steroids has been discovered.3® The total synthesis of a hydro-
cortisone derivative was described by the Roussel group.4°

Sterols. A considerable amount of work was devoted to the study of back-
bone rearrangements.4}>42:43 yhile partial syntheses of an insect

moulting hormone, ecdysone, were announced by several groups,%%4s45,46,47,48
evidence is accumulating on the widespread occurrence in nature of its
hydroxylated derivatives. This year saw the isolation of 20-hydroxy-
ecdysonell from silkworm*® (ecdysterone),S° crayfishS! (crustecdysone),S2
oak-silk moth, tobacco hornworm,>> and from plants such as Podocarpus
nakaii,5* Podocarpus elatus,®S and Achyranthis.®* The ready isolation of
insect-moulting hormones from plants in contrast to the extremely poor
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yield from insects and other sources makes it possible to obtain for the
first time large amounts of active substances for bioclogical experimenta-
tion.

Nitrilium ion intermediates have been shown to have synthetic
utility.5® Addition of phosphate carbanion to 3-keto steroids could be
controlled to yield either cis or trans olefin.57

Antibiotics. Cephalosporin Py was shown to have structure V with a
fusidane framework:>8

(v)

| 1
CHg OAc

Fusidic acid has been degraded to adrenocortical hormone analogs®® and to
derivatives of La,8x,14B-trimethyl-18-norandrostane.®®»®? The structure

of Wiggaferin A has been confirmed by degradation to bisnor-5Q-cholanic
acid.

Cardenolides. The synthesis of digitoxigenin was announced,®3 while
cardenolides of novel structure were described by the Ayerst chemists.S?
Reichstein and his group are continuing their work on the structure deter-
mination of various natural cardenolides.®%»86

Steroidal Alkaloids. Photolysis of (228:258)-N-chloro-22,26-imino—50h
cholestan-3B-0l and the corresponding 16B-hydroxy substituted (22S:25R)-,
(225:255)-, and (22-8:25R)-N-chloro compounds caused fragmentation to a
mixture of the corresponding 20R and 20S chloropregnane derivatives.
Whereas photolysis of (22R:25S )-N-chloro-22,26-imino-5a-cholestan-3g-ol
gave the corresponding 16-chloro derivative.®7 UV.irradiation of the
stereoisomeric N-nitroso-22,26-iminocholestane-3B,16B-diols in acidic
solution led to the corresponding spirosolane alkaloids soladulcidine,
solasodine, and tomatidine respectively, by way of the intermediate r22(N)




Chap. 30 Steroids Pappo 31

imine.®®

Dehydrogenation of Demissidine with mercuric acetate or N-bromosuc-
cinimide gives the corresponding A22(N imonium salt as the main
product.®

The acid catalyzed rearrangement of conessine was reinvestigated
recently and the structures of the two reaction products isoconessine”®
and neoconessine™ were elucidated. Isoconessine was proved to be 3B~
dimethylamino-58-methyl-19-norconan-8-ene whereas neoconessine has the
novel structure 30~dimethylamino-abeo-1(10-5)50-conan-8-ene (VI).

o
N CHa
CHa
CHa (v1)
=N--C
CHa !

It is interesting to note that in the case of isoconessine, the
double bond migration ends at carbon 8, whereas in the case of the chol-
esterol derivatives the process continues further causing rearrangement of
the angular methyl attached to the 13 position.#}»%42,%43 gteroidal alka-
loids from Paravallaris microphylla, containing the 18-20 lactone system,
have been related to conessine, by the conversion of N-methyl-dihydropar-
avallaridine to dihydroconessine.”® An unusual hydride transfer was
discovered”® during the Eschweiler-Clarke methylation of compound VII.

The products isolated, VIII and IX, were derived from an intermediate
oxidized at Caso.

9H3 OH

o_tHs 0O o CHz
—

(VII) (VIII) (x)
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Alkaloid A isolated from Sarcococca Pruniformis”* is a 3a,200~
diamino-50~pregnane derivative. Also possessing a pregnane skeleton are
the various alkaloids isolated recently from the leaves of Holarrhena
Antidysenterica.”> In particular, it is interesting to note that
kurchiphylline is 2a-hydroxy-3B-dimethylamino-5-preghen-l6-one.

Samandenone, & new salamander alkaloid was isolated and identified”®
as X:

CHs CHs

A review on salamander alkaloids has been published.?7?
Buxenine-G, a cytotoxic alkaloid isolated from Buxus sempervirens,

was shown to possess stru¢ture XI, which was established unambiguously by
x-ray analysis of Buxenine-G dihydroiodide.7®

(XI)

The structurally related Buxpsiine,79’8° also isolated from Buxus semper-
virens, was proved to be 3f-dimethylamino-k,u4',lko~trimethyl~19-nor-B-
homo-pregna-9a(10),9(11), 16-trien-20-one.

Work is continuing on the isolation and identification of new
steroidal alkaloids from boxwood species, such as Buxus balearica,®°
Buxus malayana,® Buxus rolfei,82 Buxus sempervirens,8® and Buxus
koreana.®* With few exceptions, these alkaloids have an unusual skeleton
containing a cyclopropane ring and are derived from the L, bt 1k
trimethyl-98,19-cyclo-5Q~pregnane system.
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Chapter 31l. Reactions of Interest in Medicinal Chemistry
Edward E. Smissman, University of Kansas, Lawrence, Kansas

An ever increasing number of new and/or novel reactions
makes an interesting chore of selecting reactions for this
chapter. This report will cover only a small number of the
unique reactions reported during 1966 but will attempt to
select representative examples of high utility to the medicin-
al chemist.

Reports of excellent results utilizing soluble catalysts
continue to support the superiority in selective reductions of
systems containing multiple double bonds. Tris (triphenyl-
phosphine) rhodium chloride as a soluble catalyst for hydro-
genation allows the reduction of w-nitrostyrene to phenyl-
nitroethane and cinnamylchloride, in part, to phenylpropyl
chloride. Deuterium is added to a double bond without the
introduction of additional labeling.'’? Aluminum hydride has
given superior results in the reduction of amides, nitriles,
oximes, isocyanates, and Schiff bases to the corresponding
amines? A comparison of its reducing characteristics with
those of lithium aluminum hydride has also been reported."*

The eneamine of cyclooctanone is reduced to cyclooctane in 85%
yield with aluminum hydride.®

Hydrogenation of o,B-unsaturated aldehydes on Raney zinc
catalysts was studied., Saturated aldehydes were obtained
along with saturated alcohols. The amounts of each were
dependent on reaction conditions. On reduction of nitriles
and oximes with Raney alloy improved yields of primary amines
were obtained.’ Treatment of ketoximes with Raney-nickel
yields the ketones.

The reduction of nitrobenzene with cyclohexane, cyclo-
hexene, and n-hexane over a series of catalysts on aluminum
oxide afforded aniline in yields greater than 90%.° An
iridium catalyst prepared by Adams' method is useful for the
reduction of nitroaromatics to hydroxylamines.

Although o,B8 unsaturated acids are not usually reduced by
aqueous sodium borohydride, they are in the presence of
cyanocobalt complexes to yield the saturated acid.!® various
cyanostilbenes were reduced to the corresponding diphenyl
cyanoethanes with sodium borohydride in tetrahydrofuran; yields
ranged from 72-98%.!!' A tetrahydrofuran solution of diborane
reduced oximes to the corresponding alkylhydroxylamines.'?

A discussion of the stereoselectivity in the reduction of
ketones bY metal hydrides gives an excellent route to axial
alcohols.'?®
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Hueckel and co-workers indicate three methods by which
reductions in liquid ammonia (Birch reduction) can be per-
formed. They show that the reduction is substantlally affected
by the sequence in which reagents are added.'’

Mechanisms of dimethylsulfoxide oxidations have been
studied and an explanation is now available for the fact that
the oxidation grogeeds in a weak acid medium and is sensitive
to pH change.! A new reagent for the oxidation of alcohols
to ketones in neutral solution at room temperature is 4-phenylk
1,2,4~triazoline-3,5-dione. Dry benzene is a convenient
solvent, from which the phenylurazole separates during the
reaction.!® Cyclic acetals can be oxidized to bromine con-
taining esters under mild conditions using N- -bromosuccinimidel’
Palladium acetate gives mainly enol acetates with terminal

0
RCHZCH:O] RCH2'80CH2CH2Br

olefins and mainly allylic acetates with 2-olefins.!® Cobalt
(IT and III) acetates and sterates catalyze the allylic
oxidation of cyclohexene by oxygen at 60° in acetic acid.
Molecular oxygen can also be utlllzed for the direct epoxida-
tion of olefins in acetone solution?

The reaction of propene and other olefins with mercuric
salts of some strong oxy acids was shown to give acrolein and
analogous carbonyl compounds. This reaction proceeds through
a 1:1 adduct which in agueous solution is probably of the
form CH;3;CH(OH)CH,Hg+x™. Inclusion compounds of diperoxy-
carboxylic anhydrides w1th urea have been prepared as peroxy-
acid precursors.?? The inclusion compounds are not shock or
heat sensitive.

Various unique replacement reactions in aromatic systems
have been reported. A one step replacement of aromatic amino
groups by chlorine or bromine involves treatment with CuCl,-
NO or CuBr,-NO complexes. The complex is formed in situ.??
Nitric oxide acts as a diazotization agent and can be used to
give higher yields than obtained by other methods.?* Another
method of aromatic chlorination involves desulfonylation of
aromatic sulfonyl chlorides utilizing tris(triphenylphosphine)
rhodium chloride[(Ph3P) sRhC1l]2°  Arylsulfonyl azides give
direct amination of benzene when the latter is treated with
the azide in the presence of H;SO04.2

Hydroxyl groups can be replaced by methyl at primary
carbon atoms via the sodium salt of dimethyl sulfoxide
utilizing the following sequence:?’

ROTs + NaCH,SOMe + Me,SO —> RCH,SOMe + Ni/H

> RMe

The hydrogenator previously described, which generates
hydrogen automatically from NaBH, has been adapted to
hydrochlorination of reactive alcohols and olefins. The
apparatus allows quantitative conversion into product without
excessive contact with hydrochlorination agent.?® Phosphorous
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acid with iodine and alcohols affords alkyl iodides in 75-96%
yield.?® 1In polar inert solvents, CuCl, can convert acid
chlorides, anhydrides, and carboxylic anhydrides into a-chloro
derivatives with selectivities greater than 95%. This method
can be used to prepare pure c-monochloro acids re%ardless of
the number of a-hydrogen atoms in the substrate.?’

A simple method for the preparation of primary amines
from aliphatic halides involves the treatment of the halide
with KOCN in alcohol to give the urethane which is hydrolyzed
to the amine. 1In general the yields are high.®!' A novel
conversion in which tetrakis(dimethylamino) titanium converts
carboxylic acids and their common derivatives in orthoamides
and ketene N,N-acetals in good yields is described. 22’

Quinoline l-oxide can be substituted by mercaptans with
the 3-isomer being the major product.?®3? Heterocyclic acid
amides, such as l0-methyl-9-acridone and 2-methyl-l-phthala-
zone, were aminoalkylated by ClMg(CH;) ;NMe;. The carbinols
formed have the character of pseudo bases and were trans-
formed to the corresponding acridinium or phthalazinium
salts.?®"

A useful synthesis of a wide variety of ketones was
developed by mono- and dialkylation of B-oxosulfoxides.
Reductive cleavage of these alkylated products with aluminum
amalgam produces the desired ketone®® Hauser and co-workers
continue to investigate the alkylation of dianions.3® A
study was made of the relative reactivities of disodio salts
of B-diketones toward alkyl halides in liquid NH3. The order
of relative reactivities observed was isobutyryl, propionyl>
acetyl > phenylacetyl. Sodium a-sodioacetate reacts with
aliphatic dihalo compounds and aromatic hydrocarbons contain-
ing side chain halo groups to give the di- and monocarboxylic
acids, respectively.®’ O-alkylation of ketones to produce
enol ethers utilizing triethyloxonium fluoroborate or a
dialkyl sulfate occurs readily in dimethylformamide and di-
methyl sulfoxide.®?®

1,3-Dipolar addition to unsaturated compounds affords
routes to unique and interesting structures. The 1,3-dipolar
cycloaddition of the O-methyl ether of dinitromethane to
methyl acylate produced N-methoxy-3-nitro-5-carbomethoxy-
isoxazolidine in 65% yield. Similar results were obtained
with other olefins.?®? Acetonitrile N-oxide adds to enynes
to form isoxazolines and isoxazoles."®

Additions to multiple bonds catalyzed by radical initia-
tors produce novel synthetic methods,Carboxylic acids add to
acetylenic compounds in the presence of organic peroxides.
Acetic acid and acetylene yield adigic acid; l~hexyne and
acetic acid give octen-3-oic acid.* Radical amination of
olefins with hydroxylamine sulfonic acid and hydroxylamine
in the presence of FeCl, gives the corresponding l-amino-2-
chloro compounds.*?
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The steric course of additions of amines and alcohols to
acetylene dicarboxylic ester was studied under various con-
ditions."?® Secondary amines gave stereospecifically cis
addition product. Nitrosyl formate can be generated in
situ in the presence of an olefin to yield the nitrosoformate
which on hydrolysis affords the hydroxynitroso compound in
high yield."*"* Transoximination gave the a-hydroxy ketone.
Phosphorous tribromide can be added to olefins to yield 1:1
adducts with uv irradiation, peroxides, or heat as initiators®

H Similar results are obtained with
Br PCl;., Maleic anhydride condenses with
PBr, olefins in an ene synthesis to give
substituted succinic anhydrides.

An review of the preparative use of the Diels-Alder

R reaction relating predominantly to
recent results gives a systematic
approach to this useful reaction.*’
The direct brominative cyclization

of methyl farnesate was accomplished utilizing N-bromosuccin-
imide in agueous MeOCH2CH20Me.hB

Borontrichloride"® and boron tribromide®’ have been
studied further as dealkylating agents with regard for
specificity and neighboring group effects.

Mercuric salts of carboxylic acids decompose in uv light
or in the presence of peroxides to form alkylmercury deriva-
tives.®! Aqueous peroxydisulfate can be used to decarboxylate
N-acetylamino acids to give aldehydes or ketones, acetamide,
and C02.52

Dehydrogenation of amine derivatives with Hg-EDTA can
give rise to hydroxy lactams by the follow1ng sequence >3

PhCH (OH)CH,N ) — PhCH(OH)CHzN 9[‘ U
h—p
- + )
O__N
\[;;] _ PhCH (OH) CH,;N

A reagent for dehydrohalogenations is 1,5-diazabicyclo(4.3.0)-

5-nonene has been shown to be versatile and capable of being

used under mild conditions.®* The reaction of vic-dibromides
with thiourea gave olefins in high

NAA yields.®® The ylides, alkylidene-~
k\/J triphenylphosphoranes, tend in general
towards cis olefin formation. The

proportion of cis olefin is highest
when ylide is salt-free while lithium salts favor trans
isomers.’® Ylides can be prepared by the treatment of
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phosphines R!R?PCH,R®(R!=Ph; R?=Ph, CH,Ph; R®=Ph, CO,Et) with
activated olefins H,C=CHR" (R*=CN, CONH,, CO,Et). These ylides
can be used in situ in Wittig olefin syntheses under mild
conditions, with or without a hydroxylic solvent.®’ The
synthesis of stable sulfonium ylides is described.®®

Trichloroacetic acid reacts with cyclic enamines to give
the chloromethyl derivatives. This demonstrates that tri-

/\ chloromethyl anion will react
<C::><N 9 N preferentially with an organic
: > cationic species rather than

CCls, [:)K;Cl undergo loss of chloride ion
} to give dichlorocarbene.’®

Oxidation of benzyl ketone hydrazones with Hg, (0,CCF3)
in ether or dioxane gives a direct synthesis of phenylacetyl-
enes (C¢HsC=CR).®° Olefin formation occurs with saturated
aldehydes and carboxylic acids when they are allowed to react
with ruthenium and rhodium complexes.®! Olefins can be
converted to aldehydes in high yields by ozonization followed
by treatment with dimethylsulfide.®?

Dimethylsulfoxide was found to increase the rate of
hydrolysis in esters which were resistant to saponification.®
Treatment of alkyl toluenesulfonates with sodium naphthalene
anion radical in tetrahydrofuran constituted an almost ideal
procedure for regenerating the corresponding alcohols.®* The
hydration of nitriles to amides in the presence of nickel
catalysts shows an increase in yield with the addition of
pyridine.®?®

A convenient synthesis of tert-alkyl amines involves the
amination of the methine group with trichlorocamine-aluminum
chloride.®® Organoboranes from both hindered and unhindered

3

R3CH + NCl; + AlCl; ——> R3CNH,

olefins can be converted to the corresponding amines by treat-
ment with H,NOSO3H.®’ Isocyanates and isothiocyanates give 2=
oxazolinyl-2-amines and 2-thiazolinyl-2-amines when treated

with aziridinium tetrafluorobor-
68

R-N 0 RN S ate. A continuing investiga-
I{_]r/ l I —Tr, I tion of amino ketone rearrange-
N N ments has produced a novel
route to a variety of 2-alkyl-
amino-2-phenylcyclohexanones and 2-alkylamino-2-phenylcyclohex
anols.®?’7% 2-Alkyl-A'-piperidienes were obtained in good
purity from the corresponding l-alkylcyclopentanols with NaNs;
and H2S04. ’! Primary, secondary, and tertiary amines were
produced by the reaction of nitro compounds with aliphatic
alcohols in the presence of aluminum oxide.’?2
The formation of various amides from aliphatic and
aromatic carboxylic acid hydrazides in the %resence of chloral
involves a novel dehydrazination reaction.’ Reductive
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O-H
RCONHN:CHCCl; + R'NH; —> R—?——NHN:CHCCla —> RCNHR'

NHR'

elimination of diazo nitrogen via the sequence Y:N:N —> YH, +
N, (Y=RCON:, RCOC:) can be extended to include reductive
desamination of primary amines through the diazonium salt.’"
Benzazide on photolysis in isopropyl alcohol gave quantitative
yields of benzamide and acetone. Hydrazines can be acetylat-
ed in the presence of dicyclohexylcarbodiimide to give
monoacetyl (on the more basic nitrogen) and diacetylhydrazines
in good yields.’®

Glycidic nitriles can be preggred from chloroaldehydes

by treatment with sodium cyanide. RR'CC1CHO + NacCN >
Refluxing l-nitro-2-alkanols

R>&_ in HCl gave high yields the

R CN corresponding a-hydroxy acids.’®
Ketol nitrates (e.g. p-Br-

CsH4COCH,0NO:2) are readily converted in good yields to the

corresponding dicarbonyl derivatives (e.g. p-BrCeH4COCHO

under the influence of sodium acetate in CH3SOCH3;.’? The

a-bromo ketones are treated with silver nitrate to give the

nitrate which is used without isolation.

The efficiency of drying agents of organic solvents was
examined using near IR techniques. The agents CaCl,, CaSO.,
MgSO,, mol. sieves-type 4a, and Na,SO, were determined for
the removal of H;O in solution from C¢Hg, Et,0, and EtOAc.
CaCl;, CaSOy, and mol. sieves were fast drying; MgSO, and
Na S0, ??re slow drying agents and removed only small amounts
of H,O.

In small amounts methyl sulfinyl carbanion is prepared
safely. When 4.5 moles of sodium hydride was added in 5
portions to 18.4 moles of dimethylsulfoxide at 70° and
stirred the temperature rose sharply and an explosion
occurred. ®!?
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Chapter 32. Antiradiation Agents
William O. Foye, Massachusetts College of Pharmacy, Boston

Advancement in knowledge of structural requirements for
chemical protection against ionizing radiation has continued
mainly through modification of structures having known pro-
tective effects. Knowledge of the effects of ionizing radia-
tion on biological systems, particularly in regard to enzymes,
proteins, and nucleic acids, has undergone a marked expansion,
and new approaches to improved radioprotective agents should
be forthcoming. Since this discussion is concerned primarily
with the development of new protective agents for mammalian
cells, mention here can be made only tc several recent reviews
concerned with radiobioclogical effects of interest to the
medicinal chemist. These include the radiation chemistry of
proteins and enzymes}! electron spin resonance and the effects
of radiation on biological systems? and the chemical, physical,
and biological aspects of energy transfer in radiation proc-
esses® Chapters on ESR studies, radical scavengers, and sero-
tonin in regard to radioprotection?* have been written as well
as one on the reactions of the hydrated electron with biologi-
cal substances of importance?

Reviews - A handbook of radioprotective agents has appeared in
Russiant and a chapter on chemical agents that influence the
effects of radiation in mammals is now included in "Progress
in Drug Research"?7 Radioprotection of mammals by thiolic com-
pounds® and aminothiols®’!'® has been reviewed, as well as the
more general aspects of chemical radiation protectionll’12
Proceedings of the Second Symposium on Protection against Radi-
ations in Space has been printedl!® The role of oxygen in chemi-
cal radioprotection has been discussed}* as well as the con-
version of protective drug precursors to protectors in vivolS
A bibliography on antiradiation drugs covering 1959-1966 1is
availablel®

Radioprotection of Mammals - Chemical modification of the MEA
structure continues to be worthwhile in the synthesis of new
radioprotective agents, and some highly active derivatives
have been reported. Substitutions on either carbon, sulfur,
or nitrogen have provided active products, and introduction of
other functional groups, generally containing sulfur, has also
been made., In a few examples, including the condensation
product of carbon disulfide with cysteine, an improvement over
the toxicity of MEA or MEG has been found. An increased
amount of antiradiation testing has been observed for natu-
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rally-occurring compounds, and those compounds known to be
physiologically active.

Amino thiol derivatives. In a series of N-monosubsti-
tuted 2-mercaptoethylamines, the g-phenethyl derivative gave
good protection to mice vs. 1000 r, and the B-2-thienylethyl
derivative gave fair protection!” No protection was shown by
N-monosubstituted derivatives containing thioureido groupsil®
and no protective activities were reported for N-monosubsti-
tuted Bunte salts of MEA carrying sulfone substituentsl®
Several 2-amino-2-alkyl-1l,3-propanedithiols failed to show
significant protection in mice, but L(+)-3-amino-4-mercapto-1-
butanol gave good protection2®

N,N' -Polymethylene bridging of the MEA molecule, giving
XS (CHz ) 2NH( CHz )nNH( CHz ) 2SX, removed protective activity in
mice where X was SOsH, but provided good protection where X
was POzHM and n=3 or 4 1 Good protection vs. 1000r in mice was
also reported®2 for the following MEA derivatives: S-2-amino-
2-methylpropylthiosulfuric acid (the N-decyl derivative was
active vs. 750 r), S-2-amino-2-methylpropylphosphorothioic
acid (the corresponding thiol was previously reported inactive),
2-amino-l-pentanethiol, and 2-amino-3-methyl-l-butanethiol.
S-2-amino-1l-pentylphosphorothioc acid showed fair protection,
and the cyclic dithiocarbamate I gave good protection. Reac-
tion of sultones with MEA and several thiones provided sul-
fonic ac1d 1nner salts, of which
HS(CH2) zNH (CH2 )nSO3 and its disulfide
(where n=3) were protective in mice
I vs. 1000r22 Corresponding butane de-
t rivatives (n=4), Bunte salts (n=3,4)
S and dithiocarbonates, NHs(CHg)ZSC( 0) -
S(CH2)nS05, were 1nact1ve, as well as
were several isothiuronium sulfonates and heterocyclic sulfo-
nates, which points to the same high degree of specificity as
shown by other charged derivatives of MEA.

Synthesis of the thiolsulfinate of MEA, NH,(CH,)»S(0)S-
(CHz ) oNHo.2HC1, has been claimed2? as well as the preparation
of 2-aminoethaneselenic acid25; no testing results were re- _
ported. A patent on l-phenyl-2-aminocethanethiols as radiation
protectors has appeared?® A comparison of the protective ef-
fects in mice vs. 200-1000 rad of MEA and the Bunte salts of
MEA, MPA, and N-substituted derivatives has been made27 The
Bunte salts were claimed to give greater protection and pos-
sess about half the toxicity of MEA. A bisthiolsulfonate of
N-acetyl MEA, AcNH(CH2)28028(CH2)4SOES(CH2)2NHAC, was found to
be non- protectlve in mice2®

Unsymmetrical disulfides of MEA of type 1II were found
active in mice vs, 1000 r, the most promising being zwitter-
ions2® Good protection was given where X was COz or SOs and
where the 2-aminocethyl group was replaced by 2-pyridylmethyl.
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No correlation was found between
+ the nature of X, antiradiation
SS(CHz ) 2NHg potency, or resistance of the di-
sulfides to disproportionation by
X either thermal or photochemical
means, Where X was located para,
no protective activity was shown?Z°

II

Cyclic analogs of AET were examined in an attempt to find
relationships between free SH content of the compound and re-
ductive capacity, inhibition of tissue respiration, and radio-
protective effect®! Where AET and APT gave 80-100% protection
to mice vs. 730 r, alkylisothiourea derivatives had only a
moderate effect (35-50%), and aminoalkylmercaptoimidazolines
gave only 20-30% protection. It was concluded that inhibition
of tissue respiration does not depend on SH content, and that
release of SH, reductive capacity, and inhibition of tissue
respiration determine toxicity rather than protective ability.

Other sulfur compounds. Several dithiocarbamates con-
taining disulfide functions were non-protective in mice, as
well as the S-benzyl dithiocarbamate of ethylenediamine®2 The
S-trithiocarbonate N-dithiocarbamate of cysteine, III, however,

was found to give the same
order of protection to mice vs.

S 800-1100 r as AET and was 2-3

i fold less toxic than AET33 It
“SCSCH.CHCO5 3NHL is believed to be converted in
1 vitro to the dithiocarbamate of

NHCS3 cysteine, a compound not yet

III  synthesized. A series of anti-
bacterial sulfonamides showed
varying degrees of protection in mice vs. 800 r, the best ef-
fects being shown by sulfanilamide (30% survival), sulfathio-
carbamide (45%), and sulfamethazine (60%)34

Heterocycles. A series of N-alkylthiazolinium salts
proved to be inactive in micel” as was also a series of
2-aminothiazolines25 probably due to slow rates of hydrolysis
to aminothiols. Various salts of 2-aminothiazoline showed
varying degrees of protection in mice vs. 1090 r, the most
effective being the succinate, fumarate, benzoate, and gluta-
mate®® Protection was somewhat less than that afforded by AET.
Mice were protected (25% survival) vs. 800 r by 1-(p-ethoxy-
phenyl)-4-(D-arabinotetrahydroxy )butylimidazoline-2-thione37 A
series of s-triazoles, mesoionic s-triazoles, and 1,3,4-oxadi-
azolium salts was screened in mice vs. 900 r without report of
significant protection®®

Physiologically-active substances. In a series of p-amino
and p-nitro derivatives of procainamide tested in mice vs.
880 r, none of the amino derivatives were protective, but
several p-nitro compounds were3® Compound IV provided 100%
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survival, Among 14
organo-phosphorus com-

9 pounds designed to form

NO» C-N-{CHz)s- reversible antienzyme-
i enzyme complexes and

thus protect cholines-
terase, only 2 (both
thiophosphate esters)
showed protective activity in mice vs. 750-800 r%° No relation
of anticholinesterase activity to radioprotective ability was
found. 2-Aminoethylphosphoric acid was claimed to protect
mice, however??

CH2-CgHs IV

Psychotropic drugs recently reported to be radioprotective
include imipramine%® taractan, valium, tryptizol, and insidon?3®
Taractan provided 73% survival in mice vs. 800 r, Substances
known to stimulate turnover of NADP-H,, a physiological reduc-
ing agent, showed significant protection in mice vs. 900 r%+4
These included 4-hydroxybutyric acid and 6-phosphogluconolac-
tone.

Naturally-occurring substances. Significant radiation
protection has recentlg been claimed for complamine, a nico-
tinic acid derivative?® Ca pantothenate?® leucodelphinidine4?
tea catechols and a gallatetannin complex%® isopropylarter-
enol® tyramine$S° and methoxamine®® Among a group of commonly
used antibiotics, the tetracyclines gave the best survival
rate, which was attributed to an increase in metabolic activi-
ty®! Cyanocobalt-chlorophyllin has been patented as an anti-
radiation drug$?® and several articles have reported radiation
protection from DNA, RNA, and derivatives distinct from post-
irradiation repair therapy®3~55 Other substances reported to
show radioprotective effects include uridine but not cytidine
monophosphate$® polysaccharides extracted from typhoid and
Proteus organisms3”7 and typhoid-paratyphoid vaccineS®8

Radiosensitizers - The role of halogenated thymidine analogs in
inducing radiosensitization of cells has been reviewed®® The
common thiol-binding reagents sensitized mice to whole-body
irradiation of 525 or 810 rads$® possible by removing endo-
genous protective thiols. Sensitization of mice or rats was
also reported for nembutal®?! nalorphine$? organic peroxidesS3
hematogorphyrin?4 riboflavine (increased by K)$% and cupric
8alts®® The sensitizing action of cupric salts was prevented by
thiols. Sensitizatlon of ascites lymghosarcoma NKLy cells was
reported for ambunol, an aminophenol®

Radiosensitizing effects in bacteria have been found
among ghthalanilides6 phenaziniums, and isoindoliniums®® Hada-
cidin$® vitamin Ks,7° chloral hydrate and other halides (re-
versed by MEA and cysteine)?! and organic nitroxides7?2? have
also sensitized bacteria to ionizing radiation. A direct re-
lation between ability to bind p-hydroxymercuribenzoate to
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thiocls among several species of bacteria and radiosensitivity

has been observed?® The sensitizing action of iodoacetamide on
enzymes has been stated not to be the result of reaction with

thiol groups, however7#4

Radioprotective Drugs and Radiosensitizers in Radiotherapy of
Tumors - Repeated administration of methyl ethyl ketone per-
oxide increased the therageutic effect of X-rays on lympho-
sarcoma in mice and rats€® possibly be decreasing catalase
activity. Irradiation (2750 r) of transplanted rhabdomyco-
sarcoma 1in mice gave complete remission in the presence of
hematoporphyrin and its copper complex?® Cysteine thiosulfate
protected organs but also exerted some protection on Crocker
sarcoma in mice, thus diminishing the therapeutic effect’® The
mitotic activity of MEA, AET, and serotonin in normal and ma-
lignant cells has been related to their protective effects?”

Potentiating effects on irradiation of various tumors
have been reported for actinomgcin D78 combination of cyclo-
hexanol succinate and lysozyme!® 6-chlorothymine$® heterolo-
gous RNAS' and menadione®2 No protection was shown in experi-
mental tumors by MEA, thiourea, serotonin, or iodoacetate;
protection was given by 6-aminonicotinamide and menadiol di-
phosphate, however®23

The distribution of AET in the organs has been observed;
tumors showed the lowest concentration®? Cysteamine-S-phosphate
was found to give significant concentrations of MEA in 13 of 15
tissues observed, including tumor tissue$® whereas its methyl
ester remained uncleaved in vivo.

Modes of Radioprotection - The major hypotheses of the modes of
radioprotection, e.g., hypoxia, radical scavenging, and mixed
disulfide formation, continue as the basis for much experimen-
tation, but a very complex picture is emerging for the phenom-
enon of radioprotection., For the amino thiols, at least, free
radical formation, oxygen, metal ions, energy transfer, and
possibly mixed disulfide formation may all be involved. Bacgqg,
however, favors a "biochemical shock" mechanism for the amino
thiols, in which fixing of the thiols to important macromole-
cules of the mitochondria liberates certain substances, possi-
bly enggmes, which results in inhibition of carbohydrate utili-
zationt

In regard to anoxia or hypoxia as a major mechanism, most
recent evidence has been unfavorable, particularly for the
action of amino thiols. For instance, a correlation was ob-
served between radioprotective activity and depressive effect
of thymidine uptake in DNA synthesis, whereas anoxia did not
inhibit the uptake®? No relation was shown between radioprotec-
tive activity and ability to increase oxygen uptake in spleen,
kidney, muscle, or red blocd cells®® and the intracellular ox-
red state in rats was unaltered even after massive doses of
radiation®® Amino thiols, nitrite, and PAPP did not affect
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respiration of brain or liver mitochondria in either healthy
or irradiated rabbits, but did in liver mitochondria in vitrd?®
Post-irradiation exposure of rats to respiratory inhibitors,
however, did reduce mortality and prevent loss of nuclear
structure from thymocytes?®?

Evidence for the activity of some radioprotectors as
inhibitors of free radical processes has appeared, and the sub-
ject has been reviewed?2 Involvement of MEAY3 as well as of
metal ions9% in free radical formation in proteins and bacteria
has been observed. It was also found that cysteine and gluta-
thione could accept electrons from irradiated proteins, where-
as cystine and non-sulfur compounds did not®5 Presence of metal
ions, particularly cupric, had a protective effect for ribo-
nuclease, presumably by intercegting electrons and preventing
radical formation on the enzyme?® A protective effect of muco-
polysaccharide polyanions and cysteine for trypsin and RNA,
however, was not considered to be due to transfer of radiation
energy to the protectors®? Furthermore, substances known to
react with H atoms or the agueous electron did not protect hy-
drated E. coli cells from X-rays®8

Further examples that some radioprotectors cause an in-
crease of endogenous thiol groups in various tissues have been
reported during the past year. Amino thiols, cystamine, sero-
tonin, compounds which lower Oy tension in tissues, and anoxia,
bring about an increase in cellular thiol content, which, with
the amino thiols, is 30-40 fold greater than that supplied by
the protective agent®® This increase was also observed with
diethyl dithiocarbvamate, but not for disulfiram, its disulfide,
which is also not protectivel®® Decrease in both protein- and
non-protein-bound thiol content has been observed with increas-
ing doses of radiationl©?

Evidence for the binding of protective molecules to im-
portant cellular macromolecules continues to appear. The pro-
tection of GED against inactivation of trypsin, lysozyme, and
aldolase was considered not due to radical scavenging, but to
mixed disulfide formationl!®2 Protection of DNA by diamino di-
sulfides was attributed to bound disulfide}®® and protection
of lactate dehydrogenase?®* and catalase!®S by serotonin was
also attributed to complex formation, possibly with the metal
ions in the enzymes.

Further indications of the importance of metal ions in
radiation damage and protection have been found. Radiation
death of L. delbrueckii, found to be due to the Hy0p formed,
was prevented by catalase, as well as by EDTA, indicating that
oxidation by Hx0, is catalyzed by metal ions.l66 Radioprotective
properties of heavy metal ions, particularly Fe™® and Fe+3,and
MEA for plants was observedl®” cu*® was sensitizing, as it was
for radiolytic deactivation of g-amylase and catalasel®® Radi-
ation-induced oxidation of cytosine and uracil in presence of
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O» produced radicals, but in the presence of Cut® and Fe'3,
radicals were not formedl©®

Whereas radical formation appears to be a major role for
the amino thiols in radioprotection, protein binding or re-
action with metals probably occurs as well. At least, involve-
ment in these reactions provides some basis for the necessity
of the amine function, and for the high degree of structural
specificity known for protection by amino thiols, which are
not explained by radical trapping alone.
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Chapter 33. PHARMACEUTICS AND BIOPHARMACEUTICS

Takeru Higuchi and Kenneth F. Finger
School of Pharmacy, University of
Wisconsin, Madison, Wisconsin

William I. Higuchi
School of Pharmacy, University of
Michigan, Ann Arbor, Michigan

Basic investigations and developments in both pharma-
ceutics and biopharmaceutics area continue with increasing
vigor. Although the bulk of published works still origi-
nates from academic institutions, an increasing proportion
appears to be contributed by industrial organizations.
General developments during the past year in these fields
are summarized below.

THERMODYNAMIC AND EQUILIBRIUM RELATIONSHIPS

The tendency of polyethylene glycol (PEG) to form
addition complexes with ilodine was reported again by Hiskey
and Catwell.! Unfortunately, the authors were apparently
not aware of a more extensive study of similar systems
carried out ten years earlier? which suggested formation of
at least two types of adduct involving PEG, K', I  and I,.
The more recent report differs in part from the earlier work
in that PEG-I, complex containing I, /monomeric unit ratio of
one is suggested among others.

Bates, Gibaldi and Kanig® have studied the relative
solubilizing tendencies of four bile salts with respect to
hexesterol, griseofulvin and glutethimide. The effect,
which is ascribed entirely to micellar solubilization, was
determined at several temperatures and at salt concentra-
tions up to 0.6M. The most marked effect was noted with
hexestrol and least for glutethimide. Connors and Mollica*
have compared the theoretical relationships of ‘stability
constants obtainable by solubility and other methods.

Chelation equilibria involving five different tetra-
cyclines with cupric copper have been examined by Benet
and Goyan.> These interactions appear to form essentially
2:1 (ligand:metal) complexes, the reaction showing large
positive entropy changes.
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DRUG STABILITY

The past year was marked by relatively little activity
in this area. Wadke and Guttman® reported on the base
induced degradation of 9-methylisoalloxazine under both
aerobic and anaerobic conditions. The initial product
formed appears to be a carbinol amine. Finholt et al’? have
continued their investigation of anaerobic hydrolytic degra-
dations of ascorbic acid with a study on the effect of metal-
lic ions on the over-all rate. Although the reaction appears
to be accelerated by doubly and triply charged species, the
effect was surprisingly small.

HETEROGENEOUS SYSTEMS

Powders, Suspensions, and Emulsions ~ One of the most signi-
ficant articles in recent years is that by Hiestand® on
particle-particle interaction in powders. The author has
brought together much information from pharmaceutical re-
search and from other disciplines and has perspectively
assembled a rational treatise. The importance of plasticity
and the true area of contact is clearly described. In addi-
tion, several novel methods for evaluating cohesion and ad-
hesion of powder particles are described in this paper.

Nash and Haeger’ have described the applications of the
Zeta-Meter, a device which conveniently measures the elec-
trophoretic mobility of suspension particles. The instrument
appears to be useful in suspension and emulsion formulation
work and in basic studies related to dispersed systems.

Mima and Kitamori!® and Groves!! have employed the
Coulter Counter in studying the aggregation behavior of
emulsions. This instrument continues to be useful for work
of this type. Ho'? has described a modification of this
instrument which involves the simultaneous sorting of the
particles into 400 size ranges. This improvement signifi-
cantly extends the applicability of this technique.

Drug Release Rate Behavior - Desai et all'? have reported
results of extensive studies on the release of drug from
matrices. Taking the basic physical model approach and
beginning with the Higuchi relationship!* these authors have
quantitatively investigated the influence of many factors
upon the rate of release. The equation was also found by
Lapidus and Lordil® to apply to a system having hydrophillic
gum as the matrix.

Goldberg et al!'® have continued their extension of the
Japanese work!? on utilizing melts to increase dissolution
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rates of drugs. Succinic acid as well as urea was used as
the vehicle in these studies. Since at elevated tempera-
tures the dicarboxylic acid readily cyclizes to form succinic
acid, some of the results should, perhaps, be re-examined.

BIOPHARMACEUTICS

The pharmacological activity, efficacy, and toxicity of
an administered medicament may be profoundly affected by the
physico-chemical properties of the drug and the drug dosage
form. Thus, such parameters as solubility, particle size,
diffusional characteristics, availability and rate of disso-
lution of the drug have been the areas emphasized in most
biopharmaceutical studies. The effect of these parameters
on drug absorption is the subject of this review.

Diffusional Characteristics ~ The everted intestinal sac
technique was employed by Aguiar and Fifelski'® to quanti-
tate the absorption of flufenamic acid. These workers deter-
mined the rate of permeability of flufenamic acid through the
intestinal wall of the golden hamster, in vitro, and inter-
preted their results in terms of Fick's first law of diffu-
sion. They observed a-linear relationship between the con-
centration of the drug employed and the rate of intestinal
permeation, thus establishing that the transport of flufe-
namic acid through the gut was by passive diffusion. By
varying the pH of the external (mucosal) media, they found
that the rate of permeation was inversely proportional to

the degree of ionization, thus supporting the hypothesis

that only the unionized moiety permeates the biological
membrane.

While most drug systems evaluated have shown passive
diffusional characteristics, Levy and Jusko!? have reported
that the oral absorption of riboflavin in man possesses
characteristics indicative of specialized transport mecha-
nisms. The evidence in support of such a conclusion was
based on the finding that as the dose of riboflavin was
increased, the per cent absorbed (based on urinary recovery)
decreased. This effect was observed only in fasted patients
and was not observed when riboflavin was administered with a
meal. The authors suggest that the presence of food in the
alimentary tract delays the transit time of riboflavin, thus
keeping it in the presence of absorptive sites for longer
periods of time.

In an interesting study utilizing tritiated mineral oil,
Ebert, Schleifer, and Hess?? have shown that contrary to
previous opinions, a small but significant amount of mineral
0il is absorbed from the alimentary tract following oral
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administration. Their findings, employing doses consistent
with those usually utilized for laxative purposes in humans,
indicated that approximately 1.5% of the administered dose
was absorbed unchanged with an additional 1.5% appearing in
the carcass of the animals but arising from non-mineral oil
sources. The origin of the non-mineral oil sources was not
proved but may have arisen from exchange reactions prior to
or after absorption or from non-polar metabolic products of
mineral o0il metabolism. The authors noted that once ab-
sorbed, the mineral oil was slow in leaving the body. The
elimination curves illustrated a dephasic characteristic,

the more rapid component resulting in a reduction of the
mineral oil content of the body from 1.5% of the administered
dose down to 0.3% in approximately two days. The slower com-
ponent of elimination reduced the content further down to
0.1% in 21 days. 1In agreement with studies previously
reported,?! Ebert et al found that emulsification of the
mineral oil greatly facilitated the oral absorption of
mineral oil,.

Although a mechanism to rationally explain their find-
ings is not presented, Green et al?? have reported data
substantiating their previous observations on the influence
of cholinesterase inhibitors on the oral absorption of sul-
fonamides.??® These workers found that the four-hour plasma
levels of sulfacetamide, sulfonilamide and sulfaguanidine
were enhanced when the rats were pre-treated with neostigmine
as compared to those plasma levels found in the controls.

The earlier studies had indicated that this enhancement was
not blocked by atropine, thus minimizing the possibility of
an increased blood flow at the absorption site as being the
mechanism for enhanced absorption. While perhaps not repre-
senting a major factor in the absorption of drugs through the
intestinal membranes, the role played by cholinergic systems
is worthy of further elucidation. It would be desirable, in
this regard, to ascertain whether or not other drug systems
are similarly affected by inhibitors of cholinesterase.

Particle Size ~ The influence of particle size on the over-
all absorption of medroxyprogesterone in man has been studied
by Smith, Pulliam and Forist.?* Utilizing an eight-hour
urinary excretion of metabolite as an index of the absorption
of drug, they found that 2.23 times as much medroxyprogester-
one was absorbed from the micronized formulation as was ob-
tained from the non-micronized drug formulation. While these
data could also be interpreted to indicate only an increased
rate of absorption with no change in the total amount of drug
absorbed, the authors feel that because of the finite transit'
time of the drug through the gastrointestinal tract, and the \
previously reported excretion studies of Helmreich and '
Huseby,2?® these data are best interpreted to indicate an
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enhanced total absorption of the drug.

Drug Interactions and Availability -~ The role of surfactants
in modifying the availability and/or the absorbability of
various barbiturates via the rectal route was the subject of
a report by Fincher, Entrekin, and Hartman.?® These workers,
employing a petrolatum-paraffin base suppository, added
various surfactants of known HLB values, and determined the
effect of the incorporated barbiturate on the rate of respir-
ation of the rabbit. The authors concluded that while the
inclusion of a surfactant enhanced the rate of absorption of
the barbiturates in some cases, it could also bind the drug,
thus making it less available for the absorption process.

The chemical type of drug and surfactant were deemed more
important than either the apparent HLB of the system or the
relative distribution coefficient.

Similarly, Levy, Miller, and Reuning?’ found that by
adding various concentrations of polysorbate 80, a nonionic
surfactant, to aqueous drug solutions, the absorbability of
a barbiturate could be both increased or decreased. These
authors employed goldfish as the test species and investi-
gated the lethality times of low molecular weight alcohols
and two barbiturates. The inclusion of the polysorbate 80
had no effect on the lethality times of the alcohols while
it was concluded that low concentrations of the surfactant
(below the critical micelle concentration) enhanced the
absorption of sodium secobarbital, and higher concentrations
decreased the rate of absorption of the barbiturate. In
both this study and the work of Fincher et al,2® the possibi-
lity of drug-surfactant interactions detrimental to the
availability of the drug for absorption is a probability
worthy of further study.

Singh et all?® studied the interaction of various bar-
biturates with polyethylene glycol 4000 and found that phe-
nobarbital formed a complex with the glycol. The solubility
of the complexed phenobarbital was much lower than the
intrinsic solubility of phenobarbital in the absence of
polyethylene glycol 4000. Utilizing the everted sac tech-
nique to measure the rate of intestinal permeability, they
found that the decreased solubility greatly decreased the
rate of permeation, The other three barbiturates studied,
pentobarbital, barbital, and barbituric acid, did not inter-
act with the polyethylene glycol 4000 and the inclusion of
this material did not decrease their rates of intestinal
permeation.

Sorby and Liu?? investigated the effect of adsorbents
on the intestinal absorption of promazine in humans. The
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results of this study point out the importance of knowing the
reactivity of the drug with materials either contained in the
dosage form or administered as concurrent therapy. They
found that an antidiarrhea mixture containing attapulgite and
pectin had a very strong affinity for promazine by in vitro
adsorption techniques. When promazine was administered to
humans along with the attapulgite~pectin mixture, the rate
and extent of gastrointestinal absorption of promazine was
decreased.

Influence of Dosage Form - The oral absorption of indoxole,
an experimental non-steroidal anti-inflammatory compound,
was studied by Wagner, Gerard, and Kaiser.3? These workers
employed four different dosage forms of indoxole in their
studies, an emulsion, soft elastic capsules, an aqueous
suspension, and a hard capsule. They found that solutions
of the drug (the emulsion and the soft elastic capsule) gave
superior absorption characteristics as measured by drug
plasma levels than did the solid drug forms (the suspension
and the hard capsule). It would appear that indoxole repre-
sents another case where dissolution rate and/or drug avail-
ability is the rate determining process in the over-all
absorptive process.
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Chapter 34. The Use of Substituent Constants in Drug Design
Corwin Hansch, Pomona College, Claremont, California

The subject of structure-activity relations in medicinal chemistry
is almost boundless. Few papers are now published without some discus-
sion of this problem. The work considered in this review is limited to
that concerned with mathematical correlations between structure and ac-
tivity.

The use of physical-chemical reference systems to serve as scales
with which one could discuss in quantitative terms the relation between
biological activity and chemical structure excited great interest at the
turn of the century. C. Richet, J. Traube, H. Fiihner and especially H.
Meyer and E. Overton gave thrust to this movement. It was observed, al-
most entirely in aliphatic systems, that as one increased the chain length
in a homologous series a regular increase in a standard biological re-
sponse occurred. Linear relations between a standard response and the
number of carbon atoms in the chain, water solubility, surface tension
lowering ability, vapor pressure and oil-water partition coefficients
were often found in many different tests. An example of this type of
correlation using partition coefficients coming from the work of Overton
is:

log 1/C = 0.858 logP + 0.837 n = 28 r = 0.978 1)

In eq 1, C represents the molar concentration of various alcohols, ketones
and esters producing isonarcosis in tadpoles, P is the octanol-water par-
tition coefficient, n is the number of data used in finding the constants
via the method of least squares, and r is the correlation coefficient.

The constants in eq 1 are slightly different from those published1 and the
correlation is a little better because of the use of improved P values.

An important advance was made by Fergusonz’3 who showed that the
following generalization holds.

C. = kA,
i i

/n 2)

In eq 2, C, is the concentration of the ith member of a series producing
an equivalént response, k and n are the constants, and A, is a physical-
chemical distribution constant of the above mentioned kind. Ferguson
pointed out that for nonspecific narcotics in states of equilibrium, bio-
logical activity is related to thermodynamic activity. TFerguson's ap-
proach was extended by Brink and Posternak" and it is now evident that
there are many instances where equal degrees of narcosis are caused by
molecules having equal thermodynamic activities. Other approaches to
explaining the effect of narcotic activity in terms of physical-chemical
parameters are those of McGowan®~8 and Mullins®. McGowan using parachor
and Mullins using Hildebrand's solubility parameter and molal volume, have
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assembled evidence to support the view that the molecular volume of the
narcotic is of critical importance in determining narcosis.

Pauling and Miller!! have suggested that anesthetic potency is
related to the ability of anesthetics to form hydrates. Miller, Paton
and Smith!? and others!3 have criticized the Pauling-Miller view.

Agin, Hersh and Holtzmanl®* have shown that eq 3 gives an excellent
correlation for the relation between minimum blocking concentration (MBC)
of 39 local anesthetics in frog sartorius muscle with polarizability (o)
and the ionization potential (I) of the drugs.

log (MBC) « al (3)

Zahradnik!®, in a systematic study using mice and carefully con-
trolled conditions, developed a set of constants for alkyl groups from
the linear Hammett-like postulate that %og (1, /T ) = aB where T, repre-
sents the molar concentration of the i’’’ membdr of a set of aliphatic con-
geners producing a standard biological response and 1., is the concentra-
tion of the ethyl derivative. B is a constant characteristic of the sub-
stituent (R of RX) and a is a constant characteristic of the system. The
constant B was determined for 25 R groups and o was evaluated for 39 dif-
ferent biological systems. While this single parameter approach works
well for inhibitory studies of homologous groups of aliphatic compounds
where highly specific electronic and steric effects are not critical, it
has not been extended to more complex systems.

The above ideas have provided insight into nonspecific biological
inhibitions; however, this knowledge has not been of great help in the de-
sign and modification of drugs of high specificity. Two approaches have
been emerging in recent years to supplement the medicinal chemists' intu-
ition on the effect of substituent variation on drug activity. In one ap-
roach de novo substituent constants have been derived by simply finding
the "best numbers" to go with given substituents on a particular drug
acting in a standard test. The other approach has used substituent con-
stants derived from model nonbiological systems. The first work on the
former of these two tracks appears to be that of Bruice, Kharasch and
Winzler! working with thyroxine derivatives. Their approach has been
stated in more general terms by Free and Wilson!7. The method can be il-
lustrated with their example for a set of tetracycline (I) analogs. The
relative biological activity for each derivative can be formulated as the
linear combination of the contribution of each

of the groups represented by X, Y and R: i T N(CH8H
/\./\/\/\/
Biological activity = p + a[Xi] + b[Yi] ) (D

+ elR,] \ / \g/ N /’L'Oﬁ \ﬁ/

One can write a set of simultaneous equations, one for each compound
tested, the solution of which gives the contribution to the activity for
each a[Xi], etc. Table I lists the results for the tetracyclines.
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Table I
R X Y
a[H] 75 b[C1] 84 c[NH2 ] 123
a[CHj] -112 b[Br] ~16 c[CH3CONH] 18 H =161
b[NO, ] -26 c¢[NO; ] -218

Of the total of 18 possible derivatives resulting from different combina-
tions of R, X and Y, 10 had been tested. Presumably, activities for the
other eight can be calculated from the substituent constants in Table I.
The method is of greatest value when a large group of derivatives and
functions is involved. There are of course many objections that come to
mind in considering the above technique. Modern chemistry has long re-
cognized the great importance of steric and electronic effects of substit-
uents on rate and equilibrium processesls. From the Meyer-Overton work
and from more recent studies!®=25 the hydrophobic bonding power of func-
tional groups is seen to be a very important substituent effect. These
three effects are lumped into each of the constants under R, X and Y of
Table I. Hence it would seem that in general, constants derived for one
set of congeners will not be useful for another set causing a different
biological response. Nevertheless, this empirical method of deriving con-
stants for the relative effects of chemical groups on biological activity
is bound to be more helpful in the long run than unguided intuition. Pur-
cell3" has been studying the Free-Wilson method.

Some information is already in hand to show that such empirical con-
stants are related to more fundamental parameters. Cilento and Berenholc
have shown?® that there is a good linear correlation between f(X) obtained
forl® thyroxine analogs (II) and the negative logarithm of the lifetime of
the phosphorescent state (equivalent to the triplet to singlet transition
in naphthalene analogs) for the five functions where X = H, CH3, Cl, Br,
I. They conclude that the strong TS transition in diiodotyrosine and
thyroxine derivatives makes these compounds very efficient in the transfer

of triplet-state energy. Using the sub- ’ X

stituent ¢ for the electronic effect and X\._. Ne—o

n for the hydrophobic effectZ2? of Ro—e” \\_O_‘V \\_CH CHNH_ COOH
substituents, it is seen from eq 4 Ne—e” Ne—e” 2 2
that £(X”) derived by Bruice et al. %/ X/ (1I1)

is in fact related to these more
fundamental constants.

£(X7) = 0.3081 - 0.5640 — 1.672 n=7 r = 0.934 (4)

It has been shown?8 that 7 and o can be used to rationalize the SAR
of thyroxine analogs and Jorgensen?? has tested the predictive value of
the use of ¢ and 7 with a tert-butyl analog of thyroxine. It has also
been shown3? that Zahradnik's B constants are linearly related to .

Kopeckf and Bofek3132 have also been studying the utility of em-
pirical substituent constants in an investigation of the toxicity of di-
substituted benzenes. In their equation (5) they have used an interaction



350 Sect. VI - Topics in Chemistry Smissman, Ed.

term of the type discussed by Miller33 for the linear combination of
terms in the formulation of mathematical models.

[LDgq JHH
8 [LDg, 1KY
In eq. 5, HH represents benzene and XY a disubstituted derivative. Quite

good correlations were obtained using eq 5 for nonspecific toxicity. The
constant bX is stated to be linearly related to f(X”) of Bruice et al.

= bX + bY + eXeY (5)

Purcell3®, following this general approach, has studied amides which
are inhibitors of cholinesterase. Purcell35,36 and co-workers have also
investigated a variety of physical chemical parameters to rationalize the
SAR for these inhibitors.

After the rather intense work on the correlation of biological ac-
tivity with partition coefficients of the early years of this century had
reached a standstill, new hope for rationalizing the biological activity
of organic compounds appeared in the work of Hammett37. The Hammett equa-
tion and other variations of it!8,38 have proved to be very successful in
correlating chemical reactivity with the electronic or steric effects of
substituents for the reactions of organic compounds in homogeneous solu-
tions. Although a good many attempts have been made39-%7 to apply the
Hammett equation to biochemical systems, the results have, with few excep-
tions, been disappointing. Such an exception is seen in the enzZymatic hy-
drolysis of phenyl sulfates3? from which eq 6 results?“.

log l/Km = 0.9300 + 2.522 n = 10 r = 0.931 (6)

In eq 6, K is the Michaelis constant. Good correlation with ¢ was also
obtained with V . The best linear relations with ¢ have been found us-
ing more or les$ pure enzymes. The lack of success with ¢ in biochemical
systems has generally been attributed*® to steric interactions of substit-
uents with the enzyme or lipoprotein membranes. Recent work?1725 yould
indicate that while steric interactions are extremely important, the con-
cept of lock-and-key fit of enzyme and substrate has been over-emphasized
at the expense of hydrophobic bonding. The importance to the medicinal .
chemist of the more flexible character of enzymes which is emerging from
the work of Koshland“? and others5% has been analyzed by BelleauSl.

A most important new concept for the designer of drugs is that of
the hydrophobic bond19:20,52, The view of Hansch and co-workers is that
if a suitable parameter can be formulated for this, then by means of the
well known constantsl® o, o*, o=, oF, and Eg, many of the powerful tools
of physical organic chemistry might be brought to bear on medicinal chemi-
cal problems. To this end octanol-water partition coefficients (P) have
been studied as a reference standard!>2%,27, The additive-constitutive
nature of log P and m (m = logP, - logP_ where P refers to a parent mole-
cule and P, to a derivative) means that from a relatively few values of
log P, many others can be calculated!s24s27,53,5%, The usefulness of
these parameters for measuring binding of neutral molecules with proteins
is illustrated in eq 7-<.
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log 1/C = 0.71 logP + 1.51 n =17 r = 0.950 (7
log 1/C = 0.58 logP + 2.40 n=4 r = 0.961 (8)
log 1/C = 0.68m + 3.48 n =19 r =0.962 9

In eq 7-9, C is the molar concentration of compound necessary to produce a
1-to-1 complex with bovine hemoglobin2?! (eq 7) and bovine serum albumin
(eq 8 and 9). Equation 7 correlates the binding of 17 miscellaneous com-
pounds (e.g., phenols, anilines, naphthalene) and eq 8 correlates the
binding of 4 barbiturates?*. 1In eq 9, the comparative constant 7 is
used®® to correlate the binding of phenols by serum albumin. The slopes
of the three equations are surprisingly close, indicating that the binding
of neutral molecules to two different proteins can, be quantitatively de-
fined using log P or m as hydrophobic bonding constants. For these situa-
tions no highly specific steric or electronic parameters are necessary to
rationalize the results.

Going to the next more complex situation, that of enzymic reactions,
it can be shown that the linear combination of m and ¢ can account for the
substituent effects in the hydrolysis of phenyl glucosides by emulsin®®.
Using regression analysis, eq 10-13 are derived to illustrate how one can
factor substituent effects on a biochemical reaction.

Para Groups log K, = 0.520 + 2.03 n=8 r=0.753 (10)
log K, = 0.337 + 0.620 + 1.80 n =8 r = 0.921 (11)
Meta Groups log K, = 0.950 + 1.63 n=2=6 r = 0.949 (12)
log K, = 0.12% + 0.96 + 1.59 n=6 r=0.963 (13)

K, represents the equilibrium constant for the enzyme substrate complex.
Comparison of eq 10 and 11 for the para derivatives indicates that complex
formation depends on both electronic and hydrophobic factors. The corre-
lation coefficient is much better and statistically quite significant for
eq 11. The positive signs of the coefficients for m and ¢ indicate that
lipophilic and electron-attracting groups promote complex formation. Com-
paring eq 12 and 13, one finds that for meta isomers hydrophobic bonding
is apparently not possible. No significant improvement in correlation re-
sults on the introduction of the 7 term. A similar set of equations was
derivedS® to show the substituent effect on the hydrolysis rate constant
k3. Equally good correlations were obtained except in this step; as one
might expect, the coefficient with m has a negative sign. This indicates
that hydrophobic bonding slows down desorption of the cleaved products.
Since good correlations were obtained in eq 11 and 13 without the use of
steric constants, it is assumed that these are unimportant, at least for
functions as large as those studied.

The meaning of the words steric and electronic in these discussions
is somewhat ambiguous. For example, the linear relations between parachor
and toxicity found by McGowan or the use of the solubility parameter § by
Mullins could be viewed as indicating a direct relation between the size
of the substituent and its ability to produce a given biological response.
The affinity of an apolar group for a lipid phase will also be a function
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of its size and, to a lesser extent, its shape. Thus it is not always
easy, even in the abstract, to separate the binding role of hydrophobic
bonding by an apolar function from its role of distorting a hydrophobic
region by its size. We are attempting to use hydrophobic bonding as de-
fined by partition coefficients as simple holding of the drug to the ac-
tive site, realizing that often this role cannot be separated from the
conformational change the apolar group will, in the binding process, pro-
duce in an enzyme or membrane. Steric effects, then, are those due to
size or arrangement in space of substituents which cannot be accounted for
by the hydrophobic constants log P and m. These will be both intra- and
intermolecular in nature. In the same way, electronic effects will over-
lap with hydrophobic bonding since the position of equilibrium in the dis-
tribution of a drug between phases will be a function of its electronic
structure. Indeed, it has been shown?? that 7 varies with o. However,
this variance is not great if the substituents are separated by one or
more atoms. The term electronic effects means highly specific effects in
general not associated with the partitioning process. These would be ef-
fects involved in a chemical reaction or charge transfer process where a
change in electron density too small to make a significant difference in
log P could cause a large change in a rate or equilibrium constant. Using
these somewhat arbitrary divisions of substituent effects and regression
analysis, a start can be made in separating theeffects of groups of atoms
on the biological activity of a set of congeners. Hansch and co-workers
have not, for example, attempted to factor out hydrogen bonding. In gen-
eral they have worked with systems where this could be accounted for in
terms of ¢ and m. Purcell et al. have suggested a way of dealing specifi-
cally with this term36.

In addition to many early examplesls, biological response has been
found to be quantitatively linearly dependent on log P or m in the inhibi-
tion of the Hill reaction®’s58 activity of penicillins®%, toxicity of ben-
zoic acids to mosquito larvae?®, phenol coefficients?8, cholinesterase in-
hibitors3S, and catechol-amine activity®?.

Hemker®! was one of the first to attempt the quantitative correla-~
tion of biochemical response using both partition coefficients and ioni-
zation constants to account for the uncoupling action of phenols. The
linear combination of 7 and 0 has been found to hold for several enzymic
reactions2255% as well as the binding of phenols by protein®®, the toxic-
ity of phenols®?, the uncoupling action of phenolsez, and the relative
sweetness of nitroanilines?3. An interesting application is that of
McMahon®3. Equation 14 was formulated for the enzymic reduction of aro-
matic ketones to alcochols.

logVpay = 0.3347 + 1.2390 + 0.824 n=10 r = 0.89 (14)

Of course the most interesting and difficult drug studies are those
in which whole organisms are involved. It has been postulated6'+ that in
general, for these studies one would expect a parabolic relation between
log 1/C and log P. This has led to the development28,65 of eq 15.

log 1/C = -k(logP)? + k“logP + po + k” (15)
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In the development of this model a probabilistic view is taken for move-
ment of drug from the exobiophase or point of injection to the sites of
action. It is assumed that as P->0 drugs become more and more isolated in
the water phase and eventually become unable to cross lipid barriers. As
P>~ the reverse is true. Somewhere between P=0 and P=x there will be an
ideal value (P,) for a given set of congeners in a given biological system
such that those members having this value will find the sites of action
via a random walk process in the minimum time. This assumes steric and
electronic (pK,, etc.) factors are constant. In other words, a greater
number of molecules of drug with P, would reach the sites of action in the
test interval than drugs having other P values. In effect, one expects a
change in the mechanism of movement in a set of drugs having a sufficient
spread in P values. The movements of the lower members of the series will
be mostly determined by interactions with water, while those of the higher
members will be determined by hydrophobic interactions with lipids. Such
parabolic relations may even be found in closed systems of the type used
in narcosis studies. Ferguson66 has stated that probably in most experi-
ments on narcosis a complete equilibrium is never reached in the period of
exposure and the results are time dependent. Results will be even more
time dependent in open systems such as whole animals where elimination and
biotransformation are continuous processes. Such results can even be ex-
pected in tissue experiments or work with partially purified enzymes.
Since activity is usually expressed as log 1/C, the most active compounds
tested are often in very low concentration, sometimes less than 106 M.
While log 1/C may be linear with respect to log P at higher concentrations
eq 6-8 indicate that highly lipophilic molecules will be very tightly
bound to proteins so that true equilibrium is not reached in test time.
The lower the test concentrations become, the more likely the departure
from linearity through localization of molecules in particularly lipo-
philic material.

0f course there are reasons other than binding by lipids or proteins
which might cause a departure from linearity in the relationship of log
1/C and log P or m. Metabolic or elimination reactions not significant at
low values of log P could, with increasing log P, become very important.
A good example of this is in the metabolism of alkylaryl ether in rabbits
67, In (III) when R is ethyl or methyl, dealkylation is

the main reaction. When R is propyl or butyl, w-1 hydrox- 2

ylation becomes more important. Since the rate of meta- ‘/ \.

bolism of drugs may be linearly related®® to log P, J L (III)
this may be an important contributing factor for the N,/ \OCH
parabolic dependence of activity on lipophilic char- gR 3

acter. Another unknown is the lipophilic space at
the site of action available for the hydrophobic moiety of the drug. If
this is quite limited, then a point is soon reached where log 1/C and log
P are no longer linearly associated. The probabilistic nature of the log
P terms in eq 15 does a good deal to insure a reasonable fit of a set of
data as long as individual congeners in the set do not depart radically
from the behavior of those having similar lipophilic character. In prin-
ciple, loss through metabolism or elimination is not different than loss
through binding if these losses depend only on log P. Good results have
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been obtained with eq 15 for plant-growth regulators®3, chloromycetin ana-
logs®5 (Garrett®d and colleagues have found a more linear dependence of
chloromycetin activity under different test conditions), thyroxine ana-
logs?®, phenol coefficients?8, carcinogenicity of aromatic compounds?28,
and the localization of benzeneboronic acids in brain and tumor tissue’C.

A constant which may prove to be very useful in drug design is log

(or my). This figure can be found by taking the partial derivative of
eq 15 and setting this equal to zero. Once this has been established for
a set of drugs, it becomes a useful bench mark from which to start the de-
sign of a completely new drug to act on the same sites. For example, it
was found that log P, for phenoxyacetic acids acting as plant-growth regu-
lators is 2.03. Log P, for phenylacetic acids acting in the same system
is 2.47. 1If one wished to design a new acid to act in this system, one of
the features which one would design into the first test molecule would be
log P of about 2.2. By means of the additive-constitutive character of
log P one could design such compounds on paper without carrying out exten-
sive partition coefficient studies.

While suitable techniques to handle steric ef- / \\/O—POZET

fects between substrate and the material comprising n I é
the sites of action are at present out of reach, \ Y
intramolecular steric interactions can be O N/
handled quantitatively, at least in some instances u51ng Taft's Es; para-
meter22,56, Equations 16 and 17, formulated from the work of Metcalf and
Fukuto correlate22 substituent effects of R in (IV) on the inhibition of
cholinesterase by alkylphosphonic acid esters.

log K = 3.74 E, + 7.54 n=13 r
log K = -1.680" + 0.15% + 4.05 Eg + 7.21 n =13 r

/°

(IV)

1

0.901 (16)
0.907 a7n

Comparison of eq 16 and 17 indicates that neither electronic nor hydro-
phobic factors play an important part in the inhibition. Thus it appears
that the phosphonates interact with the enzyme in such a way that they
cannot come in contact with a hydrophobic region of the protein. The
range of electronic forces covered by the R groups was small so that o*
may be more important than eq 17 would indicate. Some overlap between Eg
and ¢* constants tends to obscure the role of o¥. The fact that E<, a
constant derived from hydrolysis studies under homogeneous conditions,
should apply to heterogeneous catalysis is surprising and indicates much
more use for this parameter than one would have had reason to expect.

Another method for obtaining biochemical substituent constants is
available in the various forms of chromatography. Considerable effort’!"
73 has been made to gather RM and ARM values for the effect of substitu-
ents on RF

Ry = log(1-Rp) /Ry ARy = RMX - RMH (18

In eq 18, RM is calculated from the value of a parent compound and Ry
from that of a derivative having substituent X. ARM is a constant analo-
gous to m and in fact a close correlation exists between the two as is
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shown! in eq 19.
o= —1.103ARM + 0.647 n=12 r = 0.970 (19)

In measuring the ARy values in eq 19, Green and Marcinkiewicz’l used tri-
gol and diisopropyl ether in reversed-phased, tankless flat-bed chroma-
tography. Boyce and Milborrow’" have shown that Ry values correlate the
molluscicidal activity of a series of N-n-alkyltritylamines assuming a
parabolic reaction exists between log LDgy and Ry. Thus Ry or ARy values
can be used in eq 15 in place of log P or =.

Considerable effort35:75780 has been made to understand biochemi-
cal and pharmacological problems using quantum mechanical calculations of
electron densities with molecules. While this has been useful in ex-
plaining how a particular bond is broken or made’5, linear relations be-
tween calculated electron densities and biological activity are notably
lacking. An exception coming from the work of Fukui is illustrated in
eq 20 and 21 which correlate the nicotine-like activity of meta deriva-
tives of CgHgOCH,CH,N(CHj3)3with the superdelocalizability (S0 ) of _
electrons at the ortho position and the frontier electron demsity (f(t))
on the ether oxygen.

loga = 13.742 5, - 10.465 n=6 r=0.99% (20)
logA = 30.392 £,{) - 20.924 n=6 r=0.949 (21)

The combination of such electronic densities with a hydrophobic bonding
constant does yield good results28:56 as illustrated®® by eq 22 and 23.

logAX 22.91e - 42.49 n==56 r = 0.685 (22)
logAX 0.297 + 18.16¢ - 33.82 n==6 r = 0.995 (23)

In the above equations Ay, from the work of Jacobson, represents the rela-
tive rates of acylation of aromatic amines having substituents X by means
of pigeon liver acetyl transferase. ¢ represents the calculated electron
densities on the nitrogen atom made by Perault and Pullman. Equation 22
accounts for only 47% of the variance in the data while eq 23 accounts
for 99%. Thus it appears that quantum mechanically obtained electron
densities can be extremely useful to the medicinal chemist. 1In this way
the relative electron density on each atom in the molecule can be found
and through regression analysis the relative importance of this density
at one or more points in the molecule can be evaluated. This approach
offers, in principle, a great advantage over the use of o.

What are the guidelines that substituent constant analysis has to
offer the designer of drugs? The great success of this method in homo-
geneous organic reactions!® and the more modest achievements of this
method with heterogeneous biochemical reactions would seem to validate
the use of eq 24 and 25 as a reasonable working hypothesis.

o o < -]
AF = + A + A &«
BR AFL/H Felect Fsteric log kBR (24)
In eq 24 we are assuming57 that the ultimately measured biological re-
sponse (toxicity, resistance to a metabolic process, EDgy, elimination,
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etc.) is governed by one rate-limiting process for which kggr is a rate or
equilibrium constant. In eq 24, AFf /g represents that portion of the free
energy change which can be attributed to hydrophobic bonding, AF;lec rep-
resents an electronic component, and AF;teric represents highly specific
spatial demands of reactants and products on the free energy change. Of
course, were sufficient data available, one might profitably factor each
of the terms in eq 24 and 25 into several to represent suspected critical
parts of a molecule. Substituent effects on log kpr of eq 24 are repre-
sented in eq 25.
o _ ) ) o

%Fer = S%TL/m t %Felect T xFsteric = %198 Kgr (23)
Equations 24 and 25 were formulated for the case where the drug is at the
site of action or the situation where true equilibrium with the exobio-
phase is established as envisaged by Ferguson.

From the present limited work it would appear that 5XF£/H might be
represented by log P, 7, Ry, 2RM, B (Zahradnikls) and, under certain con-
ditions, parachor. The 6XF° term may be represented using the various

18 elecli ; CS !
forms of 0, quantum mechanically calculated electron densities or chemi-
cal shifts®! obtained via NMR. It should also be possible to formulate
suitable constants from IR and UV spectra. Attempts to use polarograph-
icallz—obtained constants do not seem to be as useful as one might ex-
pect82,83

The case where substituent changes result in large differences in
ionization is one of great importance since so many drugs are either weak
acids or weak bases. The degree of ionization has long been recognized as
playing a part in drug activitysu. In a careful analysis, Fujita 2 has
shown how substituent effects on ionization should be separated from other
electronic effects of substituents.

It does not seem possible to make any general observations about
suitable ways of representing SyxFgteric for the interactions between a
drug and its receptors. By considering sets of congeners in which gross
steric changes are avoided (e.g., considering D isomers separately from L
isomers, etc.) useful correlations can be made. In fact, where the two-
parameter equation can be shown to hold over a reasonable range of sub-
stituents, one can make deductions about GXF;teric by continuing to in-
crease the size of X until the two-parameter equation fails. 1In this way
one can, to a limited extent, map the free space around a receptor site.

Portoghese85787  in an extension of the approach ‘/ \.
of Zahradnik, has shown that linear relationships between (! 4]
different congeneric sets of analgesics can be used to \‘/ s
make more firm decisions about whether the sets are \.
acting in the same three-dimensional way on the same ./ N
receptors. The three sets of congeners in which R of L I
V was held constant (i.e., 1. R* = COEt, 2. R™ = OCOEt \N/
and 3. R” = OCOCH3) were varied by changes in R. Least &

square fits of sets 1 vs. 2, 1 vs. 3, and 3 vs. 2 gave
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slopes close to 1 with good correlation coefficients. Such tests can be
used to help establish the fact that, for example, R in each series is in
the same physicochemical environment on the receptors. By exploring a
large enough number of sets of systematically varied congeners one could
obtain considerable information about the geometry of the receptor sites.

The fact that simply changing the length of R can lead to a complete
change in the mechanism of action (e.g., agonist to antagonist) has been
thoroughly documented by Ari&ns®8. A careful case study in which the en-
thalpic¢ and entropic roles of the substituents in transition from agonist
to antagonist have been considered has been made by Belleau, Tani and
Lie89., Miller and Hansch?® have presented evidence to show that when two
hydrophobic areas are present in a drug and only a limited space for hydro-
phobic bonding exists in an enzyme, the more hydrophobic of the two groups
may determine the configuration of binding.

Thus steric interactions of receptor site and substrate are ex-
tremely difficult to evaluate. The conformational perturbations of drug
on receptor and receptor on drug will tax to the limit our ability to un-
tangle the mechanism of drug action for many years to come. However, the
use of substituent constants and large computers for regression analysis
offers us new hope denied workers a few years ago.
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Adrenal steroidogenesis, 263
AMP, cyclic, 286
Analgetics, 33
Anesthetics, General, 24
Angina Pectoris, 69
Anorexigens, 44
Antiallergy agents, 83
Antianginals, 69
Anti-anxiety agents, 1
Antibacterials, synthetic, 112
Antibiotics, 102
Anticonvulsants, 24
Antidepressants, 11
Antidiabetics, 176
Antifungals, 157
Antihypertensives, 48
Antiinflammatory agents, non-
steroidal, 217
Antineoplastics, 166
Antiparasitics, animal, 147
Antiparasitics, human, 131
Antipsychotics, 1
Antiradiation agents, 330
Antivirals, 122
Atherosclerosis, 187

Biopharmaceutics, 340

Cell Metabolism, regulation, 286

Diuretics, 59

Drug Design, substituent con-
stants in, 347

Drug-Receptor Interactions, 227

Drug Sensitization, 256

Drugs, fate and distribution, 237

Gastrointestinal agents, 91

Hallucinogens, 11

5-Hydroxytryptamine, 273

Hypnotics, 24

Muscle Relaxants, 24

Nucleosides, 304

Nucleotides, 304

Peptides, synthetic, 296

Pharmaceutics, 340

Pulmonary agents, 83

Reactions in Medicinal Chemistry,
321

Reproduction, 199

Sedatives, 24

Steroid Hormones, 208

Steroids, 312

Stimulants, 11

Substituent constants in drug design,
347
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48/80, 269
Acetaminophen, 39, 66
Acetazolamide, 117, 235
Acetohexamide, 182

Acetophenetidine, 39, 241

Acetylcholine, 227, 233

N-Acetylcysteine, 85

N-Acetylglucosamine, 235

Acetylenic carbamates, 172

N-Acetyl-N-phenylhydroxylamine,
240

Acetylspiramycin, 108

10-Acetylyohimbane, 3

ACTH, 264, 265, 268, 269

Actinomycin D, 169, 265, 334

Actomol, 17

Adamantanecarboxamide, N-methyl,
octachloro chlorination prod.,
123

Adenosine monophosphate, 3',5'-
cyclic, 60, 61, 66, 94, 177-
179, 181, 286-293

Adenosine monophosphate, 3', 5'-
cyclic, dibutyryl, 287, 290

Adrenochrome semicarbazone,

AHR 1209, 26

Aldosterone, 234

Allopurinol, 250

249

6-Aminonicotinamide, 334
Z2-Amino-1-pentanethiol, 331
2-Amino-1-phenylethanethiols, 331
p-Aminopropiophenone, 334
p-Aminosalicylic acid, 112

2-Aminothiazoline salts, 332
Amitriptyline, 16, 95
Amphetamine, 13, 17, 44, 45, 46

d-Amphetamine, 44, 45, 46, 240
Amphetamine, p-ethyl-, 45
Amphetamine, p-trifluoromethyl-,
45 B
Amphotericin B,
Ampicillin, 103
Amprolium, 153
Amytal, 268
Androstenedione, 267
Angiotensin, 93, 265
p-Anilinophenylacetic acid, 220
4-Anilino- 5-pyrimidinylcarboxylic
acids, 221
Anisotropine methyl bromide, 98
Antidiuretic hormone, 65, 93
Antimycin A, 268
Arabinosyl cytosine, 167
Arabinosyl fluorocytosine, 167
Arginine, 177
Asparaginase,

157

170-171

Amantadine hydrochloride, 122, 123 Aspirin, 37, 38, 40, 96

Ambunol, 333

Amiloride hydrochloride, 63

2-Aminoalkylmercaptoimidazolines,
332

2- Aminoethaneselenic acid, 331

2-Aminoethylphosphoric acid, 333

Aminoglutethimide, 266, 267

3-Amino-4-mercapto-1-butanol,
331

2-Amino-3-methyl-1-butanethiol,
331

S-2-Amino-2-methylpropylphos-
phorothioic acid, 331

S-2-Amino-2-methylpropylthio-
sulfuric acid, 331

AY-9944, 189
Azathioprene, 98
Azathymidine, 125
6-Azauridine, 125
Ba-30803, 11
Ba-31531, 84
Bayer 1443,
Bayer 1500, 60

Benfurodil, 75
o-Benzamidophenoxyacetic acids,
T221

o-Benzamidophenylacetic acids, 221
Eenzilylcholine, 233

94

94

19

Benzimidazoles,
Benzoisothiazole,



362

COMPOUND NAME INDEX

Benzomorphans, 34
Benzphetamine, 44
Benzphetamine analogs, 44
Benzquinamide, 3
Benzydamine, 39
Benzylimidazoles, 267
Benzyl methyl sulfone, 223
Benzyl methyl sulfoxide, 223
Benzylpenicillin, 103
Biguanides, 182
3-Biphenyl-6-ketopiperidine, 267
3-Biphenylpiperidine, 267
4-Biphenylyl-3-hydroxybutyric
acid, 220
2, 2'-Bipyridine, 94
Bis-(4-acetoxyphenyl)-cyclohexyli-
denemethane, 251
Bisolvon®, 86
Bradykinin, 93
Brinaldix, 61
Brobenzoxalidine,
Brocresine, 87
N-(2-Bromoethyl)-N-ethyl-N-1-
naphthylmethylamine, 231
Broxyquinoline, 164
BUdR, 125
Buquinolate,
Busulfan, 98
1, 4-Butanediol, 29
p-n-Butoxyphenylacethydroxamic
© acid, 220, 241
1-Butylbiguanide, 240
t-Butylmethoxamine, 78
y-Butyrolactone, 29

160

153-154

Buxenine-G, 316
Buxpsiine, 316

BW 58-271 (rolodine), 26
Caffeine, 1

Calcium pantothenate, 333
Candicidin, 158
Capreomycin, 108
Caprochlorone, 123
Carbochromene, 72, 74, 75

Catapresan®, 48
CB 2487, 27

Cephaloglycin, 105
Cephaloridine, 104, 105
Cephalosporin C, 102
Cephalosporin Py, 314

Cephalothin, 102, 104, 105
Chloral hydrate, 333
Chloramphenicol, 112, 117, 241

Chloramphenicol analogs, 108
Chloridazepoxide, 1, 2, 5, 7, 95
Chlormadinone acetate, 199
Chlormerodrin, 59
1-p-Chlorobenzylidenyl-5-methoxy-
- 2-methyl-3-indeneacetic acid,
cis -, 219
(+)-3-Chloro-4-cyclohexyl-a-methyl-
phenylacetic acid, 220
7-Chlorodeoxylincomycin, 106
N-2-Chloroethyl-N-methyl-2-amino-
ethyl benzilate, 7, 233
p-Chloromercuribenzoic acid, 94,
268
p-Chlorophenylalanine, 3, 24
1-(4-Chlorophenyl)-4-{ 2- [3-(2-
pyridyl)acryloxy ] ethyl}
piperazine, 223
a-{p-Chlorophenyl)-a-(2-pyridyl)-
glutarimide, 267
Chloroquine, 131, 132, 133, 217,
249
7-Chlorotheophylline, 73
Chlorothiazide, 61
6-Chlorothymine, 334
Chlorphenesin carbamate, 27
Chlorphentermine, 44, 46
Chlorphenvinphos, 242
Chlorpromazine, 1, 2, 3, 4, 5, 7,
13, 16, 19, 95, 252
Chlorpropamide, 178
Cholecystokinin, 96, 97
Cholesterol, 312
Cholestyramine, 191
CI-564, 135
CI-578, 141
CI-581, 28

Cinerubin,

168
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Clamoxyquin pamoate, 137, 138

Cloferex, 44, 46

Clofibrate, 189,

Clomiphene, 267

Clomiphene citrate, 204

Clopamide, 61

Clopenthixol, 4, 251

Clothiapine, 4

Cloxacillin, 103

CN-55,945-27, 201

Codeine, 37

Complamine, 333

Conessine, 312, 315

Cortexone, 214

Corticotrophins, 269

Cortisone, 193

5-Crotyl-5-ethylbarbituric acid,
245

Crustecdysone, 313

CUdR, 125

Cyanocobalt-chlorophyllin, 333

Cyanotrimethylandrostenalone, 267

Cyclazocine, 37, 38

Cycloguanil pamoate, 134, 135

Cycloheximide, 159, 169-170, 265

Cyclohexanol succinate, 334

9-Cyclopentyl-6-mercaptopurine,
125

Cyclophosphamide, 66, 222

Cycloserine, 113

Cyprolidol, 11, 12

Cysteamine-S-phosphate, 334

Cysteamine-S-sulfate, 331

Dichloroisoproterenol, 77, 94, 268

Cysteine, N-dithiocarbamate, S-
trithiocarbonate, 332

Cysteine thiosulfate, 334

Cytarabine, 125

DADDS, 135

Dapsone (also DDS), 132, 133, 135,
242

Dapsone sulfoxide, 242

Daunomycin, 168

DDS, see dapsone

Debrisoquin, 52

190, 193

Decalones, 247

Decamethonium, 233

Dehydroepiandrosterone, 267

8-Dehydro-16a-methylprednisolone,
208

Dehydrosanol (also Diu 60), 62

Demethylchlortetracycline, 106

Demissidine, 315

2-Deoxyglucose, 92,177

Desipramine, 13

Desmethylimipramine, 13, 252

Dexamethasone, 265

Dextromoramide, 97

N, N-Di-(m-aminophenyl)butylethyl-
malonamide, 223

Diazepam, 5, 6, 7, 333

Diazoxide, 53, 177, 178

Dibenamine, 231, 233

5H-Dibenzo [a, d]cycloheptene- 5-
carboxamide, 252

2, 6-Dichlorobenzonitrile, 242

2, 6~-Dichlorothiobenzamide, 242

Dicloxacillin, 103

2-Diethylaminoethyl-4-methyl-
piperazine-1-carboxylate, 126

Diethyl dithiocarbamate, 268, 335

Digitoxigenin, 314

Dihydroaldrin, 247

Dihydroergotamine, 178, 268

Dihydromorphine, 36

Dihydroxyprogesterone acetophenide,
199

Dimethacrin, 11

3, 4-Dimethoxyphenethylamine, 19

2-Dimethylbenzanthracene, 267

N, N-Dimethyl-2-chloro-2-phen-
ethylamine, 233

Dimethylisopropylmethoxamine, 78

6a, 18-Dimethylnorethisterone, 210

Dimethylsulfone, 223, 239

Dimethylsulfoxide, 125, 223, 239

N, N~Dimethyl-p-(m-tolylazo)-
aniline, 268

{Dimethyltriazeno)imidazolecarbox-~
amide, 172
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Dinitrophenol, 268
Diphenidol, 98
Diphenoxylate, 97
Diphenylhydantoin, 267
Dipyridamole, 73
Disulfiram, 335
5, 5'-Dithiobis-{2-nitrobenzoic
acid), 219
Ditran, 19
Diu 60, see Dehydrosanol
DMPEA, 19
Doxapram, 30
Doxycycline, 106
Doxylamine, 26
Dymanthine, 141
Ecdysone, 213, 313
Ecdysterone, 213, 313
Encyprate, see MO-1255
Ephedrine, 45
Epinephrine, 94, 178, 181, 227,
232, 268
Equilin, 313
Ergotamine, 19, 20
Estradiol, 234, 267
Estradiol dipropionate, 213
Estradiol enanthate, 199
Estrone, 267
Ethacrynic acid, 60
Ethambutol, 113, 114, 118
Ethionamide, 113, 114, 244
Ethionamide sulfoxide, 244
Ethopabate, 153, 243
2-Ethylhexyl sulfate, 240
N-Ethylmaleimide, 94, 268
Etrafon®, 16
Fenfluramine, 46
Ferricyanide, 268
Flufenamic acid, 218
Fluorodeoxyuridine, 167
1-(4-Fluorophenyl)-1-phenyl-2-
propynyl-N-cyclohexyl-
carbamate, 126
Formamidine acetate, 268
FR 33, 5
Frenolicin, 160

Nl-Furfurylbiguanide, 127

Furosemide, 60

Furterene, 62

Fusidic acid, 314

Gamfexine, 18

Gastrin, 91

Gastrin II, 92

Gastrin pentapeptide, 91, 97

Gentamicin, 107

Glaphenin, 39

Glucagon, 93, 97, 177, 178, 181

Glutethimide derivatives, 266, 267

Glycerylaminophenaquine, 249

Glycopyrrolate, 95

Griseofulvin, 159

Growth hormone, 177, 178, 181

Guanoclor, 52

Guanoxan, 250

Hadacidin, 333

Halidor, 95

Haloperidol, 1, 2, 5

1-Halopropanes, 239

Halothane, 28

Haloxon, 151

Hamycin, 158

Hematoporphyrin, 333

Hetacillin, 103

Hexadimethrine bromide, 267

Hexamethonium, 96

Hexobendine, 75

1-Hexyl-3, 7-dimethylxanthine,
250

Histamine, 227, 234, 269

A-Homotestorenone, 312

Hpt-909, 87

Hycanthone, 139

Hydrochlorothiazide, 53

Hydrocortisone, 217

Hydroxybenzylbenzimidazole, 122

v-Hydroxybutyric acid, 29, 333

Hydroxychloroquine, 249

N6-(2-Hydroxyethyl)-adenine, 125

2-Hydroxyimipramine, 16

7-(Hydroxymethyl)-methyl-
benzanthracene, 267
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7-Hydroxy-1-methylquinolinium
iodide, 233
Hydroxyquinolines, 160
5-Hydroxytryptophan, 96
Hydroxyurea, 126, 172
Hyoscine, 233
Hypoglycin A, 239
IBD-78, 4
Ibufenac, 218
ICI 43,823, 222
ICI 46,474, 201
ICI 47,776, 222
ICI 50,123, 91, 92
Idoxuridine, 125
Ildamen, 75
Imidoline, 7
Imipramine, 12,
252, 333
Indane-1, 2-diol, 246
Indomethacin, 218
Indoxole, 218, 222
Innovar®, 30
INPEA, 78
Insidon, 333
Insulin, 92,
Iodinin, 108
Iodoacetamide, 94
Iodoacetic acid, 268
Iproveratril, 72, 74, 75
Isoconessine, 315
Isoindolinium salts,
Isomethadone, 35
Isoniazid, 117, 118
Isoproterenol, 94, 96, 178, 333
Isoquinazepon, 6
Isosorbide dinitrate, 73
Isothiazole thiosemicarbazone,
Istonil, 11
IUdR, see Idoxuridine
Kanamycin, 108, 112
Kasugamycin, 108
Kurchiphylline, 316
Leucine, 177
Leucodelphinidine, 333
Lilly 5164, 16

13, 14, 19, 95,

176, 227, 230

333

124

Lincomycin, 106
Linolexamide, 192
Lithium ion, 7
LL-195, 7

LSD, 19

Lu 3-010, 11
Lu 3-057a, 11
Lucanthone, 139
Lucensomycin,
LWwW3170, 4
Magnesium pemoline, 18
Malethemer, 98
Mannoheptulose,
Marijuana, 19
M&B 10, 755, 152
Mebanazine, 17
Mebutamate, 53
Meclofenamic acid, 221
Medroxyprogesterone acetate,
Mefenamic acid, 221
Mefruside, 60

Melitracen, 11

Menadione, 334

Meperidine, 97
Meprobamate, 1, 5
Meprophendiol, 243
Meralluride, 59
2-Mercaptoethylamine derivs., 331
6-Mercaptopurine, 98

Mersalyl, 60

Mescaline, 19, 20, 243
Metaproterenol, 83

Metaraminol, 13

Metaxalone, 243

Methacycline, 106

Methadone, 35

Methamphetamine derivs., 45
Methaqualone, 25, 250

Methionine sulfoximine, 7
Methisazone, 124

Methitural, 245

Methotrexate, 251
Methotrimeprazine, 36
Methoxamine, 333
Methoxyindoles, 248

158

177, 180

199
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5-Methoxytryptophol, 248
Methylaminodeoxyuride, 125
Methylcholanthrene, 268
a-Methyldopa, 53
a-Methyldopamine, 13
16-Methylenechlormadinone, 210

Neuroleptanalgesics, 30
Nicotinic acid, 189, 192
Nicotinyl alcohol, see Roniacol®
Niridazole, 136, 137, 138
Nitrazepam, 25

Nitrodan®, 151, 152

Methylmercaptopurine riboside, 166 Nitrofurans, 113, 116, 117, 118

N-Methyl-3-pyrrolidylphenylcyclo-

pentylglycolate, 19
18-Methylnorethisterone, 210

18-Methyl-19-norprogesterone, 210

Methyl salicylate, 96
N-Methyl-y-tocopheramine, 249
a-Methyltyramine, 13
a-Methyltyrosine, 3, 5, 46, 53
Methyprylon, 27, 245
Meticlorpindol, 154
Metronidazole, 136, 137, 246
Metyrapone, 266

Minocycline, 106

Mithramycin, 168

MJ 1987, 83
MJ 1988, 83
MJ 1992, 83
MJ 1999, 77
MK-741, 4

MO-1255 (encyprate), 16
Morphinans, 33
Morphine, 33, 36, 37, 96, 97
NADP, 264, 265

NADPH, 263, 264
Nafiverine, 97

Nalidixic acid, 112, 117
Nalorphine, 36, 40, 333
Naloxone, 38
Namoxyrate, 220
Naphthoquinones, 267
Naphthypramide, 220, 247
Naphthyridines, 112, 113
Necrotoxin, 160
Nembutal, 333
Neoconessine, 315
Neomycin, 112, 191
Neospiramycin, 108
Neostigmine, 96

Nitroglycerin, 71, 72, 73, 79
Nitrosourea derivatives, 171
Nogalamycin, 168

Norepinephrine, 12, 178, 232, 268

Norethandrolone, 267
Norethyrodrel, 267
Normetanephrine, 13
Nortriptyline, 4, 95
Novastat®, 154
NSD-1055, 87

Nystatin, 157
Oligomycin, 268
Ophiobolosin, 160
Opipramol, 95
Oripavines, 33
Oxacillin, 103

1, 3, 4-Oxadiazolium salts, 332
Oxazepam, 2, 5
Oxyclozanide, 152
Oxyethyltheophylline, 74
Oxypertine, 7
Oxytetracycline, 106
Oxytocin, 93, 227
Pactamycin, 169
Papaverine, 71, 96, 97
Pargyline, 17, 52
Paromomycin, 135, 142
Pasaden, 4

Pemoline, 18
Penamecillin, 104
Penicillamine, 217
Penicillin aldehydes, 104
Penicillins, 112
Penotrane, 161
Pentaerythritol tetranitrate, 73
Pentazocine, 37
Pentobarbital, 44
Perphenazine, 16
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Peyote, 19
Phagicin, 126
Phenazinium salts, 333
Phenformin, 182, 190
Phenindione, 95
Pheniprazine, 13, 16
Phenmetrazine, 45
Phenobarbital, 2
3-Phenothiazineacetic acids, 221
Phenoxybenzamine, 94, 231, 232
Phentermine, 46
Phentolamine, 94, 178
Phenygam, 7
1-Phenylazo-2-naphthol, 244
Phenylbutazone, 218, 268
1-Phenylpiperazine, 46
Phleomycin, 169
6-Phosphogluconolactone, 333
Phthalanilides, 333
Pilocarpine, 96
Pimaricin, 157
Pimetine, 86
Pinoxepine, 4
Piribenzil, 95, 97
Poldine, 95
Polymyxins, 114
Polynoxylin, 161
Polyvinylpyrrolidone, 126
Ponasterone A, 213
Prazepam, 5
Premarin®, 189
Prenylamine, 2, 3, 71, 74
Procaineamides, 332
Procarbazine, 171
Prodilidine, 36
Progesterone, 56
Pronethalol, 77
Propanidid, 29
Propanolol, 53, 78, 79,
247
Prostaglandin Ej, 192, 193
Protriptyline, 12
Psilocybin, 19
Puromycin, 265
Pyramidon, 39

178, 192,

Pyrantel, 141, 142

Pyrantel tartrate, 148
Pyridinolcarbamate, 75
Pyrimethamine, 131, 132, 133, 134
Pyrimidines, 95
Pyrrolnitrin, 160

Pyrvinium pamoate, 141
Quindonium bromide, 252
Quinoxaline di-N-oxides, 115
Reserpine, 2, 3, 5, 12
Riboflavine, 333
Rifaldazine, 107

Rifamycin SV, 107

Rifazine, 107

Rimantadine hydrochloride, 123
Ro 1-8307, 267

Ro 4-4602, 3

Ro 4-5282, 45

Ro 5-6901, 25

Roletamide, 26

Rolodine, see BW 58-271
Roniacol® (nicotinyl alcohol), 191
Rufochromomycin, 160
Salicylamide, 96

Salicylic acid, 96
Samandenone, 316
SC-16100, 65

SC-16102, 65

Secretin, 93

Serotonin, 227, 234, 334, 335
SK&F 6678, 45

SK&F 12185, 266

SK&F 14336, 4

Sodium salicylate, 38, 39
Soladulcidine, 314
Solasodine, 314

Spiramycin, 108
Sporaviridin, 160

SQ 10, 648, 87

Squalene, 312

Stilbestrol, 244
Streptomycin, 112

Su-8000, 268

Su-9055, 268

Su-10603, 268
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Su-14074, 64

Sulclamide, 61

Sulfadimethoxine, 115, 132, 246
Sulfamethoxypyridazine, 115, 132
Sulfanilamides, 114, 115, 118, 332
Sulfapyrazinemethoxine, 132
Sulfapyrimidines, 115, 118

Sulfasymazine, 114, 118
Sulfonylureas, 177, 180, 182
Sulforthomidine, 132
Taractan, 333

Testosterone, 267
Tetrabenazine, 2, 3, 13, 251

Tetracyclines, 112, 117, 333

Tetramisole, 141,149, 150
Theophylline, 178, 265
Thiabendazole, 140, 141, 150, 160

Thiazothienol, 246

6- Thioguanosine, 98

Thioridazine, 2

Thiothixene, 4

D-Thyroxine, 189, 193

TMB-4, 245

a- Tocopheramine,

Tolazamide, 182

Tolazoline, 94

Tolbutamide, 182,

Tolnaftate, 160

Tomatidine, 314

Tranylcypromine, 17

Trausabun, 11

Triamterene,

Triavil®, 16

s-Triazines, aminoalkoxydiamino-,
46

s- Triazoles, 332

Trichlorofon, 140

Trichomycin, 158

8- Trifluoromethylphenothiazine-1-
carboxylic acid, 221

Trifluperidol, 190

178- Trimethylsiloxytestosterone,
211

Trimetozine, 26

Trioxazine, 26

249

242

53, 61, 62

Triparanol, 189
Triperidol, 5
Tropenzilene, 95
Tryptizol, 333

Tybamate, 5

Tyramine, 241, 333
U-16,178F, 45
U-23,807A, 18

Uracil methyl sulfone, 125
Urea, 85

Uridine monophosphate, 333
Variotin, 160
Vasopressin, 268, 269
Vinblastine, 170
Vinglycinate sulfate, 170
Vinleurosine, 170
Viractin, 126

Vitamin Kg, 333

WIN 1344, 18

Wy-5256, 62

X-5079C, 159
Xylopinine, 3

Xanthine oxidase inhibitors,
Zearalenone, 204
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