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PREFACE 

I n  t h i s  volume of Annual Reports we have continued our e s t ab l i sh -  
ed  e d i t o r i a l  po l i cy  of r epor t ing  each year  t h e  s i g n i f i c a n t  developments i n  
the  major areas of cu r ren t  i n t e r e s t  t o  medicinal chemists ,  and d iscuss ing  
less f requent ly  those medical areas which are e i t h e r  i n  t h e i r  infancy o r  
have reached t h e i r  "golden years". 
no t  appear i n  Volume 9. 

Eighteen of t he  top ic s  i n  Volume 10 d id  

We have attempted t o  s t r i k e  a s u i t a b l e  balance between, on one 
hand, progress  i n  the  discovery and development of new a c t i v e  classes of 
drugs o r  of more e f f e c t i v e  analogs i n  o lde r  classes and, on the  o the r  hand, 
t he  biochemical, b i o l o g i c a l  o r  medical s t a t u s  of some f i e l d s  j u s t  emerging 
i n t o  prominence. Some of our readers  t e l l  us t h a t  they c l e a r l y  p r e f e r  t he  
former, "more p r a c t i c a l "  type of chapter .  
t he  e d i t o r  of a volume such as t h i s  has  a r e s p o n s i b i l i t y  t o  open a few 
v i s t a s  and t o  occas iona l ly  jar  t h e  medicinal  chemist ou t  of h i s  e s t ab l i shed  
po in t  of view. 
p r o j e c t  t o  t h e  f u t u r e  you had b e t t e r  be i n t e r e s t e d  i n  dreams r a t h e r  than 
meat . " 

It i s  my personal  b e l i e f  t h a t  

One of my former s e c t i o n  e d i t o r s  pu t  i t  t h i s  way: "If you 

Medicinal chemists cannot l ive  by meat o r  dreams alone.  Our a i m  
is t o  provide a balanced d i e t .  Please l e t  us  know how w e  are doing. 

Kalamazoo, Michigan 
June, 1975 
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Editor 

During 
agents some 

SECTIOfl I - CNS AGENTS 
Maxwell Gordon, Bristol Laboratories, Syracuse, New York 

Section Editorial 

the first twenty years of the clinical use of antipsychotic 
considerable gains were made in the treatment of the mentally 

ill. Mental hospital populations decreased for the first time in modern- 
history; there are only half as many psychiatric beds in state hospitals 
as there were 15 years ago. In addition, there has been a transition of 
professional and public attitudes from custodial to therapeutic. As time 
wore on, however, it became apparent that there was a high readmission 
rate of former mental hospital patients. This relapse rate led to the 
development of "half-way houses" and other community centers that could 
provide outpatient care in the patient's normal home/work setting. 
developments have also been assisted by recognition of the importance of 
early diagnosis and outpatient treatment of the mentally ill. The develop- 
ment of long-acting antipsychotic agents has proved useful in both the hos- 
pital and outpatient settings,though they are no panacea and the problem of 
tardive dyskenesias is still unresolved. Inasmuch as fewer than half of 
schizophrenics released from mental hospitals function adequately as wage 
earners or housewives, it is clear that more progress is needed in chemo- 
therapy and in the areas of personal, family and c o m n i t y  adjustment. 

There has been a great deal of research on the biochemical basis for 
mentaldisease,and much of it is summarized in this section of the Annual 
Reports. However,progress in finding new therapeutic agents continues to 
rely heavily on the classical approaches of the medicinal chemist and the 
pharmacologist. One straw in the wind of the future is the debt owed in 
the treatment of Parkinson's disease to biochemical research. The dis- 
covery that there is a relative deficit of dopamine in various areas of 
the brain of Parkinson patients led to the suggestion that the dopamine 
precursor, dopa, could have therapeutic potential. 

Research studies now under way have demonstrated that CNS agents often 
have effects on neurotransmitter substances, and it is hoped that this kind 
of research can lead to more systematic therapeutic advances in the future. 

Another research area that offers promise for the future is in the use 
of CNS agents to treat the withdrawn, apathetic geriatric patient. The 
management of this type of patient is such a serious medical and social 
problem that the advent of useful new drugs would be a major milestone in 
medicine. This research is difficult, and translation of animal work to 
man is tenuous at best,but there is some reason for optimism that progress 
will be made. 

agents can be found which have minimal extrapyramidal side effects, that 
anti-anxiety agents can be found which produce less ataxia and sedation, 
that hypnotic agents can be found that do not adversely affect REM sleep 
or produce dependence, and that synthetic analgetic/antitussive agents 
can be developed that avoid the side effects of opiates and could elininate 
the medical profession's dependence on cultivation of opium. 

These 

Finally,these pages contain encouraging suggestions that antipsychotic 



Section I - CNS Agents 

Editor: Maxwell Gordon, Bristol Laboratories, Syracuse, New York 

Chapter 1. Antipsychotic and Antianxiety Agents 

Willard M. Welch and Charles A. Harbert, Pfizer Inc., Groton, Connecticut 06340 

R /ntroductlon/Sumrnary - Molindone (Moban ), an antipsychotic drug, was the only new entity 
introduced in the U.S. in 1974 although several new agents advanced to late stages of development. 
Clozapine continued to look promising as an antipsychotic drug with a low incidence of extrapyramidal 
side effects. The demonstration of clinical activity for the new antipsychotic agent butaclamol suggests 
that it may represent a structural prototype in this area. Evidence in support of the existence of a 
presynaptic dopamine receptor led to intensive efforts to elucidate i t s  function, and advances in 
understanding the mechanism of antipsychotic vs. extrapyramidal effects of antipsychotic drugs should 
permit the rational selection of more effective agents. It has been proposed that benzodiazepines exert 
their CNS effects by acting at a glycine receptor. 

Antipsychotic Agents of Extended Duration - Penfluridol continued to exhibit im ressive clinical 
antipsychotic efficacy as a once-a-week oral medication in a number of trials:-' Sedation and 

3 extrapyramidal symptoms (EPS) were rare a t  effective weekly doses of 160-200 mg although a relatively 
slow onset of action (four weeks in one study) was noted. Neurolo ical and pharmacological studies of 
the injectable preparations pipothiazine palmitate (1, I L-l9,552) and oxyprothepin decanoate (2, 7 

6 

1 

8 VUFB-9977) indicate their greater duration of action vs. apomorphine emesis as compared to 
fluphenazine decanoate. Consistent with th i s  observation is the report that pipothiazine palmitate a t  doses 
of 100 to 600 mg i.m. controlled schizophrenic symptomatology for at least 4 weeks. 

Tricyclc Antipsychotic Agents - Clozapine (3,  LeponexR) continued to demonstrate encouraging clinical 
activity, with potency equivalent to chlorpromazine (CPZ) and a greatly reduced incidence of EPS even at 
high doses (800 to 1200 mg/day). Orthostatic hypotension was observed, however, in a small percentage of 
patients in each of these studies.l0-I2 Remission of tardive dyskinesia which recurred upon drug 
withdrawal was noted in two patients receiving clozapine.' Cerebrospinal fluid levels of 
3-methoxy-4-hydroxyphenylglycol fel l  and those of homovanillic acid (HVA rose significantly in patients 

9 

treated with clozapine, indicating reduced norepinephrine turnover in brain. 14 



Chap. 1 Antipsychotic and Antianxiety Agents Welch, Harbert - 3 

cl@=JzJ H 
R 1 =  SCpH5, R p  = CH3 

R1 = CI, Rp = CH2CH2--a 

R1 = CI, R2 = C H 2 C H 2 a  

- 

6 
5 

Compounds 4a1 and 4b16, the most potent o f  two series of dihydrodibenzo[ b,f] thiepins, equalled 
octoclothepin in their depressant effect (rotating rod (RR), catalepsy) whereas the parent 
dibenzo[b,f]thiepin (5) was somewhat less active. An SAR study of higher thioalkyl homologs of  
metitepin (4c) showed retention of  activity in the ethylthio analog (4d) only.17 Cyclic acetals derived 
from lO-piperazino-lO,1l-dihydrodibenzo[ b,f] thiepins (4e-f) were approximately as active as 
octoclothepin and metitepin as central depressants (mice, RR) and cataleptogenic agents (mice, rats). 18 

The thioxanthene derivative Lu 10-022 (6) resembled haloperidol and fluphenazine in i t s  ability to  
increase the disappearance of  14C-dopamine in mouse brain and may be longer acting based on i t s  ability 
to increase accumulation of  14C-catecholamines in mouse brain for an extended period.' The 
N-chloroethyl derivative of  CPZ (7, P-B 845 Cl) was less potent (%x) than CPZ in animal behavioral tests, 
but gave evidence o f  prolonged duration of  action in the anti-amphetamine motor activity test.2o 

The metabolism of  CPZ and the biological activity o f  several o f  i t s  metabolites have been extensively 
r e ~ o r t e d . ~ l - ~ ~  In one study, the ratio o f  biologically active 7-OH CPZ to the inactive CPZ sulfoxide was 
significantly greater in responding than in non-responding schizophrenics.21 Behavioral studies suggest that 
7-OH CPZ is less potent than CPZ, but might have useful antipsychotic potential owing to reduced EPS.23 
Other metabolism studies have shown that piperazine- and dimethylamino-substituted phenothiazine 
neuroleptics with the same nuclear substitution are degraded to identical metabolites (bis-dealkylated 
amine congeners, excreted as the sulfoxides) in man, rat and dog. 

Butyrophenone Antipsychotic Agents - U-32,802A (8a) resembled both reserpine and haloperidol in i ts 
3H-NE releasing properties (mouse heart) and HVA-elevating actions, respectively, but differed from these 
agents in having on1 a weak effect on brain serotonin (unlike reserpine) and on catecholamine levels 
(unlike haloperidol)j6 Fenaperone (8b) had a characteristic neuroleptic profile in rats and mice and was 
equivalent to haloperidol in antagonizing epinephrine mortality.27 Azaperone (8c, R 1929) was projected 
to be a sedative neuroleptic agent in man on the basis o f  pronounced anti-aggressive (5X CPZ) and 
anti-shock (1 25X haloperidol) properties.28 Preliminary pharmacological results with 104708 (8d) 
showed it to  be superior to  haloperidol and trifluoperidol in a number of neuroleptic endpoints 
(apomorphine, CAR, catalepsy) predictive o f  activity in man.29 The EEG profile of U-35,777A (8e) in 
monkeys was characteristic o f  major tranquilizing agents suggesting it would have antipsychotic potency 
between thioridazine and CPZ in man. 

25 

30 



Sect.  I - CNS Agents Gordon, Ed. 

8b) R = H, NR2 = NsTp-0 
8 ~ )  

a) R = NH2, NR2 =N 3 $ y F 3  

8e) R = H, N R ~  = NH% 

FwH2’3NR2 
8a) R = H, NR2 = N H ~ F  

F 

Other Compounds Possessing Antipsychotic Activity - Butaclamol (9, AY-23,028) is an interesting new 
antipsychotic agent o f  novel structure. Activity resides solely in the (+)-enantiomer which i s  2-3X as active 
as the racemic compound in elevating rat striatal HVA concentrations in vivo and blocking 
dopamine-sensitive adenylate cyclase activity in olfactory tubercle homogenate~.~~ Butaclamol was 
reported to be effective in a preliminary uncontrolled trial in severely ill “drug-refractory” schizophrenics 

F FOCH3 

11 
10 

at doses of  20-1 00 mg/day thereby confirming i t s  activity in animals.32 Extrapyramidal symptoms which 
responded satisfactorily to anticholinergic medication occurred. AHR-2244 (10) selectively blocked CAR 
in mice, rats and cats and suppressed amphetamine lethality at doses intermediate between those o f  
haloperidol and CPZ.33 Effective antipsychotic activity along with some stimulant properties were 
reported for carbidine (11) a t  doses up to 150 mg/day in clinical trials in the USSR34 The tranquilizing 
activity o f  BRL-4664 (12) was reported to combine elements of  both major and minor tranquilizers. It 

15 CH3 
12 



Chap. 1 Antipsychotic and Antianxiety Agents Welch, Harbert - 5 

reduced CAR in rats ( N P Z )  and enhanced dopamine turnover in rat striatum like a neuroleptic but also 
resembled chlordiazepoxide in i t s  ability to impair polysynaptic reflexes in the cat.35 Reduction of the 
pyridyl ring of 12 resulted in loss of CNS activity.36 

I& )  l-CH3, 3-OCN(CH3)2, 9 X = H 16f) 1-CH=CH2, 3-H, X = F 

16b) I 6 H 3 ,  3-OH, X = H 

1 6 ~ )  I-CH2CH2OH, 3-OH, X = F 

16g) ICH-CHZ, 3-H, X = CI 

16h) l-CH2CH2TCZH5,3-H, X = F 

OH l a )  I-CH3, 3-OH, X = F 

1%) I-CH2CH2y(CZH5)2,3-H, X = F l6i) 1-CH3 3-H, X = F 

0 
16 

Sultopride (13, Lin 14 18), an analog of  sulpiride, exhibited antipsychotic activity accompanied by EPS in 
a controlled study.37 Triazolinone (14), an analog of  trazodone, reduced CAR in rats, abolished 
aggressiveness and reduced instinctual drives without loss of purposeful behavior in mice (1 -10 rnpk)38 
Psychopharmacological testing of the anti-hypertensive agent diazoxide (15, Hyperstat R ) following 
unexpected incidences of EPS, disclosed it to  have properties characteristic o f  weak neuroleptics. 39 

Antiunxiety Agents - Benzodiuzepines and Related Compounds - The pharmacological properties and 
clinical effects of benzodiazepines were r e v i e ~ e d 4 ~ 1 ~ ~  Camazepam (16a, SB 5833) possessed sedative and 
tranquilizing properties in mice, rats and rabbits and was equal to  medaze am and temazepam (16b) vs. 
pentylenetetrazole (PTZ) convulsions!2 Open43 and double blind44#4g clinical trials of this agent 
demonstrated good to excellent results in both anxious and depressive symptomatology. SAS-643 (16c) 
was 4-1 OX diazepam in animals (PTZ, muscle relaxation) while SAS-646 (16d),~as approximately equal to 
diazepam in the same battery of t e ~ t s . 4 ~ 8 ~ ~  The benzodiazepine-N-oxide I6e, the 1 -vinyl derivatives 16 fg  

c%?NocH2cH=cH2 H 

CI 

17 18 

and the related hydroxylamine 16h demonstrated oral anti-PTZ activity exceeding that o f  diazepam, 
chlordiazepoxide and flurazepam48 ID-540 (16i) was re orted to be 3-12X diazepam in anticonvulsant 
endpoints and 6-7X diazepam in the fighting mice test4’ Uldazepam (17, U-31,920) proved efficacious 
@diazepam) against tension and anxiety in a double blind clinical trial, confirming predictions from 
pharmaco-EEG studies.” Ketazolam (18, U-28,774) was shown to be efficacious in an uncontrolled 
clinical study in anxious patients.’l Compound 19 (Y-7131) exhibited 2-4X the taming ability o f  
diazepam and was equal to or better than diazepam as a skeletal muscle relaxant. 

52 
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Metabolic studies with the triazolobenzodiazepines estazolam (20a, D40 TA)53-58 and triazolam (20b, 
U-33,030)59 indicated that the former i s  hydroxylated at  positions 1 and 4 (in addition to the C6Hs-ring) 
whereas the 1 -hydroxymethyl and 4-hydroxy metabolites predominate in the latter. 

Non-Benzodiuzepine Trunqul/izing Agents - The phenetidine derivative PM-33 (21) exhibited statistically 
significant im rovement in anxiety in a small open clinical study at 50600 mg/day with only moderate 
side effects.6g SQ 65,396 (22), a potent cyclic-AMP phosphodiesterase inhibitor, caused a significant 
reduction in anxiety and tension with minimal side effects (up to 50 mg q.i.d.); however, any preexisting 
schizophrenic symptomatology tended to worsen6' Glaziovine (23) was found to possess anxiolytic 
properties similar to diazepam in a double blind clinical trial without causing asthenia or drowsiness. 62 
Abbott-40656 (24, SP-106) reduced SMA in several species and blocked a ressiveness in mice and 
monkeys at 0.5 to 5.0 mpk suggesting i t s  possible utility as a sedative-tranquilizer. %3 

22 

SH2CSCH 

3 

24 

23 

Mechanism and Sites of Action of Antipsychotic Drugs - This topic has been reviewed re~ent ly.6~ It is 
generally assumed that 1) antipsychotic drugs exert their CNS effects by dopamine (DA) receptor 
blockade,6' 2) antipsychotic effects are mediated by receptor blockade in the mesolimbic DA neurons6' 
and 3) extrapyrami a1 effects result from DA receptor blockade in the nigrostriatal ~ y s t e m . ~ ~ ] ~ '  Recent 
biochemical studies%8J69 are consistent with regional differentiation of antipsychotic and extrapyramidal 
effects, although at least one group has questioned the relationship of mesolimbic function to 
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antipsychotic efficacy.70 It has also been suggested that DA receptor blockade may correlate with 
extrapyramidal activity rather than antipsychotic a~ t i v i t y .~ ’  

Evidence that the low incidence of extrapyramidal side effects associated with clozapine and thioridazine 
is related to their central anticholinergic properties continued to appear. Snyder and  coworker^^^^^^ 
demonstrated the presence of a muscarinic cholinergic receptor in rat and monkey brain (highest density in 
the corpus stsiatum) for which the affinity of anti sychotic drugs is inversely proportional to their 
propensity to cause extrapyramidal effects in man. ?2,74 Evidence that dopaminergic and choliner ic 
systems are mutually antagonistic in the corpus striatum, but not in mesolimbic brain regions, 6955 

suggests that the anticholinergic properties of antipsychotic drugs such as clozapine and thioridazine 
fortuitously reduce their extrapyramidal effects but not their antipsychotic activity. Comparison of 
antimuscarinic properties with conventional measures o f  DA receptor blockade may therefore provide a 
rational basis for selecting antipsychotic drugs likely to have reduced extrapyramidal  effect^.'^^^^ 
Another technique of potential value in selecting antipsychotic candidates i s  extracellular single unit 
recording from mesolimbic and nigrostriatal DA neurons which has been reported to enable differentiation 
of antipsychotic from extrapyramidal effects. 76 

Mechanistic studies have shown that clozapine enhances DA content in rat striatum unlike most 
neur~lept ics,~~ and support for the concept of surmountable DA receptor blockade by this drug has been 
reported.78 Also, it was postulated that clozapine may not act directly on the postsynaptic DA receptor, 
but rather at a presynaptic inhibitory site. 79 

A DA-sensitive adenylate cyclase believed to be associated with the DA receptor has been demonstrated in 
mesolimbic regions (olfactory tubercle and nucleus accumbens) and the caudate nucleus of mammalian 
brain.80B81 Inhibition of this enzyme by tricyclic antipsychotics correlates well with clinical 
potency80~82J83 although butyrophenones and diphenyl butylpiperidines are considerably less active than 
would be predicted. This latter discrepancy may reflect a site of action other than the DA receptor,83 but 
a more plausible explanation i s  that the selective in vivo distribution of these agents into dopaminergic 
brain regions more than counterbalances their low intrinsic in vitro activity. Inhibitory potencies of several 
antipsychotic drugs, including clozapine, were similar whether the enzyme was isolated from mesolimbic 
regions or from the caudate nucleus,80J81 making it unlikely that this system alone will aid in the 
selection of antipsychotic drugs with reduced extrapyramidal side effects. Additional studies with 
DA-sensitive adenylate cyclase have shown that it is preferentially activated by the transconformation of 
DA84 which is the same conformation demonstrated previously by Horn and Snyder” to be 
superimposable with the solid-state conformation of chlorpromazine. Greengard e t  ,Ig6 presented a 
unified hypothesis for the role of DA-sensitive adenylate cyclase in the DA neuron which is highly 
recommended to interested readers. 

Regulation of Dopomine Synthesis in Dopominergic Neurons - It has been assumed that DA turnover in 
dopaminergic neurons is governed by an intraneuronal compensatory feedback mechanism that is triggered 
by levels of DA at the postsynaptic receptor.8’ There i s  now evidence that neuronal activity and 
transmitter synthesis in dopaminergic neurons are autoregulated by both presynaptic and postsynaptic 
receptors, although the precise mechanisms involved remain to be elucidated. In this respect DA neurons 
appear to differ from other monoaminergic systems, particularly under conditions of reduced impulse 
flow.88 Aghajanian and Bunney” postulated the existence of a presynoptic DA receptor based on 
observations that cell bodies of central DA neurons were responsive to microiontophoretic application of 
DA and apomorphine. They further suggested that this receptor might play a key role in regulating DA 
synthesis and release (see discussion below). Christiansen and Squires” proposed that striatal 
synaptosomal preparations provide “a pure in vifro presynaptic system” for pharmacological studies and 
observed a correlation between the activity of several antipsychotic drugs in this system with their in vlvo 
activity. 91 
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Recent research has clarified factors regulating short-term DA synthesis, particularly at the level of 
tyrosine hydroxylase, the rate-limiting enzyme in the biosynthesis of DA. These studies have shown that 
short-term alterations in DA synthesis result from allosterically-induced changes in the affinity of the 
enzyme for tyrosine, pteridine co-factors and DAg2 For example, antipsychotic drugs stimulate DA 
synthesis by causing an immediate increase in the affinity of tyrosine hydroxylase for pteridine co-factors, 
an effect readily antagonized by apomorphineg3 This process is probably regulated by a res naptic DA 
receptorg4 and has been shown to involve calcium iong5 and cyclic nucleotides. ‘2~9‘ Tyrosine 
hydroxylase is also activated by an increase in impulse flow in dopaminergic neuronsg’ Since it has been 
reported that clozapine and thioridazine selectively stimulate tyrosine hydroxylase isolated from the 
limbic system vs. tyrosine hydroxylase from striatum:8 measurement of the regional effects of 
antipsychotics on DA synthesis may provide a useful index for extrapyramidal side effect liability. For 
additional background on the regulation of tyrosine hydroxylase activity, the interested reader should 
consult a recent review. 99 

Clinical and Biological Correlates of Schizophrenia - The search for possible endogenous psychotogens in 
schizophrenics continued as did biochemical studies of enzyme systems capable of producing these 
putative endotoxins. Although administration of psychoactive doses of N,N-dimethyltrypamine (DMT) to 
humans revealed that blood levels parallel the subjective “high”, it was concluded that levels of 
endogenous DMT, if produced in schizophrenics, would likely be undetectable.100 It was suggested that 
the search for this alleged psychotogen should instead focus on detection of i t s  metabolites. Contrary to 
earlier reports, 5-methyltetrahydrofolic acid (5-MTHF) was found not to serve as a methyl donor for the 
conversion of biogenic amines to their corresponding N-methylated congeners. The reaction of the 
5-MTHF-enzyme system with tryptamines and catecholamines leads instead to the formation of cyclized 
tetrahydro-/%carbolinesl 01-’ O3 and tetrahydroisoquinolines,’ O4 respectively. The precise mechanism of 
these reactions is not known a t  this time and the possible physiological or pathological roles of these cyclic 
products remains to be elucidated (see also Chapter 5). 

Mechanisms and Sites of Action of Antianxiety Agents - Corticosteroids, brain monoamines, cyclic 
nucleotides, y-aminobutyric acid, glycine and prostaglandins have been implicated in the etiology of 
anxiety and in i ts treatment by antianxiety agents. It has been proposed that anxiety results from 
neurochemical changes induced by corticosteroids and modifications in serotonin pathways in the 
midbrain tegmental region,lo5 consistent with the observation that antianxiety dru but not other 
psychoactive agents, block stress-induced elevations in rat plasma corticosteroids? O’iupport for the 
hypothesislo7 that antianxiety activity is due to effects on serotoninergic systems came from the 
report’ O8 that chlordiazepoxide and benzoctamine decrease serotonin turnover in brain. Others have 
suggested that this effect may more accurately reflect sedative activity.’” A review on the peripheral and 
central role of catecholamines in anxiety appeared recently. 110 

Diaze am elevated basal and stimulated levels of cyclic AMP in guinea pig and rat cerebral cortical 
slices!” A similar study showed that benzodiazepines are potent inhibitors of both cyclic AMP and 
cyclic GMP phosphodiesterase in su ernatant fractions of tissue from various brain regions, but expected 
regional specificity was not seen! ‘$The antiaggressive effects of chlordiazepoxide correlated closely with 
its ability to inhibit cyclic AMP phosphodiesterase in brain.’ l 3  

Based on the close correlation between the antianxiety and anticonvulsant effects of the benzodiazepines 
and their ability to displace labeled strychnine from the glycine receptor, it has been concluded that 
benzodiaze ines exert their activity by mimicking the effect of the neurotransmitter candidate glycine in 
the  CNS? f4 The fact that many of the most potent benzodiazepines contain a masked glycine residue in 
the 7-membered ring was cited as support for this conclusion. Mephenesin has also been reported to mimic 
the action of glycine and to elevate the concentration of this amino acid in nervous tissue. 115 
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Beta-Blockers as Anti s chotic and Antianxiety Agents - The use of Pblockers in psychiatry was 
extensively reviewed.' '& ' To date there has been no firm evidence of antipsychotic activity for these 
agents, although a recent report that propranolol controls schizophrenic symptoms' ' deserves followup 
in a controlled trial. Evidence for antianxiety activity is mixed, but it seems likely that Pblockers may find 
use in the treatment of anxious patients with manifest somatic I t  has been suggested that 
propranolol's CNS effects in man may be due to its glycol metabolite, which is structurally related to 
mephenesin, a known anticonvulsant and antianxiety agent. 119 
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Chapter 2. Narcotic Antagonists and Analgesics 

M. Ross Johnson and George M. Milne, Jr., Pfizer Inc., Groton, Connecticut 06340 

Introduction - The characterization of  the opiate receptor and the discovery of  a PGE sensitive adenylate 
cyclase inhibited by morphine represent major advances in the biochemical and pharmacological 
understanding of  opiate mechanisms. While synthetic emphasis has continued to  focus on refinements of  
SAR studies with known agents, the discovery o f  a cannabinoid derivative with potent analgesic activity 
may represent a significant chemical development. The biochemical pharmacology of cannabinols and 
opiates has been reviewed as have the clinical and pathophysiological as ects of  pain.2 The annual 
evaluation of  advanced agents for physical dependence in monkeys was issued. 

1 
f a  

Clinical Studies - As in the past, few advanced studies with new agents appeared in 1974. Several new 
non-steroidal antiinflammatory agents have been reported to possess analgesic activity in the propoxyphene 
range (these agents are discussed in detail in Chapter 18). 

Nefopam 1 (Acupan ) was claimed to possess activity in the codeine range against musculoskeletal pain4-6 
Additional pharmacology and clinical studies of  propiram fumarate (Bay 4503) were the subject o f  an 
extensive r e p ~ r t . ~  In a U.S. clinical trial, 50 mg (PO) of  tilidine (2a) was shown to be comparable to  100 mg 
(PO) of  meperidine.ll Animal studies with tilidine further demonstrated that i t s  analgesic activity correlates 
with the plasma and brain levels o f  active metabolite 2b? A review of  clinical ex erience with oral 
pentazocine concluded that it is an effective analgesic in both acute and chronic painl'although sedative 
side effects were reported to be limiting in one study reported during 1974." Butorphanol (3) reported on 
last year continues to be i n v e ~ t i g a t e d . ~ ~ ' ~  

R 

?SH5 

I 
1 CH3 

R = CH3 

R = H  
HO' 3 

The trend toward fixed combination analgesics accelerated in 1974. Combinations of aspirin with codeine, 
pentazocine and oxycodone showed significant superiority over aspirin (650 mg) alone.12 A double blind 
study of acetaminophen and codeine in severe episiotomy pain demonstrated that a combination of  the two 
agents (600 mg acetaminophen, 30 mg codeine) was superior to either drug used a10ne.l~ Trials claiming 
analgesic superiority over aspirin for ethoheptazine-aspirin combinations were also reported. 14,15 

Structure Activity: Strong Analgesics 

Once again research efforts focused primarily on elucidation of  detailed stereostructural relationships aimed 
at providing information regarding analgesic receptor topology. Although additional SAR details on 
previously reported analgesics were disclosed, very few new classes o f  compounds were reported which were 
structurally distinct from the classical narcotic analgesics and antagonists. 

Opiates, Morphinans and Benzomorphans - The five membered D ring 4-methylmorphinans (4) were 
synthesized and found to  be inactive. X-ray analysis revealed that the lone pair o f  electrons in 4 (X=H) is  
oriented toward the ring whereas the nitrogen lone pair i s  oriented away from the  ring in the active six 
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membered ring opiates.' Furthermore, opiate binding to the receptor is apparently not governed by 
basicity since 5 (X=H) was 1.6 times more active (mouse writhing) than 6a while 6b was 1.6 times more 
active than its non-deuterated form." The importance of nitrogen lone pair orientation to analgesic 
activity led to the proposal of clustic binding on the opiate receptor complex itself - a process which 
requires the stereospecific orientation of the nitrogen lone pair. This contrasts with earlier proposals that 
the N-protonated form is the active species and provides an alternate forum for elucidating opiate receptor 
interactions. 

X = H,OH 6 a ,  R=CD3 

6 b, R = CDZCH3 

The simplifying definition of benzomorphan SAR as points within a three dimensional matrix provided the 
basis for the synthesis of a series of compounds 8 that retained the proper distance from the aromatic ring 
to the out of plane nitro en (schematically depicted in 7) but lacked other features known to be important 
in benzomorphan SAR."These compounds were inactive as analgesics. 

aromatic ring 
I__ 

CH3O 

7 8 9 

The observation that 1-fluorocodeine (9) was as active as codeine in the hot plate test provides the first 
conclusive evidence that the reduction in analgesic activity for '-substituted codeines i s  caused by the bulk 
and not the inductive effect of these sub~tituents.'~ Compound 10 was reported to be as active as codeine 
in unspecified animal tests. 20 

10 

.J 

HO 
11 12 

Analgesic agonist-antagonist 11, whose absolute configuration was established as 1 R, SS,*' was reported to 
have low physical dependence capacity (PDC) and toxicity thus rendering it attractive for further study. 22 
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In a new series o f  homobenzomorphans, the most active member TA-414 (12) was 1 /S naloxone in narcotic 
antagonist activity and had no analgesic activity even at high doses. 23 

Prodines and Reluted Structures - The 4S, a-enantiomers, 13 and 14, were the most active members (equal 
to morphine, mouse hotplate) in a series o f  prodine analogs.24 Aialgesic activity was also reported for the 
racemic a -  and Pdiastereomers 13-172’ In the trimeperidine series, the (+) isomer 17 (2S, 4S, 5R) was 
claimed to be equipotent with morphine and nine times more potent than i t s  enantiomer.26 These studies 
provide support for the proposal that the analgesic receptor can discriminate between enantiomeric edges of  
the piperidine ring. 

R =  R, = 

13 C3H7 H 

14 C2H5 H 

16 CH3 H 

17 CH3 CH3 

15 CHZ-CH-CHZ H 

Significant analgesic activity was reported for methylated diastereomers in the fentanyl series (18 and 
19).27 The most active derivative, (+)cis-l8, was claimed to  be 6684 times morphine in the tail withdrawal 
test, with a faster onset, shorter duration o f  action and a higher safety margin. 

Miscellaneous - A new class of 5-phenethyl barbiturates (20) was reported to possess potent analgesic 
activity with the most active derivatives exceeding codeine orally in the hot-plate test and equalling 
morphine s u b c ~ t a n e o u s l y . ~ ~ ~ ~ ~  Furthermore, it was reported that neither 20a nor 20b exhibited 
significant physical dependence capacity in morphine dependent monkeys. Analgesic activity in the 
codeine/morphine range was found in another series of compounds 21 whose structural features were 
distinct from morphine. These derivatives were characterized as having good oral activity and l i t t le 
addiction potential (Straub Index).30 This latter claim contrasts with an earlier report that a member of  
this family, AH 7921 (21, R1 = 3,4-Cl2), possesses significant addiction liability. 31 

20 a, R = C2H5 

20 b, R = CH3 

20 C, R = c - C ~ H ~  

21 

The 2,4,5-trimethylp rrole-3-carboxylic acid ester of scopoline (22) was found to be more active than 
codeine (hot plate)J2 This i s  surprising since scopoline itself  was inactive as an analgesic and the 
corresponding pyrrole ester of codeine was only 1 /3 as active as codeine. 
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R 
H3C H3c)i-Li-c- " CH3 oQ-cH3 

22 

Cannabinols as Analgesics 

Existing reports o f  analgesic activity for the cannabinols can best be des ribed as equivocal.33a While the 
analgesic activity o f  Ag-THC (27) was recently demonstrated in the do " divergent reports regarding the 
clinical potential o f  cannabinols as analgesics continue to a~pear .3 '3~  The chemistry, pharmacology, 
metabolism and clinical activity o f  cannabinols have recently been reviewed33 and the early SAR studies of 
Adams and Todd have been updated and expanded.37J38 Additional reports o f  one-step syntheses of 
A9-THC from olivetol should serve to facilitate additional SAR studies of the ~ a n n a b i n o l s 3 ~ ~ ' ~  

May and Wilson41 postulated that the analgesic activity o f  A 8 and A 9 -THC resides primarily in their 

11-hydroxy metabolites (28 and 29). Their conclusion was based on the observation that 9-nor derivatives 
30 and 31,42 which cannot be transformed into the 11-hydroxy metabolites, lack significant analgesic 
activity but exhibit dog ataxia and cardiovascular profiles nearly identical to A8- and A'-THC. This finding 
led to the preparation of  (-)-9-nor-9-phydroxyhexahydrocannabinoI (23) which proved to be an analgesic 
with activity in the mouse hot plate test nearly equal to  that of morphine. Table I illustrates the regio- and 
stereospecificity demonstrated for this series of compounds. The importance o f  the phenolic hydroxyl and 
trans geometry for analgesic activity in cannabinols has also been reported. 43 

'gHll 

CH 

R 1 =  R 2 =  ED50 R =  ED50 R =  ED50 

23 H OH ( - )= 1.6 26 CH3 (-1 = 8.8 27 CH3 I-) = 9.6 

24 OH H (-1 = B 28 CH20H ( - 1 ~ 1 . 9  29 CH20H (-1 = 1.9 

25 II (4  = B 3 0 H  W = A 31 H (-1 = B 
0 

Table I .  Structures and analgesic activity for cannabinols. EDs0 (s.c.) for mouse hot plate test given in mg/kg. 
A = inactive at 50 mg/kg. B = inactive at 20 mg/kg. 
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The key issue of addiction liability for the cannabinols, and in particular 23, remains unresolved. Naloxone 
(1 mg/kg) completely antagonized the analgesic effect of 23 suggesting an opiate mechanism with 
concomitant dependence liability4’ However, it was recently disclosed that 23, unlike classical narcotic 
agonists, fails to suppress withdrawal symptoms in morphine addicted monkeys and also does not act at the 
opiate receptor in vitr0.4~ These findings suggest that 23 may be a mechanistically novel analgesic. 

Biological selectivity i s  a further issue critical to any development of cannabinols as analgesics. The variety 
of biologically diverse activities found for the naturally occurring cannabinols and their analogs was 
highlighted in a recent symposium. Described were heterocyclic modifications of the cannabinoid nucleus 
possessing narcotic antagonist, anticonvulsant, antidepressant, hypotensive and psychotherapeutic pro- 
files4’ Two cannabinoids (SP-1 and SP-106), current1 undergoing clinical evaluation, are reported to 
exhibit both sedative-hypnotic and analgesic activity4’ In addition, other closely related analogs are 
reportedly long acting narcotic antagonists. 48 

CH2C C-H 
I 

SP-1, R=H 

Biochemistry, Neurophysiology and Pharmacology 

The isolation and characterization of the opiate receptor and the discovery of a PGE sensitive adenylate 
cyclase (AC) inhibited by morphine stand out as important advances which promise to provide new 
direction and impetus to research in this area. Similarly, the demonstration of a functional overlap between 
opiate and electrically stimulated analgesia provides additional new insight into nociceptive mechanisms. 
These discoveries may provide a new and possibly more productive reference point for studies of the 
specific neurotransmitter mechanisms involved in analgesia and addiction, so dominant in recent years. 

The Opiate Receptor - In 1971 Goldstein proposed that opiate stereos ecificity might provide the basis for 
opiate receptor isolations0 A series of elegant studies by Snyder?’ Goldstein and others?* has now 
demonstrated the existence of an opiate receptor in the midbrain and peripheral nervous tissue of 
vertebrates which stereospecifically binds morphine, other potent agonists, and opiate antagonists such as 
naloxone. Competition for the opiate receptor by various opiates and antagonists closely parallel their 
respective pharmacological potency. Distribution of the opiate receptor is confined to nervous tissue, 
specifically the synaptic membrane53~54, and parallels the putative sites of action of the opiates.” The 
opiate receptor i s  present in all vertebrates, but has not been detected in invertebrates. This makes it 
problematical to involve the biogenic amines mechanistically as they are present in both vertebrates and 
 invertebrate^^^ and, in fact, no recognized neurotransmitter has yet been demonstrated to compete for 
binding to the opiate receptor. 

A number of groups are actively seeking the identity o f  the putative opiate receptor neurotransmitter. 
Recently, Terenius” reported the isolation of an oligopeptide (m.w. L 1200) which competes with 
morphine for the receptor. It i s  interesting to note that a CNS active undecapeptide, substance P, has been 
reported to block the morphine abstinence syndrome in dependent mice4’ The d -adrenergic blockers are 
the only non-opiates which have been reporteds8 to compete for binding to the opiate receptor. They have 
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also been reported to have some intrinsic activity and to suppress narcotic abstinence symptoms (vide 
infru). 

No increase in the number or binding affinity o f  opiate receptors was found in dependent  animal^'^,^' 
which thus rules out one mechanism which had been widely advanced to explain opiate dependence. The 
failure to observe an increase in receptor binding and the discovery of a PGE stimulated AC system which is 
inhibited by morphine (vide infru) i s  consistent with the alternate proposal that tolerance results from a 
homeostatic mechanism operating in opposition to  a morphine induced response.6’ Supporting this 
proposal is a recent demonstration that the RNA precursor, orotic acid, accelerates tolerance to  morphine 
analgesia which i s  consonant with earlier conclusions that RNA and protein synthesis are required for the 
development of  tolerance. 

Work on the opiate receptor has been reviewed61 J62 and several procedures amenable to screening have 
been d e ~ c r i b e d . 6 ~ ) ~ ~  Attempts to  further characterize the opiate receptor have shown that binding i s  
inhibited by t h e  sulfhydryl reagents N-ethylmaleimide and p-chloromercuribenzoic acid. This suggests t h e  
presence of a thiol residue a t  or near the recept~r .~ ’  Opiate binding to  a partially purified proteolipid and 
to brain cerebrosides has been reported.66i67 This i s  consistent with enzymatic experiments which suggest 
that the opiate receptor is a membrane-bound complex requiring the integrity of proteins and 
phospholipids. 68 

PGE Sensitive Adenyhte Cycluse - Collier6’ has identified a prostaglandin El and E2 (PGE) sensitive AC 
in whole brain that is stereospecifically inhibited by narcotic analgesics. Naloxone reverses morphine’s 
inhibitory activity in this P.C system in vivo and yet has no effect itself except a t  high concentrations. 
Based on these experimental findings and four related lines of evidence, Collier proposed that the primary 
actions of the narcotic analgesics result from inhibition of  this adenylate cyclase system. The specificity o f  
this AC system i s  indicated by the failure of morphine to block either the non-specific rise in CAMP levels 
due to  NaF or the activity o f  the dopamine sensitive AC.70~71 This unifying hypothesis provides for 
homeostatic mechanisms of  tolerance development, rationalizes much of what is known about the 
interactions of CAMP, phosphodiesterase (PDE) and PGE with pain and morphine analgesia, and implicates 
PGE in morphine tolerance and dependence mechanisms. Inter-relationships between CAMP, PGE and 

72 opiate analgesia are also supported by recent reports that PGE and CAMP antagonize morphine analgesia 
and that the PDE inhibitor theophylline causes hyperalgesia and a quasi morphine-abstinence syndrome in 
the presence of  n a l ~ x o n e . ~ ~ ) ~ ~  Morphine inhibition of  PGE stimulated AC activity has also been 
tentatively identified a t  other sites known to bear the opiate receptor, such as the guinea pig ileum. 

Using neuroblastoma cell lines, two groups o f   worker^^'^^^ have confirmed Collier’s basic observation and 
further showed that the PGE antagonist 7-oxa-l l-prostynoic acid blocked the PGE sensitive AC in a fashion 
qualitatively similar to  morphine. More important, studies with different cell lines provide evidence for a 
functional relationship between the AC system and the opiate receptor thereby suggesting a place for both 
the AC and opiate receptor systems in the understanding of  opiate mechanisms. 

98 

Neurophysiology - Whereas previous mechanistic speculation has focused on activation of  the reward 
system to ex lain attenuation o f  pain following focal electrical stimulation of  CNS structures, Mayer and 
Liebeskind 7f78 have now described a stimulation-produced analgesia in the rat which they speculate 

shares a common mechanism with morphine and i s  not subserved by self-stimulation mechanisms. Direct 
mechanistic overlap between morphine and stimulation produced analgesia is suggested since both 
modalities were: (1 ) specifically reversed by naloxone; (2) antagonized by monoamine depletion; (3) 
subject to  the development o f  long lasting tolerance; and (4) mutually cross tolerant.78 Only stimulation o f  
the mesencephalic central and periventricular gray areas o f  the brain significantly reduced responsiveness to 
all noxious stimuli. These same areas o f  the midbrain also have been identified as the major site of 
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morphine analgesic activity in the m ~ n k e y . ~ ~ ~ ~ ~  As originally proposed by Melzack and Wall these authors 
concluded that stimulation-produced analgesia may result from activation of a neural substrate in the brain 
which, like morphine, produces an inhibitory action on the transmission of nociceptive stimuli at the spinal 
level. It seems likely that this substance i s  the same or similar to the putative neurotransmitter being sought 
for the opiate receptor. 

The lnvolvement of Neurotrun3mltters - While new r e p ~ r t s ~ ~ - ~ ~  do not yet allow a unified mechanistic 
understanding of the role of specific neurotransmitters in opiate analgesia, there have been encouraging 
advances. The concepts of stereoselectivity and specific antagonism have been employed to show a 
stereospecific inhibition by morphine of 5-HT stimulated neuronal firing84b and to differentiate a 
nonspecific effect of d- and I-pentazocine on NE from a specific effect on DA.85 Probes into the 
involvement of the noradrenergic system in analgesia and dependence indicate that *-adrenergic blockers 
and dopamine-phydroxylase inhibitors81 J ~ ~ J ~ ~  general1 produce enhanced antinociceptive activity. 
Reports with padrenergic blocking agents are conflicting8' A marked strain-dependent divergence in brain 
5-HT levels and morphine analgesia was reported.84c The involvement of specific neurotransmitters in anal- 
gesia and dependence has recently been reviewed. 86 

Tolerance und Addiction - The description of a sensitive and reproducible primary physical dependence 
model in the rat will hopefully provide the basis for more uniform experimental definitions of tolerance 

recently re orted rat infusion model seems to offer advantages in terms of standardization and 
sensitivityg5 Increased sensitivity to naloxone reversal, seen after morphine pretreatment, has been 
proposed as an early indicator of the initiation and development of t~lerance.'~ As previously cited for the 
opiate receptor work, no increase in specific receptor binding affinity or saturation was foundg4 in these 
studies. 

Recent reports suggest that among others, lithium,95 dopamine-phydroxylase inhibitors,8' haloperidol, 96 

and immunization with morphine antibodiesg7 are all capable of reducing tolerance and dependence. 

and physical dependence. Although the development o f  alternative models has continued, 90191 the 

Enhanced physical dependence on chronic coadministration of morphine and A 9 -THC, and alleviation of 
morphine abstinence by acute A 9 -THC have been observed. No cross tolerance was noted. 99 

The CNS stimuli produced by narcotics and other abused drugs which are discriminable by addicts have 
recently been shown to serve as learning cues in behavioral studies with laboratory animals. Thus 
application of th is  phenomenon appears to provide a unique method for probing subjectively experienced 
drug effects in laboratory animadoO and recently has been used to show that the new antidiarrheal, 
loperamide, does not possess narcotic cue producing activity in rats.' O1 State dependent learning and drug 
discrimination have been reviewed. 102 

Screenlng Methodology - Several studies relevant to the differentiation of potent and mild analgesics 
appeared. 103-105 Following earlier work, it has been shown that the hot plate procedure can be modified 
to detect the antinociceptive activity of previous inactives, such as narcotic antagonist analgesics (e.g. 
pentazocine), and mild analgesics, such as aspirin and paracetamol, by reducing the temperature to 50' 
from the standard 55'. However, it has been suggested that the low temperature results can be misleading 
and that the use of multiple temperatures is primarily useful in providing a clinically relevant measure of 
maximum intrinsic analgesic potency not relative potency. The work of Mayer and Liebeskind (vide supru ) 
reinforces the importance of measuring antinociceptive activity in a diverse battery of procedures. There 
were several citations80,106 of the electrically induced flinch-jump procedure including the suggestion that 
i t s  more highly integrated response and supraspinal circuitry makes it more susceptible to interruption at  a 
number of levels and, hence, to the detection of false positives77 (e.g. neuroleptics). The intraarterial 
injection of bradykinin was cited as particularly effective in differentiating true analgesic activity for a 
series of benzomorphans. 19 
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Chapter 3. Pharmacological Approaches t o  Maintaining and Improving 
Waking Functions 

J. A. Gylys and H. A. Tilson 
Br i s to l  Laboratories, Syracuse, New York 

Introduction. Studies of pharmacological agents t h a t  a f f e c t  learning and 
memory processes are complicated by numerous intervening var iables .  
example, learning i s  measured ind i r ec t ly  by changes i n  behavior, which i n  
turn a r e  dependent upon other drug sens i t i ve  var iables  such as reinforce-  
ment, motivation, a t t en t ion ,  sensory/motor processes, and drug state. 
These complications may be minimized by p o s t - t r i a l  administration of drugs 
and appropriate controls . l ,2  Learning and memory research i s  a l s o  hin- 
dered by the absence of standard reference agents and behavioral assays 
For an agent t o  be considered e f f e c t i v e  i n  enhancing learning-memory pro- 
cesses i n  a general  sense, it i s  expected t o  a l ter  negatively and posit ive- 
l y  reinforced behavior, as well as a f f ec t ing  responses that are a c t i v e  and 
passive i n  character .  A simple extrapolat ion of experimental data  from 
animals t o  humans may not be appropriate,  s ince the basic  datum i n  humans 
i s  of ten verbal r a the r  than motor i n  nature.  Although the phenomena of 
learning and memory i n  humans and animals are probably mediated by similar 
mechanisms, t he re  are conceptual d i f f i c u l t i e s  i n  equating drug e f f e c t s  on 
cognitive functions i n  humans and those on r e l a t i v e l y  simple tasks  used i n  
animals. Thus, c e r t a i n  CNS stimulants,  such as strychnine,  pentylene- 
t e t r a e o l ,  and amphetamine have been shown t o  enhance acquis i t ion-retent ion 
processes i n  animals. L ,  However, conclusive evidence f o r  pharmacological 
enhancement of these processes i n  humans i s  s t i l l  lacking. Caffeine and 
amphetamine are generally accepted as performance enhancers i n  man, par- 
t i c u l a r l y  i n  cases of fatigue-induced decrements i n  performance.3 Despite 
the i n i t i a l  enthusiasm f o r  magnesium pemoline as a general  performance en- 
hancer i n  man,4 
ine and amphetamine has not been establ ished.  

Recent Trends. 
explosion of a c t i v i t y  i n  the memory-learning area, as r e f l ec t ed  by the 
large number of books, 
the following categories:  
a )  Biochemical, physiological and neurolo i c a l  bases of 6-10 
b) Cognitive functioning and aging.8, ll-lg 
c )  Experimental approaches i n  man and animals.l,8,11,12,17,18 
d) Pharmacological e f f e c t s  on memory processes. 1,3-6, lo, l l s  l5 ,  l 9  
e )  Mediation of memory processes by putat ive neurotransmitters.  '9 19-23 
f )  Mediation of acquis i t ion-retent ion phenomena via  macromolecules, and 

The reader is a l s o  r e fe r r ed  t o  a periodic l i terature survey bu l l e t in . l38  

performance and acquis i t ion.  
e spec ia l ly  i n  anoxic environments .28 The hydrochloride of 3-[2-(benzyl- 
methylamino)ethyl] benzoic acid methyl ester 2 was reported t o  f a c i l i t a t e  
acqu i s i t i on  i n  rats and improve r e t en t ion  i n  man.29 Another compound,G-130 

For 

a q u a l i t a t i v e  improvement over stimulants such as ca f f e -  

Since the last review of t h i s  topic ,5  the re  has been an 

reviews and symposia, which are p a r t i a l l y  c i t e d  i n  

molecular theories  of memory. 6-8, 24-27 

There are a few new s t ruc tu res  with possible  f a c i l i t a t o r y  e f f e c t s  on 
Piracetam 1 was reported t o  be a c t i v e  
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3 was reported to facilitate acquisition of avoidance by rats, as well as 
iroducing a psychomator stimulation and anorexia similar to amphetamine.30 

I= 0 
N 
I 
CH2 -CO-NH2 

1 - 3 - 
In the last five years there has been a gradual change in the direc- 

tion of research with pharmacological agents and memory and learning. That 
is, there is a noticeable trend toward improving the behavior of specific 
patient populations during their waking state. Thus, pharmacological 
agents are being developed for use as therapeutic adjuncts in patient 
populations having identlfiable deviations from some "normal" performance 
level. It is to these new trends that this review will address itself. 

Performance Deficits in the Elderly. 
are decreases in cognitive functioning with advancing age. 11 
general observation that aged individuals retain older material better 
than more recent events is not completely valid.31 
behavioral deficits of old age are associated with numerous changes in the 
CNS, such as an increase in the ratio of glial to neuronal cells, changes 
in enzymatic activity, and alterations in the disposition of putative 
neurotransmitters .32 
younger and older humans appear related to erformance variables, rather 
than dif ferences in intellectual capacity. If, 33.34 Likewise, Performance 
deficits have been noted in studies comparing younger and older rats, 35,36 
mice37 and monkeys.38 Such variables should be considered when investiga- 
ting drug effects on learning-retention In animals of different ages. 

One approach to the development of pharmacological agents for use in 
elderly patients is based upon the possibility that cellular respiratory 
homeostasis is altered due to cerebrovascular insufficiency andlor ineffi- 
cient oxygen utilization in neuronal tissue. 
oxygen deprivation due to high altitudes results in cognitive deteriora- 

Recently, it was reported that cognitLve1 i aired elderly patients 
were treated successfully with oxygen therapy. xo-8 However, improvement 
waa not noted in psychotic aged patients.43 
found that cognitive changes persisted beyond the increases in arterial 
p@ and that the changes were accompanied by EEG alterations and Increased 

It is generally assumed that there 
However, the 

Nevertheless, the 

In many cases, the behavioral dif ferencea between 

It is well established that 

tion and amnesia. 39 

In another study, it was 

levels of lactate and p02 in the cerebroepiwl fluid.44 Normalized per- 
formance in aged animals using oxygen therapy has, to our knowledge, not 
been reported, but there is ample evidence that hypaxic conditions lnter- 
fere with memory consolidation, retrieval processes45,46 and performance. 
47,48 

One area of possible success in the alleviation of oxygen deprivation 
-induced performance deficiencies is the development of pharmacological 
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agents that protect against anoxic conditions. Of recent interest in this 
regard is I., a nonstimulant, nonadrenergic agent that enhances avoidance 
acquisition in normal rats, possibly by improving registration processes. 
49 1 has been reported to protect rats against amnesia produced by hy- 
po~ia.*~, 50 
main unclear since it is ineffective in protecting against electroconvul- 
sive shock-induced amnesia51 and in facilitating acquisition of avoidance 
when given post-trial.52 1 has also been reported to reduce lethalities 
and associated EEG changes-induced by barbiturate intoxication or anoxia 
in rabbits.53 Similar protective effects have been noted following inter- 
ruption of circulation to rabbit fetuses.54 In initial clinical trials, 1 
increased alertness, counteracted fatigue and improved verbal interactions 
in aged ~atients.55~56 
lance associated with a l &  heart rates controlled by artificial pacema- 
kers.57 However, another group of investigators found only minimal im- 
provement with 1 in hospitalized geriatric patients .58 Other types of 
pharmacological agents to counteract effects of oxygen deficiency need to 
be developed. Of possible therapeutic interest are agents that mimic or 
induce 2,3-diphosphoglycerate, which i s  a constituent in red blood cells 
facilitating the dissociation of oxygen and hemoglobin.59* 6o 

Treatment of performance decrements due to cerebrovascular or cerebro- 
metabolic insufficiency with cardiovascular agents has shown promise. Hy- 
dergineR, a combination of hydrogenated ergot alkaloids, reportedly im- 
proves cognitive function and social interaction of geriatric patients 
with cerebrovascular deficits .61-65 However, the effects of long-term 
therapy with HydergineR are not yet established and experimental designs 
could be improved. Although HydergineR exhibits peripheral vasodilatory 
properties, the mechanism by which it improves post-ischaemic metabolism 
is not yet clear.66 In addition, proxazole 5 and cyclandelate 5 repor- 

However, the effects on memory storage or consolidation re- 

1 was also reported to attenuate decreased vigi- 

tedly improve the cognitive state of 
cits.67,68 A related observation is 
exhibit a deterioration in cognitive 

4 - 'ZH5 

one line of unexplored research lies 

patients with cerebrovascular defi- 
that elderly hypertensive patients 
and intellectual functions.69 Thus, 

OH CH3 CH3 

5 'CH3 

C6H5 - C H - C O O B  I 

- 
in the possible use of vasodilators 

and hypotensives in animals exhibiting cardibvascularly mediated perfor- 
mance def icits. 

Pharmacologic intervention in the aged with conventional agents (ana- 
leptics, sedative-hypnotics, antipsychotics, etc.) has not been promising. 
Stimulants such as amphetamine, methylphenidate and caffeine are contra- 
indicated in the elderly because of the side effects of these agents.lt 
Although substantial improvement in elderly patients has been reported 
following the use of magnesium pemoline,70 only minimal effectiveness has 
been observed by others.71 In a recent six week,double blind study of 
aged patients, magnesium pemoline and methylphenidate did not enhance 
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memory or intellectual functioning.72 

Hyperkinesis and Minimal Brain Dysfunction (MBDI. 
for a cluster of behavioral traits characterized by overactivity, distrac- 
tability, impulsivity and learning deficits in ~hildren.~3 
amphetamine and methylphenidate are reported effective in increasing per- 
formance measures and cognitive functioning in some patients diagnosed as 
hyperkinetic.74-76 In addition, &-amphetamine appears to be more effec- 
tive than I-amphetamine in calming overanxious, hyperkinetic subjects, 
while both isomers are e ually effective in treating the symptoms of ag- 
gression and hostility.77 There is also recent evidence that magnesium 
pernoline78 and caffeine79 may be useful in treating hyperkinetic children. 
Drugs of other classes have been tried with less clinical efficacy than 
the stimulants .80 Finally, there are unanswered questions concerning the 
long-term effects of chronic drug administration, the extension of thera- 
peutic effects into the postdrug phase, and the possible development of 
behavioral tolerance and dependence. 74,81,82 

There is increased interest in the development of animal models for 
testing agents to be used in hyperactive subjects with poor learning abil- 
ities. For exa le, the prenatal or postnatal chronic administration of 
lead to rats,8335 mice86 and lambs87 produced learning deficits associa- 
ted in some cases, with hyperactivity. Similar deficits in rodents have 
been reported following exposure to methylmercury.88 In addition, the 
ability to learn in adulthood has been shown to be dependent upon nutri- 
tional factors89,gO and the presence of certain inorganic ions such as 
zinc91 during critical stages of development. Learning ability during 
adulthood is also dependent upon the environmental conditions during rear- 
ing. 
ing-deficient subjects for pharmacological studies. Excessive intake of 
lysine or phenylalanine produces reversible retention def icits in mice94 
and impairs shuttle box avoidance in rhesus monkeys, 95 
Learning deficits and activity changes have been noted in rats surviving 
encephalic viral infection.96 Hyperkinetic, untrainable dogs are repor- 
tedly responsive to treatment with stimulants like hyperkinetic children. 
97 
ding and were more susceptible to behavioral disruption from amphetamine 
than control dogs .98 

One final approach to the development of animal models for the psycho- 
pharmacologic study of learning-retention deficits lies in the utilization 
of individual or strain differences. For example, differences in accuracy 
of responding have been noted in "bright" and "dull" apes.99 It has also 
been reported that there are 'lpoor'l and ''good" performere within certain 
strains of rata.100 
ability and pharmacologic responsivity between strains of rodents. 101, fo2 

Relationship Between Sleep-Wake Cycles and Learning-Memory. It has been 
shown that there is a decrease in performance in man following sleep depri- 
vation, inversion of sleep-awake cycles, or change in relative proportions 
of sleep-awake periods, 103 
paradoxical sleep (PS) cycle may be associated with memory or consolida- 

MBD is a generic name 

In general, 

Thus, isolation92 or overcrowding93 could be used to produce learn- 

respectively. 

However, genetically "nervous" dogs showed heightened avoidance respon- 

In addition, there are differences in the learnin 

Furthermore, there are indications that the 
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tion processes. 
learning situations and PS deprivation prior to training tends to impair 
long-term retention of acquired behavior. 104,105 
wing training tends to disrupt short-term retention and consolidation. 106 
These data suggest that performance deficits in animals may be induced by 
alterations in the sleep-awake cycle, and these deficits may be reversible 
by pharmacological means. 

Electrophysiological Correlates of Learning. 
reticular mesencephalic and hippocampal sites reportedly facilitates 
acquisition of behavior in rodents.107 
nine or pentylenetetrazol applied locally at these same brain sites also 
facilitate learning. The hippocampus is also believed to be involved in 
various aspects of memory processing.108,109 The presence of regular, low 
frequency (6-8 Hz) and high voltage theta EEG patterns in the hippocampus 
appears to be associated with consolidation processes .I10 
compounds that tend to disrupt memory consolidation suppress, whereas pur- 
ported facilitators of learning enhance theta wave activity. Thus, repli- 
cation and extention of these EEG observations may eventually lead to a 
tool in the prediction of a drug's effect on learning and memory. 

Role of Brain Peptides. Short chain polypeptides originating from the in- 
termediate and posterior hypophysis have been reported to have CNS activi- 
ty. Melanocyte stimulating hormone ( S H )  and various fractions of the 
adrenocorticotrophic hormone ACTH) facilitate several types of condi- 

humans.113 
tide fraction ACTH,!+-10, which is also found in S H ,  is the CNS active corn- 
ponent.114 
would be effective in selected patients such as aged individuals or in 
cases with endocrine imbalance. Scotophobin, a pentadecapeptide occurring 
naturally in the brain and prepared synthetically, reportedly augments on- 
ly dark-light avoidance in the rat .I15 
tides, e.g., desacetylscotophobin, were reported to affect other types of 
aversively controlled behaviors. 116 
ically in view of recent comments concerning the possible activity of the 
scotophobin-like polypeptides. 117 

Role of Neurotransmitters in Learning-Memory. The agents known to affect 
learning-memory processes have varying effects on the neurochemistry of 
the brain. Thus, there are correlative, but not necessarily causative 
changes in the function of putative neurotransmitters that may aid in the 
development of compounds facilitating learning-memory procesees. 

memory ~onsolidation.~2,23 However, the cholinergic system also appears 
to mediate selective inhibition of responding, 23 and this effect on per- 
formance output obfuscates the interpretation of data on agents that in- 
teract with the cholinergic system. In spite of the mass of contradictory 
data, there appears to be a time-dependent change in the sensitivity of 
cholinergic functioning after learning which is responsive to pharmacol- 
ogical intervention.21 
tylcholine (ACh) metabolism in the temporal lobes of good and poor perfor- 

An increase in PS has been reported in animals following 

Deprivation of PS follo- 

Electrical stimulation of 

It was also reported that strych- 

In addition, 

tioned behaviors in animalsll 1 ,112 and enhance short-term visual memory in 
Recent evidence in normal adults suggests that the heptapep- 

It would be informative to establish whether or not ACTW,-10 

Synthetic scotophobin-like pep- 

These results must be evaluated crit- 

The cholinergic s stem has long been suspected as being involved in 

Recent reports have indicated differences in ace- 
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ming mice.118 
in the acquisition of passive avoidance.119 
acquisition of conditioned behavior can be depressed by peripheral admin- 
istration of both physostigmine and neostigmine.120 Since only physostig- 
mine is active centrally these data suggest that peripheral actions of the 
anticholinesterases also play a role. 

5-Hydroxytryptamine (5-HT) is believed to be a neurotransmitter having 
inhibitory effects on memory processes .20 Conditions such as hypothermia, 
hypoxia, and electroconvulsive shock (ECS) increase brain 5-EFT levels and 
also interfere with subsequent retention of previously acquired tasks. l9 
Recent evidence suggests that the retrograde amnesic effect of 5-KT may be 
related to its inhibitory effect on protein synthesis .I21 
lowering of brain 5-HT by midbrain ra he lesionsl22, 5,6-dihydroxytrypta- 
mine123 or p-chlorophenylalaninel24,155 improves avoidance responding. An 
improvement in delayed discrimination responding by monkeys and reversal 
learning by rats has been reported following administration of very low 
doses of LSD and other psychotomimetics.l26,127 
been reported to disrupt delayed responding in monkeys,128 
doubt on whether the behavioral effects of LSD can be attributed to a sin- 
gular effect on 5-HT receptors. 

Unlike 5-HT, the catecholamines (CA), norepinephrine (NE) and dopamine 
(DA), appear to be involved as facilitators of acquisition and memory, 
Decreasing releasable CA impairs acquisition of avoidance and memory for- 
mation,129-131 although the exact role that NE and DA play in mediating 
these processes is not clear.132 
synapse, as with amphetamine, appears to facilitate acquisition of active 
tasks, although the facilitation is most likely due to alterations in 
active responding.133 A recent paper has indicated that administration of 
L-DOPA to depressed patients improved long, but not short term memory.134 

In humans,aging was correlated with increases in monoamine oxidase 
activity and progressive decrements in hindbrain NE, while 5-HT was not 
affected.135 Changes in brain CA metabolism as a function of age is de- 
pendent upon numerous factors, but it is interesting to note that acute 
cerebral infarction in humans is associated with an increased accumulation 
of extracellular NE and 5-HT in CSP.136 In addition, long-term exposure 
to hypoxia has been reported to decrease the biosynthesis of brain mono- 
amines.137 Thus, the performance decrements observed in the elderly may 
be due, in part, to a decline in brain monoamine function. The possibili- 
ty that these decrements in neurotransmitter function may be associated 
with local hypoxic conditions in neuronal tissue may provide a basis in 
the development of new agents for geriatric and related patient popula- 
t ions . 

Newly synthesized ACh in the hippocampus is also implicated 
It is worthy of note that 

In addition, 

However, LSD has also 
casting some 

Increasing the availability of CA at the 
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Chapter 4. Sedatives, Hypnotics, Rnticonvul sants, General Anesthetics 

M. Cohen, Endo Laboratories, Garden City, New York 11530 

In t roduc t i on  - The high1 i g h t s  o f  a l i t e r a t u r e  survey o f  p e r t i n e n t  research 
reported dur ing  1973-4 are  discussed below. Some o f  the  l i t e r a t u r e  c i ted ,  
such as t h a t  descr ib ing  benzodiazepine der iva t ives ,  may a l s o  be i n  o ther  
chapters, s ince these compounds have many overlapping pharmacol og ica l  
e f fec ts .  The papers c i t e d  were chosen p r i m a r i l y  t o  i n d i c a t e  the  d i r e c t i o n  
o f  cu r ren t  a c t i v i t y  i n  the  area o f  cen t ra l  nervous system depressants. 

Sedatives and Hypnotics - The usefulness of benzodiazepine de r i va t i ves  s 

Triazolam (I), a triazolobenzodiazepine-wK shown t o  be an e f f e c t i v e  
hypnotic agent i n  several human studies3,4,5. A c l o s e l y  r e l a t e d  compound, 
D40TA (11), showed s i m i l a r  a c t i v i t y  i n  labora tory  animals6. 
promoting e f f e c t s  o f  N-desmeth 1 diazepam (111), a metabo l i te  o f  diazepam, 

favorably w i t h  amobarbi t a r a r a  hypnotic. 

hypnot ic  agents was reviewed by Oswald e t  a l l  and Greenblat t  and Shader h . 

were studied by Tansella e t  a1 Y i n  human subjects. The compound compared 

The sleep- 

c1 f-yJ / 

6" 
I R1 = CH3, X = C1 

I1  R1 = X = H  
I11 

The pharmacology o f  methaqualone ( IV)  and c l o s e l y  r e l a t e d  s t ruc tu res  
was reviewed by Brown and Goenechea8. 
devoid of an t ipsychot ic  act ion, gave a favorable p r o f i l e  as a sedative- 
hypnoti5,pf;ter d a i l y  admin i s t ra t i on  t o  l abo ra to ry  a n i  a l s  and man f o r  3- 
4 weeks 
( V I )  was found t o  increase slow-wave sleep i 13 tolerance appeared t o  develop a f t e r  4-8 days71 ~ y 2 .  Hartmann and James 
found s i g n i f i c a n t  i n t e r a c t i o n s  between sleep cyc les  and several standard 
psychotropic agents (chlorpromazine, reserpine, c h l o r a l  hydrate, 

Per lapine (V) ,  a t r i c y c l i c  compound 

. D a i l y  admin is t ra t ion  o f  marihuana o r  A g-tetrahydrocannabinol 
h man subjects, bu t  

d 

I V  V V I  
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amitriptyline) after long-term administration to human subjects. 

Lien 
lactones in mice. A dose-dependent sedation and hypnosis was produced by 
Y-butyrolactone (VII), but no loss of righting reflex was seen after 
administration ofq -methyl -Y-bu tyrolactone, y -ye1 erolactone, d - 
valerolactone, o r P  -heptalactone. Labori t et a1 
muscle re1 axant acti vi ty after admi ni stra t F n o f  ethyl br-hydroxybutyrate 
glycolate (VIII) to mice. Administration of l94-butanediol IX) to rats 

& l 1 4  studied the central nervous system activity of five 

found hypnotic and 

produced a dose-related sedation and loss of righting reflex 1 6. 

VI I  

CH2Cti2-CH2-CO-OC2H5 HOCH2CH2CH2Cti20H 

h- C OC H OH 
V I I I  IX 

Bed- time administration of L-tryptophan (X) significantly reduced 
sleep latency in human subjectsl7. Two novel structures showing sedative- 
hypnotic activity in laboratory animals were AHR 3084 (XI) and SP106 
(XII)18,19. c1i2c= Cti 

I 

- CH HCOOH C 1 - e  c ti3 

c1 27 
NH2 

JHCti-C5ti1 1 

CH&H3 

X I  X I 1  X 

Anticonvulsants - Ue Angelis et a120 studied the effects of demethylation 
and hydroxylation on the antiqeTFazo1 and anti-strychnine effects of 
benzodiazepines. Demethyl ation of diazepam to produce N-demethyldiazepam 
(111) increased anticonvulsant activity. Methylating and/or hydroxylating 
diazepam to produce methyloxazepam (X I I I  or oxazepam (XIV) reduced anti- 

substitution indicated that chlordemethyldiazepam (XV) was more active 
than N-demethyldiazepam. Dechlordemethyldiazepam (XVI) was inactive as 
an anticonvulsant but still showed sedative and muscle relaxant activity. 

convulsant activity. Additional studies hi on the effect of chlorine 

R H 

2 

XIII, R 4 H 3  
XIV, R-H 

- 
xv, X1=Xz=Cl 

X V I  , x1 =X2=ti 
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The animal pharmacology o f  clobazam (XVII) was reviewed by Barzaghi 
-- e t  a122. This compound was twice as a c t i v e  against  metrazol convulsions 

pharmacology o f  clonazepam (XVIII) was reviewed by Blum e t  al23. Another 
benzodiazepine, IU54024XIX) , was 4-5 t i n e s  more potent t h a n  Xazeparn as an 
an t i convu l  sari t agent. 

as ci i lordiazepoxide arid liar1 a s i m i l a r  behavioral p r o f i l e .  The animal 

XVII XVIII XIX 

Camazepam (XX) was approximately 1/3 as po ten t  as diazepam aga ins t  
Metrazol convulsions b u t  was a much less  a c t i v e  anta o n i s t  o f  e i t h e r  
e lec t roconvu ls ive  shock (1/12) o r  strychnine (1/60)2!. Behavioral e f f e c t s  
o f  the compound were q u a l i t a t i v e l y  s i m i l a r  t o  those o f  diazepam. 
animal pharmacology o f  pyrazapon (XXI) was reviewed by Poschel e t  a1 
DeWald e t  a127 found t h a t  2,3-dialkyl analogs o f  pyrazapon alsoyhowed 
good anE-qec t roconvu ls i ve  shock a c t i v i t y  (XXII). 

Th%- . 

xx xx I XXI I 

Synthesis o f  novel compounds conta in ing  a benzodiazepine nucleus 
continued t o  be a f e r t i l e  f i e l d  f o r  medicinal chemists. M o f f e t t  and 
Rudzik28 studied a ser ies  o f  benzodiazepines w i t h  ureas i n  the 2 pos i t i on .  
The most a c t i v e  compound (XXIII) had ant iconvulsant and depressant 
a c t i v i t y  i n  the  diazepam range. The most a c t i v e  member o f  a ser ies  o f  
thieno[2,3-e][1 ,4] benzodiazepines (XXIV was a c t i v e  as a Metrazol 

ser ies  o f  f l u o r o a l  k y l  benzodiazepines w i t h  good an t i convasan t  a c t i v i t y .  (XXV) 

The most a c t i v e  compound (XXVI) was as potent as diazepam. 
studied a ser ies  o f  7-azidobenzodiazepines (XXVII). 
good ant iconvul  sant and taming propert ies.  

antagonist  a t  a dose o f  0.3 mg/kg, i.p:2 4 Steinman e t  a130 studied a 

Hester and Rudzi k3' studied a ser ies  o f  2-oxyarninobenzodiazepines. 
k ing  e t  a132 

These compougsTad 
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XXIII X X I V  xxv 

c1 

xxv I X X V I I  
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X = O r ,  C1 

Y = F, C1 

z = ti, 0, s 

R1 = H, CH3 

X = H , F  

Uaumel e t  fi33 fo l lowed plasma and b r a i n  l e v e l s  o f  primidone ( X X V I I I )  
and i t s  m e t a m i t e s .  The t ime course o f  p ro tec t i on  aga ins t  metrazol was 
r e l a t e d  t o  the appearance o f  the metabol i tes phenobarbital and phenylethyl-  
malonamide. The t ime course o f  p r o t e c t i o n  aga ins t  electroshock was 
co r re la ted  w i t h  l e v e l s  o f  primidone. 

Kar le r  e t  a134. 
toleran= Z v e l o p e d  r a p i d l y  a f t e r  3-4 days o f  drug admin is t ra t ion .  

by the  marked w a t e r - i n s o l u b i l i t y  o f  diphenyl hydantoin (DPti)  was suggested 
by the  development o f  a pro-drug ( X X I X ) .  
a water s o l u b i l i t y  9-15000 times grea ter  than DPH and a b i o a v a i l a b i l i t y ,  
i n  terms o f  DPH equivalents, approaching 100%35. 

Vida -- e t  a136 reported on de r i va t i ves  o f  phenobarbital t h a t  had good 
ant iconvulsant a c t i v i t y  b u t  were weak o r  i n a c t i v e  as hypnot ics (XXX) .  

The an t iconvu lsant  a c t i v i t y  o f  cannabis a1 ka lo ids  was s tud ied  by 
The most potent a l k a l o i d  was A 9-tetrahydrocannabinol ( V I ) ,  k 

A poss ib le  s o l u t i o n  t o  the f o r n u l a t i o n  and therapeut ic  problems posed 

This compound i s  repor ted  t o  have 

H R 

C2H5 
X X V I I I  X X I X  xxx  
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Compound SQ 10996, a d i  benzoxazepine (XXXI) had anti-electroshock 
a c t i v i t y  j jmi la r  t o  carbamazepine and approximately 1/2 t h a t  of diphenyl- 
hydantoin , No a c t i v i t y  was found against  metrazol convulsions. Compound 
SC 13504 (XXXII) was ac t ive  i n  several animal test  systems a s  an a n t i -  
convulsant38~39. Compound USVC 524 (XXXIII) showed good a c t i v i t y  against  
electro-convulsive shock i n  mice t i0 . 

CONH2 
xxx I XXXII XXXI I I 

Uaclofen (XXXIV), a muscle relaxant compound, protected laboratory 
animals against  Metrazol and thiosemicarbazide convulsions b u t  not those 
induced by electroshock, strychnine, o r  picrotoxin41. 
reported t h a t  the anticonvulsant e f f e c t  of sodium dipropylacetxe-XXV) 
appeared t o  be mediated through an increase i n  brain GABA levels.  The 
anticonvulsant e f f e c t  of taur ine (XXXVI) i n  laboratory animals was re- 
viewed by llutani -- e t  a143. 
j e c t s  a f t e r  intravenous infusion o f  150-200 rig/kg i n  oa t ien ts  re f rac tory  
t o  standard compounds44. 

C1 ~ ~ t L C H 2 C O O H  ( C3ti7) 2Ct~COOtja N t  I2C R2CI I2SO3H 

XXXIV xxxv xxxv I 

Simler e t  a142 

Taurine was found t o  be act ive i n  human sub- 

Ct12NH2 

Breen e t  d5 studied the anti-electroshock a c t i v i t y  o f  a s e r i e s  o f  
subs t i t u  ted-6eGoy'l pyr i d i tics. 
t o  enhance an iconvulsant a c t i v i t y ,  the most ac t ive  being compound XXXVII. 

phenoxypyrrgidines. The most ac t ive  was compound XXXVIII, which had 
muscle relaxant and anticonvulsant a c t i v i t y  s imilar  t o  t h a t  o f  mephenesin. 
Nagar e t  a147 found anti-metrazol a c t i v i t y  i n  a series of subst i tuted 
t h i a z o n d z e s  (XXXIX). 

Cl ec tron-re1 eas i nq subs t i  tuen ts  were found 
Uoswell e t  a1 &6 s tudied  the anticonvulsant a c t i v i t y  of a s e r i e s  of 3- 

Parmer e t  fi4' studied a s e r i e s  of subst i tuted benzyl idinohydrazines. 
The most a c t E e  compound ( X L )  showed good anti-pentylenetetrazol ac t iv i ty .  
In another study by Parmar49 on a series of substituted oxadiazoles, the 
most ac t ive  compound against  pentyl enetetrazol was XLI. 
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XLI 
Gupta  e t  a150 studied the anticonvulsant properties of a series of 

benzimidazoKs7 Compound XLII was the most pot  t against electroshock 
and pentylenetetrazol convulsions. 
act ivi ty  i n  a series of N-alkylaminocarbazaec Compound XLIII was the 
most potent member of the series. 

Shoeb e t  a l f P  found anti-electroshock 

t i  XLI I 

Lien e t  a l l 4  surveyed several classes of anticonvulsant compounds and 

Anticonvulsant act ivi ty  was correlated w i t h  a low 
compared tEeFphysicochemica1 parameters: 1 ipophil i c i ty ,  dipole moment, 
and s te r ic  orientation. 
resultant dipole moment on a polar  moieties, while stimulant or  analeptic 
act ivi ty  was correlated w i t h  a h i g h  dipole moment. 

The use of a new convulsant agent for  anticonvulsant testing was 
proposed52. Compound Sati-41-178 (XLIV) was reported t o  different ia te  
between trimethadione and diphenyl hydantoin. 
a t e s t  for an t ipe t i t  ma1 drugs which consisted of applying conjugated 
estrogens t o  the cerebral cortex of cats. 
t o  antagonize the estrogen-induced spike potentials were examined, 
method was capable of evaluating the efficacy of six standard a n t i -  e t i t  ma1 

Fowler and Jul ien53 proposed 

The ab i l i ty  of t e s t  compounds 
The 

drugs.  A similar technique was described by Wilkinson and tlalpern 51 . 
- S O2 N ti2 

XLIV 

General anesthetics - D i  ttmann and Etschenber r~~~ compared the 
anesthetic act ivi ty  of several halogenated methane derivatives i n  guinea 
pigs. These effects  were enhanced w i t h  increasing chlorine co ent and 
were decreased w i t h  increasing fluorine content. Kendig e t  a l E g  found 
t h a t  d- and 1-halothane d i d  not  d i f fe r  i n  their  ab i l i ty  t rdep res s  synaptic 
transmission in the isolated cervical sympathetic gang1 ion of ra ts .  These 
results were interpreted as s u p p o r t i n g  the theory that anesthesia by 
inhalation agents i s  a physical phenomenon i n  which the stereochemical 
configuration of the anesthetic molecule plays only a minor role. 
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Waddell and B a g c ~ e t t ~ ~  compared the stereoisomers of pentobarbi t a l  and 
found t h a t  ( - )  pentobarbi t a l  was a more potent intravenous anesthet ic  than 
(+) pentobarbital i n  mice. 
smoother anesthet ic ,  the anesthesia produced by (+) pentobarbi t a l  frequent- 
ly  being preceded by hyper i r r i tab i l i  t and spas t ic i ty .  Similar r e s u l t s  

The anesttietic e f f e c t s  of 42119 ( X L V )  were studied i n  beagles 
The compound was administered i n  a concentration of 0.7-1.2% i n  oxygen 
or  an oxygen-1402 mixture. Emergence and recovery were uneventful. A 
s imilar  compound, 2 M13 (XLVI),produced anesthesia i n  mice a t  a 

In addition, ( - )  pentobarbital was a much 

were obtained f o r  other barbi turates5 8 . 

concentration of 1% $0 . 
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Chapter 5. Bio logica l  Fac tors  i n  t h e  Major Psychoses 

Freder ick  K. Goodwin and Dennis L.  Murphy, LCS/NIMH, Bethesda, Md. 

In t roduct ion  - The d i r e c t  d a t a  a v a i l a b l e  t o  support  t h e  hypotheses i m p l i -  
c a t i n g  b i o l o g i c a l  f a c t o r s  i n  t h e  e t io logy  of t h e  major p s y c h i a t r i c  d i s -  
o rde r s  is  weak i n  comparison t o  t h e  sys temat ic  d a t a  a v a i l a b l e  regard ing  
drug e f f e c t s  i n  animals and man. Although i n d i r e c t  d a t a  such as from 
s t u d i e s  c o r r e l a t i n g  behaviora l  and biochemical e f f e c t s  of drugs i n  animals 
and man i n d i c a t e  t h a t  changes i n  b r a i n  chemistry can in f luence  mood, emo- 
t i o n a l  ex r e s s i o n ,  cogni t ion  and motor a c t i v i t y ,  d i r e c t  evidence reviewed 

has no t  ye t  revealed r egu la r  changes i n  t h e  biochemical  sys- 
t e m s  which could be  i d e n t i f i e d  as mediating these  drug e f f e c t s  i n  ind iv i -  
dua l s  wi th  depress ion ,  mania o r  schizophrenia .  Nonetheless,  developments 
i n  g e n e t i c  i n v e s t i g a t i o n s  i n  psychia t ry  have succeeded, a t  least i n  p a r t ,  
i n  s epa ra t ing  psychosocial  f a c t o r s  comunica ted  from one family t o  another  
from b i o l o g i c a l l y  t ransmi t ted  f a c t o r s ;  t hese  s t u d i e s  cont inue t o  unde r l i e  
t h e  need f o r  f u r t h e r  search ing  i n t o  t h e  b i o l o g i c a l  an tecedents  of  t h e  
p s y c h i a t r i c  d i so rde r s .  

I n  terms of subs t an t ive  a r e a s  of i n v e s t i g a t i o n ,  w e  have d e l i b e r a t e l y  
l imi t ed  ourse lves  t o  t h e  quest ion of t h e  poss ib l e  r e l a t i o n s h i p s  between 
the  neu ro t r ansmi t t e r  amines and abnormal mental  func t ion ing ,  p a r t i c u l a r l y  
because of t h e  l a r g e  number of i n t e r a c t i o n s  between these  t r a n s m i t t e r s  and 
t h e  drugs which have s p e c i f i c  e f f e c t s  on t h e  var ious  c l i n i c a l  manifesta-  
t i o n s  of a f f e c t i v e  i l l n e s s  and schizophrenia .  

This  review w i l l  be l i m i t e d  t o  pharmacological s t u d i e s .  Space does 
not  permit a d i scuss ion  of t h e  growing body of d a t a  on amine me tabo l i t e s  
i n  cerebrospina l  f l u i d  and ur ine .  A r ecen t  comprehensive review of t h i s  
f ield’emphasizes t h a t  t h e  a v a i l a b l e  amine metabol i te  d a t a  i n  a f f e c t i v e  ill- 
ness  and schizophrenia  is genera l ly  congruent wi th  t h e o r i e s  involv ing  some 
d is turbance  i n  c e n t r a l  amine systems i n  these  mental  i l l n e s s e s ,  wi th  the  
major i s s u e  being t h a t  of s p e c i f i c i t y .  

The Af fec t ive  Disorders:  The Syndrome of Depression - Before d iscuss ing  
pharmacological s t u d i e s  i n  a f f e c t i v e  d i so rde r s ,  it is important t o  draw a 
d i s t i n c t i o n  between depress ion  a s  a symptom and depression as a syndrome. 
Depressed f e e l i n g s  may simply r ep resen t  a normal response t o  t h e  stresses 
o r  disappointments  of everyday l i f e .  However, f o r  some i n d i v i d u a l s  t h e  
symptom of depression is  only a p a r t  of t h e  c l i n i c a l  syndrome of depres- 
s ion .  O f  p a r t i c u l a r  re levance t o  a d iscuss ion  of  b i o l o g i c a l  f a c t o r s  i s  the  
syndrome of ”endogenous” depression.  
w i th  depress ive  symptoms of s u f f i c i e n t  s e v e r i t y  and du ra t ion  t o  have 
s e r i o u s l y  i n t e r f e r e d  wi th  t h e i r  func t ion ing ,  o f t e n  r e q u i r i n g  h o s p i t a l i z a t i o n .  
I n  add i t ion  t o  a depressed mood these  p a t i e n t s  show psychomotor r eea rda t ion  
(or  a g i t a t i o n ) ,  s l e e p  d is turbance ,  p a r t i c u l a r l y  e a r l y  morning awakening, 
boss of a p p e t i t e  wi th  weight loss ,  loss of i n t e r e s t ,  excess ive  t i r e d n e s s ,  
and thought p a t t e r n s  dominated by f e e l i n g s  of  he lp l e s sness ,  hopelessness ,  

This  term is app l i ed  t o  ind iv idua l s  
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and g u i l t .  There is  f requent ly  a p a s t  h i s t o r y  of depressive (and/or manic) 
episodes,  and o f t en  a family h i s t o r y  of mood d isorders .  
(an t idepressant  drugs o r  e lec t roconvuls ive  therapy)  are usua l ly  requi red  
f o r  adequate t reatment .  

Somatic t he rap ie s  

The Syndrome of Mania: The t y p i c a l  manic episode may start wi th  a sudden 
"switch" from a depressive phase o r  i t  may develop gradual ly  out  of a 
depression o r  a normal phase. 
is charac te r ized  by increased psychomotor a c t i v i t y ,  inc luding  increased  
i n i t i a t i o n  and rate of speech and increased phys ica l  a c t i v i t y .  A t  t h i s  
po in t  the  accompanying mood is usua l ly  l a b i l e  wi th  a predominance of  eu- 
phor ia ,  although i r r i t a b i l i t y  may become apparent when t h e  ind iv idua l s  
many demands are not  m e t .  
phase is  charac te r ized  by expansiveness, g randios i ty ,  and over-confidence. 
Thoughts are coherent though o f t en  t angen t i a l .  As t he  manic episode pro- 
gresses  t h e  pressure  of speech and psychomotor a c t i v i t y  inc rease  s t i l l  
f u r t h e r  while  t he  mood state becomes more of a mixture of euphoria and dys- 
phoria .  
and anger , and the  accompanying behavior is  f requent ly  explosive and 
a s s a u l t i v e .  Racing thoughts  progress  t o  d e f i n i t e  f l i g h t  of  ideas  w i t h  in-  
c reas ing  d isorganiza t ion  of t he  cogni t ive  s t a t e .  Preoccupations present  
earlier became more in t ense  wi th  grandiose and paranoid t r ends  now apparent  
as f rank  delusions.  I n  some p a t i e n t s  t he  manic episode can progress  t o  an 
und i f f e ren t i a t ed  psychot ic  state experienced by t h e  p a t i e n t  as c l e a r l y  dys- 
phor ic  and accompanied by f renz ied  psychomotor a c t i v i t y .  Thought processes  
which earlier had been only d i f f i c u l t  t o  fol low,  now become incoherent  and 
d e f i n i t e  loosening of a s soc ia t ions  i s  o f t en  seen. Delusions are o f t en  b i -  
z a r r e  and id iosync ra t i c ,  and some p a t i e n t s  i n  t h e  phase even experience 
ideas  of re ference  and d i s o r i e n t a t i o n .  A t  least s u p e r f i c i a l l y  t h i s  phase 
of  t he  syndrome is d i f f i c u l t  t o  d i s t ingu i sh  from an acute  schizophrenic  
psychosis .  

The i n i t i a l  "hypomanic" phase of t he  episode 

The cogni t ive  s t a t e  during t h e  "hypomanic" 

The i r r i t a b i l i t y  observed i n i t i a l l y  progresses  to open h o s t i l i t y  

C l i n i c a l  and Bio logica l  Heterogeneity -Recent evidence from c l i n i c a l ,  gene- 
t i c ,  pharmacologic, and b i o l o g i c a l  s t u d i e s  suggest t h a t  major depressions 
can be meaningfully subdivided i n t o  b ipo la r  and unipolar  groups on t h e  
b a s i s  of the  presence o r  absence of  a p r i o r  h i s t o r y  of mania. 
p a t i e n t s  have a later age of onse t  and t h e i r  depressions have mixed fea-  
t u r e s  of a g i t a t i o n  and r e t a r d a t i o n  accompanied by a s i g n i f i c a n t l y  h igher  
frequency of symptoms of  anger, anxie ty  and phys ica l  complaints. Family 
h i s t o r y  da t a  ind ica t e s  a s i g n i f i c a n t l y  h igher  frequency of mania i n  the  
f i r s t  degree r e l a t i v e s  of b ipo la r  p a t i e n t s  compared t o  unipolar  p a t i e n t s .  
I n  a series of  b i o l o g i c a l  s t u d i e s  i n  h o s p i t a l i z e d  
have noted a number of s i g n i f i c a n t  d i f f e rences  between unipolar  and b i p o l a r  
groups. We have a l s o  observed some unipolar-bipolar  d i f f e r e n t i a t i o n  i n  the  
an t idepressant  response t o  t r i c y c l i c s  and t o  l i thium: compared t o  p a t i e n t s  
with unipolar  depression,  b ipo la r  p a t i e n t s  tend t o  respond less w e l l  t o  
imipramine; the  reverse  appears  t o  obta in  wi th  the  an t idepressant  e f f e c t s  
of l i th ium - t h a t  i s ,  a h igher  frequency of an t idepressant  responses i n  the  
b ipo la r  group compared t o  t h e  unipolar  group. The above unipolar-bipolar  
d i f f e rences  have r ecen t ly  been reviewed.8 

Unipolar 

depressed p a t i e n t s  we 
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Brain Amines i n  Af fec t ive  I l l n e s s :  Pharmacological Evidence - The major 
hypotheses and d a t a  concerning t h e  biochemistry of a f f e c t i v e  i l l n e s s  have 
focused on t h e  p o s s i b i l i t y  t h a t  major depression is  r e l a t e d  t o  a funct ion-  
a l  d e f i c i t  i n  c e n t r a l  norepinephrine o r  s e ro ton in  systems, whi le  mania is 
r e l a t e d  t o  a func t iona l  excess of NE o r  5HT. These hypotheses were based 
l a r g e l y  on t h e  observa t ions  t h a t  drugs which decreased f u n c t i o n a l  amines 
( p a r t i c u l a r l y  NE) i n  t h e  synap t i c  c l e f t  i n  animals ( r e se rp ine ,  l i t h ium,  
alpha-methyl-para-tyrosine) e i t h e r  had some depressant  p o t e n t i a l  o r  had 
ant imanic  p r o p e r t i e s  when given t o  p a t i e n t s ,  while  coversely drugs which 
could inCreaf3e amines a t  t h e  synapse (MA0 i n h i b i t o r s ,  t r i c y c l i c s  , amphet- 
amines) were s t imu lan t s ,  had an t idep res san t  p r o p e r t i e s  o r  could p r e c i p i t a t e  
mania i n  suscep t ib l e  ind iv idua l s .  

Reexamination of t he  pharmacological d a t a  r e v e a l s  some observa t ions  
which do n o t  e a s i l y  " f i t "  those t h e o r i e s  which imply a s imple one-to-one 
r e l a t i o n s h i p  between a given mood state and a u n i d i r e c t i o n a l  d i s tu rbance  
i n  the  func t iona l  s t a t e  of one o r  more c e n t r a l  amine neuro t r ansmi t t e r s .  
F i r s t ,  drugs which are s t imu lan t s  i n  normal ind iv idua l s  are n o t  genera l ly  
found t o  be the rapeu t i c  i n  p a t i e n t s  s u f f e r i n g  from major depress ive  ill- 
ness ,  while  those  drugs which do have an t idep res san t  a c t i v i t y  a r e  n o t  
s t imu lan t s  i n  normals. This d a t a  on d i f f e r e n t i a l  response t o  drugs suppor t  
t h e  concept t h a t  depression may no t  simply r ep resen t  a q u a n t i t a t i v e  exten-  
sion of a normal mood state,  but  may r e f l e c t  a q u a l i t a t i v e l y  d i f f e r e n t  
psychobiological  s u b s t r a t e .  Second, t he  weight of t h e  a v a i l a b l e  c l i n i c a l  
evidence sugges ts  t h a t  the  MA0 i n h i b i t o r s  are n o t  very  e f f e c t i v e  an t idepres-  
s a n t s  i n  p a t i e n t s  with more severe  , "primary" o r  "endogenous" depressionslO - 
t h a t  is, t h e  group t h a t  has  been t h e  major focus of s t u d i e s  concerned wi th  
amine dysfunct ion.  Rather these  drugs a r e  most e f f i c a c i o u s  i n  o u t p a t i e n t s  
w i th  mixed anxiety-depression syndromes o r  i n  "depressives"  wi th  a t y p i c a l  
f e a t u r e s  such a s  anx ie ty ,  f a t i g u e ,  phobia,  o r  somatic  complaints .  Thus, 
t h e i r  spectrum of usefu lness  does n o t  co inc ide  wi th  the  t r i c y c l i c s  which 
a r e  more l i k e l y  t o  b e n e f i t  depressed p a t i e n t s  w i th  c l a s s i c a l  "endogenous" 
symptoms. 

In  r e l a t i o n  t o  t h e  c l i n i c a l  e f f e c t s  of drugs which decrease  funct ion-  
a l  amines i n  b r a i n ,  a r ecen t  c r i t i c a l  review of t h e  o r i g i n a l  r e p o r t s  of re- 
serpine-induced depressions12 noted t h a t  t h e  inc idence  of p a t i e n t s  who ex- 
perienced major depress ive  symptoms (analogous t o  ''endogenous" depress ions)  
ac ross  a l l  s t u d i e s  (approximately 6%) w a s  almost i d e n t i c a l  t o  t h e  percent  
incidence of i nd iv idua l s  wi th  p r i o r  h i s t o r i e s  of depression.  Thus, i t  
appears  more l i k e l y  t h a t  r e se rp ine  is capable  of p r e c i p i t a t i n g  depression 
i n  s u s c e p t i b l e  ind iv idua l s  r a t h e r  than  inducing i t  de novo; t h i s  is an 
important d i s t i n c t i o n ,  s i n c e  depress ions  can be p r e c i p i t a t e d  by a v a r i e t y  
of agents  o r  condi t ions  not  d i r e c t l y  r e l a t e d  t o  amine func t ion .  Lithium, 
another  drug which can decrease amines a t  t h e  synapse1 
depress ive  symptoms i n  p a t i e n t s  according t o  t h e  amine hypothes is .  How- 
ever ,  t o  t h e  con t r a ry ,  l i t h ium has  been shown i n  con t ro l l ed  s t u d i e s  t o  
have moderate an t idep res san t  p r o p e r t i e s  i n  some of t h e  depressed pa t ien ts15 '16  
and t o  e f f e c t i v e l y  prevent  recur rences  of depression when used prophy- 
l a c t i c a l l y .  l 7  3 

should inc rease  

Thus , drug-catecholamine r e l a t i o n s h i p s  i n  depressed 
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p a t i e n t s  conta in  a number of f ind ings  which are d iscrepant  i n  r e l a t i o n  t o  
t h e  catecholamine hypothesis  of  depression.  I n  t h e  case  of  manic o r  hypo- 
manic r e a c t i o n s ,  t h e  behavior-amine r e l a t i o n s h i p s  appears more cons i s t en t .  
Thus, t h e  drugs which inc rease  func t iona l  amines can p r e c i p i t a t e  manic o r  
hypomanic r eac t ions  i n  suscep t ib l e  ind iv idua l s ,  whereas t h e  drugs which 
decrease  func t iona l  b r a i n  amines have some b e n e f i c i a l  e f f e c t  i n  mania. 

I n  add i t ion  t o  t h e  above incons i s t enc ie s  i n  t h e  c l i n i c a l  d a t a ,  t h e  
mood-altering drugs discussed above not  only tend t o  a f f e c t  bo th  ca techol -  
amines and indoleamines i n  a similar way, bu t  a l s o  have a v a r i e t y  of 
e f f e c t s  on o the r  neurochemical systems. Because of t h i s  r e l a t i v e  non- 
s p e c i f i c i t y  of these  drugs,  a good d e a l  of recent  work has  focused on ways 
t o  a l te r  s p e c i f i c  amine systems i n  order  t o  s tudy  behaviora l  e f f e c t s  i n  
p a t i e n t s  wi th  a f f e c t i v e  i l l n e s s .  

S tudies  With Experimental Compounds Affec t ing  Brain Catecholamines - L-DOPA, 
t h e  amino a c i d  precursor  of t h e  catecholamines,  when adminis tered i n  l a r g e  
o r a l  doses can be taken up by b r a i n  and t h e r e  converted t o  DA and NE. 
earlier s t u d i e s  of L-DOPA i n  depress ion ,  t he  doses  employed were small, 
and thus ,  t he  genera l ly  nega t ive  r e s u l t s  were d i f f i c u l t  t o  i n t e r p r e t .  A 
more r ecen t  t r i a l 1 9  i n  26 hosp i t a l i zed  depressed p a t i e n t s  employed h igh  
o r a l  doses (averaging 100 mgfkg) adminis tered over  per iods  ranging from 18 
t o  45 days wi th  and without  a per iphe ra l  decarboxylase i n h i b i t o r .  Eighty 
percent  of t h e  p a t i e n t s  f a i l e d  t o  show any improvement i n  depression on 
L-DOPA; t h e  few p a t i e n t s  who appeared t o  respond a l l  had prominent psycho- 
motor r e t a r d a t i o n .  In  t h e  non-responders t h e r e  was neve r the l e s s  c o n s i s t e n t  
evidence of some a c t i v a t i o n  wi th  inc reases  i n  anger and psychosis  r a t i n g s  
i n  some p a t i e n t s  and hypomanic episodes i n  those  p a t i e n t s  w i th  a p r i o r  
h i s t o r y  of mania (b ipo la r ) .  These predominantly nega t ive  r e s u l t s  w i th  L- 
DOPA i n  depression suggest  t h a t  catecholamine ( p a r t i c u l a r l y  DA) dep le t ion  
as def ined by t h e  r e se rp ine  model (which i s  r e v e r s i b l e  by L-DOPA) is  n o t  a 
s u f f i c i e n t  explanat ion f o r  t h e  pathophysiology of t h e  ma jo r i ty  of 
depressions.  

In  

Alpha-methyl-para-tyrosine (AMPT) i s  a poten t  and s p e c i f i c  i n h i b i t o r  
of t y ros ine  hydroxylase,  t he  r a t e - l imi t ing  enzyme i n  the  s y n t h e s i s  of DA 
and NE,20  
and noted improvements i n  f i v e  of them. Two of t h e  f i v e  responders showed 
a cons i s t en t  p a t t e r n  of r e l a p s e  fol lowing placebo s u b s t i t u t i o n .  The levels 
of catecholamine metabol i tes  i n  t h e  cerebrospina l  f l u i d  were markedly re- 
duced i n  t h e  p a t i e n t s  on AMPT, v e r i f y i n g  t h a t  b r a i n  amines had i n  f a c t  been 
reduced. These f ind ings  suggest  t h a t  c e n t r a l  catecholamine func t ion  may be 
e leva ted  i n  a t  l e a s t  some manic p a t i e n t s .  Recent ly ,  f u s a r i c  a c i d ,  a poten t  
i n h i b i t o r  of dopamine-B-hydroxylase (which conver t s  DA t o  NE) i n  noradren- 
e r g i c  nerve endings)  , has  been t r i e d  i n  mania without  b e n e f i c i a l  e f f e c t  , 
b u t  wi th  a q u a l i t a t i v e  s h i f t  t o  more psychot ic  symptoms.21 

Studies  With Experimental Compounds Ef fec t ing  Brain Serotonin - I n  an 
at tempt  t o  reverse t h e  hypothesized d e f i c i t  i n  b r a i n  se ro ton in ,  L-trypto- 
phan ( the  amino ac id  precursor  of s e ro ton in )  has  been adminis tered t o  de- 

We adminis tered AMPT i n  doses  up t o  4 gm t o  e i g h t  manic p a t i e n t s  
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pressed p a t i e n t s  wi th  varying r e s u l t s .  
repor ted  t h a t  L-tryptophan p lus  an i n h i b i t o r  of monoamine oxidase w a s  as 
e f f e c t i v e  as electro-convuls ive shock, while  L-tryptophan a lone  (5-7 gm/day) 
was somewhat less e f f e c t i v e .  
phan a lone  as e f f e c t i v e  a s  imipramine i n  the  t reatment  of depression.  
On the  o the r  hand, o t h e r s  have been unable t o  f i n d  any s i g n i f i c a n t  a n t i -  
depressant  a c t i v i t y  f o r  t h i s  amino ac id .24 ,25  Recent evidence t h a t  some 
p a t i e n t s  wi th  b ipo la r  depression show improvement on L-tryptophan26 may 
provide a p a r t i a l  explanat ion f o r  t h e  d i s p a r i t y  i n  earlier r e p o r t s  of i t s  
e f f i c a c y  i n  depression.  The immediate precursor  of se ro tonin ,  5-hydroxy- 
tryptophan, has  a l s o  been t r i e d  i n  depressed p a t i e n t s ;  two double-blind 
s t u d i e s  f a i l e d  t o  show any s i g n i f i c a n t  an t idepressant   effect^,^^'^* al- 
though i t  has been suggested t h a t  a subgroup of depressed p a t i e n t s  i d e n t i -  
f i a b l e  by lower sero tonin  metabol i te  levels i n  t h e  CSF may respond t o  t h i s  
se ro tonin  precursor  .29 
func t ion  (presumably by blocking receptors )  has  been examined as an ant i -  
manic agent by several groups, inc luding  one con t ro l l ed  comparison of methy- 
se rg ide  and l i th ium.  Two e a r l y  t r ia ls  of rnethpsergide i n  mania demonstrated 
antimanic p r o p e r t i e s  of  t h e  drug, p a r t i c u l a r l y  when given in t ramuscular ly .  
These r e s u l t s  were no t  a b l e  t o  be du l i c a t e d  i n  c l i n i c a l  t r ials us- 

metabol i te  d a t a ,  i t  has  been suggested t h a t  decreased c e n t r a l  se ro tonerg ic  
func t ion  may occur i n  both mania and depression.31 
a recent  t r i a l  of L-tryptophan i n  mania, i n  which some advantage of  L- 
tryptophan over  chlorpromazine w a s  repor ted .  32 
was s i m i l a r l y  observed i n  ten p a t i e n t s  s tud ied  a t  t h e  NIMH.33 

Conclusions - I n  r e l a t i o n  t o  catecholamines, a summary of t h e  d a t a  from t h e  
mood-altering drugs and from t h e  amine precursors  should focus on t h e  f a c t  
t h a t  drugs which can increase func t iona l  catecholamines i n  b r a i n  (MA0 inh i -  
b i t o r s ,  t r i c y c l i c  an t idep res san t s  and L-DOPA) can a l l  p r e c i p i t a t e  mania i n  
suscep t ib l e  ind iv idua l s ,  while  drugs which decrease func t iona l  catechol-  
amines i n  b r a i n  ( reserp ine ,  l i t h ium,  AMPT) a l l  have some antimanic proper- 
t ies.  However, i n  r e l a t i o n  t o  t h e  e f f e c t s  of  t hese  drugs i n  depression 
the  p i c t u r e  is more confused. L-DOPA is not  an  an t idep res san t  i n  t h e  b i -  
po la r  p a t i e n t s ,  wi th  i t s  minimal an t idepressant  e f f e c t s  confined t o  a few 
of t h e  unipolar  group. 
L-DOPA is given t o  b ipo la r  depressed p a t i e n t s ,  almost a l l  of them ex- 
per ience  mania o r  hypomania without  a concomitant decrease i n  depression.  
From t h e  d a t a  it would appear t h a t  t h e  level of a c t i v a t i o n  ( p a r t i c u l a r l y  
psychomotor a c t i v a t i o n )  might c o r r e l a t e  more c lose ly  wi th  c e n t r a l  catechol-  
amine func t ion  than t h e  complex mood s ta te  i t s e l f .  
tween the  onse t  of manic symptoms and increased c e n t r a l  catecholamine 
func t ion  is supported by t h e  d a t a .  

I n  r e l a t i o n  t o  sero tonin ,  t h e  pharmacologic da t a  do not  support  t h e  
not ion  t h a t  c e n t r a l  s e ro tone rg ic  func t ion  is increased  i n  mania. I n  re- 
gard t o  the  hypothesized involvement of s e ro ton in  i n  depress ion ,  t h e  t ry -  
ptophan da ta  is con t rove r s i a l ,  a l though i t  appears  t h a t  t h e r e  may be a sub- 
group of depressed p a t i e n t s  responsive t o  a se ro ton in  precursor .  The 
evidence t h a t  tryptophan may have some ant imanic  p r o p e r t i e s  as w e l l  is 
i n t e r e s t i n g ,  and raises t h e  p o s s i b i l i t y  t h a t  a dysfunct ion i n  se ro tone rg ic  

I n  one s ingle-b l ind  s tudy,22 it  was 

%O- 
A r ecen t  double-blind s tudy found L- t r  

Methysergide, a drug which antagonizes  se ro tone rg ic  

ing  o r a l  methysergide (reviewed i n  { ) .  On t h e  b a s i s  of s p i n a l  f l u i d  

Of relevance t o  t h i s  is 

A p a r t i a l  ant imanic  effect 

A f ind ing  of major importance has  been t h a t  when 

Some r e l a t i o n s h i p  be- 
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systems may be involved i n  the  underlying pathology common t o  both mania 
and depression.  A l t e rna t ive ly ,  a d is turbed  balance between t h e  d i f f e r e n t  
neuro t ransmi t te r  systems may be present  i n  the  d i f f e r e n t  s t a t e s  of t h e  
a f f e c t i v e  d isorders .  

Schizophrenia - It has  become more common t o  speak of " the schizophrenias" 
r a t h e r  than schizophrenia  i n  recogni t ion  of t h e  many d i f f e r e n t  p a t t e r n s  of 
behavior ,  a l b e i t  with some common underlying f e a t u r e s ,  which have come t o  
be recognized a s  forms of "schizophrenia". 
some d i f f e r e n t  subtypes (e .g . ,  paranoid, und i f f e ren t i a t ed ,  ca t a ton ic ,  border- 
l i n e ,  and pseudoneurotic o r  ambulatory schizophrenia)  , and t h i s  grouping 
has  been supported by sugges t ive  evidence t h a t  symptom subtypes may be re- 
f l e c t i o n s  of f a m i l i a l  o r  gene t ic  in f luences .  3 4  Chronici ty  and d i f f e r e n t i a l  
response t o  drugs have a l s o  served t o  def ine  o the r  subtypes,  p r i n c i p a l l y  
t h e  acute ,  und i f f e ren t i a t ed  p a t i e n t s  who manifest r ap id  improvement wi th  
ant i -psychot ic  agents  from the  chronic  schizophrenic  group who of ten re- 
q u i r e  long-term mental h o s p i t a l  placement. These wide d i f f e rences  i n  
symptomatology and c l i n i c a l  course make d i f f i c u l t  t h e  pos tu l a t ion  of a 
s i n g l e  biochemical f a c t o r  as involved d i r e c t l y  i n  the  e t io logy  of "schi- 
zophrenia", although many research  s t r a t e g i e s  i n  t h e  f i e l d  seem d i r e c t e d  
towards t h i s  goal .  

Symptom presen ta t ion  has  y ie lded  

Simi la r ly ,  t he  focus on "model psychoses'' e l i c i t e d  by drugs has  of ten  
been made wi th  the  implied assumption of a genera l izable  form of schizo- 
phrenia .  For example, LSD and o t h e r  psychotomimetic substances may pro- 
duce cogni t ive  d isorganiza t ion ,  ha l luc ina t ions  and de lus ions  wi th  some 
resemblance t o  acute  schizophrenic  episodes.  
amine adminis t ra t ion  produces symptomatology c lose ly  resembling an acute  
paranoid psychosis. 
these  states and the  s ta te  of t h e  chronic  schizophrenic  ind iv idua l  w i th  
thought d i sorder  and a l i f e  s t y l e  d iscordant  wi th  the  rest of t h e  world 
t h a t  have y e t  t o  be reconci led  wi th  the  s t i l l  f requent  assumptions under- 
l y i n g  s tud ie s  searching f o r  "* biochemical b a s i s  of schizophrenia". 

S imi la r ly ,  h igh  dose amphet- 

There are important d i f f e rences ,  however, between 

A s  i n  t he  a f f e c t i v e  d i so rde r s ,  i t  seems equal ly ,  i f  no t  even more im- 
p o r t a n b t o  frame hypotheses which a r e  open enough t o  inc lude  a multi-fac- 
t o r i a l  e t io logy  of "the schizophrenias" wi th  con t r ibu t ions  of varying 
weights  i n  d i f f e r e n t  i nd iv idua l s  t o  a f i n a l  behaviora l  syndrome wi th  some 
common f e a t u r e s  but  many d i f f e rences .  
schizophrenia  may be from var ious  biochemical sources ,  and perhaps from 
psychosocial f a c t o r s .  
of biochemical and gene t i c  cont r ibu t ions  t o  schizophrenic  behavior i n  terms 
of f a c t o r s  r e s u l t i n g  i n  increased v u l n e r a b i l i t y  t o  the  schizophrenia  syn- 
drome. This  concept of v u l n e r a b i l i t y  would seem t o  provide a b e t t e r  
s t r a t e g i c  cons t ruc t  f o r  consider ing biochemical and b i o l o g i c a l  f a c t o r s  (as  
w e l l  as o the r  cont r ibu tory  events )  which are less l i k e l y  t o  be d i r e c t l y  re- 
l a t e d  t o  psychosis  a s  a q u a l i t a t i v e l y  d i f f e r e n t  state,  bu t  which may be 
dimensions of normal biochemical changes c h a r a c t e r i s t i c  of  cogni t ive  and 
emotional func t ion ,  and of behavior which only a t  t h e  extremes of a con- 
tinuum may be cont r ibu tory  t o  schizophrenic  behavior. 
kind would a l s o  seem t o  be more compatible wi th  t h e  gene t i c  and family 

The cont r ibu t ions  t o  each form of 

k t y 3 5  and o the r s  have advocated the  i n t e r p r e t a t i o n  

A cons t ruc t  of t h i s  
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s tudy  evidence which i n d i c a t e  a h igher  incidence of o the r  less severe  be- 
h a v i o r a l  abnormal i t ies  be s i d e s  s chizophrenia  ( i n  e luding  neuro t i c  d i so rde r s  
and c r i m i n a l i t y )  i n  t h e  near  r e l a t i v e s  of sch izophrenic  ind iv idua l s .  
biochemical f a c t o r s  would n o t  be requi red  t o  provide an all-or-none “schizo- 
phrenia  psychosis  f a c t o r ” ,  bu t  r a t h e r  could be seen only  a s  provid ing  some 
con t r ibu to ry  element which under c e r t a i n  environmental  p re s su res  o r  w i th  
c e r t a i n  co inc ident  events  might r e s u l t  i n  one o r  another  of  t he  forms of 
abnormal behavior  recognized a s  schizophrenia  o r  a s  a sch izophrenia- re la ted  
p s y c h i a t r i c  o r  psychosocial  d i so rde r .  These c o n s t r a i n t s  p r i n c i p a l l y  de- 
r ived  from gene t i c  s t u d i e s  would seem t o  r e q u i r e  r eeva lua t ion  of t h e  bio- 
l o g i c a l  hypothes is  of schizophrenia .  
chapter  , s e v e r a l  of t h e  cu r ren t  formulat ions of poss ib l e  b i o l o g i c a l  con- 
t r i b u t i o n s  t o  schizophrenia  w i l l  be examined b r i e f l y .  Other approaches t o  
t h e  b i o l o  
models ,4,95: psycho h y ~ i o l o g y ~ ~  and o t h e r  a spec t s  included i n  r ecen t  reviews 
of the  syndrome 379t8 w i l l  no t  be considered i n  t h i s  chap te r .  

Thus , 

In  t h e  fol lowing s e c t i o n s  of t h i s  

of schizophrenia  from t h e  viewpoint of psychotomimetic drug 

Al te red  Methylat ion Processes  i n  Schizophrenia  - Some methylated d e r i v a t i v e s  
of t h e  catecholamines (e .g . ,  mescal ine,  t he  3,4,5-methoxy d e r i v a t i v e  of 
phenylalanine)  and indoleamines (e .g . , DMT, N ,N-dimethyltryptamine) have 
psychotomimetic p rope r t i e s .  The suggest ion t h a t  these  o r  s i m i l a r  sub- 
s t ances  might b e  formed o r  abnormally metabolized i n  sch izophrenic  i n d i v i -  
dua l s  and might con t r ibu te  t o  sch izophrenic  behavior was f i r s t  e l abora t ed  
by Osmond & S m y t h i e ~ . ~ ~  Although many s t u d i e s  have been c a r r i e d  out  us ing  
d i f f e r e n t  s t r a t e g i c  approaches t o  examine t h i s  hypothes is ,  our focus here  
w i l l  be  i n  t h e  pharmacological approaches.  

The Precursor-Load St ra tegy  - This approach has  been u t i l i z e d  t o  determine 
whether catecholamine o r  indoleamine precursors  inc luding  phenylalanine,  
dihydroxyphenylalanine (L-DOPA) , t ryptophan,  o r  5-hydroxytryptophan (5-HTP) 
would e l i c i t  o r  exacerba te  sch izophrenic  behavior i n  normals o r  schizo-  
phrenic  ind iv idua l s  .40 
t o  produce behaviora l  e f f e c t s  inc luding  euphoria  and “drunken” behavior  , 
b u t  these  e f f e c t s  have no t  been observed i n  many o t h e r  s t u d i e s .  5-HTP i n  
small doses has  a l s o  gene ra l ly  been found t o  be without  behav io ra l  e f f e c t s ,  
a l though l a r g e  doses  i n  combination wi th  a p e r i p h e r a l  decarboxylase inh i -  
b i t o r  have been suggested t o  have an t ip sycho t i c  e f f e c t s  .41 While phenyla- 
l an ine  apparent ly  does n o t  change human behavior ,  L-dihydroxyphen l a l a n i n e  

has been demonstrated t o  inc rease  psychosis  r a t i n g s  i n  depressed p a t i e n t s  
with pre-ex is t ing  psychot ic  symptomatology, whi le  o t h e r  non- 
depressed p a t i e n t s  d id  n o t  develop psychot ic  symptomatology . 
a l s o  been shown t o  exacerba te  symptomatology i n  sch izophrenic  p a t i e n t s  when 
t h e  L-DOPA was given i n  an at tempt  t o  r eve r se  phenothiazine drug-induced 
Parkinsonian symptoms.45 It is  n o t  clear i n  any of t hese  in s t ances  whether 
t he  increased  symptomatology i n  t h e  d i f f e r e n t  p a t i e n t  groups represented  a 
s p e c i f i c  change i n  psychot ic  symptomatology o r  simply r e f l e c t e d  t h e  gener- 
a l  behaviora l  a c t i v a t i o n  produced by L-DOPA i n  which many d i f f e r e n t  be- 
haviors  apparent ly  become more o v e r t l y  expressed.  42 

L-tryptophan has  been descr ibed i n  a few ins t ances  

has  some psychosis-inducing p r o p e r t i e s  i n  Parkinsonian p a t i e n t s  , 49943 and 

EY chO ic L-DOPA has 
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Methionine Loading - A somewhat d i f f e r e n t  v a r i a n t  of t he  precursor-load 
s t r a t e g y  has  a l s o  been used i n  s t u d i e s  of schizophrenic  ind iv idua l s .  
n ine ,  a methyl group donor which i s  capable of increas ing  the  levels of S- 
adenosylmethionine i n  b r a i n  has  been adminis tered t o  p s y c h i a t r i c  p a t i e n t s  
(predominantly chronic  sch izophrenic  ind iv idua l s )  and t o  a few normal in- 
d iv idua l s  i n  s t u d i e s  r ecen t ly  reviewed elsewhere.46 In  almost a l l  of t he  
s t u d i e s  a monoamine oxidase i n h i b i t i n g  dru has  been used concurren t ly ,  be- 
cause the  o r i g i n a l  s tudy  by P o l l i n ,  e t  al.&O ind ica t ed  t h a t  methionine used 
alone produced no behaviora l  e f f e c t s  i n  the  p a t i e n t s .  I n  almost a l l  of t h e  
double-blind s t u d i e s  i n  schizophrenic  p a t i e n t s  some i nd iv idua l s  developed 
increased symptomatology, o f t e n  inc luding  apparent  exacerbat ion of psycho- 
t i c  phenomena. Some elements of confusion,  somnolence and d i s o r i e n t a t i o n  
were observed i n  the  s t u d i e s ,  and t h e  d i f f i c u l t i e s  i n  determining whether 
the  de l e t e r ious  e f f e c t s  of  the  methionine-MA01 combination represented an 
a c t i v a t i o n  of the schizophrenic  process  o r  t he  superimposition of drug- 
induced CNS t o x i c i t y  s t a t e . h a v e  been debated. The few non-schizophrenic 
p s y c h i a t r i c  p a t i e n t s  and normal con t ro l s  included i n  these  s t u d i e s  have 
genera l ly  shown minimal responses t o  combined methionine and MA01 treat- 
ment, suggest ing t h a t  schizophrenic  p a t i e n t s  a r e  more suscep t ib l e  t o  t h e  
de l e t e r ious  e f f e c t s  of t h i s  drug combination, whether o r  n o t  i t  a c t u a l l y  
r ep resen t s  t h e  same type of process  which occurs  endogenously i n  
schizophrenia .  

Phenothiazine-Dopamine Rela t ionshiE - M a t t h y ~ s e ~ ~  has  r e c e n t l y  reviewed t h e  
d a t a  ind ica t ing  a c lose  r e l a t i o n s h i p  between t h e  phenothiazines  which have 
ant i -psychot ic  p rope r t i e s  and t h e  a b i l i t y  of these  drugs t o  increase  t h e  
rate of dopamine turnover  i n  b ra in ,  an a l t e r a t i o n  most l i k e l y  r e f l e c t i n g  a 
dopamine receptor  blockade produced by these  drugs. S tudies  ind ica t ing  an 
e l eva t ion  i n  homovanillic ac id  (HVA) l e v e l s  i n  cerebrospina l  f l u i d  a f t e r  
phenothiazine adminis t ra t ion  i n  man4* suggest  t h e  l i ke l ihood  of a s i m i l a r  
dopamine receptor  blockading e f f e c t  of these drugs i n  man. On the  b a s i s  
of t h i s  evidence, i t  has  been pos tu la ted  t h a t  t h e r e  may exist an over- 
a c t i v i t y  of t he  dopamine neuro t ransmi t te r  systems i n  schizophrenia ,  per- 
haps p a r t i c u l a r l y  i n  those l imbic  system a r e a s  containing dopaminergic 
neurons. 
potency roughly corresponds t o  t h e i r  e f f e c t s  on dopamine i n  a v a r i e t y  of 
systems, t h e r e  are some except ions as noted below. 

Methio- 

Although most phenothiazines  " f i t "  i n  t h a t  t h e i r  an t i -psychot ic  

Amphetamines and Paranoid Schizophrenia - Recent s t u d i e s  have demonstrated 
t h a t  no t  only p s y c h i a t r i c  p a t i e n t s  b u t  a l s o  normal ind iv idua l s  r e g u l a r l y  
develop changes i n  thought, mood and a c t i v i t y  which c lose ly  resemble acute  
paranoid schizophrenia  when d- o r  1-a p tamine is administered i n  lar  e 
doses over a per iod of s e v e r a l  days. ,*ys$f Amphetamines i n  animals profiuce 
compulsive, s te reo typed  behavior; t hese  e f f e c t s  can be blocked by pheno- 
th i az ines  and seem t o  be pr imar i ly  mediated by b r a i n  dopamine. 

A v a r i e t y  of evidence from s t u d i e s  of schizophrenic  ind iv idua l s  has  
suggested t h a t  some schizophrenic  p a t i e n t s  manifest  hyperarousal  and appear 
psychophysiological ly  t o  be i n  a state of c e n t r a l  over-act ivat ion.  51 Evi- 
dence reviewed elsewhere is  compatible wi th  t h e  pos tu l a t ion  t h a t  a similar 
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state may be d i r e c t l y  produced by L-DOPA a d m i n i ~ t r a t i o n ~ ~  and may be 
mediated by increased b ra in  dopamine. 4 3  

There exists r e l a t e d  da t a  which does no t  d i r e c t l y  support  o r  which 
c o n f l i c t s  wi th  t h e  series of s ta tements  made above. For example, pheno- 
t h i a z i n e  drugs have many d i f f e r e n t  b i o l o g i c a l  a c t i o n s ,  such a s  membrane 
s t a b i l i z a t i o n  e f f e c t s 5 2  which may con t r ibu te  t o  t h e i r  c l i n i c a l  e f f i c a c y ,  
even though these  e f f e c t s  are p a r t i a l l y  shared by o the r  s t r u c t u r a l l y  
s i m i l a r  drugs which do not  have prominent an t i -psychot ic  a c t i v i t y .  Further-  
more , some phenothiazines  such as t h i o r i d a z i n e  which a r e  c l i n i c a l l y  very  
e f f e c t i v e  have r e l a t i v e l y  l i t t l e  dopamine receptor  blocking p r o p e r t i e s  i n  
pr imates  ,‘+7 whi le  another  phenothiazine,  t h i e thy lpe raz ine  is  probably an 
e f f e c t i v e  dopamine r ecep to r  b locking  agent  a s  measured by i ts  s t e reo typy  
blocking e f f e c t  b u t  has  l i t t l e  an t i -psychot ic  a c t i v i t y 5 3 .  However , some 
incons i s t enc ie s  of t h i s  s o r t  may become i n t e r p r e t a b l e  i n  terms of d i f f e r -  
ences i n  t h e  abso rp t ion ,  d i s t r i b u t i o n  and metabolism of t h e  drugs in man 
under c l i n i c a l  condi t ions  , o r  t h e  p o s s i b i l i t y  t h a t  dopamine r ecep to r s  i n  
the  l imbic  a rea  may have some d i f f e r e n t  p r o p e r t i e s  from those  elsewhere i n  
b r a i n ;  f o r  example, i t  appears t h a t  a c e t  l c h o l i n e  func t ion  e f f e c t s  DA 

dopamine-related e f f e c t s  can, at  p re sen t ,  only be considered t o  provide 
i n d i r e c t  , i n f e r e n t i a l  support  f o r  a “dopamine hypothes is  of sch izophrenia” .  

syn thes i s  predominantly i n  t h e  s t r i a t u m  54: . However, t h e  phenothiazine and 

The Noradrenergic Reward System and Schizophrenia - I n  e a r l y  work, S t e i n  
(1968) de l inea ted  t h e  presence of an apparent  noradrenerg ic  reward system 
i n  b r a i n  which may con t r ibu te  t o  goa l -d i rec ted  behavior .  S t e i n  and Wise 
(1971)  have pos tu l a t ed  t h a t  a cont inuing process  of d e s t r u c t i o n  of t h e  
norepinephrine nerve te rmina ls  i n  b r a i n  may occur  i n  sch izophrenic  i n d i v i -  
dua l s ,  The p o s s i b i l i t y  of t h i s  damage occurr ing  v i a  endogenous product ion 
of a 6-hydroxydopamine-like agent was suggested.  
have eva lua ted  some aspec t s  of t h i s  hypothes is  by measuring human b r a i n  
dopamine-f3-hydroxylase (DBH) , which i s  l o c a l i z e d  exc lus ive ly  i n  noradrener- 
g i c  nerve  t e rmina l s ,  using t h i s  enzyme as a marker f o r  i n t a c t  v s .  destroyed 
nerve te rmina ls .  They demonstrated a 40% reduct ion  i n  DBH i n  s e v e r a l  b r a i n  
a reas  from schizophrenic  p a t i e n t s  compared t o  normal c o n t r o l s ,  w i th  appro- 
p r i a t e  concern f o r  f a c t o r s  such as age ,  s e x ,  t i m e  be fo re  autopsy sampling, 
and phenothiazine t reatment  e f f e c t s .  This  apparent  reduct ion  i n  b r a i n  DBH 
a c t i v i t y  i n  sch izophrenia  had n o t  been found t o  b e  r e f l e c t e d  i n  t h e  per iph-  
e ryS6 ,  
expla in  t h e  longer-term f e a t u r e s  of t h e  sch izophrenic  i n d i v i d u a l s  i n  terms 
of a l o s s  of goa l -d i rec ted ,  i n t e g r a t i v e  behavior .  

Recent ly ,  S t e i n  and Wise55 

This hypothesis  is of s p e c i a l  i n t e r e s t  because i t  endeavors t o  

Monoamine Oxidase i n  Schizophrenia  - This enzyme exerts r egu la to ry  func- 
t i o n s  i n  s e t t i n g  the  l e v e l  of f r e e  amines i n  nerve endings and i n  l i m i t i n g  
t h e  accumulation of amines and amine metabol i tes  synthes ized  elsewhere 
which can be  taken up by t h e  non-specif ic  t r anspor t  processes  and s t o r e d  
i n  nerve t e r r d n a l  v e s i c l e s  o r  cytoplasm ( e  .g . ,  some so-ca l led  “ f a l s e  t r ans -  
mitter amines”). Measurement of monoamine oxidase i n  p l a t e l e t s  from 
p s y c h i a t r i c  p a t i e n t s  has  demonstrated markedly reduced MA0 l e v e l s  i n  
chronic  bu t  no t  acu te  sch izophrenic  i n d i v i d u a l s ,  and moderately reduced 
l e v e l s  i n  b i p o l a r  manic-depressive p a t i e n t s  compared t o  un ipo la r  depressed 
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patients and normal controls.57 
MA0 could contribute to abnormal behavior, but it is not yet known whether 
the altered platelet MA0 activity reflects MA0 activity in other tissues, 
including brain. 50 

There are many mechanisms by which reduced 

Creatinine Phosphokinase (CPKase) in Schizophrenia - This enzyme is elevat- 
ed in plasma in association with various kinds of tissue injury, and also, 
unaccountably, in acute psychotic states, particularly schizophrenia. 
M e l t ~ e r ~ ~  has carefully studied this phenomena and demonstrated that the 
source of the increased enzyme is probably muscle, and that histologic evi- 
dence of muscle damage is present in almost half of the acutely psychotic 
patients. Chronic schizophrenic patients and non-psychotic psychiatric 
patients do not manifest CPKase abnormalities, whereas a related tissue 
enzyme, aldolase, is often similarly elevated in acutely psychotic patients. 

Conclusion - It is obvious that the role of specific biologic process in 
"schizophrenia" or in subgroups of schizophrenic individuals is not yet 
explicable. 
cate that different hypotheses and different models seem to underly 
different study approaches to "schizophrenia". For example, the hypothesis 
postulating abnormal methylation processes in schizophrenia seems more to 
be directed towards an explanation of some psychotic symptoms found in a 
subgroup of schizophrenic patients; in contrast, other approaches (e.g., 
the theories regarding dopamine, the destruction of norepinephrine termin- 
als, and MAO) are processes which may be more reflective of longer-term 
characteristics of some schizophrenic individuals. It should be noted that 
no schizophrenic subgroup was found to be different from any other in the 
DBH and MA0 studies, although perhaps this lack of differences may only re- 
flect the small number of individuals included in each study. Also, the 
possible relevance of the kinds of abnormalities discussed above to other 
individuals with schizophrenia spectrum disorders in the close relatives of 
schizophrenic patients has not yet been addressed in these hypotheses. 
Vast information gaps remain between our understanding of the relationships 
between neurotransmitter systems in brain, normal behavior, and psychotic, 
schizophrenic, and other forms of abnormal human functioning. 

As indicated in the introduction, it seems necessary to indi- 
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Chapter 6 .  @ -Adrenergic Blocking Agents 

R. Clarkson, H. Tucker and J. Wale, Pharmaceuticals Div., ICI Ltd., 
Macclesfield, Cheshire, England 

Introduction - The concept of using a specific P-adnnoceptor antagonist 
to protect the ischemic o r  threatened ischemic myocardium from sympathetic 
drive as treatment of angina pectyis and myocardial infarction was pion- 
eered by Black some 15 years ago. The validity of the concept was soon 
proven and these agents have now become accepted as the treatment of choice 
for angina.1 Their role in the management of myocardial infarction is less 
clear cut2 although evidence of their prophylactic value is emerging. 394 
Althow it was generally envisaged that @-blocking drugs would be useful 
for the treatment of those diseases characterised by excess sympathetic 
activity (such as pheochromocytoma, thyrotoxicosis,etc.) no one could have 
anticipated the range of clinical conditions against which the compounds 
are now be These range from hypertension,5,6 specific 
arrhythmia7 glaucoma,8 migraine9 through to a range of psychiatric dis- 
orders such as anxiety,1° essential tremor,ll alcoholism, drug dependence ,12 
and possibly schizophrenia.l3 

used o r  studied. 

The continued emergence of new compounds, coupled to the difficulties 
in relating laboratory pharmacological profiles to clinical effect, tends 
to obscure real advancement. 
the newer p-blocking druga with those of the well established ones. Only 
tolamolol, metoprolol (H93/26 ) and ICI 66082 have a novel profile. 
almost all conditions efficacy appears to relate directly to cardiac P -  
blocking effect. 
convenience to maintain a 24 hour inhibition (altho- duration of action 
is probably of more valb in this respect) and in the minimization of non- 
adrenergically related side-effects. Some authors continue to associate 

although the evidence that these non-specific depressant properties have 
no clinical significance is now overwhelming. 23 
maximum blood levels achieved are well below those needed to have any effect 
on the myocardial membrane. 
drugs in those patients requiring a high level of sympathetic drive to 
maintain a compensated myocardium - i.e. it is a consequence of P-blockade 
alone. 

The table compares the profiles of some of 

In 

Thus potency becomes significant in relation to dosing 

the absence of membrane stabilizing properties with increased safety, 21,22 

Even with propranolol, the 

Heart failure is precipitated by @-blocking 

Of the remaining two parameters, cardioselectivity is clearly import- 
ant in a drug to be given to patients prone to bronchospasm. 
clinical cardiovascular consequences of both cardioselectivity and of i.8.a. 

However, the 

are still not fully understood, particularly in relation to the precipit- 
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ation of cardiac failure. 

- 

Name 
propranolol 

S2395 

alprenolol 

oxprenolol 

pindolol 

bufuralol 

bunitrolol 

bufetolol 

sotalol 

timolol 

prac tolol 

acebutolol 

H87/07 
tolamolol 

metoprolol 

ICI 66082 

Ar - 
Ara 

1 llaphthyl - 
8-thiochro-1- 

2 -ally1 -Ph - 
2 -allyloxy-Ph - 
4 -indo lyl - 
(see below 1 
2 -cyan0 -Ph- 

2 -furfuryloxy- 

(see below 

(see below) 

4-acetamido -Ph- 

4propionamido - 
2 -acetyl -Ph 
4 -MsOCH2CH20-Ph 

2 -me thy1 -Ph 

4 -MeO. CH2. CH2 -Ph 
4 -H,NC 0. CH, -Ph 

L L 

Clarke, Ed. 

bH 
Potencsrb i.s.a.c m.8.a.d sel.e ref. - + - 7  

- - 15 i-Pr 10-12 (+ 
i-Pr 1 + + - 7  
i-Pr 2 + + - 7  
i-Pr 20 + + - 7  

1 + (+ - 25 

t-Bu 15-20 + + - 16 

t-Bu 0.9 + (+ - 20 
0.1 - - - 7  

t-Bu 4 - 14 
+ - + 7  i-Pr 0.4 
+ - + 7  i-Pr 0.2 

i-Pr 1 

- - 

- i-Pr 0.4 + + 17 

A 0.8 + 18 

i-Pr 0.5 + 17 
i-Pr 0.9 + 19 

- - 
- - 
- - 

a) Ph represents phenyl; - rough guide relative to propranolol; 
ivity; 
indicate estimates); 

b) in vivo blockade of isoproterenol tachyoadia 
c) intrinsic sympathomimetic act- 

a)  non-specific membrane stabilising activity (symbols in parentheses 
e) cardioselective relative to bronchi-: 

A 
New Drug s - Four new drugs have had a limited release in the past year. 
Acebutolol ( 'Sectral' ) was launched by May and Baker in South Africa; 
bufetolol ( 'Adobiol' ) by Yoshitomi in Japan; timolol ( 'Blocadren' ) by 
Merck Sharp and Dohme in the U.K. and sotalol ('Beta-cardone') by Duncan 
Flockhart from Mead-Johnson in the U.K. 
years after discovery is surprising particularly in view of the recently 
announced decision to discontinue clinical studies because of lack of 
commercial interest in the U.S.A.z4 

The launching of sotalol so many 
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New clinical studies - Initial clinical studies on four new compounds have 
been reported in the past year. ExSuralol (Ro 3-4787) (see table) was found 
to be equipotent with propranolol in antagonizing exercise tachycardia in 
healthy volunteers but did not reduce the resting heart rate whereas 
propranolol did, a fact attributed to the i.s.a. of the former.25 Adolfsson 
and coworkers26 studied the effects of a non-selective P -blocker (alpren- 
0101) and two selective P-blockers (H87/07 and H93/26 [metoprolol]) on 
exercise tolerance in anginal patients and found that all three drugs had 
an approximately equal effect on angina despite their differing pharmacol- 
ogical profiles (see table). ICI 66082 is a cardioselective p -blocker, 
devoid of i.s.a. o r  m.8.a. which is being studied mainly in the treatment 
of 
as propranolol in its blocking action on exercise heart rate.27 

In patients with severe angina, ICI 66082 was as potent 

New chemical tmes- No structural type has emerged which offers any improve- 
ment over existing P-blockers. Perhaps the most interesting novel compounds 
reported in the past year are a series of thiazolylolrypropanolamines.28 

Compound 1 is a selective potent myocardial stim- c>'-* ulant with selective P -receptor blocking activity 
- 1 which, in anaesthetized dogs, increased myocardial 

contractility, cardiac output, coronary blood flow 
and heart rate and moderately decreased total peripheral resistance but 
had little o r  no effect on blood pressure. 
ships showed that P-stimulant potency went hand in hand with potency as a 
@-blocker. 
of heart failure in humans have begun.29 From a series of dihydrocarbo- 
styrils in which the quinolone ring was substituted by the olrypropanolamine 
side chain in positions 5,6,7 and 8, the 5- substituted t-butylamino analogue 
(OPC-1085) was the best compound.30 OPC-1085 is a non-selective potent 

(equipotent with pindolol i.e. ca 30 times more . 
active than propranolol) P-blocker with the same 
level of i.s.a. as pindolol but is not effective in 

acetamido function of practolol with an aminotropine 
system is reported to give compounds 2which are 

Some structure-activity relation- 

It is reported that clinical studies using 1 for the treatment 

-1085 reducing blood pressure. 3 l  Replacement of the 4' - 

H more potent than practolol as @ -blockers (isolated 
guinea pig ileum) and more effective 
than standard a-blockers (e.g. 
tolazoline) in lowering the blood 
pressure in s ontaneously hyper- 

K 
R2 R p o T -  - tensive rats. 32 

Esterification of the P-hydroxy group of the oxypropanolamine side 
chain is reported to give P-blockers with a long duration of action. 
groups were chosen which were slowly hydrolysable in-vivo and bulky radicals 
such as pivaloyl were the most effective groups in retarding hydrolysis. 
LL21-945 was as potent as propranolol in blocking the cardiac (3-receptors 
in isolated atria and showed i.s.a. but not to the same extent as pindolol. 
In anaesthetized dogs the time of onset of action was ca 2.5 hours compared 
with 5 minutes for both propranolol and pindolol but whereas the activities 

Ester 
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of the 'normal blockers decreased over 
a 5 hour t e s t  period, LL21-945 s t i l l  
inhibited the hear t ra te  increase caused 
by is0 roterenol by 30-5@ a f t e r  39 

and trachea, CI-775, was 32 times more 
potent i n  ant agonizing i sopro t erenol 
responses on the atria than on the trachea. 
The 3,O-dimethoxy phenethylamino subs t i t  - 

OMe uent was considered t o  be necessary f o r  
t h i s  cardioselective ac t iv i ty  and i ts  
incorporation in to  other p-blockers was 
claimed t o  enhance t h e i r  se lec t iv i ty .  34 

hours. 5 3 In isolated guinea pig atria 

LL21-945 

Structure Activity Relationships - 
Further evidence t o  support Levy's postulate35 tha t  the l ipophi l ic  properties 
of p-blockers are major determinants of t h e i r  m.8.a. ( i .e.  t h e i r  non-specific 
pharmacological e f fec ts )  has been reported in three separate studies using 
different  biological models. 
co workers36 T 37 found a correlation between the degree of local  anaesthetic 
ac t iv i ty  (measmd i n  frog nerve) and myocardial conduction velocity (frog 
hear t ) ,  with l ipophi l ic  parmeters  of the molecules. It was proposed tha t  
the m.s.a. of p-blocking drugs could be predicted from t h e i r  octanol/water 
pctrtition coefficients or even by calculation of t h e i r  %TT values according 
t o  Hansch's meth0d.3~ 
sarcoplasmic r iculum vesicles isolated from rabbi t  skeletal  muscle, Temple 
and co-workers3' found tha t  inhibit ion of calcium uptake was greater with 
p-blockers tha t  had m . 8 . a .  (e.g. propranolol) than those which did not 
(e.g. so ta lo l )  and the observed a c t i v i t i e s  were related t o  the l ipophi l ic i t ies  
of the compounds. 

and Lands'40 original c lass i f ica t ion  of the P-receptor in to  p, (cardiac 
adipose t i s sue )  and p (uterus,  bronchial and vascular muscle) i s  being 
questioned. Some evigence i n  support of Lands original c lass i f ica t ion  has 
appeared.41 However, i n  a study of the p-blocking actions of practolol,  
propranolol and butoxamine i n  anaesthetized dogs, the re la t ive  potencies 
of the compounds on the cardiac, bronchial and vascular responses t o  
isoproterenol led the author42 t o  the conclusion tha t  in the dog each of 
these t issues  has a different  p-receptor sub-t e .  In anaesthetized dogs, 

ac t iv i ty  on cardiac and bronchial smooth muscle but had much l e s s  ac t iv i ty  
on vascular smooth muscle. From t h i s  study, the classi f icat ion of  bronch- 
i o l a r  and vascular smooth muscle as P2 was untenable. 
Ilbisll aryloxy-propanolamines as antagonists of isoprenaline in isolated atria 
(guinea p i f l ,  trachea (guinea pig)  and adipose c e l l s  ( r a t ) ,  Zaagsma and 
coworkers found only a poor correlation between the PA values f o r  
antagonism of  l ipolysis  and atrial stimulation but a signff icant correlation 
between the pA21s f o r  antagonism of l ipo lys i s  and tracheal s t h u l a t i o n .  
They suggested that  the l ipo ly t ic  p-receptor i s  not of  the p 
the B2 type but i s  a sor t  of 'composite' P-receptor having cer ta in  proper- 

In a ser ies  of p-blockers Hellenbrecht and 

In a study on the ra te  of calcium uptake in the 

There i s  s t i l l  much controversy about the nature of the p-receptor 

H64/52 (para analogue of alprenolol)  was shown e t o  have similar p-blocking 

U s i n g  a ser ies  of 

type nor of 
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ties of both (3, and p2. 

adrenergic receptor and the responses of this model to various agonists 
and antagonists correlate well with the responses obsemred in mammalian 
tissue preparations. 45 

Frog erythrocyte adenylate cyclase has the characteristics of a (3, 

The molecular features affecting the relative antagonist potency on 
P-receptors from various tissues continues to receive much attention. 
Increasing the size of the amino substituent from H through to t-Bu in a 
series of 2-cyanophenyloxy-propanolamines, not only increased the potency 
of the compounds as cardiac @-blockers but also increased their selectivity 
for (32 receptors; 
potent in antagonizing the vasodepressor response to isoprenaline than the 
cardiac chronotropic response whereas the primary amino analogue K11 1439) 
was 6 times more potent on cardiac than on vascular @-rece tors.46 This 

series of substituted oxy-propanolamines the relatively increased cardio- 
selectivity of the pmethoxy (R=i-Pr) relative to its gmethoqy analogue48 
adds further support to the hypothesis49 that an appropriate substituent 
in the aromatic ring para to the oxy-propanolamine side chain is an important 
factor in determining cardioselectivity. 
cardioselectivity of tolamolol and the reported cardioselectivity of CI-775 
(previous section) show that para substition is by no means the sole 
determinant of cardioselectivity. 
have emerged to help a chemist control the degree of i.s.a. in a @-blocker. 
The structural features necessary to eliminate i.s.a. from a molecule 
are very difficult to define. 
ICI 66082 and H93/26 have the common feature of a 
two other non i.s.a. compounds, propranolol and tolamolol, have no such 
substituent. 

thus the t-Bu analogue (bunitrolol) was 4 times more 

latter effect parallels that usually found with (3-agonists e 7. In a 

However, the relatively hi& 

Very few structure/activity guidelines 

Of the "pure" p-blockers (i.e. no i.s.a.1 
methylene group but 

Clinioal and mode of action studies - The mechanism whereby (3-blockers 
control the blood pressure of hypertensive patients remains unresolved but 
appears to be related to p-blockade, as blocking drugs are effective in 
doses related to their relative cardiac blocking potencies.6 h a double- 
blind crossover study the (3-blockers propranolol, timolol, pindolol and 
alprenolol produced a fall in blood pressure which is not significantly 
different from each other.50 A good correlation has been shown, irrespective 
of the etiology, between the antihypertensive effect of propranolol and both 
the pre-existing level of plasma renin activit 
drug produces an absolute reduction in renin.5T The reduction with propran- 
0101 of the plasma renin activity response to tilting is however not sig- 
nificantly correlated with the fall of blood pressure observed.52 Further 
evidence against a mechanism of antihypertensive action involving renin is 
provided by pindolol which has high intrinsic activity and can maintain the 
fall in blood pressure produced by chronic administration of propranolol but 
without maintaining the reduction in renin activity. 53 Furthemore, the 
cardioselective druga practol015~ and ICI 6608255 have been shown to exert 
an antihypertensive effect without lowering recumbent plasma renin activity. 
The effect of ICI 66082 on renin release is not clear as it has also been 

and the extent to which the 
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reported to reduce renin activity in association with its antihypertensive 
effect. 56 
propranolol on cardiac 0 -receptors, is only about 1/5 as potent in inhibiting 
the release of renin by renal nerve stimulation.57 

In animal experiments this drug which is of similar potency to 

That a central mechanism may be responsible for the antihypertensive 
s89 5’ alprenolol, activity of P -blockers must be considered as propranolo 

pindolol, practolol, ICI 66082, sotalol and oxprenol~l~~~produce a prolonged 
fall of mean arterial pressure after intracerebroventricular administration 
in conscious animals. This effect a ears to be related to P-blockade as 
it is not seen with d-propranolol 5893’ and the maximum response coincides 
with maximal inhibition of the tachycardia response to intracerebroventric- 
ular isoprenaline.59 
following systemic administration and practolol and ICI 66082 do not readily 
cross the blood-brain bar~5er.~7 

These d r u g s  differ however in their distribution 

In anginal patients, acute administration of ICI 66082 increases 
maximal working capacity to a greater extent than propranolol (+YA), 
possibly as a result of the unaltered peripheral resistance during exercise; 
propranolol increases peripheral resistance under these conditions. 27 
Heart rate and cardiac output a m  depressed both at rest and during exercise, 
whereas stroke volume is unaltered and aortic blood pressure is decreased 
only during exercise. The cardioselectivity of ICI 66082 is also evident 
in its lack of effect on airways resistance. Tolamolol resembles propran- 
0101 in its haemodynamic effects in anginal patients except that it causes 
significantly less increase in systemic vascular resistance .60 ~olamolol 
has been shown to depress heart rate, cardiac output and a l s o  cardiac 
contractility when the heart is paced at a constant rate, without altering 
left ventricular end-diastolic pressure .61 A comparison of acute &in- 
istration of alprenolol and cardioselective compounds with (H87/07 ) or 
without (H93/26 
reduce resting heart rate to a significantly lesser extent than H93/26 but 
the exercise heart rate although tending to be higher for H87/07, is not 
significantly different. 
changes during work and systolic blood pressure at rest and work are 
similar for all  drugs but the time for disappearance of ST depression after 
work is significantly longer for H87/07 than H93/26.26 

to the efficacy of propranolol in angina pectoris may be enhancement of 
oxygen availability.62 
propranolol (0.5mM) reduce oxygen binding by hemoglobin in intact red cells. 
cells.63 
in this effect which is uninfluenced by adrenaline but revented by chloro- 
butamol, suggesting that 0-receptors are not In healthy 
subjects, propranolol has been shown to be without significant acute effects 
on oxygen hemoglobin affinity64965 but this is not so for patients wlth 
coronary artery disease on chronic propranolol and a significant increase 
in P50 (decrease in affinity) has been observed from control level, 
sufficient to increase systemic oxygen delivery by 2O-3@.65 A review of 
the literatureG2 provides evidence of a rightward shift of the oxygen 

intrinsic activity in anginal patients shows H87/07 to 

Total work, time for appearance of pain or ST 

The hypothesis has been put forward that one mechanism contributing 

~n the in vitro situation, high concentrations of 

The dextro isomer is however even more potent than the racemate 

64 
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hemoglobin dissociation curve in certain patients with ischemic heart 
disease with o r  without evidence of coronary obstruction, which may be a 
compensatory mechanism to su tain oxygen delivery. 
in affinity with propranololE5 may be secondary to changes in cardiac o r  
pulmonary function rather than a direct action on the red cell. Further 
work is required t o  clarify the role of propranolol in the relief of angina. 

Similarly the decrease 

The mortality rate of patients discharged from hospital after myocard- 
In a double blind study involving patients selected ial infarction is high. 

as being suitable for receiving P-blockers, the total mortality in a two 
year follow-up period in the placebo group is 1%. 
with alprenolol reduces the total mortality but not significantly. 
the number of sudden deaths (within 24 hours of first symptoms) is sig- 
nificantly reduced.64 In this study the number of reinfarctions is not 
affected ut in an open investigation, reinfarctions are significantly 
reduced.') Possible mechanisms for this protection are the prevention of 
development of maligmant arrhythmias during the initial phase of infarction 
and an influence on the area of ischemia. 
myocardial ischemic inj can be altered substantially even several hours 
after coronary occlusio% and moderate increases in heart rate leading to 
increased myocardial o n consumption have a deleterious effect on infarct 
size in conscious dogs YT Thus in hypertensive patients, reduction of 
cardiac afterload by -lion blockade is effective in reducing myocardial 
injury post infarction. 
uces blood pressure, heart work, heart rate, coronary blood flow and 
myocardial oxygen uptake but ingjeases lactate extraction by the heart, 
indicative of reduced ischemia. 
rapid heart rate during movement of patients with acute myocardial infarct- 
ion is effectively controlled by intravenous sotalol and atropine (to 
prevent tachycardia) but practolol, with intrinsic activity, is of only 
limited value.7' Practolol has however been shown to reduce heart work 
and chest pain in uncomplicated acute myocardial infarcti0n.7~ 

Prophylactic treatment 
However, 

The extent and severity of 

Intravenous administration of propranolol red- 

The incidence of an inappropriately 

The manifestations of anxiety can be grouped as either psychic (fear, 
tension, apprehension, difficulty in concentrating) o r  somatic (trembling, 
palpitations, tachycardia, sweating, nausea). The latter appear to be a 
result of autonomic inbalance involving excess sympathetic activity. "he 
use of P-blockers in anxiet re uires further evaluation but in review, 
they appear to be of value. 90,18972 p-Blocking d r u g s  can control some of 
the somatic features of anxiety and are of particular benefit where somatic 
symptoms are prominent, in the management of neurocirculatory asthenia, 
hyperkinetic heart syndrome, anxiety tachycardia and tremor. Some invest- 
igators have reported that the mental as well a 
anxiety in patients is benefited by @-blockade, 'v10 and there is controversy 
as to the mechanism involved. 
the central nervous system as can be demonstrated in animalslltl* or a 
consequence of control of physical distress. This latter is supported by 
the findings that d-propranolol with weak P-blocking activity is inactive 
as an anti-anxiety drug while practolol, which does not cross the blood 
brain barrier to any extent, is active.10,12 
central action is provided by the observation that in chronic anxiety, if 

the physical state of 

It may be the result of direct actions on 

Further argument against a 
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the symptoms are mainly psychic, diazepam but not propranolol is effective 
as an anti-anxiety drug,but if somatic features predominate, propranolol 
is also effective.73 
patients but reduces heart rate and finger tremor in both somatic and 
psychic anxiety patients. Diazepam also reduces finger trem0r.7~ In 
normal subjects exposed to anxiety-provoking situations, diazepam is 
effective in reducing subjective anxiety but propranolol is not, suggesting 
that attention is directed toward the source of anxiety rather than the 
bodily symptoms.75 

Propranolol is without effect on the EEG of these 

The value of (3-blockers in psychic disorders, treatment of alcoholism 
and heroin abuse remains to be resolved12,72 but they do appear to have a 
place in the treatment of action tremors of familial, senile or essential 
nature.12 Use for the treatment of tremor of Parkinson's disease is less 
promising. 12 

Migraine is thought to be a functional rather than an organic 
disorder which may well be associated with the autonomic nervous system 
and induced by a variety of causes including stress. 
that prophylactic treatment with propranolol under double blind crossover 
conditions, significantly reduces the mean frequence of headache attacks.8,9 
It may also favorably influence the severity and duration of attacks. 
patients responded to propranolol but not practolo18,9 (pindolol also is 
ineffective in preventing migraine attacks).T6 

It has been confirmed 

Two 

1. 
2. 

3. 
4. 

5. 
6. 

7. 

8. 
9. 
10. 
11. 
12. 
13. 

14. 
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Chapter 7. Cardiovascular Agents 

John E. Francis, CIBA-GEIGY Corporation, Ardsley, N.Y. 

This review covers recent advances in new or potentially important 
non-diuretic hypotensive, antiarrythmic and antianginal agents excluding 
@-blockers and their derivatives, which are covered in chapter 6. 

New Products - One of the oldest known hypotensives, sodi nitrop usside 
was marketed in the U.S.A. by Hoffmann-LaRoche as Nipride'in 1974fa It is 
indicated for rapid reduction of blood pressure in hypertensive crisis and 
is given only as an intravenous infusion because its effect is evanescent. 
Clinically it was also used to produce controlled hypotension during 
anaesthesia and renal angiography and to manage patients with acute myo- 
cardial infarction and chronic heart fail~re?'~ Clonidine (la) marketed 
in Germany in 1966, was released on the U.S. market this year by 

f$R 

c1 

NH 
// 

'NH2 
- lb: R = CH4"NC 

Br A 

2 - C H3 

Boehringer-Ingelheim as Catapres@. 
essential hypertension treated only with clonidine (300-600 pg/day) for a 
year indicated a similar hemodynamic mechanism to that of a-methyldopa 
with similar side effects4 
hypertensive crisis was reported in another stud ? 
sive rebound" from discontinuation of the d&g8,1( associated with raised 
catecholamine levels can be reversed by a-or p-blockade8'10 or by reser- 
pine pretreatment! Recent studies supportin clonidine' s effect of low- 
ering plasma renin activ y have appeared:1,H2 its effect of increasing 
renal blood flow in ratsf5 and in man14 was reported and its ability to 

14 lower exchangeable sodium in severe hypertensive patients was claimed. 
Clonidine and other hypotensive 2-aminoimidazolines were reported to 
exert their effects in the anterior hypothalamus of rats whereas other 
potent peripheral a-stimulants differing structurally, such as oxymeta- 
zoline, failed to cause hypotension, even when injected into that area of 
the brainl5~16 This suggests a difference between central and peripheral 
a-adrenergic receptors. The higher affinity of clonidine for pre- vs. 
postsynaptic adrenoceptors in the rabbit pulmonary artery'' also suggests 
such a difference. 
chlorthalidone) have also been rep~rted!~, l9 Nicergoline (2) has been 
marketed in Italy by Farmitalia as Sermion . 
as a peripheral and cerebral vasodilator and as adjuvant therapy for ar- 
terial hypertension. It can be used parenterally in hypertensive crisis 

A recent study of patients with mild 

Utility of intravenous clonidine in acute 
Problems of "hyperten- 

Two recent successful trials on Combipres@ (clonidine- 

8 This a-blocEer20 is used 
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and is said to be well tolerated and to produce a gradual fall in blood 
pressure with no undesirable cardiac effects20 Prazosin5 was marketed in 
1974 in Great Britain 
Carlo-Erba as Sinetens&b Conclusions from many reeent clinical reports 
show prazosin as a potent (1 to 36 rng/day2i) orally active drug, 
especially for mild to moderate hypertension22 with few side 
It is especially useful in combination with a diuretic25 or a @-blocker24 
and the combination of all three is useful in patients with renal insuf- 
ficiency. 27-29 Its difference from other vasodilators was demonstrated in 
renal hypertensive dogs, where p.0. and i.v. administration caused h PO- 
tension without tachycardia or significant increase in plasma renin?i; Its 
mechanism is said to be twofold: a direct relaxation of vascular smooth 
muscle and a-blockade31 

nd Switzerland by Pfizer as Hypovase@and by 

Antihypertensives in Clinical Investigation - Recent clinical studies 
supported the utility of minoxidil5 in combination with a @-blocker and a 
diuretic in severe hypertension?2'34 This combination was he1 ful in im- 

propranolol to minoxidil a pears necessary not only to reduce tachycardia 

anoxia37 A similar myocardial effect could be induced in 
likewise improved by propranol014~r~~ SKI? 24260 (a) is hypotensive in man 

proving renal function in some patients with nephrosclerosis. 3! Addition of 

and plasma renin activity 3: but also to reduce the incidence o m cardial 
58-88 and dogs 

0 C F 3  

4a: X = H 
4b: X = C1 
- - 

- 5a: R = C4Hg,R: = OH 

- 5c: R = Me2C(S)S-, 
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probably by direct action on vascular smooth Studies on dogs in- 
dicate hypotension is caused by selective dilation of precapillary resis- 
tance vessels in both skeletal muscle and intestine. The reflux tachy- 
cardia is abolished by propranolol in rats but only partly in dogs43 A 
series of 98 analogs has been synthesized and compared with SKI? 2426d4 
None of the metabolites of this compound is active?5 Indoramin5 lowered 
blood ressure effectively in several clinical trials when given 

syndrome when given intravenouslfig Addition of desmethylimipramine caused 
no reversal of antihypertensive ef f ec t d 8  S tructure-act ivit relationships 
for a number of indoramine analogs have been publi~hed~~-5~ and several 
variants showed favorable activity in hypertensive rats. The best analog 
appeared to be 4a but the most potent a-antagonist was g. 
sive and dopamine @-hydroxylase inhibitin activity of fusaric acid (5a)  
was demonstrated in man at 300-600 mg/day$ Fusaric acid amide (bupicomide, 
Sch. 10595, 5 b )  also active in man at 300-1800 mgiday, showed hemodynamic 
effects like hydrala~ine?~,~~ The amide is metabolized to the acid in 
mad6 The reduced acid is claimed to be active in spontaneous hypertensive 
rats?7 The analog S c ,  YP-279, is also hypotensive in rats but has no 

' 0rall3~'~~and increased digital blood flow in patients with Raynaud's 

The hypoten- 
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effect on brain norepinephrine biosynthesis, unlike 5a or dibromofusaric 
acid28959 Fusaric acid is also claimed to increase 5-hydroxytryptamine in 
the brain and to inhibit the binding of tryptophan to serum albumin peri- 
pherallyC0 The combination of phentolaiiine (an a-blocker) and oxprenolol 
(a @-blocker) gave very good control in patients with severe hyperten- 

0 

H2N{ 

HO!:CH2NHCHCH2CH2 FH3 

H 
8 - - 6 - 

sion!' AH-5158 (a), a competitive antagonist of both a- grid @-adreno- 
ceptors, produced hypotension in six normotensive humans. 
(Wy-8678, 2) was shown to be safe and effective in clinical trials 
(16-32 mg/day) without orthostatic hypotension and diarrhea93 The Labaz 
compound L-6569 (z) was dropped from clinical trial due to an insufficient 
margin between the effective hypotensive dose and the dose producing orthe 
static hypotensionG4 The Sandoz compound BS 100/141 (lc) shows a mechan- 
istic profile in animals like clonidinet5 It is said to be active in mod- 
erately severe hypertensive patients at 3-8 rnglday without orthostatic 
hypotension and h pertensive rebound. Tolerance development required an 

is less potent in renal hypertensive rats than clonidine but shows less 
sympathomimetic effects in dogs and catsG8 

Guanabenz 

increase in dose6 B Tiamenidine (Hoe 440, g), in the clinic in Europe,67 

Natural Products and Related Compounds - SQ 20,881 (Pyr-Trp-Pro-Arg-Gln- 
Ile-Pro-Pro), an anniotensin converting-enzyme inhibitor, lowered blood 
pressure and-raised-aldosterone levels-in hypertensive patients at 1-4 mg/ 
kg i.v. The effect occurred even in patients with normal renin levels and 
was strongly augmented by sodium depletionG9-72 Malignant hypertension in 
rabbits of the Goldblatt type was prevented provided the peptide injectlone 
were started at the time of the hypertension-inducing 0peration7~ Sara- 
lasin acetate (P-113, Sarl-Ala8-angiotensin 11) , a competitive antagonist 
of angiotensin IIZ4 which lowers blood pressure on infusion in patients 
with high renin hypertension75~76 is also more effective with concurrent 
sodium depletion. This peptide apparently produces no hypotension and 
few, if any, side effects. Activity of this inhibitor appears to be 
central as well as periphera177,78 The analog Sar1-Gly8-angiotensin I1 
increased the potency of three vasodilators in dogs, indicating that a 
rise in plasma renin activity interferes with the hypotensive effect of 
these drugs79 One study in hypertensive patients indicated that infusion 
of Sarl-Ile8-angiotensin 11, unlike P-113, was largely ineffective in low- 
ering blood pressurego 
t h e ~ i s ~ l - ~ ~  and evaluation 
methylphenylalanine8 angiotensin 1188 and Sarf-Ile5-C-phenylglycine8-ang- 
iotensin 1189 appear to have the most potential as angiotensin I1 antag- 
onists. The structure of neurotensin, the vasoactive peptide from bovine 
hypothalami, has been defined by synthesis as pGlu-Leu-Tyr-Glu-Asn-Lys- 

of these compounds has led to the s n- 
Ac tSFTflr3! of many analo s. In rat tests, Sar 4: -N- 
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m i  Pro-Arg-Arg-Pro-Tyr-Ile-Leu?o Other peptides which show hypotensive 
erties are substance P (Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Me), 
dextran derivatives of eledoisin analogs?3 two octapeptides claimed to be 
renin inhibitors94 and the vasoactive intestinal peptide (VIP) isolated 
from hog small intestine?5sg6 The role of prostaglandins in blood pressure 
control was recently revie~ed?~ 9 98 Cases of the utility of intravenous PGE1 
in lowering blood pressure in various types of hypertension we 
ed99 and its use in nonocclusive mesenteric ischemia suggested!" Success 
of PGAiin hypertensive crisis has also been reportedlol but it appears to 
be of no use in high renin hypertensive subjectslo2 A neutral lipid from 
renomedullary interstitial cells which lowers the blood pressure of hyper- 
tensive rats has been found!O3 Variation of the cannabinol structure has 
led to some separation of h potensive and CNS effects. 
appear to be BRL 6155 (Z)loET and compound 101°5,106 Coenzyme Qlo, given 
orally (1-10 mg/kg/day) suppresses the deveKpment of hypertension or 
reduces advanced hypertension in experimental hypertensive rats and dogsp7 

report- 

The best of these 

reduces blood pressure in hypertensive rats and 
is a more potent and prolonged renal vasodilator 

R2 
lla: R1 = H; - 

R2 = CH3 
1lb: R1 = HO; - - 9 - 10 R2 = C3H7 

Other Antihypertensivas under Investigation - #3-10459-2(12) shows potent 
antihypertensive effects in several animal models, probably by a mech- 
anism of attenuated s pathetic function as a result of peripheral nore- 

ented. The mandelamidine (3) caused hypotension in rats comparably to 
pineplfine depletion1 3;" 0,111 A number of related compounds have been pat- 

12 - 14 - 
bethanidine and guanethidine with some lessening of side effects{l3 The 
analog 14 showed a simila profile to guanethidine but was less potent in 
renal hypertensive rats;'$ The azapetine analog 15 showed strong hypoten- 
sive activity in dogs by a-blockade at sympathetic neuroeffector sites115 
L-8142 (16) lowers blood pressure for a prolonged period in several rat 
models&lbThe amiquinsin analog 2 was less active than the quinoline 
compound in dog models!-l7 Compound 18 appears to be one of the best of a 
series of benzofurans with hypotensive (cats, Grollman rats) and diuretic 



Chap. 7 Cardiovascular Agents 65 Francis - 

‘0’ CH&N NCH,CH,CH- CH?(T 
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properties;l8 ISF 2123 (19) appears qualitatively similar to hydralazine 
but more potent in rats and dogs119 DJ-1461 (20), though only one-fourth 
as potent as hydralazine in lowering blood pressure, is one-hundredth as 

18 - 20 - 
potent in increasing heart rate in rat studies$20 Compound 21 was the 
most potent of a large series of pyridazinone derivatives in rats, but pre 
liminary toxicology in several species revealed hemorrhagic patches in the 
heart areal21 Abbott 31699 (22) caused a delayed, long-lasting hypotensive 
effect in hypertensive dogslnwhich did not correlate with plasma levels 

0 

of the parent drug or a metabolite. This suggests that more than one 
agent may cause the activity!23 The diazoxide analog 23 reduced blood 
pressure and heart rate in rats but caused ECG changez24 

Antianginal and Antiarrhythmic Agents - Verapamil (24) normalized sinus 
rhythm at 10 mg.i.v. in a number of patients with supraventricular tachy- 
~ a r d i a i ~ ~  Its mode of action, which likely results from the ability to 
block calcium transport across the myocardial cell membrane126 127 sets 
it apart from other well-known antiarrhythmic agents!28, 129 It is claimed 
to be not contraindicated in obstructive airways disease, 130 possibly use- 
ful in therapy-resistant hypertension or hypert 
well suited to the treatment of angina pectoris(iqg Aprindine (AC 1802, 
Lilly 99170, 25) was effective in the treatment of chronic stable ventric- 

ive crisis131,132 and 
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ular extrasystoles in two recent studiesI33, 134 The drug slows conduction 

velocity in the AV node as well as in the His-Purkinje system and the 
sinus node recovery time is 
calcium-dependent membrane processes and sodium conductance changes$36 The 
metabolism of aprindine in man was recently reported137 Attempts to modify 
the carboxamide groups of the promising clinical candidate disopyr- 
amide did not produce a superior compound~39 Mexiletine (Kg 1173, - 27a) reduced ventricular extrasystoles or ventricular tachycardia in 
twelve patients in a recent stud i40 Clinical trials were suggested for a 

fusion in twelve patients with therapy-resistant ventricular arrhythmias* 

Activity may depend on certain 

related compound, N36095 (m)l 41 QX-572 (28) was effective after i.v. in- 

q /corn2 
a 

- 27a: X =-OCH2- 
- 27b: X =-NHCO- 

28 

The tetrafluoro compound g w a s  orally effective in dog and baboon models 

cH3 n-Bu a-k Q 0 (cH2 3N I 
I 

~ - B u  
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- 31a: X = 0; R = CH2CH3 
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30 - 29 MI2 - 
and was selected for clinical trial as an antiarrhythmic 
ment of the tetrftluoroethane bridge with ethyne gives a compound of com- 
parable activity. Studies in various animal models revealed that the 
antibiotic lasalocid (X-537A, Ro2-2985, 30) appears to be a prototype 
a new class of inotropic drugs145 The amiodarone analog L 8412 (u), 
now in clinical trial as an antianginal agent has been followed by L 9146 

Replace- 

12i 



67 Chap. 7 Cardiovascular Agents Francis - 

(m) having hemodynamic effects similar to amiodar~ne;~~ Capobenic acid 
(C-3, 32)  was reported to give good results in 57 cases of acute myocardial 

34 - 33 - 32 - 

infarct and 10 cases of coronary insufficiency$48 ST-91 (33) caused pro- 
nounced bradycardia in man and prolonged exercise time for anginal patients, 
however, with a-stimulant produced side Etafenone (34) is now 

said to give favorable antianginal effects via inhibition of calcium in- 
flux and phosphodie~terasei~~ A broad clinical investigation of chromanar 
(35) indicated that the drug reduced the frequency of anginal attacks and 
nitroglycerin requirements with minimal s de effectsi51 Two recent clini- 
cal studies on perhexilene maleate '@exid',%) demonstrated its effective- 
ness in anginal p a t i e n t ~ i ~ ~ r ~ ~ ~  In dog studies, it a eared to have no 
significant effect on the cardiac conduction system. 81 
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Chapter 8. Diuretics 

Everett M. Schultz, Robert L. Smith and Otto W. Woltersdorf, Jr. 
Merck Sharp & Dohme Research Laboratories, West Point, Pa. 19486 

Since the advent of the thiazide diuretics, which practically re- 
placed the mercurials, much research has been devoted to the synthesis of 
purely organic diuretic compounds. This research has resulted in more 
potent diuretics, such as furosemide, ethacrynic acid and bumetanide. 
However, the search still goes on in this field, for the goal is no longer 
mere potency but elimination of the undesirable attributes that have con- 
tinued to accompany drug-induced diuresis. 

Of the several undesirable side effects of the commonly used diu- 
retics, hypokalemia and hyperuricemia stand out as ubiquitous and concern- 
ing problems. Amiloride and triamterene, two antikaliuretic compounds, 
have gained favor, particularly in combination with thiazides, for the 
control of the former problem; however, until recently, little progress 
has been reported in solving the problem of uric acid retention, an unde- 
sirable attribute of all non-mercurial diuretics. 

Uricosuric Diuretics - Within the past year, two classes of uricosuric 
diuretics have been reported. The synthesis of tienilic 
acid (SKF-62698), several of its congeners, and their 
diuretic efficacy in mice and dogs have been described. 
More recently, a clinical investigation2 of tienilic 
acid in the treatment of patients with moderately severe 
arterial hypertension showed an average reduction of 
27 nnnHg in systolic pressure and a decrease in diastolic 

1 cpyJ 1 

CHzC02H 

SKF-62698 
pressure of 2 RrmHg. Most notable in the report, however, was that 
tienilic acid effected reductions of from 35 to 50% in plasma urate. 
Tienilic acid appears to have its major site of action in the diluting 
portion of the distal t~bule.~ 

Cragoe and co-~orkers~-~ have reported on a series of (1-0x0-2-sub- 
stituted-5-indany1oxy)acetic acids as potent orally active agents pos- 
sessing both uricosuric and saluretic activity. 
stituents at the 2-position markedly influenced the saluretic activity as 

The nature of the sub- 

measured in the rat, dog and chimpanzee as well as the 
uricosuric activity in the chimpanzee. Thus, 1 dis- 

R' played modest activity as a diuretic in the three spe- 
cies and marked uricosuria in chimpanzees, as determined 
using established testing procedures. 7'9 Replacement 
of the 2H with methyl, 2, gave a profound increase in 
both biological parameters. 
aryl group for the cyclopentyl moiety, 3, optimized the 
saluretic effect of the series." 
saluretics were synthesized which were comparable to 
probenecid and the loop diuretics in their respective 

P 
Then substitution of an 

cf3 
cH2c02H a - 1 R=H, R'= 

Thus, uricosuric a - 2 RFCH3, R'= 
2 R=CHs, R'=CeHs intrinsic pharmacodynamic responses. Clinical studies 



72 Sect. I1 - Pharmacodynamic Agents Clarke, Ed. - 

have confirmed the marked diuretic, saluretic and uricosuric activities 
observed in chimpanzees. 

Heterocyclic Compounds - Structure-activity comparisons of a series of 1- 
imidoyl-2-(2-and 3-indoly1)indolines revealed that the indoline nitrogen 
must be maintained in an amidine configuration if diuretic activity is to 
be retained. The t-butyl compound in the 2,3-subseries (MJ-8592-1) was 
the most active compound in either group. 
isopropyl compound, 5, produced substantial increases in the levels of 
volume excreted and natriuretic response with minimal kaliuresis ." 
adrenalectomized rats, MJ-8592-1 produced dose related electrolyte excre- 
tion responses in both the presence and absence of exogenous DOCA. Thus, 
MJ-8592-1 counteracted mineralocorticoid-induced Na@ retention in the dis- 
tal tubule but was also capable of increasing Na@ excretion by a mechanism 
independent of interactions with the adrenal corticol steroids or the 

tubular sites influenced by those hormones ,12 

MJ-8592-1 and the corresponding 

In 

Grisar -- et all3 prepared a series of lactami- 
mides for evaluation as hypoglycemic and diuretic 
agents. Two compounds in particular RMI 11842 

ratio when tested by the method of Lipschitz;l4 
however, when evaluated in mannitol infused dogs 

I 

WLXJ 
CH=NR 

R=c(cH~)~ MJ-8592-1 and RMI 11749, showed a favorable Na*/K@ excretion 

by the method of B e ~ e 3 ~  the lactamimides caused considerably less Na@ and 
cle excretion. 

(a312 - 4 

A number of 2,3-disubstituted-l,6-naphthyridines were synthesized by 
Hawes and co-workers" based on their structural relationship to 
triamterene. One compound, 5, was as natriuretic as triamterene and 
hydrochlorothiazide (HCT) at 15 mg/kg p.0. but was devoid of anti- 
kaliuretic activity. 

The potassium-sparing attributes of azolimine (C1 90748) and 
clazolimine (C1 88893) have been reported.17 
Nag/@ excretion ratio was markedly increased. 

In combination with HCT, the 

- C1 90748 R=H 

RMI 11749 RMI 11842 5. 
Yurugi ay$ co-workers prepared a series of pyrimido(4,5-d)-, 
(4,5-c)- and pyrido (3,4-d)pyrida~ines~~ as diuretic agents. Several 
members of each series displayed marked diuretic activity, and one member 
of the latter series, DS-511, was studied extensively in rat, dog and 
man.21 
DS-511 was more water diuretic and significantly less kaliuretic. 

pyridazino- 

The diuretic profile of DS-511 was similar to that of HCT, however, 
Studied 
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in combination with known diuretics (e.g., HCT, acetazolamide and tri- 
amterene), DS-511 produced a synergistic natriuretic effect without modi- 

fying the kaliuretic effect of the co-administered diu- 
retic, leading to the conclusion that the two compounds 
were acting at different sites in the renal tubule. 

Sulfamoyl Benzoic Acids and Hydrazides - Continuing to 
explore the effects of modifying the ring substituents of 
m-sulfamoylbenzoic acids, Feit and colleagues have re- 
ported extensively on 2- and 3-substituted amino-4- 
benzyl-5-sulfamoylbenzoic acids and their related 1,2- 
benzisothiazole-1,l-dioxides. 22~23 The high diuretic 

and saluretic potency of the benzisothiazoles was explained as being due 
to an equilibrium existing in aqueous solution between these compounds, 
- 6 ,  8, and the corresponding ring opened sulfonamides. The dependence of 
diuretic potency on structural changes was more pronounced in the anthra- 
nilic acid, 5, 1, than in the 3-aminobenzoic acid, 8, 9, series. In 
analogy with the relative potencies of furosemide and bumetanide, fur- 
furylamino appears to provide maximal potency in the anthranilic (furose- 
mide) series, whereas butylamino and benzylamino are optimal in the m- 
aminobenzoic acid series. One compound (Sc, besunide) was chosen for 
further investigation. 

In two subsequent papers, it was demonstrated that certain 3-alkyl- 
thio-4-phenoxy- and 3-alkylthio-4-phenylthio-5-sulfamoylbenzoic acids pos- 
sessed equipotent diuretic activity to their progenitor 3-alkylamino- 
benzoic acids .24325 Concurrently, it was concluded that the influence of 
aryl moieties attached by NH, 0, S, SO, SO,, CO, or CH, to the 4-position 
of the sulfamoylbenzoic acid diuretics was largely a steric factor rather 
than physicochemical in nature. Thus, compounds (e.g., lo) were designed 
that were saluretic at doses as low as 1 ug/kg i.v. in dogs. 

- 8 P 6 - 

U 
c, n-butyl 

10 - 
Considerable clinical data have been obtained in normal, 26 27 hyper- 

tensiveZ8 and edematous2' subjects on the diuretic indapamide (S-1520). 
In comparison with fur~semide,~' S-1520 was shown to be a longer acting 
diuretic. S-1520 and furosemide provoked similar increases in diuresis, 
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but the former drug induced a larger increase in 
sodium and chloride excretion, which lasted more 
than 24  hours. The studies suggest, however, that 
S-1520, in common with many other diuretics, may 
produce hypokalemia, hyperglycemia and hyperuricemia 
upon extended administration. Another closely re- 
lated structure, 11, has been reported to be a po- 
tent antihypertensive diuretic in oral rat studies?l 

Natriuretic Hormone - For two decades it has been 
known that expansion of plasma volume by administra- 
tion of saline increases natriuresis. 32-34 
vestigations of de Wardener et al,35*36 which seemed 
to indicate that the natriuretic effect was inde- 

R = a 11 pendent of dilution effect, renal nerve stimulation, 
or a rise in arterial pressure and, therefore, must 
be due ro  change in concentration of some circula- 

ting factor, lent impetus to the search for a natriuretic hormone. In the 
opinion of some, there is considerable evidence for the existence of such 
an entitp.37 

cl-@ 
H2NO2S 

s-1520 

The in- 

This evidence rests on the fact that plasma or urine fractions taken 
from volume expanded or salt loaded animals show the presence of an in- 
hibitor of toad bladder sodium transport or will cause natriuresis upon 
intravenous administration to a non-expanded animal. This has been demon- 
strated in many experiments of which a few examples suffice to show the 
procedure. 
salt intakes were injected into rats. 
increased natriuresis while those from the latter did not.38 
were administered desoxycorticosterone (DOCA) (a sodium retaining steroid), 
at first sodfum was retained but eventually there was "escape" of sodium 
(natriuresis). Upon the onset of natriuresis, but not before, ultrafil- 
trates of ugular plasma tested on toad bladder show inhibition of sodium 
transport. 

Urinary extracts prepared from human subjects on high and low 
The extracts from the first group 

When dogs 

Js3 

Since all clinically used diuretics have well-known side effects, a 
hormone producing natriuresis and only natriuresis would provide an 
approach to therapeutic management. The isolation and identification then 
becomes a key to any progress in this direction. The chemical evidence 
suggests that it is a pe tide of a molecular weight variously thou ht to 
be 10,000 to 50,000,  1000 to 1500,42 or even less than 1000.4' There 
is also evidence that it arises in the posterior lobe of the pituitary.44 

In a preliminary manner, Kaplan et a143 report the isolation of at 
least seven peptide peaks by gel filtration of urine or plasma from uremic 
patients. Only two o f  these have natriuretic activity; one is highly 
acfdic and the other basic, Separation and characterization of these two 
entfties is in progress to determine if a sample of the long-elusive 
natrfuretic hormone has been isolated. 

Other investigators doubt the existence of a natriuretic hormone. 
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After an investigation of synthetic and natural polypeptides related to 
the pituitary, C ~ r t ~ ~  concludes that there is probably no such molecule 
as "natriuretic hormone", at least in the pituitary, in the sense of a 
single, highly specific, hitherto unknown molecule of high natriuretic 
potency, but that there can be a "natriuretic potentiator", which, when 
released, can, in combination with known peptide hormones (e.g., vaso- 
pressin, oxytocin), produce an altered renal response. 

The status of natriuretic hormones has been reviewed in depth by 
Levinsky.& 
series of events that leads to intrarenal vasodilation due to intrarenal 
release of bradykinin (or less likely, a prostaglandin). Subsequent in- 
creased renal blood flow is depicted as being the fundamental step in a 
process by which sodium excretion is increased. In his opinion, the in- 
volvement of any "natriuretic hormone" other than circulating catechols 
and renal vasodilators is open to question. 

It is his conclusion that plasma volume expansion triggers a 

Prostaglandins - Extensive investigations destined to ultimately unravel 
the fundamental physiological functions played by the renal prostaglandins 
(PGE,, PGA, and PGF,,) in the renally mediated maintenance of body fluid 
homeostasis have continued at an accelerated pace during the past two 
years and constitute the subject of several excellent, recent reviews. 
Although often conflicting, experimental evidence continues to mount sug- 
gesting that prostaglandins A and/or E may function as intrarenal natri- 
uretic hormone(s). 
ten-week old fetal human kidneys. 

4750 

Prostaglandins A, E and F were detected recently in 
51 

Attalah and Lee5' recently observed that in saline loaded rabbits, 
low sodium excretion levels (a12 meq/day) were paralleled by extremely 
high PGA, levels in papilla trailing off to relatively low PGA, levels in 
outer medulla and, ultimately, to extremely low PGA2 levels in the renal 
cortex, whereas, in animals excreting high amounts of sodium (456 meq/ 
day), the opposite PGA, concentration trend was found. In addition, 
administration (i.m.) of indomethacin, a potent PG biosynthesis inhibitor, 
led to both lowered PGA, tissue levels (except in the cortex) and a de- 
crease in so ium,,excretion (457.6 ? 5.0 to 34.9 f 4.2  meq/day). Since 
Larsson and fl nggard53 have shown that 15-hydroxy PG dehydrogenase levels 
are high in the rabbit cortex and low in the outer medulla and papilla 
and Lee -- et a154 recently confirmed that the cortex is the major site of 
PGA, degradation in vivo via injection of 3H-PGA2 directly into the rabbit 
renal artery, the above observations led Lee to postulate, but yet to 
prove, that PGA, may be an important factor mediating natriuresis accom- 
panying saline loading. Lafferty -- et a155 demonstrated that PGA,, but not 
PGE2, markedly inhibits oxygen consumption and Na@/l($-ATPase activity in 
both renal cortex and outer medulla slices; hence, this evidence suggests 
that PGA promoted natriuresis may result from metabolic inhibition of the 
energy sources required for tubular sodium reabsorption. 

T&e4genesis of PGA, (medullin) remains unresolved to date. McGiff 
-- et a1 ' 
isomerase mediated heterolysis of the endoperoxide PG precursor, " must 

believe that PGE,, biosynthetically generated via endo eroxide 
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give rise to PGA, via an as yet unknown mechanism, since he has consis- 
tently failed to dem~nstrate~~ PGA, biosynthesis in both rabbit and dog 
renal medullary preparations after addition of either labelled arachidonic 
acid or PGE,. These observations coupled with his earlier obser~ation~~ 
that the renal vasodilator-diuretic activity of PGA, is only one-fifth 
that of PGE, led M ~ G i f f ~ ~  to conclude "that PGA,, if present in the kid- 
ney, is present in amounts which are not readily detected and that this 
problematic renal production of PGA, could not account for the high pe- 
ripheral blood levels reported5' for PGA compounds in man." 
McGiff does not believe that PGA, of renal origin functions as an anti- 
hypertensive substance. 

In addition, 

Montgomery and colleagues6' recently investigated the relative 
effects of PGAl, sodium ethacrynate and placebo (5% dextrose injection) in 
normotensive human volunteers maintained on restricted sodium diets and, 
contrary to earlier inve~tigations~l-~~ in patients with hypertension or 
various edematous states, found that PGAi failed to elicit diuresis. 
Since Zusman et ales had demonstrated previously that restricted sodium 
diets resulted in elevated PGA plasma levels in normal volunteers, 
Montgomery and colleagues feel that their failure to observe diuresis 
following exogenous PGA, administration suggests that PGA, may exert its 
diuretic effects by a mechanism yet to be defined and not operant in 
normal physiologic states. 

Recently, Williamson et a166 reported that the well documented in- 

This postulate is 
crease in renal blood flow (RBF) induced by "loop diuretics" (ethacrynic 
acid and furosemide) may be mediated by PGE release. 
based on studies in dogs which revealed increased PGE levels (determined 
by radioimmunoassay) in renal venous blood post loop diuretic administra- 
tion via direct injection into a renal artery but no increase in either 
PGE levels or RBF, if the animals were pretreated with indomethacin. 
ever, these results, as well as much of the published literature, must be 
viewed with caution, since, as aptly pointed out by McGiff et&,47 
amongst others, experimental observations based upon radioimmunoassays may 
be deceiving due to insufficient inherent discrimination amongst closely 
related chemical structures. Likewise, the use of non-specific PG bio- 
synthesis inhibitors, such as indomethacin, i.e., agents inhibiting bio- 
synthesis of all PG's rather than a specific class, such as PGE's, etc., 
fail to provide information necessary to implicate a specific PG(s) as the 
active agent ( 6 ) .  

How- 

In conclusion, although the information cited herein undoubtedly 
indicates that PG's are intimately involved in normal kidney function and, 
probably in the mechanism of various renal disorders as well, determina- 
tion of their precise physiological role(s) in the kidney and subsequent 
utilization of this knowledge by medicinal chemists for design of future 
diuretic agents, awaits development of major advances in cellular and 
physiological endocrinology research, more reliable and sensitive PG 
assay techniques and as yet unavailable specific PG biosynthesis inhibitors 
or PG antagonists to facilitate their thorough investigation at truly 
endogenous, rather than artificially high, exogenous levels. 
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Asthma may be def ined  a s  a type of r e v e r s i b l e ,  o b s t r u c t i v e  pulmonary 
d i sease  due t o  widespread narrowing of t h e  b ronch ia l  airways and edema of 
t h e  bronchia l  mucosa, caused by s p e c i f i c  a l l e r g i c  and/or  nonspec i f i c  irri- 
ta t ive s t i rnu l i . l s2  While the  common endpoint of t h e  as thmat ic  response is  
airway narrowing and d i f f i c u l t y  i n  brea th ing ,  s e v e r a l  f a c t o r s  may cause o r  
pred ispose  t o  t h e  condi t ion .  Severa l  t heo r i e s  proposing autonomic imbal- 
ance i n  the  lung of t h e  as thmat ic  have been suggested.  
genera l ized  decrease  i n  beta-adrenoceptor  responsiveness  ,3 an e l eva ted  re- 
f l e x  cho l ine rg ic  a c t i v i t y 4  and an e l eva ted  alpha-sympathomimetic a c t i v i t y  
5*6; such f a c t o r s  could con t r ibu te  i n  varying degree t o  t h e  as thmat ic  res- 
ponse i n  d i f f e r e n t  p a t i e n t s .  This proposed autonomic imbalance need no t  
be  confined t o  the  smooth muscle of t h e  lung b u t  may involve  o t h e r  cells  
such a s  lymphocytes3 and basophi ls7 a s  w e l l  as o t h e r  t i s s u e s ,  such as the  
ad rena l  medulla and l i v e r . 3  The responsiveness  of bronchio lar  smooth mus- 
c l e  t o  h is tamine  o r  slow r e a c t i n g  substance of anaphylaxis (SRS-A), media- 
t o r s  re leased  fol lowing a n t i g e n i c  provocat ion,  is  enhanced i n  t h e  asthma- 
t i c  and t h e  t o t a l  response may a l s o  inc lude  t h e  discharge of mucus and 
inflammation. Therapy f o r  asthma may be  d i r e c t e d  a g a i n s t  any o r  a l l  of 
t hese  f a c t o r s .  

These inc lude  a 

Beta-Adrenoceptor Agonists - Severa l  beta-adrenoceptor  agon i s t s  which se- 
l e c t i v e l y  s t i m u l a t e  w - 2  r ecep to r s  (mediating bronchodi la ta t ion)  r e l a -  

~~ 

t i v e  t o  beta-1 receptors  (mediating ca rd iac  s t imu la t ion )  are being 
studied.-Pyrbuterol (1) has been t e s t e d  i n  man and was a c t i v e  o r a l l y  a t  
doses of 2,  5,  o r  10 mg f o r  up t o  6 h r  a f t e r  a d m i n i ~ t r a t i o n . ~  Fur ther  
work on i soe tha r ine ,  a s e l e c t i v e  beta-adrenoceptor  agonis t  known s i n c e  
1950, has been d i r ec t ed  toward a sepa ra t ion  of e ry th ro  and th reo  isomers.1° 
The racemic e ry th ro  and (-) e ry th ro  isomers were the  most a c t i v e  forms 
t e s t e d  f o r  r e l axa t ion  of t rachea ,  s t imu la t ion  of a t r i a  and reduct ion  of r a t  
pas s ive  cutaneous anaphylaxis.  

A series of 2-, 5-, and 6- chloro  s u b s t i t u t e d  analogs of i sop ro te re -  
no1 was prepared i n  an a t tempt  t o  f i n d  poten t  and broncho-select ive bron- 
chod i l a to r s  wi th  a long dura t ion  of ac t iv i ty . ”  S u b s t i t u t i o n  of p o s i t i o n  
2 of i sop ro te reno l  and s e v e r a l  N-subst i tuted d e r i v a t i v e s  gene ra l ly  a f forded  
compounds wi th  g r e a t e r  potency than t h e i r  nonchlor inated counterpar t s  
whereas s u b s t i t u t i o n  i n  t h e  5 o r  6 p o s i t i o n  decreased beta-adrenoceptor 
potency a s  determined i n  v i t r o  using r e l axa t ion  of guinea p i g  t rachea  and 
increased  rate of r i g h t  a t r i a l  cont rac t ion .  
c h i a l  vs .  ca rd iac  s p e c i f i c i t y  was no t  obtained.  Chlor ina t ion  of t h e  
2 p o s i t i o n  of i sop ro te reno l  d id  not  alter du ra t ion  of bronchodi la tor  
a c t i v i t y .  
t i v i t y  of ( 2 ) .  I n  v ivo  tests i n  dogs and guinea p igs  a s  w e l l  i n  v i t r o  

A high degree of tracheobron- 

Schwender, e t  a1.I2, repor ted  on t h e  bronchia l  selec- 
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eva lua t ion  us ing  guinea p i g  t r a c h e a  and a t r i a  i n d i c a t e d  t h a t  t h i s  compound 
possessed a s e l e c t i v e  a c t i o n  f o r  b ronch io la r  vs .  c a r d i a c  beta r ecep to r s .  
While t h e  potency of t h i s  new s e l e c t i v e  beta agon i s t  w a s  1/100 t h a t  of 
salbutamol ,  i t s  m a x i m u m  e f f i c a c y  was similar. 

Seve ra l  papers  r epor t ed  on the  b ronchose lec t iv i ty  i n  man of NAB365 
(c l enbu te ro l ,  3) which a t  an o r a l  dose of 10 o r  2Opg was found t o  be s i m -  
i l a r  i n  bronchodi la t ing  potency t o  a p . ~ .  dose of 2.5 mg of t e r b u t a l i n e  
o r  2.0 mg of salbutamol .  13-15There was a s i g n i f i c a n t  b ronchod i l a to r  res- 
ponse fo l lowing  admin i s t r a t ion  of each drug. Following an o r a l  dose of 
20pg, t h e  bronchodi la tor  response w a s  ev iden t  a f t e r  15 minutes,  reached 
a maximum a f t e r  2-4 hours  and began t o  f a l l  w i t h i n  5-7 hours .  With re- 
gard t o  ca rd iovascu la r  e f f e c t s ,  one s tudy  i n d i c a t e d  t h a t  no i n c r e a s e  
pu l se  o r  ar ter ia l  p res su re  occurred a f t e r  long pe r iods  of t rea tment .  
Another s tudy  i n d i c a t e d  a minor decrease  i n  h e a r t  rate 1 
a f t e r  p.0. admin i s t r a t ion  of e i t h e r  NAB365 o r  f e n o t e r o l .  

It" 
and 30 minutes P5 

Although s e v e r a l  8-adrenoceptor agon i s t s  have s e l e c t i v i t y  f o r  bron- 
c h i o l a r ,  beta-2 ( r e l a t i v e  t o  c a r d i a c  o r  beta-1) adrenoceptors ,  t hese  new- 
er agents  given p.0. tend t o  produce tremor. Inc idence  of tremor may be  
as h igh  as 40%.16 The tremor response is  due t o  d i r e c t  s t i m u l a t i o n  of 
beta-adrenoceptors  which appear  t o  be of t h e  beta-2 type.  
tween b ronchod i l a to r  and tremorogenic response has  no t  been r epor t ed .  

Sepa ra t ion  be- 

F ina l ly ,  s i n c e  decreased beta responsiveness  has  been impl i ca t ed  i n  
asthma f o r  c e r t a i n  ce l l  types  such as lymphocytes3 as w e l l  as f o r  smooth 
muscle and s i n c e  h is tamine  synthes is17  and release from lung  t i s s u e  f o l -  
lowing a n t i g e n i c  chal lenge18 i s  decreased by beta a g o n i s t s ,  t h e  benef i -  
c i a l  r o l e  of t h e s e  drugs may be  due t o  several mechanisms. 

Alpha-Adrenoceptor Antagonis ts  - The presence  of a lpha-adrenoceptors  med- 
i a t i n g  b ronch io la r  smooth muscle con t r ac t ion  has  been r epor t ed  i n  bo th  
humans and animals.  19920 The t h e r a p e u t i c  u t i l i z a t i o n  of t h i s  concept w a s  
first repor t ed  by Marcelle,21 who t r e a t e d  s i x  r e f r a c t o r y  as thmat ics  w i th  
phentolamine (5 mg by i n h a l a t i o n ) .  
t i o n  which l a s t e d  f o r  18 hours .  I n h i b i t i o n  of histamine-induced o r  
exercise- induced bronchospasm has  been r epor t ed  fo l lowing  admin i s t r a t ion  
of a1 ha  adrenoceptor  b locking  agen t s  such as phenoxybenzamine, indora-  
m i n ~ ~ e n t o l a r n i n e , 7 , 2 3  o r  t h y m ~ x a m i n e . ~ ~  Also, a l though a d i r e c t  
b ronchodi la tor  response may n o t  be  observable ,  alpha-adrenoceptor block- 

enhance t h e  response t o  --adrenoceptor agon i s t s .  

There w a s  improvement i n  lung func- 

Thus, Palmer, 
r epor t ed  t h a t  a s i g n i f i c a n t l y  g r e a t e r  i n c r e a s e  i n  forced  expi ra -  -- 
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t o ry  volume i n  one second (FEV1 
drugs were adminis tered wi th  s d s u t a m o l ,  than when salbutamol was given 
alone;  the  alpha-adrenoceptor blocking drugs had no g r e a t e r  e f f e c t  than 
d id  t h e  placebo. 
reported t h a t  alpha-adrenergic s t imu la t ion  (phenylephrine o r  norepine- 
phr ine  i n  the  presence of propranolol)  enhanced immunologic release of  

26 his tamine and SRS-A from human lung t i s sue .  

) was obtained when alpha blocking 

Apart from alpha blockade i n  smooth muscle, i t  has been 

It is w e l l  known t h a t  alpha-adrenoceptor blocking agents  have sever- 
a l  pharmacologic act ivi t ies .  
taminic and weak an t i cho l ine rg ic  p rope r t i e s  and blocks uptake of catechol-  
amines; phentolamine inc reases  c i r c u l a t i n g  catecholamines; and thymox- 
amine and indoramin have an t ih i s t amin ic  r o  erties i n  the  same order  of 
potency as t h e i r  alpha-blocking e f f e c t s .  17918 A l l  of t hese  pharmacologic 
ac t ions  could con t r ibu te  t o  the  observed b e n e f i c i a l  response i n  histamine- 
o r  exercise-induced asthma. A prominent side-ef f e c t  of alpha-blockade is 
p o s t u r a l  hypotension. 

For example, phenoxybenzamine has  a n t i h i s -  

(*\/\OOH 

indoramin 

AY 22093 

Ant ichol inerg ics  - The exact r o l e  of an t i cho l ine rg ic s  i n  t h e  therapy of 
asthma is  s t i l l  not  defined. While bronchoconstr ic t ion,  probably r e f l e x  
i n  nature ,  is blocked by a t ropine  o r  vagotomy i n  experimental animals and 
by a t rop ine  i n  man, the  drying e f f e c t s  of an t i cho l ine rg ic s  remain ikn im- 
por t an t  considerat ion.  Sch 1000 ( i sopropyl  a t ropine)  has  been evaluated 
i n  s e v e r a l  acu te  tests. 
the rapeu t i c  range" than a t ropine  methyl n i t r a t e  o r  c e r t a i n  &-adreno- 
ceptor  s t imulants  i n  "chronic  obs t ruc t ive  airways disease". 
repor ted  o be a more e f f e c t i v e  bronchodi la tor  than salbutamol i n  bron- 
c h i t  s, 36 whi le  t h e  reverse re l a t ionsh ip  w a s  repor ted  i n  as thmatics .  31 
Kaik" repor ted  t h a t  Sch 1000 and f e n o t e r o l  (Th 1165a) had approximately 
t h e  same average bronchodi la tor  e f f e c t s  i n  20 p a t i e n t s ,  b u t  t h a t  t he  two 
drugs d id  not  produce similar bronchodi la tory responses i n  the  same indi -  
v idua l .  This f ind ing  sugges ts  t h a t  only c e r t a i n  p a t i e n t s  may b e n e f i t  
from an t i cho l ine rg ic  therapy. I 

U l m e r 2 9  repor ted  t h a t  Sch 1000 had a " b e t t e r  

Sch 1000 was 

The acu te  e f f e c t s  of  Sch 1000 on pa ro t id  s e c r e t i o n  of saliva i n  
human volunteers  has  been repor  ed. Sch 1000 w a s  similar i n  potency t o  
a t rop ine  i n  blocking sa l iva t ion i3  due t o  acetyl-8-methylcholine. Know- 
ledge of t h e  e f f e c t s  of long term therapy wi th  an t i cho l ine rg ic s  such as 
Sch 1000 i n  d i f f e r e n t  types of obs t ruc t ive  lung d isease  would be valuable .  
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Pros tag landins  - Since t h e  lung is  capable  of rap id  s y n t h e s i s  of PGF a and 
s i n c e  as thmat ics  a r e  extremely s e n s i t i v e  t o  t h e  bronchocons t r i c t o r  e e f e c t s  
of t h i s  pros tag landin ,  i t  is  tempting t o  specu la t e  on t h e  importance of 
t h i s  subs tance  i n  the  pathogenesis  of asthma. 
PGF2a i n  t h e  plasma, 15-keto-13,14-dihydro-PGF2a, increased  by up t o  8-fold 
i n  p e r i p h e r a l  venous blood fol lowing antigen-induced as thmat ic  a t t a c k s  i n  
5 subjec ts .34  The inc rease  i n  the  PGF2a metabol i te  could be  demonstrated 
wi th in  a few minutes a f t e r  commencing t h e  an t igen ic  provocat ion and 
"seemed t o  be  c o r r e l a t e d  t o  t h e  s e v e r i t y  of t he  a t t a ~ k " ? ~  However, o t h e r  
i n v e s t i g a t o r s  repor ted  t h a t  indomethacin i n  doses repor ted  t o  suppress  
over 90% of endogenous pros tag landin  syn thes i s  i n  man has  no e f f e c t  on 
e i t h e r  antigen-induced o r  exercise-induced asthma. 35 
s i t i z e d  t o  ovalbumin, e leva ted  ur inary  l e v e l s  of a PGF a metabol i te ,  5a, 
7a-dihydroxy-11-ketotetranor pros t ano ic  ac id ,  are foun% dur ing  t h e  ana- 
phy lac t i c  response.  36 Indomethacin (25-50 mg/kg p. 0.1 reduced t h e  b a s a l  
exc re t ion  of t h e  PGF metabol i te  and a l s o  abol i shed  t h e  expected rise on 
cha l lenge  wi th  an t igen .  
r e s p i r a t o r y  d i s t r e s s  and convuls ions;  no pulmonary mechanics w e r e  measured. 
I n  c o n t r a s t ,  i n  cats, i n h i b i t i o n  of pros tag landin  b iosyn thes i s  w i th  as- 
p i r i n  reduced pulmonary vasocons t r i c to r  and bronchocons t r ic tor  responses 
t o  hypoxic b rea th ing  and it  is  repor ted  t h a t  hypoxic v e n t i l a t i o n  of i so-  
l a t e d  perfused cat lungs caused t h e  appearance i n  pulmonary pe r fusa t e s  of 
pros tag landin- l ike   substance^.^^ 
l i b e r a t e d  during bronchospas t ic  condi t ions  due t o  s e v e r a l  i n i t i a t i n g  fac-  
t o r s ,  i t s  r o l e  a s  a primary mediator  of asthma is  not  y e t  subs t an t i a t ed .  

The major metabol i te  of 

I n  guinea p igs  sen- 

However, t h e  guinea p igs  were n o t  p ro tec t ed  from 

It appears  t h a t  a l though PGF2a is  

A new bronchodi la tor  compound, a p ros t ano ic  a c i d  d e r i v a t i v e  
(AY22093) w a s  compared t o  i sop ro te reno l  and PGE2 i n  s e v e r a l  p h a m c o -  
l o g i c  tests p r e d i c t i v e  of c l i n i c a l l y  e f f i c a c i o u s  bronchodi la ta t ion .38  
AY22093 w a s  similar i n  p r o f i l e  t o  PGE2 b u t  was less poten t .  

Spec i f i c  I n h i b i t o r s  of Anaphylactic Mediators - Eosinophi l ia  is  a common 
occurrence i n  a t o p i c  ind iv idua l s ,  e s p e c i a l l y  a l l e r g i c  as thmat ics .  While 
e a r l y  work suggested t h a t  antigen-antibody complexes caused eos inoph i l  
migration,39 l a t e r  s t u d i e s  showed t h a t  s o l u b l e  mediators  from anaphylaxis  
were responsible.40 A s p e c i f i c  chemotactic f a c t o r  f o r  eos inoph i l s  (ECF-A) 
h a s  been i d e n t i f i e d 1 9 4 2  from human o r  guinea p i g  lungs.  
have shown t h a t  t he  f a c t o r  e x i s t s  preformed i n  t h e  mast ce l l  g r a n u l e 7  

Wasserman,et G.,  

HO ' COONa 

CH2CH2CH3 
FPL 55712 
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FPL 55712, a compound t h a t  had been shown t o  b e  a s p e c i f i c  b locker  of 
SRS-A44, has  now been shown t o  be a n  i n h i b i t o r  of eos inoph i l  chemotaxis by 
ECF-A45 wi th  an IC50 a l s o  of 3 .8~10-~M.  Whether such a compound w i l l  
have c l i n i c a l  u t i l i t y  i n  asthma is  s t i l l  unknown b u t  might he lp  t o  d e f i n e  
t h e  r o l e  of SRS-A and ECF-A i n  t h i s  d i sease .  

Anaphylactic I n h i b i t o r s  - With the  discovery of new mediators  of immediate 
h y p e r s e n s i t i v i t y  almost every yea r  i t  is c l e a r  t h a t  t he  mechanism of  al- 
l e r g i c  asthma i s  more complex than the  concept of h i s tamine  impinging on 
b ronch ia l  smooth muscle. An a c t i v e  research  area is t h e  sea rch  f o r  agents  
t h a t  i n h i b i t  t he  a l l e r g i c  r e a c t i o n  a t  i t s  incep t ion .  Cromolyn sodium ( a  
compound t h a t  i n h i b i t s  t h e  release of a l l e r g i c  mediators  from s e n s i t i z e d  
t i s s u e s  bu t  does not  i n t e r f e r e  wi th  the  combination of an t igen  and a n t i -  
body) is  the  pro to type  f o r  t h i s  type  of drug b u t  s u f f e r s  from a l a c k  of 
o r a l  a c t i v i t y  and from a l i m i t e d  s o l u b i l i t y  which prec ludes  ae roso l i za -  
t i o n .  Three xanthones wi th  similar a n t i a  e rgy  p r o f i l e s  have been 
s t u d i e d  i n  var ious  animal  models and man." They are AH 7725, AH 7079, 
and AH 6556. 

R 

%fJyJR1 ( 4 )  -COOH 

AH 7725 -COOH 

AH 7079 

AH 6556 -COOH 

R2 

HOCH2 CH2 0 - 

CH3 0 - 

CH30 - 

A l l  t h r e e  compounds i n h i b i t e d  antigen-induced h is tamine  release from 
chopped human lung i n  v i t r o  a t  about 1 O 4 ~ . 4 7  
body-mediated release from guinea p i g  lung i n  v i t r o  (IC50'10-5M). 
w a s  about equipoten t  t o  cromolyn in v i t r o  a g a i n s t  antigen-induced 
h is tamine  release from r a t  p e r i t o n e a l  mast cells. When bee  venom w a s  
used t o  release h is tamine  from ra t  mast cells AH 7725 w a s  equipoten t  t o  
cromolyn b u t  AH 7079 w a s  markedly less so .  
t i o n  (15 and 30 mg/ml) was e f f e c t i v e  i n  a l l e r g i c  b ronch ia l  cha l lenges  i n  

They also i n h i b i t e d  y l an t i -  
AH 7079 

AH 7079 as an a e r o s o l  prepara-  
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man48 while AH 7725 was orally active at a dose of 500 mg49 in 30 ml of 
water 2 hours before antigen challenge. Clinical data on the oral activ- 
ity of a similar compound (4) at 8 mglkg, 2 and 5 hours before testing, 
showed a statistically significant inhibition of exercise-induced asthma; 
the clinical utility of this agent is still under study.50 

n H 

’ PR-D-92-EA 

A tricyclic quinolone acid ICI 74,917 was found to be about 300 times 
as potent as cromolyn sodium in rat passive cutaneous anaphylaxis (PCA) 
and devoid of antimediator effect. 
PCA but would inhibit allergic bronchoconstriction while lacking direct 
bronchodilating activity51 (suggesting tissue specificity for the com- 
pound in this species). Another compound, M&B 22,948 an azapurinone, 
antagonized allergen-induced release of histamine in passively sensitized 
human lung, PCA in the rat and reagin mediated anaphylactic bronchospasm 
in the guinea pig.52 
activity against histamine, SRS-A and prostaglandin F2a. 

In the guinea pig it would not block 

This compound does have some direct antimediator 

PR-D-92-FA inhibited PCA in rats and blocked Ascaris-induced bronchospasm 
in Rhesus monkeys. 
serotonin, SRS-A, PGE2 and PGF2a but not those of histamine on isolated 
guinea pig ileum.53 

PR-D-92-EA blocked responses produced by bradykinin, 

Of a series of 2-nitro indan-1,3-diones, (5) was the most potent in 
rat P C A . ~ ~  

CH3 ~ ~ 3 4 ~ ~ ~  \ 
\ \  OH H : ~ L  \ 

OCH3 

(5) W8011 (6) 
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New syn the t i c  methods have permit ted the  explora t ion  of 3-subs t i tu ted  
chromones. 
chromones t h e  most a c t i v e  w a s  W8011 whi hchad an o r a l  ID50 of 2 mglkg and 
an i . p .  ID50 of 1 mglkg i n  r t PCA. 55a96’ I n  another  series (6) was most 

Of a l a rge  series of 3-carboxy,3-hydroxymethyl and 3-formyl 

poten t  (ID50</mg/kg i . v . ) .  553 

Cor t icos te ro ids  - I n t e r e s t  remains high on aerosol ized  s t e r o i d s  f o r  treat- 
ment of asthma. Two recent  reviews stress the  adrenal-spar ing e f f e c t  of 
these  prepara t ions .  56,57 S i m i l a r  r e s u l t  have been found wi th  aerosol ized  
prepara t ions  of t r iamcinolone acetonide . 38 

I n  a d i f f e r e n t  approach the  macrolide a n t i b i o t i c  troleandomycin (TAO) 
w a s  used t o  reduce t h  dose of o r a l  methyl prednisolone needed by s t e ro id -  
dependent asthmatics.” With 250 t o  500 mglday of TAO, about 70% of t h e  
p a t i e n t s  s i g n i f i c a n t l y  reduced t h e i r  s t e r o i d  requirements with no untoward 
s ide -e f f ec t s .  This a c t i v i t y  of TAO is  unre la ted  t o  i t s  a n t i b i o t i c  
a c t i v i t y .  

Emphysema - Emphysema is  an anatomic a l t e r a t i o n  of the  lung charac te r ized  
by an abnormal enlargement of t he  a i r  spaces d i s t a l  t o  t h e  te rmina l ,  non- 
r e sp i r a to ry  bronchiole ,  accompanied by d e s t r u c t i v e  changes of a lveo la r  
walls. Severa l  agents  have been used t o  produce emphyse - l i k e  condi- 
t i o n s  i n  animals, wi th  papain being the  agent  most used. fY 

Progesterone, which prevents  papain-induced emphysema i n  r a t s ,  has  
now been evaluated i n  a n  e x i s t i n g  emphysema-condition i n  rats and w a s  found 
t o  have a the rapeu t i ca l ly  b e n e f i c i a l  e f f e c t  .60 
f i c i a l  response, whether prophylac t ic  o r  t he rapeu t i c ,  is  unknown. 

The mechanism of t h e  bene- 

Although progesterone e l e v a t e s  a - a n t i t r y p s i n  i n  humans and a def ic iency  
of a j a n t i t r y p s i n  has been a s soc ia t ed  with panlobular  emphysema i n  man, 
t h e  mechanism of progesterone prophylaxis  i n  rats does n o t  appear t o  be 
due t o  a l t e r a t i o n s  of serum an t i t ryps in .61  
-- e t  al .  fi2 repor ted  t h a t  i n t r a c a r d i a c  adminis t ra t ion  of human a - a n t i t r y p s i n  
1 hour p r i o r  t o  exposure t o  papain i n  hamsters d id  no t  preveni  emphysema- 
l i k e  changes, but  t h a t  i n t r a t r a c h e a l  i n s t i l l a t i o n  of a j a n t i t r y p s i n  1 
hour before  exposure s i g n i f i c a n t l y  prevented t h e  development of t he  
les ion .  
a lveo la r  ( r a t h e r  than c i r c u l a t i n g )  an t ip ro tease  as a f a c t o r  i n  the  patho- 
genesis  of emphysema. A lung an t ip ro te inase ,  p resent  a t  t he  a i r - lung  
i n t e r f a c e ,  has  been i s o l a t e d  by s a l i n e  lavage of f r e s h l y  excised dog lungs. 
Immunologic techniques demonstrated t h a t  t h e r e  were d i f f e rences  be- 
tween t h i s  lung an t ip ro te inase  and serum an t ip ro te inase .  The serum and 
lung an t ip ro te inase  showed d i f f e r e n t i a l  i n h i b i t i o n s  of e l a s t a s e  and 
t ryps in .  63 

In  o t h e r  s t u d i e s ,  Martorana, 

This  f ind ing  g ives  f u r t h e r  support t o  the  concept of an i n t r a -  
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Chapter 10. Agents Affecting Gastrointestinal Functions 

Christopher A. Lipinski and Lyle A. Hohnke, Pfizer Inc., Groton, Ct. 

Introduction - Drug research on disorders of the gastrointestinal system continues to 
concentrate on peptic ulcer disease. Therapeutic management of this malady in general aims 
at reduction of gastric acid secretion and drug research has therefore focused on approaches 
and agents that will accomplish this in man. In the two-year period 1973-1 974 outstanding 
developments directed towards peptic ulcer therapy have been (1) the discovery and 
development o f  the histamine H2 antagonists, burimamide and metiamide (2) the clinical 
testing of several classes of antisecretory prostaglandins and (3) research on the identity and 
actions of gastrointestinal hormones. Significant developments in these areas constitute the 
major emphasis of this review. 

Summaries of gastric antisecretory and antiulcer agents’ including  prostaglandin^^,^,^ and 
antisecretory antihistamines, have been published. The physiology and chemistry of 
secretin, gastrin, pancreozymin 5 and gut hormone candidates 6 have also been reviewed. The 

proceedings of an international symposium on H2 antagonists7 should be consulted for a 
more complete perspective o f  this area. 

Histamine H2 antagonists - Two types of histamine receptors (HI and H2) have been 
proposed.’ Since conventional antihistamines block H1 receptors but fail to inhibit acid 
secretion stimulated by histamine at gastric H2 receptors, Black and his associates at SK&F 
chose to modify the agonist, histamine, in a search for a competitive H2 antag~nis t .~  Their 
successful development o f  the histamine H2 receptor antagonists, burimamide and later 
metiamide, is  an excellent example of a reasoned approach to drug discovery (see below). 
The availability of selective histamine antagonists may help define the role o f  histamine in 
the gastric acid secretory process and clarify the clinical usefulness of a gastric antisecretory 
agent in ulcer therapy. 

Histamine agonist activity - Initially the SK&F group defined the structural features 
responsible for HI, as opposed to  H2, agonist activity in histamine. Employing extended 
Huckel theory (EHT) calculations, which were in agreement with NMR conformational 
 interpretation^,^ side chain trans/gauche conformer populations were examined for 01 - 
and p -methyl and N,N-dimethyl histamine. Althou h these were quite different no 
selectivity in H1 or H2 agonist action was observed,ll a result not predicted by Kier’s 
hypothesis that H1 agonist activity was associated with the trans and H2 agonist activity 
with the gauche side chain conformation.’ ’ Moreover, a decreased trans rotomer preference 
in a - and p -methyl histamine resulted in reduction of both HI and H2 activity 
suggesting the involvement o f  the trans conformer at both types of histamine receptor. 
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4-Methylhistamine - Since 4-methylhistamine selectively stimulated H2 receptors (H2/H1 
ratio = 200) an ef fect  o f  the methyl roup on the orientation of the imidazole ring relative 
to the side chain was postulated.15 EHT calculations on the N3-H tautomer of the 
4-methylhistamine monocation indicated that the Cq-methyl influenced the orientation of 
the imidazole ring relative to the side chain. Coplanarity of the ring with the C Q - p side 
chain carbon bond was hindered by steric interaction between the methyl and the 
Q -methylene of the side chain. 

Histamine H 

4-methyl histamine 

contormo t io A 
Ganellin 

The H I  conformation - Since conformations unfavorable for the H2 agonist, 
4-methylhistamine, might be associated with effective drug interaction at HI receptors 
Ganellin was able to define an “H1-essential” conformation for histamine in which the trans 
side chain is fully extended.12 The carbon and nitrogen atoms are coplanar with the ring 
and a maximum distance of 5.1 A separates the charged ammonium group from the ring 
Nl-nitrogen atom. The Ganellin hypothesis differs from the Kier hypothesis in that the 
relationship of the imidazole ring to the side chain i s  emphasized rather than the 
conformation of the side chain. Furthermore, the Ganellin hypothesis requires a histamine 
conformation 3Kcal above the calculated energy minimum. 

0 

5.1 A 

4.37 or 3 .14  

+ 
N” 3 

S t e r i c  interaction between 
the C4-methyl  8 a-methylene 
in 4-methyl histamine 

Histamine H ,  I contormation I 3.6 Histamine H p  
Kier I conformation 

I I 

Chemistry of Hz antagonists - An early approach was based on analogy with adrenergic 
p -receptor stimulants and their antagonists. Removal of the acidic hydrogen atom from 
the histamine imidazole ring by fusion with a benzene ring13 or addition of lipophilic 
substituents to the imidazole ring’ failed to yield an H2 antagonist. The SK&F group 
retained the essential features of the imidazole and 4-methylimidazole ring and modified the 
histamine side chain. Increase in histamine chain length from 2 to 4 carbons and 
incorporation of the nitrogen into a non-basic thiourea moiety resulted in the discovery of 
the H2 antagonists burimamide and the less potent 4-methylburimamide. Gastric 
an tisecretory activity followed intraperitoneal but not oral administration of 
b ~ r i m a m i d e . ~ ~ , ~ ~  Inhibition of histamine or pentagastrin stimulated acid secretion was 
observed by intravenous infusion in man16 suggesting the need for a related orally active 
compound. 
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Chemical rationale for metiamide - Using pKa arguments, the preferred tautomer 80%) of 
the histamine monocation in aqueous solution was calculated to  be the N3-H f o r m j 7  Since 
burimamide was predicted to exist primarily in the N1 -H form, structural modifications 
such as an increase in ring electron density at C4 and decrease at Cg were made to favor the 
N3-H tautomer and to enhance activity. The reduced activity of 4-methylburimamide was 
attributed to protonation of the imidazole ring a t  physiological pH (7.4), suggesting the 
advisability of lowering overall electron density in the ring. Based on the known 
bioisosterism of S for a methylene group and electron withdrawing character of S relative to 
carbon, a methylene unit in methylburimamide was replaced by S thus favoring the N3-H 
tautomer and resulting in an imidazole ring pKa (6.80) somewhat closer to  that of histamine 
(5.90). The resultin compound, metiamide, proved more potent than either burimamide or 
methylburimamide15 and was orally active. 

Pharmacology of Hz antagonists - Inhibition of pentagastrin histamine, food and vagally 
stimulated acid output by burimamide and metiamide19~20:21 i s  consistent either with 
histamine being the final common mediator of acid secretion for these stimuli or with the 
hypothesis that H2 receptor blockade alters receptor properties of the parietal cell for other 
agonists.21 Metiamide’s antisecretory ef fect  was not associated with inhibition of astrin 
release since at  antisecretor doses serum gastrin levels were unchanged in dog’ and 
man. 2 3 ~ 3 3  B u r i m a n - ~ i d e ~ ~ ~ ~ ~ ~ ~ ~  and metiamide27 but not H1 antagonists inhibited 
histamine stimulated adenyl cyclase which supports the role of c-AMP as the mediator in the 
action of histamine on gastric acid secretion. 

Pepsin in addition to gastric acid, is  an “aggressive” factor in duodenal ulcer disease. In 
dogs2g and man,29 metiamide inhibited pepsin output stimulated by pentagastrin. 
Elevation of gastric pH following metiamide administration, probably also contributed to 
pepsin inactivation. Metiamide, in contrast to atropine, did not inhibit the secretion of 
neutralizing pancreatic bicarbonate stimulated by secretin in either dog or man. 30 

Clinical data on Hz antagonists - Infusion of met.iamide inhibited vagally induced acid 
secretion in healthy human volunteers31 and in duodenal ulcer patients inhibited acid 
secretion and reduced pepsin output stimulated by histamine, pentagastrin, vagal 
stimulation (by insulin) or a peptone Oral doses of metiamide in the range 100 to 
400 mg inhibited nocturnal23 and food stimulated33 acid secretion in duodenal 
ulcer patients and infusion of metiamide reduced pentagastrin stimulated acid secretion in 
gastric ulcer patients.34 In a Zollinger-Ellison syndrome patient a 200 mg oral dose of 
metiamide effectively reduced acid out ut from 20 to 4 meq/hr35 Following the report of 
two cases of reversible a ranulocytosis:2 clinical studies with metiamide were restricted in 
the U.S. and England.3tCimetidine, an H2 antagonist similar in structure and potency to 
metiamide, has been tested in man. Intravenous infusion o f  cimetidine inhibited histamine 
or pentagastrin stimulated gastric secretion with an EC50 of about 2.5 pM and a half-life of 
about two hours. In high dose chronic toxicity studies in dogs, cimetidine, unlike 
metiamide, did not produce kidney damage or agranulocyt~s is .~~ 
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Prostaglandins - Improved tissue selectivity and metabolic stability has led to progress in 
the development of synthetic prostaglandins as therapeutic agents for gastric and duodenal 
ulcer disease. Recent reports also indicate that prostaglandin gastric antisecretory effects are 
retained in analogues with reduced stereochemical complexity. 

Oral activity - Intravenous infusions, but not oral doses, of prostaglandin El (PGE1) 
inhibited pentagastrin stimulated acid output in man although basal secretion of acid was 
not affected by PGE2 given orally.38 Failure to observe antisecretory effects with orally 
administered PGE2 apparently relates to rapid inactivation in vivo since chemical 
modifications of the PGE2 structure that prevent rapid enzymatic inactivation by the 
enzyme, 1 5-OH prostaglandin de h y d rogenase , 38,39 result in oral activity. Synthetic 
prostaglandins with this modification include 15( R) and 1 S(S)-methyl PGE2, the 
16,16-dimethyl PGE2 methyl esters and the structurally more simple 1 1 -desoxy, 15-methyl 
and 16,16-dimethyl prostaglandin derivatives. 

Side effects - No less troublesome than the rapid metabolism of natural prostaglandins are 
the untoward systemic effects associated with prostaglandin administration. In  the rat both 
16,16-dimethyl PGE2 and 15(S)-lS-methyI PGE2 (C-15 hydroxyl in the natural cy 

configuration) inhibited basal and histamine or pentagastrin stimulated acid output at  doses 
(2 pg/kg) that also caused prolonged increases in intestinal tone and motility.40 
Accordingly, i t  is likely that continued development o f  clinically useful antisecretory PGE2 
analogues will emphasize separation of gastric antisecretory from smooth muscle activities, 

Clinical results for 15(S) and 15(R)-methyl PGE2 - In man, 50 pg of intragastrically 
instilled 15(S)-15-methyl PGE completely inhibited basal acid secretion for 90 minutes but 
was associated with nausea.j8 The ED50 for inhibition of pentagastrin-induced acid 
secretion in man was 40 pg whereas abdominal discomfort occurred with 80 pg/do~es.~ l  In 
contrast to the 15(S) isomer, a 200 pg dose of 15(R -15 methyl PGE2, instilled 
intragastrically, reduced and pentagastrin-stimulated4’ acid secretion for two hours 
without side effects. This reduction in acid output probably resulted from an effect on acid 
secretion since no consistent alteration in volume output was noted. 

Clinical results for 16,16-dimethyl PGE2 - Results with the dimethyl substituted PGE2 
analogues are generally similar to  those cited with the 15(R) and 15(S)-methyl analogues. 
The ED50 for inhibition of pentagastrin stimulated gastric acid ouput was 40 pg followin 
intragastric instillation of drug41 and a 200 pg dose elevated the gastric luminal pH to 7.0 
The appearance of abdominal cramping at  8041 and nausea and diarrhea at 100 pg doses43 
suggests a limited usefulness for the 16,16-dimethyl PGE2 analogue in treating peptic ulcer 
patients. Attempts to circumvent patient discomfort by giving 16,16-dimethyl PGE2 
intrajejunally resulted in a loss of  the gastric acid inhibitory activity suggesting that the 

35 
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mode of action may be partly topical in nature or that drug degradation is enhanced in the 
small intestine. 44 

Gastric antiulcer activity of 15(R)-methyl PGE2 - A statistically significant ef fect  on the 
rate of gastric ulcer healing, judged by endoscopic observation was observed in a ten patient 
study using 150 p g  oral doses every six hours for two ~ e e k s . 4 ~  These results are important 
considering the difficulty usually encountered in demonstrating increased astric ulcer 
healing in hospitalized patients who have a characteristically high healing rate. 4f! 

In six patients with acute gastritis, oral doses o f  150 p g  o f  15(R)-15 methyl PGE2 methyl 
ester resulted in large amounts of mucin dischar ing into gastric pits and an increase in viscid 
mucoid secretion covering the gastric mucosa4'The mucotropic ef fect  o f  the 15( R)-methyl 
and possibly the 16,16-dimethyl PGE2 analogue is reminiscent of the increased mucous 
secretion reported for patients receiving carbenoxolone sodium48 These studies suggest 
that synthetic prostaglandins may have both gastric acid antisecretory and mucous 
stimulating effects thus possibly providing a broad therapeutic approach to both gastric and 
duodenal ulcer disease. 

Pancreatic effects - 1 S(S)-methyl PGE2 inhibited acid secretion but not pancreatic 
bicarbonate output stimulated by exogenous secretin or duodenal a~idif icat ion.4~ By way 
of contrast, in dogs atropine, 16 16-dimethyl PGE2 methyl ester and PGE1 inhibited 
pancreatic bicarbonate a potentially undesirable action for a duodenal ulcer 
healing agent since neutralization o f  acid in the duodenum is deficient in duodenal ulcer 

AY 24,609 

AY 24,696 

(+lent AY-22.4a 

Nat AY -22,469 

Epi AY-22,469 
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Prostaglandin 5AR - In rats the C-15 epimers of 15-hydroxy-15-methyl-9-oxo prostanoic 
acid (AY-22,469) were similar in oral antisecretory activity, with the epimer mixture having 
antisecretory and antiulcer ED5O’s in pylorus ligated rats of 4.9 and 0.85 mg/kg, 
r e ~ p e c t i v e l y . ~ ~  Enantiomeric AY-22,469 (side chain stereochemistry reversed) had 2.8 times 
the antisecretory activity of the nat isomer (normal side chain s te r~chemis t ry ) .~~  The 
15-(nat)-hydroxy-16,16-dimethyl-9-oxoprostanoic acid (AY-24,609) with antisecretory and 
antiulcer ED5O’s in pylorus ligated rats of 1 .O mg/kg and 0.1 2 mg/kg, respectively, was more 
potent than either AY-22,469 or AY-24,696 (the C-15 epimer o f  24,609).54 The high dose 
required to cause diarrhea in rats (ED50 = 7 mg/kg PO) suggests that AY-24,609 may have 
some tissue selectivity. 

Comparisons o f  potency relative to the 15(R) and (S)-methyl and 16,16- dimethyl PGE2 
methyl esters are difficult because different animal models were used in these studies. 
However, it is clear that reduction in structural complexity in the 1 1-desoxy prostaglandins 
is compatible with oral gastric antisecretory activity. 

Gastrointestinal hormones, gastrin heterogeneity - The presence of at least eight different 
forms of the gastrin molecule complicates the interpretation of studies relating serum gastrin 
levels to disease states since the relationship between the immunochemical and biological 
properties o f  the various gastrins remains unclear. Nomenclature describing the different 
gastrin forms i s  unsettled; suggested t e r m i n o l ~ g y , ~ ~  however, is listed in decreasing order of 
molecular weight. Nonsulfatd and sulfated forms, designated I and II respective1 exist for 
G-34, G-17, and G-13 but the biological significance o f  sulfation remains unclear. Y6 

Designation w. No. Amino Acids Biologically Active 

(BBG) 
A. Big. Big Gastrin >20,m Unknown Unknown 

B. Component1 Unknown Unknown Unknown 

C. G-34 3B39 
(Component II, Basic 
Gastrin, Big Gastrin{ BG) 1 

D. G-17 2,098 
(Component 111, Little 
Gastrin { LG ] 1 

34 

17 YES 

E. 6-13 1,647 13 YES 
(Component IV, Mini- 
gastrin { MG] , HG-5-13) 

Biological activit - BBG, the dominant form of gastrin in fasting porcine, canine and 
human has a half-life of 90 minutes58 and exists as a minor component in the 
plasma o f  pernicious anemia and Zollinger-Ellison (Z-E) patients and in extracts of Z-E 
tumor.57 Plasma levels of BBG in contrast to  G-17 and G-34 did not rise following a test 

The biological significance of component I which has not been characterized 
beyond initial chromatographic  separation^^^,^^ is unclear. Infusions of equimolar doses of 
G-34 and G-17 produced similar gastric acid secretory responses in dogs? However, since 
the metabolic half-lives o f  G-34 and G-17 are 15.8 and 3.2 min., respectively, the plasma 
steady state levels are 5-fold higher for the G-34 form indicating that on an equimolar 
endogenous basis G-17 is 5 times as potent as G-34. 55 
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The tridecapeptides (G-13 I and II), isolated from Z-E tumor tissueP1 are less potent 
stimulants of acid secretion. G-13 is identical to  the C-terminal (5-17 fragment) portion of 
G-17, is approximately one-half as potent as G-17 and has a half-time disappearance rate 
from blood of 1.8 min.62 A second tridecapeptide, corresponding to fragment 1-1 3 of G-17 

63 has been isolated from porcine antral mucosa and serum of fasting gastrinoma patients. 
This N-terminal fragment, designated NT-G-17, does not stimulate acid secretion64 perhaps 
because it does not contain the active C-terminal segment G-13. The di-, tri- and 
tetrape tide amides of the C-terminal portion of G-17 are capable of stimulating acid 
output E5,66 but corresponding methyl esters of tetra- and tripeptides are not as potent as 
the amides.66 Substitution of leucine for methionine increases the potency of the tripeptide 
fragment nearly t ~ o - f o l d . ~ ~  The biological significance of the peptide fragments remains 
uncertain since small peptides will not react with most radioimmunoassay antisera. 

Several pe t ide inhibitors o f  gastrin release have been identified including secretin, 68 

gluca on:' calcitonin?O vasoactive intestinal peptide (VlP)?l gastric inhibitory peptide 
(GIP?' and s ~ m a t o s t a t i n . ~ ~  Whether some or all of these peptides affect gastrin release 
under physiological conditions is unclear. A pH-dependent conformational chan e of gastrin 
has been proposed as a physiological mechanism for control of gastrin relea~e.~+The role of 
gastrin as a trophic hormone appears increasingly important. Pentagastrin stimulated 
mucosal cell growth of rat tissue both in V ~ V O ~ ~  and in ~ i t r o ~ ~  and elevated the depressed 
DNA and RNA content in antrectomized rats.74 Pentagastrin, but not histamine, also 
stimulated thymidine incorporation into the DNA of stomach, duodenum and ileum but not 
liver in a dose-dependent manner.76 Gastrin may also be important to the normal ontogenic 
development of the gut. 77 

Secretin - Since secretin inhibits gastric acid secretion and stimulates pancreatic 
bicarbonate release,78 an appraisal of its physiology is of some importance in studying the 
pathogenesis of duodenal ulceration. Clinical studies with secretin have been limited, in part 

Subcutaneous in'ections of slow releasing secretin formulations have a prolonged duration 
of action. h2 Pancreatic bicarbonate release is stimulated by inhalation of secretin 
snuff preparationsg3 but large dose requirements may limit this approach. 84 

by short-lived in vivo effects (approximately 3 minutes)79 and lack of oral efficacy. 3 

Attempts to measure endogenous levels o f  secretin by radioimmunoassay (RIA) have been 
difficult since secretin lacks a tyrosine that can be i ~ d i n a t e d . ~ ~  However, the synthesis of 
6-tyrosyl porcine secreting6 and the iodination of the N-terminal histidineg7 are major 

87,88 advances and have made the measurement of endogenous secretin levels possible. 
Although fasting plasma secretin levels var considerablyg5 consistent increases occur 
followin instillation of intraduodenal HCI. 'fSg In dogs, plasma secretin half-life is three 
minutes,$' however, the sites and mechanisms for removal from the circulation are unclear. 
Bile salts also effect secretin release" although their physiological role, if any, is not 
known. 

Although duodenal acidification releases secretin and results in stimulation of pancreatic 
bicarbonate release following a meal, two arguments suggest that secretin does not mediate 
gastric acid inhibition following duodenal acidification: (1) increases in plasma secretin 
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following intraduodenal HCI are small (approximately 3-fold) and do not correlate with the 
degree o f  acid inhibition observed” and (2) exogenous secretin doses that produce plasma 
secretin levels higher than that observed following instillation o f  intraduodenal HCI do not 
affect stimulated acid output.” A humoral substance other than secretin has been 
suggested as mediating the acid inhibition resulting from intraduodenal HC1.92 Pancreatic 
bicarbonate release in response to duodenal acid loads may be defective in duodenal ulcer 
 patient^.'^ Decreased bicarbonate release could be related to a decreased sensitivity o f  the 
bicarbonate secreting cells to stimulation by secretin or a defective release o f  ~ e c r e t i n . ~ ’  I t  
is unclear whether deficient secretin release in duodenal ulcer patients is a cause or effect of 
duodenal ~ l c e r a t i o n . ’ ~  Secretin may contribute further to the defense o f  the intestinal 
mucosa by stimulating mucous outputg4 since a secretin induced mucotropic effect has 
been shown for both catsg5 and man. 96 
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Chapter 11. Antithrombotic Agents 

J. S tua r t  Fleming and John E. MacNintch 
Br i s to l  Laboratories, Syracuse, New York 13201 

I n  our society,  c l i n i c a l  thrombosis is current ly  regarded as the num- 
ber one cause of morbidity and mortal i ty  among the middle aged and e lde r -  
l y .  When one considers that the i n t e g r i t y  of the microcirculation is  one 
of the most basic  requirements f o r  l i f e  i t s e l f ,  as w e l l  as the normal 
functioning of each organ, t i s s u e  and c e l l  i n  the body, the po ten t i a l  f a r -  
reaching implications of a thrombotic episode become apparent. I n  addi- 
t i o n  t o  the major problems of coronary thrombosis, s t roke  and shock, many 
other  conditions ranging from d iabe t i c  retinopathy t o  hyper-acute r e j ec -  
t i o n  of organ t ransplants  a r e  thought t o  r e s u l t  from impaired microcircu- 
l a t i o n  stemming from various forms of intravascular  thrombosis. 

t i n g  venous thrombosis, t h e i r  e f f i cacy  i n  cases of arterial  thrombosis is 
open t o  ser ious question. 
thrombosis has r ecen t ly  received a g rea t  deal of a t t e n t i o n  and a number of 
agents have been described which are capable of i nh ib i t i ng  p l a t e l e t  aggre- 
gation. However, the c l i n i c a l  u t i l i t y  of t h i s  c l a s s  of drugs is j u s t  be- 
ginning t o  be explored. Fibr inolysis  remains an in t r igu ing  concept fo r  
both preventing and t r e a t i n g  intravascular  thrombosis but a l s o  has ye t  t o  
be proven p r a c t i c a l  f o r  extensive c l i n i c a l  use. This review summarizes 
some of the past  year‘s  most important f indings with regard t o  these 
c l a s ses  of drugs. 

While anticoagulant drugs have proven useful  i n  t r ea t ing  o r  preven- 

The r o l e  of p l a t e l e t  aggregation i n  ar ter ia l  

P l a t e l e t  Aggregation Inh ib i to r s  

P a s t  reviews have described a number of new agents which had been re- 
ported as being ac t ive  inh ib i to r s  of i n  v i t r o  p l a t e l e t  aggregation (PA).’-S 
However, recent emphasis seems t o  be s h i f t i n g  from the use  of s u p e r f i c i a l  
i n  v i t r o  screening models t o  the  development of more sophis t icated i n  vivo 
models of thrombosis as w e l l  as i n  depth study of drug mechanisms. While 
agents current ly  ava i l ab le  f o r  c l i n i c a l  use leave much t o  be desired,  they 
do allow us  t o  probe deeper i n t o  the various types of thromboembolic prob- 
lems and t o  l ea rn  much more about the underlying pathological mechanisms. 

-- 

Aspirin and Other Non-Steroidal Anti-Inflamnetory Agents. This c l a s s  of 
compounds has been studied more extensively than any other  with respect  t o  
the possible development of a c l i n i c a l l y  useful anti thrombotic agent which 
a c t s  through inh ib i t i on  of PA. The current  s t a t u s  of the c l i n i c a l  use  of 
a s p i r i n  as w e l l  as several  other  compounds is nicely summarized i n  two r e -  
cent reviews. 6,7 
with a sp i r in ,  both authors indicate  t h a t  fu r the r  t e s t i n g  is necessary be- 
fore  i ts  widespread use as an antithrombotic agent can be recommended. The 
r e s u l t s  of two l a rge  hosp i t a l  s tud ie s  reported by the Boston Collaborative 
Drug Surveil lance Group8 and a s i zab le  B r i t i s h  study9 both suggest that 
a s p i r i n  may be e f f e c t i v e  i n  preventing myocardial i n fa rc t ion .  

While encouraging c l i n i c a l  results have been obtained 

While c l i n i c a l  evidence accumulates regarding the  e f f i cacy  of a s p i r i n  
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i n  preventing arterial  thrombosis, addi t ional  supportive laboratory re- 
s u l t s  continue t o  be reported.  
of a l a s e r l o  and i n  dogs by means of intimectomy11 led t o  thrombosis which 
was e f f e c t i v e l y  inhibi ted by a s p i r i n  pretreatment. 
fu r the r  support t o  the concept t h a t  a s p i r i n  may p r w e  e f f e c t i v e  c l i n i c a l l y  
i n  those conditions where arterial thrombosis is  t r iggered by p l a t e l e t  ad- 
hesion t o  abnormal surfaces  whether they be disrupted vascular endothelium 
or  prosthet ic  devices. 

Recent evidence indicates  that the ac t ion  of a s p i r i n  on platelets may 
not be t o t a l l y  dependent upon p l a t e l e t  acetylat ion.  
analogues were compared t o  a s p i r i n  f o r  t h e i r  a b i l i t y  t o  i n h i b i t  the second 
phase of ADP induced PA as well  as PA induced by collagen.12 
d i ca t e  that, while the presence of the acyl  group a t  the 2 (ortho) posi-  
t i o n  of the benzene r ing  w a s  necessary f o r  a c t i v i t y ,  other s t r u c t u r a l  
features  were a l s o  important. In  addition, these same invest igators  de- 
monstrated that r e l a t i v e  degree of p l a t e l e t  ace ty l a t ion  and inh ib i t i on  of 
PA were not similar throughout the series, 13 They, therefore,  concluded 
that ace ty l a t ion  may be responsible f o r  the long duration of the a s p i r i n  
e f f e c t  but the findings are not consis tent  with the hypothesis t h a t  ace- 
t y l a t i o n  of p l a t e l e t s  by a s p i r i n  is so le ly  responsible f o r  i t s  observed 
e f f e c t s  on p l a t e l e t  function. 

The e f f e c t s  of two addi t ional  anti-inflammatory agents on p l a t e l e t  
function have recent ly  been described. Benorylate (1) 6 - o N H - C O - C H 3  - and HP-129 (2) appear t o  be similar t o  a s p i r i n  with 

equally as e f f e c t i v e  as a s p i r i n  i n  inhib- 
i t i n g  collagen induced PA but appears t o  possess less poten- 
t i a l  f o r  inducing gas t ro in t e s t ina l  bleeding.14 HP-129 was 
reported t o  be 2 - 5 times as a c t i v e  as a s p i r i n  i n  the labo- 
r a to ry  and e f f e c t i v e  i n  ex vivo human aggregometry s tud ie s  a t  
oral doses i n  the range of 100 t o  250 mg.15 

Vascular injury induced i n  rats by means 

Such evidence lends 

Various s a l i c y l a t e  

Results in-  

respect t o  p r o f i l e  of a c t i v i t y .  Benory- 
late i s  a l ipid-soluble  ester which is 

OCOCH3 
1 - 0 

GG 
HOOC @ 

OH 
2 - 

Prostaglandins. The f a c t  that the prostaglandins are na tu ra l ly  occurring 
compounds with extremely potent e f f e c t s  on p l a t e l e t  function continues t o  
generate i n t e r e s t  i n  them and i n  t h e i r  possible role i n  thrombosis. PGEl 
has long been regarded as one of the most potent i nh ib i to r s  of PA known 
while other prostaglandins and c e r t a i n  intermediates i n  the synthesis of 
prostaglandins are thought t o  play a r o l e  i n  inducing PA. 

Willis has described a l a b i l e  aggregation-stimulating substance 
(LASS) which is produced during the enzymatic conversion of arachidonic 
acid t o  prostaglandin.16 Further s tud ie s  have ahom that LASS is  most 
l i k e l y  composed of endoperoxide intermediates which arise during prosta-  
glandin biosyntheeis from arachidonic acid i n  the presence of microsomal 
fractions.17 
nated PGG2 and PGH2. These substances are potent inducers of PA and are 
released from p l a t e l e t s  i n  response t o  thrombin, collagen and L-epineph- 
r i n e  i n  addi t ion t o  arachidonic acfd.17,18 Aspirin cannot block PA in -  
duced by these substances but is ab le  t o  block the formation of these 

Two such endoperoxides have been iden t i f i ed  and were desig- 
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endoperoxides as w e l l  as the p l a t e l e t  release react ion.  
has been shown tha t  sodium arachidonate administered intravenously t o  rab- 
b i t s  causes death due t o  massive p l a t e l e t  thrombi which occlude the micro- 
vasculature of the lung. 19,20 Aspirin pretreatment w a s  ab l e  t o  protect  
r a b b i t s  from death f o r  a period of up t o  several  days. Also, i n  s i x  human 
cases of unexpected sudden death, postmortem microscopic examination re- 
vealed the  resezlce of p l a t e l e t  aggregates i n  small pulmonary arteries and 
a r t e r i o l e s  .!I The similarities between these recent ly  reported c l i n i c a l  
cases and the r abb i t  model described above suggest that prostaglandin 
endoperaxides may play a r o l e  i n  human disease.  

Smith e t  al .  i nd ica t e  t h a t  the endoperoxide intermediates seem t o  be 
important f o r  i r r e v e r s i b l e  aggregation but not primary aggregation. 18 ,22  
These findings may require  that we reevaluate  the concept that ADP r e l ease  
is so le ly  responsible f o r  i r r e v e r s i b l e  aggregation. Willis and Ruhn have 
reported t h a t  5,8,11,14-eicosatetraynoic ac id  (TYA) (2) is another com- 
pound, l i k e  a sp i r in ,  which is ab le  t o  i n h i b i t  the enzymatic conversion of 
arachidonate t o  LAsS.23 
compound are current ly  under study. 

t o  be more than twice as potent as PGEl as an i n h i b i t o r  of both ADP and 
collagen induced PA i n  human platelet  r i c h  plasma.24 I n  con t r a s t ,  PGD2 
was less potent than PGEl i n  r a b b i t  and rat p l a t e l e t  r i c h  plasmas. 

In  addi t ion,  i t  

The po ten t i a l  anti thrombotic propert ies  of t h i s  

Smith et  al .  have a l s o  recent ly  reported t h a t  PGD2 (9 has been found 

CH (CH ) C=CCH C=CCH CECCH C-C(CH ) COOH 3 2 4 -  2 -  2 2 2 3  

3 - 
Miscellaneous ARents. While a wide va r i e ty  of new s t r u c t u r e s  have been 
reported t o  i n h i b i t  various forms of PA, the majority of i n  depth s tud ie s  
have d e l t  with drugs which are on the  market f o r  other  purposes. There 
have been r e l a t i v e l y  few new compounds introduced as p o t e n t i a l l y  useful 
antithrombotic agents which have been supported by comprehensive pharma- 
cological  invest igat ion.  

2,3,5-tetrahydroimidazo [2,1-b] quinazolin-2-ones r ecen t ly  reported t o  be 
potent i nh ib i to r s  of PA and experimental thrombosis .25  

BL-3459 (5) is one of t he  more in t e re s t ing  members of a series of 1- 

This compound was 
shown t o  i n h i b i t  PA induced by a va r i e ty  of substances, in- 
cluding ADP, a t  concentrations i n  the range of 0.4 - 4 pM 
i n  p l a t e l e t  r i c h  plasma obtained from various species.26,27 
Furthermore, the potency of BL-3459 ca r r i ed  Over t o  the  ex - vivo s i t u a t i o n  and the compound demonstrated impressive 
a c t i v i t y  i n  a va r i e ty  of models of experimental thrombosis. 
I n  general, a c t i v i t y  was observed f o l l w i n g  s i n g l e  o r a l  
doses i n  the range of 0.5 - 10 mg/kg. 

/ 

- 5 
CH3 

Bencyclane (6) has recent ly  been evaluated f o r  a c t i v i t y  againet 
p l a t e l e t  adhesion i n  human blood both i n  v i t r o  and ex vivo.28 
pound reduced p l a t e l e t  adhesion t o  g l a s s  beads by 50 TI. when added t o  blood 

The com- 
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a t  a concentration of 100 pg/ml. 
-00C-CIbCH-COOH I n  addition, s ign i f icant  reduc- 

t ion  i n  p l a t e l e t  adhesiveness 
was a l s o  observed i n  human sub- 
jects following intravenous in- 

ic/( zt ENH' ( CH3 ) 

fusion of bencyclane a t  a dose of 75  mg/hr Over a four hour period. Plate- 
l e t  adhesiveness returned t o  normal two hours a f t e r  the infusion had been 
terminated. These results indicate  that bencyclane may be e f fec t ive  c l i n -  
i c a l l y  but its u t i l i t y  could be q u i t e  l i m i t e d  unless o r a l  a c t i v i t y  can be 
demonstrated. 

i n  rabbi t s  and rats for  a c t i v i t y  against  p l a t e l e t  
adhesion, PA and thrombus formation.29 
was ac t ive  i n  a l l  three models employed a t  doses 
ranging from 25 - 50 q / k g  PO or a t  10 mg/kg iv.  

a n i l i d e  (g) was the most potent of a series of 
benzamidine der ivat ives  reported t o  i n h i b i t  
ADP, collagen and thrombin induced PA i n  v i t r o  

- 6 

CH 
I 3  AG 19,417 (L) was evaluated ex vivo and i n  vivo 

:::Xg This compound 

7 4-Amidinobenzoic acid 3 ',4'-dlmethoxy- - 
HN PCH3 

$! CO-NH *H3 
i n  the range of 10 - 20 pM i n  human p l a t e l e t  H2N 
r i c h  p l a ~ m a . 3 ~  Huwever, the in vivo potent ia l  s 
of these compounds as a n t i t h r a b o t i c  agents has 
not yet been reported. 

WY-23,049 (9) has been reported t o  be an inh ib i tor  of the f i r s t  phase 
of ADP induced PA and aggregation induced by epinephrine i n  human p l a t e l e t  

r i c h  p l a ~ m a . 3 ~  However, t h i s  agent appears t o  be 
C1@ycH=cHc02H r e l a t i v e l y  weak, having an EC50 of approximately 

2.5 mMagainst the f i r s t  phase of ADP Induced PA. 
Ex vivo a c t i v i t y  was demonstrated in  guinea pigs 

and the  compound p a r t i a l l y  antagonized ADP-induced p l a t e l e t  loss  i n  rats 
a t  oral doses i n  the range of 10 - 50 mg/kg. 

r i c  acid which has been reported t o  inh ib i t  p l a t e l e t  adhesion t o  p l a s t i c  
surfaces as well as to  i n h i b i t  hemodynamic and respiratory changes and the 
f a l l  i n  p l a t e l e t  count induced by the  infusion of thrombin or protamine t o  
dogs.32~33 It was concluded that t h i s  substance prevents 
increased pulmonary arterial pressure, decreased systemic 
pressure and increared t racheal  insuf f la t ion  pressure 
resu l t ing  from thrombin o r  protamine infusion by pre- 
venting p l a t e l e t  adhesion 8nd the releare of p l a t e l e t  
contents. 

The i n  v i t r o  e f f e c t  of dilaeep (11) on PA has been reported.34 This 
compound was compared t o  dipyridamole and adenosine f o r  a c t i v i t y  aga tnr t  
both ADP and collagen induced PA. I n  general, d i lazep war somewhot more 

' 9  - 

Polyphloretinphosphate is a polyester of ph lore t in  (10) and phospho- 

ox ,,urn yy I 
Y' K 10 
OH0 - 
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active than either dipyridamole or adenosine, 
possessing EC50's  in the range of 0.1 - 
1 mM. However, the efficacy of this com- 
pound on experimental thrombosis following 
-- in viva dosing has not yet been established. 

Further studies of the effects of 
barbituric acid derivatives35 and anti- 
histamines36 have suggested that while these 
classes of drugs inhibit platelet function 
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, OCH, yH2 -a2 -CH2 -0OC.a- OCH3 3 
- 

\ 

OCH3 

I 
CH2-CH2-CH2-OOC 

11 - 
- in vitro, blood levels sufficiently high to produce these effects are 
probably not obtained under normal clinical conditions. However, car- 
benicillin, like penicillin G, has been shown to produce definite defects 
in platelet function at doses which are within the therapeutic range.37 

General Considerations. The role of platelets in rapidly developing, se- 
vere atherosclerosis represents an approach to plaque formation which may 
have important therapeutic implications. Immunologic endothelial injury, 
induced experimentally or clinically as a result of tissue transplanta- 
tion, leads to rapid plaque f0rmation.38~39 Electron microscopy has re- 
vealed the early formation of platelet aggregates in association with 
denuded endothelium. Platelet8 were also found deep in arterial smooth 
muscle tissue indicating that they may be associated with delivering 
damaging substances to this region of the arterial wall. Early lesions 
were composed almost entirely of platelets adherent to damaged endo- 
thelium and basement membrane. 
that when endothelial abrasion is produced using a balloon catheter, 
microthrombi quickly form at injury sites.40 These lesions then pro- 
gressed with smooth muscle proliferation and infiltration of lipid when 
dietary cholesterol was elevated. Thus, it would appear that rapidly 
developing, severe atherosclerosis, which is a serious problem in cases 
of cardiac transplantation, may involve the following sequence of events: 
imwnologic endothelial damage, platelet adhesion and aggregation to form 
microthrombi, release of platelet contents, further vessel wall damage, 
lipid infiltration and eventual plaque formation. An inhibitor of PA and 
release may prove to be an important addition to the post-transplant 
therapeutic regimen. 

Other experimental studies have confirmed 

Anticoagulants 

The state of anticoagulant therapy remsins essentially as reported 
last year.5 Few new anticoagulant agents have been introduced in recent 
years and only several of the defibrinating snake venoms have progressed 
to clinical trials. 
managed either with heparin or the coumarin like compounds. 
Wilner have recently published an excellent review of the subject .41 

Nearly all clinical anticoagulation is currently 
Nossel and 
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Fibrinolysis 

The recent literature contains several comprehensive reviews on 
fibrinolysis, thrombolysis and thrombolytic agents in general, 5942~43~44 
and the published proceedings of the First International Conference on 
Synthetic Fibrinolytic/Thrombolytic Agents held in Paris in 1972.45 
Although no promising clinically active, non-enzymatic fibrinolytic agents 
have been developed, the enzymatic and the non-enzymatic approaches to 
this therapeutic area both continue to receive attention. It has been 
advocated by von Kaulla4(j that it is not desirable to concentrate all 
efforts on the evaluation and development of enzymatic thrombolytic agents 
alone; questions have been raised with respect to the suitability of 
current methods used for the assessment of thrombolytic activity and with 
respect to whether or not investigative efforts are being concentrated on 
the right goal. 

With respect to progress in the non-enzymatic f ibrinolytic category, 
a series of monosubstituted bis (tetrahydroisoquinolines) related to 
bisobrin47 (2) have been reported.48349 
found to induce parenteral fibrinolytic 
activity comparable to bisobrin in rats 
as measured in the dilute whole blood 
clot-lysis assay but none possessed a 

cological studies with this type of 
structure50~ 51 strongly suggest that the fibrinolytic activity produced 
is the result of induction of histamine release from vascular walls and 
therefore subject to depletion of vascular histamine stores with conse- 
quential loss of fibrinolytic response. 

Many of these analogues were 

12 CH2 -CH2 -CH2 -CH2 
useful level of oral activity. Pharma- - 

fnicarone (Q), a benzarone analogue, has been reported to exert 
potent, long lasting fibrinolytic effects in plasma 
and in the vascular wall of experimental animals 
through activation of plasminogen without effect on 
coagulation steps. 52 

The drug G-137 (l4), one of the moat active of a mono- 
and bis- picolylamide series of 4-hydroxy-isophthalic 
acid and its methoxy derivatives, has been reported to 
exert a direct anticoagulant and fibrinolytic effect 
in rabbits at doses of 10 mg/kg i.p.53 

0 

mle 
13 'CH3 

CH'"3 
- 

The mechanism 
'cO-NH-CH~Q of action is not known. 

OCH3 - 14 Lysine vasopressin has been demonstrated to release 
plasminogen activator in humans subsequent to intra- 

The venous infusion but it is associated with unpleasant side effects. 
new analogue, 1-deamino-8-D-arginine vasopress in, caused a rapid and sig- 
nificant release of activator in healthy humans.54 The response was 
similar to that observed after moderate exercise and intravenous epineph- 
rine administration. 

ten major international clinical trials of streptokinase and urokinase in 
With respect to the enzymatic fibrinolytic category the results of 
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acute myocardial infarction have been reviewed;55 it is evident that the 
beneficial effects of thrombolytic agents have not been unequivocally de- 
monstrated in treatment of myocardial infarction. Currently a National 
Heart and Lung Institute-sponsored study entitled the Streptokinase w o -  
cardial Infarction Trial (SMIT) is underway and an associated pilot study 
has revealed observations on complications of streptokinase therapy and 
their relation to trial design.56 It was emphasized that the ramifica- 
tions of minor complications and the difficulty in blinding investigators 
must be clarified before a universally acceptable definitive trial can be 
completed. 

The Urokinase-Streptokinase Embolism Trial, initiated in 1967 by the 
National Heart Lung Institute is considered to be the first controlled 
randomized comparison of urokinase and streptokinase in thromboembolic 
disease. Phase I established that urokinase increased the resolution rate 
of pulmonary thromboemboli, especially massive emboli, as judged by arte- 
riography, hemodynamics and lung scanning. 57 The trial was not designed 
to demonstrate a difference in mortality and none was found. Phase I1 
results have been recently reported58 and serve to demonstrate that: re- 
gimens of either 24 hours of streptokinase, 24 hours of urokinase or 12 
hours of urokinase are superior to heparin alone in accelerating the rate 
of resolution of acute pulmonary embolism; no benefits were derived from 
24 hours of urokinase treatment as opposed to 12 hours; 
between urokinase and streptokinase in resolution of pulmonary emboli is 
probably small; and side effects are not serious. Although there was an 
inability to detect any differences in mortality in the phase I study bet- 
ween patients treated with heparin and patients treated with thrombolytic 
therapy, Sherry59 has concluded that thrombolytic therapy should be a use- 
ful adjunct to the management of massive embolism. 

thrombolytic therapy other than those in current use may be worthy of 
clinical examination. The combination of heparin and low doses of brief 
courses of streptokinase appear to be synergistic and to produce resolu- 
tion equivalent to a standard high dose of streptokinase alone as asses- 
sed in a newly developed model of experimental pulmonary embolism in dogs 
which permits quantitation of the degree of lysis of emboli.60 

Potentiation of urokinase-activated lysis of human fibrin clots has 
been demonstrated with adenosine diphosphate and flavinadenine dinucleo- 
tide61 as well as with other nucleotides, nucleosides, purines and pyrim- 
idines. These agents are thought to be related to the fibrinolytic po- 
tentiating factor present in human red cell lysates. It has been reported 
that the sulfate esters of 2-aminoethanol including the corresponding 
C-alkyl and/or N-alkyl substituted derivatives have been found to poten- 
tiate blood clot lysis induced by urokinase when a combination of uro- 
kinase and one of these sulfate esters is brought into contact with clots 
of blood from vertebrate animals.62 
reduce the amount of urokinase required for clot lysis. 

The relationship between the use of fibrinolytic agents and anti- 
coagulants versus the spread of cancer has been r e ~ i e w e d . ~ 3 , ~ ~  
vestigators have observed a hypercoagulable state in patients with ad- 

any difference 

There is evidence in the literature to suggest that dose regimens of 

Potentiation of activity serves to 

Many in- 
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vanced cancer. 
observed ant imetast ic  e f f e c t s  are the f a c i l i t a t i o n  of microcirculation 
within tumors and both the d i rec t  and ind i rec t  spec i f ic  and se lec t ive  
act ions tha t  these agents may exert  on cancer cells  as w e l l  as on the  
host. Some of those agents such as  f ibr inolysin,  warfarin and heparin 
appear t o  enhance the eff icacy of chemotherapy with cytotoxic agents or  
radiotherapy i n  pa t ien ts  with various types of cancer including s tage  111 
and IV diseare. 
observation that f i b r i n  is always found i n  and around a cancer, par t icu-  
l a r l y  a t  its growing edge and on the hypotheses that c i rcu la t ing  cancer 
c e l l s  need a f i b r i n  meshwork t o  support and i n i t i a t e  metastases. 
f i b r i n  meshwork can be decreased or prevented, the na tura l  mechanism8 of 
c e l l u l a r  control  of the host can produce cytotoxic antibodies and overcome 
the cancer c e l l s .  

eombined treatment of phenformin and ethylestrenol  against  the development 
of deep-vein thromboris i n  pa t ien ts  having gynecological surgery demon- 
strated the f a i l u r e  of t h i s  drug combination to laver the incidence of 
postoperative deep vein thromboris despi te  preoperative st imulation of 
f ibr inolysis .  65 

Two important considerations which have emerged t o  explain 

The ra t iona le  for  the  use of these agents is based on the 

I f  t h i s  

A double-blind controlled t r i a l  designed t o  assess the value of 
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Chapter 12. Antibiotics 

Gerald €I. Wagman and Marvin J. Weinstein, Bchering Corporation, 
Bloomfield, New Je r sey  

~- General. Collected papers from symposia on drug-inactivating enzymes and 
other antibiotic problems with resistant bacteria, I including Pseudomonas 
aeruginosa,‘ as well as recent advances in staphylococcal research, were 
published. 
tives of amoxicillin,‘ and mode of action of antibiotics on microbial 
cell walls and membranese appeared. Abstracts of an international micro- 
biological congress7 included sessions on infections, new antibiotics, 
non-specific resistance, and antibiotic biosynthesis. A symposium on 
laboratory evaluation of antimicrobial agents was held.8 Abstracts of a 
conference consisting of symposia and sessions relating to structure and 
synthesis of antibiotics, combined therapy, new antimicrobial agents, 
clinical effectiveness, pharmacology mechanisms of biosynthesis, and 
other related topics were published.‘ Reviews appeered on the chemistry 
and biosynthesis of actinomycins,’ pathogenic anaerobic bacteria, l1 and 
newer cephalosporins and expanded-spectrum penicillins.12 Published 
papers from a symposium on secondary metabolism in microorganisms13 
included fermentation and mutation studies with butirosin, and biosyn- 
thesis of p-lactam antibiotics, macrolides, novobiocins and related 
coumarin antibiotics New books on antibiotic chemotherapy, l4 biosyn- 
thesis and enzymic hydrolysis of penicillins and cephal~sporins,’~ and 
infrared spectra of antibiotic substances’’ were made available. A 
reference work on chromatography of antibiotics was p~b1ished.l~ 

Aminoglycosides. Tobramycin was evaluated as therapy in gram-negative 
infections in seriously ill patients with underlying diseases”. 
micin and tobramycin were compared in vitro and in single drug therapy i n  
patients with serious gram-negative infections and the clinical effective- 
ness was similar.19 The distribution of these antibiotics in body fluids 
of dogs was compared.20 An acute intravenous toxicity study of 25 amino- 
glycoside antibiotics was carried out21 and the effect of various mole- 
cular changes noted. Amikacin was found to be effective in the treatment 
of significant infections,22 although the expected blood and urine levels 
for a given dosage were not always obtained. The clinical response to 
amikaci n was satisfactory in patients with gram-negative infections 
resistant to other aminoglycosides,23 and in another study cures were 
achieved in 10 of 12 patients with gram-negative infections.24 The phar- 
macology of amikacin in humans was studiedY2’ as was the activity against 
clinical isolates resistant to one or more aminoglycoside antibiotics.2e 
In 12 cases of resistant Proteus rettgeri urinary infections which were 
controlled or  eradicated with amikacin, relapse or re-infection was 
frequently encountered.Zr Ten of eleven patients treated with single 
dose gentamicin therapy were cured as compared with 8 of 10 patients 
treated with three injections daily.28 Verdanicin ( 2 ) 2 9  demonstrated 
activity similar to gentamicing against Ent erobacteriaceae and Pseudo- 
monas aeruginosa; Proteus and Providencia were notably more susceptible 
to verdamicin. In a study of susceptibility of Pseudomonas aeruginosa 

Proceedin s of conferences on gentamicin,* clinical perspec- 

Genta- 
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to three aminoglycosides and carbenicillin,31 orgnnisms with increased 
resistance to gentamicin also had increased resistance to tobrmycin and 
amikacin and there was no correlation between carbenicillin and amino- 
glycoside resistance. 

The structure of sisomicin, (la) which contains a novel unsaturated 
sugar unit, was A resistant strain of Pseudomonas inacti- 
vates sisomicin by fj'-~-acetylation.33 sisomicin, gentanicin and tobra- 
mycin had about equal activity against 273 clinical bacterial isolates 
and 611 were more active than amikacin.34 Gentamicin A, which is rela- 
tively weakly active, was converted to the 6' -anino-6' -deoxy derivative 
(fi) and its in vitro activity against some sensitive gram-positive 
strains was superior to the starting material, .gentamicin C complex, and 
the structurally related knnamycin B.3" A variety of selectively pro- 
tected garamine derivatives have been preparedse that undergo selective 
glycosylation at the 4-position. The syntheses of l-IJ-[ (S)-4-amino-2- 
hydroxybutyryll gentamicin C1 and 1-rJ- [ ( S  ) -3 -amino -2 -hydroxypropionyl] 
gentamicin C1 were reported; these are potent inhibitors of organisms 
that inactivate gentanicin C1 by 2 "-2-adenylylation and 3-E-acetylation, 
but they are not active against a strain of Providence which inactivates 
gentamicin by 2' -3-a~etylation.~~ 
C2 (G) was reported3B and, as predicted had good activity against 
gentamicin-resistant adenylylating strains of 2. and 5. pneumoniae. 

compound is significantly more active than kanamycin against Pseudomonas 
strains and also inhibits the resistant organisms which produce neomjrzin- 
kanamycin phosphotransferase 11. The synthesis and antibacterial activ- 
ities of several derivatives of kanamycin, kanamycin B and 3',4'-dideoxy- 
kanamycin B acylated at the 1-amino group with isoserine instead of 4- 
amino-2-hydroxybutyric acid were reported, 41 as were twenty-three 1-N- 
SCyl derivatives of kanamycin A.42 The new aminoglycoside antibiotics 
4-deoxybutirosins A and B, which contain the new deoxyamino sugar 
diamino-2,4,6 -trideoxy-a-D-&-hexopyranose (4 -deoxy-neosamine C), have 
been shown to have broader antibacterial activity than that of butirosin 
and incr eas ed antips eudomonal activity . 43) 44 
butirosin and gentamicin occurs in a variable manner.45 The synthesis of 
3 ' , 4 '  -dideoxybutirosin A was reported46; this agent as expected was found 
to have greater activity against butirosin-phosphorylating strains. 

6' -Desamino -6 -hydroxyribos t amyc in47 and 6-0-  ( p-D -r ibofuranosyl) 
paromaminda have been prepared. The addition of anaTogs of 2-deoxy- 
streptarnine to a mutant of Elicromonos>ora Lnyoensis, the sisomicin- 
producing organism, has resulted ia the formation of new antibiotics 
called mutamicin 1, produced by the addition of streptarnine, and muta- 
micin 2, produced from 2,5 -dideoxy~treptamine.~~ The latter has favor- 
able activity against gent ani c in /s i s omi c in-ac e tylat ing strains . S imi 1 - 
arly, a mutant o f  S. rimosus forma oaronomycinus converts streptamine to 
t w o  new antibiotics, hybrimycins Ca and C2, which are analogs of paromo- 
myCinS 1 and 2 respectively.s0 Selective hydrolysis yielded a third new 
antibiotic, hybrimycin 3, an analog of paromamine. 

A new aminoglycoside, fortimpcin B (21, has been isolated from 
cultures of Micromonospora ol.ivoasteron~m~.5~ Antibiotic XK-62-2- 
(sagamicin), produced by Kromonospora sa(:amiensiss2 was identified as 
6' -N-methyl gentamicin Cia, 53 and is j denticsl with gentamicin C2b pro- 
duced by Micromonospora purpurea mutant JI -33 .54  A new 6' -deoxy-6' -sub- 
stituted arninolividonycin has been prepared from lividomycines5 Novel 
aminoglycosides 66-401, and 66-4OD co-produced as minor components in the 

The synthesis of 2"-deoxy-gentamicin 

The synthesis of 4' -deoxy-kanamycin A was described, 399403 this 

2,6- 
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sisomicin fermentation, have been as has Sch 17726, a new 
broad spectrum antibiotic which contains a double bond in one of the 
amino sugar moieties.58 Antibiotic G-418 ( 2 C ) S S  is a new broad spectrwn 
aorinoglycosi.de, 60961 which is also highly active against protozoa, 
amoebae, tapeworm, and pinworm infestations in mice. When neamine, kana- 
mycin, or gentamicin C1 are mixed with aldehydo sugars and solutions 
incubated at 30°C or higher at pH 7, base-labile, acid-stable compounds 
which appear to be N-glycosides are formed.s2363 

A number of rapid enzymatic gentamicin assays have been described, 
84-66 as has a rapid specific assay f o r  amikacin utilizing a strain of 
Providencia stuartii resistant to multiple antibiotics with the exception 
of mikacines, and a rapid microassay devised for gentamicin and clinda- 
mycin when present together.70 

-Lactams, Cephalosporins and Penicillins. New cephalosporin antibiotics 
fontinued to be studied. Cephapirin was reported to be comparable to 
cephalothin in vitro and is an effective agent in the treatment of infec- 
t i o n  due to S. aureus and Streptococcus pneunoniae, although its intra- 
muscular injections were moderately painful and intravenous infusions 
caused phlebitis in three of nine patients treated with doses up to 18 g 
per day.71 Pseudomonas species were resistant to cefamandole, but it was 
reported to be more active than cephalothin, cephaloridine o r  cephalexin 
against members of the Enterobacteriaceae,72 Cephacetrile gave signifi- 
cantly higher peak serum levels than cephalothin; after 2 g intravenous 
doses the levels were 74.9 and 21.5 Pg/ml, respectively. The MIC'S f o r  
cephacetrile were superior to cephalothin for Escherichia coli and 
Klebsiella and inferior for staphylococci and Proteus mirabili~.~' In - vitI-0 studies were carried out with cefa~olin,~~ and it was comparedTith 
penicillin G alone and with probenecid in the treatment of uncomplicated 
gonorrhea.75 Two grams of cefazolin resulted in 295 failures among 3 1  
patients and the same dose with 1 g probenecid resulted in 19.35 failures. 
The control schedule of 4.8 x 10' units of aqueous procaine penicillin G 
plus 1 g probenecid resulted in only one failure among 30 patients. 
Cefoxitin, a semisynthetic derivative of cephamycin C, was the subject Of 
numerous papers.76'64 Against gram-positive organisms, cefoxitin was less 
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active than cephalothfn, but activity was equal against gram-negative 
organisms. Cefoxitin was reported to be remarkably stable in the 
presence of organisms which produce B-lactamase. Three papers appeared 
on a new parenteral cephalosporin, SK and F 59962, which was reported to 
have in vitro activity superior to cefazolin and cephalothin against gram- 
negative organisms; however, it failed to demonstrate significant acti- 
vity against enterococci, indole-positive Proteus species, and Pseudo- 
monas,85'87. In vitro studies with cephanone were reported88 and compar- 
ative in vivo studies were performed with six cephalosporin antibiotics.89 
Three new cephalosporin antibiotics were reported, BL-S217,80 B L - s ~ ~ o S ~  
and FR-10612, 82 an orally active agent. 

A series of new derivatives of 7-aminocephalosporanic acid which 
were well absorbed following oral administration to mice were prepared; 
in these derivatives the acetoxymethyl function at C3 was replaced with a 
heteroaromatic carbon lthiomethyl moiety and the 7-amino group acylated 
with D-phenylgly~ine.'~ A number of derivatives of 7-(a-sulfophenyl- 
acetamido) cephalosporanic acid were synthesized and their structure- 
activity relationships de~cribed."~ 7(g)-Mandelamidocephalosporanic acid 
was synthesized, its derivatives and analogs were orepared, and their 
structure activity relationships were determined." A variant of the one 
step methoxylation procedure has enabled the synthesis of 6-a-methoxy- 
carbenicillin and the corresponding 7~-methoxycarbenicillin analogs." 
Differences i n  antibacterial activity as a result of 6-a-and 7 4  substi- 
tution in penicillins and cephalosporins are paralleled by differences in 
chemical reactivity of their corresponding B-lactams , in both cases 
attributed to steric factors resulting from a-substitutions,s7 Novel 
syntheses reported include a- or $-alkoxy-B-la~tams,~~~ se replacement of 
the carbamoyloxy sroug by cleavage of the Clo-0 bond o f  A2 cephems with 
hydrohalic acids' ' ' and total synthesis of (2) -3' -methylcephalothin.102 
The total synthesis of (2)-1-oxacephalothin was reportedlo3 which has all 
the features of cephalothin except that the sulfur atom has been replaced 
by oxygen and, similarly, the stereospecific total synthesis of (2) -1- 
carbacephalothin has been described,lo+ in which the sulfur has been 
replaced with methylene. 

as active in vitro as carbenicillin against 2. aeruginosa strains,fos 
and further in vitro comparisons were madel00 as well as the clinical 
pharmacology studied.107 A series of reports appeared on B~-P1654, a new 
nreido-penicillin.10S~108* l08'l12 
many ampicillin-resistant and some carbenicillin-resistant bacteria, 
especially strains of Enterobacter and Serratia; however, the data on the 
activity against p. aeruginosa isolates are conflicting. The antibiotic 
is not bactericidal. Amoxicillin, a new orally administered penicillin, 
was shown to have greater gastrointestinal absorption than ampicillin, 
giving 2-3 times the peak serum In uncomplicated gono- 
coccal infections, amoxicillin given at 3 g was approximately as effective 
as 3.5 g of ampicillin plus 1 g of probenecid.'" Five new semisynthetic 
penicillins were tested with resultant varied claims for superior serum 
levels (BRL 8988)'le (PC-18j)117; more rapid absorption (cyclacillin)ll*; 
and greater activity than carbenicillin (BAY e 6905 and BAY f 1yj=,).11G*120 

Amfnoglycoside P-Lactam Synergy. The inhibitory activity of combined 
carbenicillin and gentamicin was better against 114 of 130 clinical iso- 
lates of Pseudomonas aeruginosa compared to the most effective antibiotic 
alone.'"' Similarly, enhanced activity resulted by combined use of s u l -  
benicillin and gentamicin, and combinations of tobram f in ,  genttainicin 
or wikacin with carbenicillin were synergistic .323* 124yr25. 

- 

Ticarcillin, a new semi-synthetic penicillin was found to be twice 

It is reported to be active against 
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combina t ions  of g e n t a m i c i n  o r  amikac in  combined w i t h  c a r b e n i c i l l i n  o r  
BL-Pl654 shoved s i g n i f i c a n t  d i f f e r e n c e s . l 2 '  P e n i c i l l i n  p l u s  g e n t a m i c i n  
o r  s t r e p t o m y c i n  was a c t i v e  a g a i n s t  2. v i r i d a n s  i n  3-4 days i n  r a b b i t s  
w i t h  c a t h e t e r - i n d u c e d  a o r t i c  v a l v e  e n d o c a r d i t i ~ l ~ ~ ;  n a f c i l l i n  cornbincd 
w i t h  g c n t a m i c i n  o r  tobramycin  had s i g n i f i c a n t  a c t i v i t y  a g a i n s t  2. a u r c u s  
from p a t i e n t s  w i t h  e n d o c a r d i t i s  o r  scpt icemia.12* 

-__I- Macrol ides .  Rccent  s t u d i e s  on t h e  chemitztry and b i o c h e m i s t r y  of 16 mem- 
bercd  m a c r a l i d e s  i n d i c a t e d  t h a t  t h e  p r e s e n c e  of one k e t o n e  o r  a ldehyde  
group i n  t h e  ag lycone  i s  e s s e n t i a l  f o r  a n t i b a c t e r i a l  a c t i v i t y . 1 2 9  

gram-negat ive organisms130 and showed l a c k  of complete  c r o s s - r e s i s t a n c e .  
A new b a s i c  m a c r o l i d e  complex, d e s i g n a t e d  YL-704, c o n t a i n s  a t  l e a s t  13 
components .131'134 The s t r u c t u r e s  of e ry thromycin  A carbonate135 and 
ery thromycin  D13' were e l u c i d a t e d  ; and 4 " -de oxy -I+ 'I -ox0 e r y t h r  omyc i n d e r  i - 
v a t i v e s  were described.137 
A were repor ted .138  I n  v j . t r o  development of r e s i s t a n c e 1 3 9  and m i c r o b i a l  
i n a c t i v a t i o n  of c r y t h r o m y c i n l 4 0  were r e p o r t e d ,  as was t h e  e f f e c t  of e r y -  
thromycin t h e r a p y  on d i p h t h e r i a  c a r r i e r p . 1 4 l  A number of s t u d i e s  were 
d e t a i l e d  on t h e  e f f e c t s  o f  e ry thromycin  on b i n d i n g  to s. coli r ibosomes.  

A n t i b i o t i c  XK-41-B2 h a s  been i d e n t i f i e d  a s  4 " - ~ - p r o p i o n y l - m e g a l o -  
m i c i n  A,147 w h i l e  co-produced corn o n e n t s  Al, AO, B1 and C 1  were found t o  
be i d e n t i c a l  t o  t h e  raegalomicins.  p48 I 4 i c r o b i a l  c o n v e r s i o n  of m a c r o l i d e s ,  
i n c l u d i n g  d e a c y l a t i o n  o f  meridomycin, and reduction151 and h y d r o x y l -  
a t i o n  of maridomycin and jos imycin , l52  were r e p o r t e d .  A n t i m i c r o b i a l  
a c t i v i t i e s  of leucomycin congeners  were compared153 as was t h e  i n  v i t r o  
e f f i c a c y  of k i t a s a m y c i n  Aleucomycin ~ 6 ) . ~ 5 *  The mode of a c t i o n  of k u j i -  
mycins was d e t e r ~ i n e d . ' ~  

Clindam c i n .  h h i g h  l e v e l  of  r e s i s t a n c e  t o  c l indamycin  was r e p o r t e d  f o r  
w z - h t r a i n s  of  C l o s t r i d i u m  ramosum. 
r i f a m p i n  and g e n t a m i c i n  and most were r e s i s t a n t  t o  1incomycin. l5 '  
s e n s i t i v i t y  of r e c e n t  c l i n i c a l  i s c l a t e s  of anaerobes  a t  t h e  Mayo C l i n i c  
was i n v e s t i g a t e d .  All s t r a i n s  o f  s o s t r i d i m  p e r f r i n g e 3  were i n 3 i b i t e d  
by c l indamycin  a t  3.1 pg/ml, b u t  c n l y  60% of o t h e r  c l o s t r i d i a l  s p e c i e s  
were i n h i b i t e d  by t h i s  c o n c e n t r a t i o n ,  s u g g e s t i n g  a somewha% d e c r e a s e d  
s u s c e p t i b i l i t y  s i n c e  1371.157,158 A s t u d y  i n  u h i c h  c l indamycin  ( 3 5  
p a t i e n t s )  was compared w i t h  p e n i c i l l i n  (49 p a t i e n t s )  f o r  t r e a t m e n t  of 
a n a e r o b i c  pulmonary i n f e c t i o n s  shoved no s i g n i f i c a n t  d i f f e r e n c e  i n  
r e s p o n s e  a c c o r d i n g  t o  d u r a t i o n  o f  f e v e r ,  X-ray r e s o l u t i o n ,  o r  outcome of 
t reatment .159 The combina t ion  of c l indamycin  and g e n t a m i c i n  is o f t e n  
used t o  t r e a t  mixed b a c t e r i a l  i n f e c t i o n s  and i s  i n i t i a l  t h e r a p y  f o r  
s u s p e c t e d  s e p s i s .  l G 0  A z a i n s t  a n a e r o b i c  b a c t e r i a  t h e  r e s u l t s  of one 
s t u d y l e l  showed no a n t a g o n i s t i c  e f f e c t s  of t h e  combina t ion  i n  v i t r o ,  and 
i n  some s t r a i n s  a s y n e r g i s t i c  e f f e c t  may be p r e s e n t .  i l i t h  Z n t e r o b a c t e r -  
i a c e a e  and Pseudononas c l i n d a n y c i n  and g e n t a m i c i n  demonst ra ted  no s i g n i -  
f i c a n t  i n t e r a c t i o n  i n  v i t r o ,  a l t h o u g h  cl indamycin,  which was c o r s i s t e n t l y  
i n a c t i v e  a t  some c o n c e n t r a t i o n s ,  o c c a s i o n a l l . y  a l t e r e d  t h e  minimum i n h i b i -  
t o r y  c o n c e n t r a t i o n s  of  g e n t a m i c i n  by s e v e r a l  d i l u t i o n s  . Io2)  C l i n a a -  
mycin was found t o  i n h i b i t  t h e  e a r l y  i n  v i t r o  k i l l i n g  of c e r t a i n  gram- 
n e g a t i v e  baci1.l.L by aminopJycosides .I64 Exposure t o  c l indamycin  d i d  n o t  
s i g n i f i c a n t l y  a l t e r  t h e  18-hour  e n d - p o i n t s  o f  g e n t a m i c i n  c i d a l  a c t i v i t y ,  
b u t  it was observed  t o  i n t e r f e r e  w i t h  t h e  e a r l y  b a c t e r i a l  k i l l i n g  a c t i v i t y  
of gcntanicin."" T h i s  e f f e c t  was v a r i a b l e  i n  t h a t  it was n o t  un i form f o r  
a l l  s p c c i e s  t e s t e d .  Lincomycin and c l i n d a i y c i n  a r e  s t r o n g l y  i m l i c a t e d  
in t h e  r e c e n t  r e s u r g e n c e  o f  pseudomenibraneous c n t e r o c o l i t i s . 1 6 6  Amino- 
g l y c o s i d e s  i n t e r f e r e  w i t h  t h e  d e t e r m i n a t i o n  of  c l indamycin  i n  s t a n d a r d  

Rosamicin was r e p o r t e d  t o  b e  more a c t i v e  t h a n  e ry thromycin  a g a i n s t  

Two c y c l i c  c a r b o n a t e s  of  8-hydroxyerythromycin 

142-146 

A l l  i s o l a t e s  were r e s i s t a n t  t o  
The 
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microbiological assays, and a new method was reportedLe7 involving addi - 
tion of calcium chloride to agar, which blocks the aminoglycoside activity 
and does not affect clindamycin. The differential plasma binding of 
clindamycin and lincomycin requires consideration in assay designs.ls8 

Miscellaneous Antibiotics. The novel structures for everninomicins B, C 
and D (4a-c 1 were elucidatedies, l703 and microbiological charactcriza- 
tions of components B and D were reported.1728173 The comparative 
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eificacy of tetracycline, doxycycline and minicycline was studied. 1 7 4 3  175 
Hew, natural rifamycins were described,17e and clarification of the bio- 
logical effects of rifamycin and its derivatives was reportedL77' 178'17e 
as was the immunological responsiveness of tuberculosis patients .lea 
synthesis of the oximes of 3-formylrifamycin SV and the preparation of 
some of the 0-substituted hydroxylamine intermediates were described, la1 
and the effect of the rifamycin strucfure on RNA-instruceed DNA-polymerase 
inhibition was studied.Ie2 The carbon 13  nmr s ectrum of rifamycin S l e 3  
has confirmed previous assignments a% C-6 and C d .  

Field desorption mass spectra were shown to be useful indications of 
the composition of antibiotic complexes and useful for determination of 
molecular weights.le4 The absolute configuration of oryzoxymyci&e5 and 
kidamycin, lee and the revised structure of ceruleninle7 and magnesididea 
were reported. 
tics was devised,leS and conformations,g: several transport antibiotics 
were studied using Raman spectroscopy. 

Resistance. Ampicillin resistance in clinical isolates of Shigella sonnei 
results from 8-lactamase production under t w o  types of control, one due 
to chromosomal mutation and the other to an R-factor, and one isolate was 
found to have both mechanisms.lsl Chromosomal uninducible resistance to 
tetracycline was studied in 2. aureuslS2 and appeared to be correlated 
with a chromosomal location for the resistance genes. Viomycin-resistant 
atrains of Mycobacterium smegmatis demonstrated pleiotropic resistance to 
capreomycin, streptomycin and kanamycin as a result of mutational altera- 
tion of30 S ribosomal subunits.193 Gradually increasing concentrations 
of tobramycin produced resistance in clinically isolated strains of p. 
aeru inosa which resulted in cross-resistance to neomycin and gentamicin 

antibiotic free medium.lg4 
associated with altered structure of the outer cell membrane, which was 
shown t o  be caused by a point mUtatiOn.lss 
antibiotic resistance of five clinical isolates of Neisseria konorrhoeae 

The 

A fast comparison of IR spectra for screening new antibio- 

.fit-k-- u not kanamycin. There was no loss of resistance after 20 transfers in 
Resistance to polymyxin in Salmonella was 

The genetic basis o f  multiple 
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was investigated and found to be controlled by several gene loci.lee 
Resistance to spectinomycin, streptomycin, rifampin and erythromycin was 
transferable during mixed-broth cultivation of sensitive and resistant 
strains of 2. gonorrhoeae.lS7 The process is DNase-sensitive and is 
presumably due to t r a n s f ~ r r n a ~ i o n . ~ ~ ~ ~ ~ ~ ~  
antibiotic resistance with this organism was reported with six different 
antibiotics.aee Gentamicin resistant strains of 2. aeruginosa isolated 
at Parkland Memorial Hospital in Dallas were all found, by retrospective 
epidemiological investigation, to be exclusively from patients in burn 
intensive care units and geographically contiguous areas of the hospital. 
10s A nine-year study in a urological ward showed resistant organisms 
decreased coincident to decreased consumption of antibiotics.200 A 
strain of Providencia has been shown to inactivate aminoglycosides by 
2' -H-ac etylation .20r Antibiotic-inactivating enzymes were studied by 
s ever a1 invest i gat or s .202 '208 

A similar example of multiple 

R factor-mediated resistance to aminoglycosides continued to be 
reported, specifically to amikacin,2°7 tobramycin,208 gentamicin, 2oa 
ribostamycin,210 butirosin,211 sisomicin,211 and lividomycin A.212 The 
enzymatic 3 - N  acetylation of gentamicin, tobramycin and kanamycin was 
found to be due to a new isoenzyme controlled by a new R factor obtained 
iron a clinical isolate of K l e b ~ i e l l a . ~ ~ ~  
was found in S. aureus which can be transduced into or can transform 
competent susceptible strains to kanamycin/neomycin resistance .214 The 
induction of  R factor mediated resistance to tetracycline in E. & 
was found to be incomplete, suggesting that some chromosomally mediated 
function is necessary for full expression.215 A Pseudomonas R factor 
inducing tetracycline resistance was found to be inactivated by low 
temperatures.21s A plasmid determining resistance to erythromycin, 
llncomycin and vernamycin B2 was isolated from a strain of Streptococcus 

::nome equi~alent."~ Out of 117 gram-negative pathogenic bacteria 
examined, 46 were found to carry an R factor which decreased the resis- 
tance of a rifampin-resistant mutant of E. co1i.218 A l l  17 Salmonella 
typhi strains tested from an epidemic in Mexico carried R factors, 
as aid 20 Bhigella dysenteriae strains of epidemic origin.21e 
causing resistance to penicillins and cephalosporins were studied.220'224 
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Reviews - I n  a monograph dea l ing  wi th  t h e  s e l e c t i o n  and use  of a n t i b i o t i c s ,  
t h e  c l i n i c a l  a spec t s  and chemotherapy of i n f e c t i o n s  caused by such funga l  
pathogens as  Candida a l b i c a n s ,  Aspe rg i l l u s  spec ie s ,  Cryptococcus neoformans 
and t h e  Phycomycetes as w e l l  as t h e  h i s t o r y ,  t o x i c i t y  and c l i n i c a l  use  of 
amphoter ic in  B and 5- f luorocytos ine  (5-FC, f l u c y t o s i n e )  were reviewed. I n  
a s i n g u l a r l y  e x c e l l e n t  account , a s p e r g i l l o s i s  was reviewed. This  a r t i c l e  
summarized e s s e n t i a l  a s p e c t s  of t h e  h i s t o r y ,  pa tho log ica l  d i agnos i s  and 
physiology,  mycological a s p e c t s ,  h o s t  response,  se ro logy ,  t rea tment ,  c l i n i -  
ca l  man i fe s t a t ion  and l abora to ry  d i agnos i s  of human a s p e r g i l l o s i s  as w e l l  
as t h e  more r e c e n t  t o p i c  of a f l a t o x i n s .  
seen i n  i l l i c i t  drug u s e r s  were reviewed and commonly seen fungal  i n fec -  
t i o n s  such as c a n d i d i a s i s  and a s p e r g i l l o s i s  were d iscussed .3  The r o l e  of 
t h e  r a d i o l o g i s t  i n  t h e  d i agnos i s  of o p p o r t u n i s t i c  pulmonary fungal  i n fec -  
t i o n s  and t h e i r  symptoms was reviewed; s p e c i f i c  fungal  i n f e c t i o n s  d iscussed  
included phycomycosis , a s p e r g i l l o s i s  and noca rd ios i s .  Chronic mucocu- 
taneous c a n d i d i a s i s  i n  immunosuppressed p a t i e n t s  and p a t i e n t s  w i th  gene t i -  
c a l l y  determined d i s e a s e s  w a s  reviewed; t rea tment  w i th  immunoreconstitu- 
t i o n  was d iscussed  as w e l l  as t rea tment  w i th  5-FC, c lo t r imazo le  o r  ampho- 
t e r i c i n  B. The combination of immunoreconsti tution and drug therapy  and 
t h e  importance of i r o n  de f i c i ency  and o t h e r  n u t r i t i o n a l  f a c t o r s  a l s o  were 
d iscussed .  C l i n i c a l  a s p e c t s  of t h e  mycotoxicoses i n  man and animals  was 
reviewed .6 

The supe r in fec t ions  most commonly 

Mycotoxin r e sea rch  i n  Japan, p a r t i c u l a r l y  i n  i t s  r e l a t i o n s h i p  t o  t h e  
r i ce  crop  and s p e c i f i c  organisms a s soc ia t ed  wi th  t h e  product ion of myco- 
t o x i n s  i n  foods tu f f s ,  w a s  reviewed toge the r  w i th  t h e  screening  of organisms 
f o r  mycotoxin product ion.  Pharmacokinetics and dosing wi th  an t imic rob ic s  
i n  p a t i e n t s  wi th  r e n a l  impairment were reviewed, and dosing cons ide ra t ions  
f o r  an t imic rob ia l  d rugs  i n  such p a t i e n t s  were given;  t h e  cr i ter ia  f o r  
e s t a b l i s h i n g  t h e  degree of r e n a l  impairment i n  t h e s e  p a t i e n t s  a l s o  were 
d iscussed ,  w i th  p a r t i c u l a r  r e fe rence  t o  a n t i f u n g a l  drugs.  a 
drug t o x i c i t y  were reviewed, p a r t i c u l a r  r e f e r e n c e  w a s  given t o  t h e  r o l e  of 
-- i n  v ivo  product ion of chemical ly  r e a c t i v e  cova len t ly  bound  metabolite^.^ 

Mechanisms of 

The more c u r r e n t  developments i n  an t imycot ic  chemotherapy were re- 
viewed, wi th  s p e c i f i c  r e f e r e n c e  t o  5-FC and t h e  imidazole  d e r i v a t i v e s  
miconazole and c lo t r imazole .  The r e l a t i v e  pharmacokinet ics  of ant imicro-  
b i a l  d rugs  were reviewed, t oge the r  wi th  t h e  means of p r e d i c t i o n  of blood 
l e v e l s  as r e l a t e d  t o  m u l t i p l e  doses ,  dosing i n  p a t i e n t s  w i th  renal impair-  
ment, and es tab l i shment  of i n i t i a l  loading  doses .  l 1  Without r e f e r e n c e  t o  
s p e c i f i c  a n t i f u n g a l  agen t s ,  t h e  b i o a v a i l a b i l i t y  of drugs  given o r a l l y  w a s  
reviewed i n  r e l a t i o n s h i p  t o  t h e i r  dosage forms.12 
s y n t h e s i s  of s t e r o l s  i n  f u n g i  and t h e i r  importance i n  reproduct ion  and 
growth were reviewed and a comparison was made wi th  p l a n t  and animal 
s t e r o l s .  The s y n t h e s i s ,  chemical r e a c t i o n s ,  s p e c i f i c  r e a c t i o n s ,  and 

The presence  and bio- 
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spectroscopic properties of the benzimidazoles including those with fungi- 
cidal activities were reviewed.14 A most excellent textbook on the medi- 
cally important fungi, and the diseases they produce, together with diag- 
noses and treatments ,was presented. l 5  

Methods - The problems and techniques of continuous sterilization of broth 
for use in Eermenters in the pharmaceutical industry were examined and new 
types of equipment were described.16 
optimizing the operation of biochemical reactors for fermenters were exam- 
ined. 
producing fermentations were discussed and a method of choosin combina- 
tions of conditions for aeration and agitation was described. Three 
methods for evaluation of topical antibacterial agents on human skin were 
described.19 
hydrous cosmetics was reported. 2 o  
tion, for the determination of free preservatives in oil-in-water emul- 
sions such as those used in pharmaceuticals and cosmetic preparations was 
described. A bilayer technique for determining antagonism between micro- 
organisms was described; while its application was to wood-decaying fungi, 
it also should be applicable to human pathogenic agents. 2 2  
photometric and densitometric methods for the determination of clotrimazole 
in biological materials were described. 2 3  The incorporation of radioactive 
precursors of RNA was used to measure the inhibitory effects of antifungal 
agents on slow growing fungi; there was excellent correlation between the 
results of regular tests for determination of minimal inhibitory concen- 
tration of antifungal drugs and those of the newly described technique.24 
A modification of the official method for the microbiological assay of ny- 
statin in foodstuffs was described. 25 Concentrations of 5-FC and ampho- 
tericin B in bronchial secretions in a dog model were studied and it was 
shown that while 5-FC penetrated the blood-bronchus barrier well, ampho- 
tericin B did so only poorly.26 
hicles for achieving specific drug delivery in such infections of the 
reticuloendothelial system such as histoplasmosis was described. 27 

The conditions and kinetics for 

Techniques for controlling aeration and agitation in antibiotic- 

A new diluent for use in determining bacterial counts in an- 
A novel technique, based on ultrafiltra- 

Microbiological, 

The use of albumin microspheres as ve- 

New Antifungal Agents - An extract from Batamote, a plant native to the 
southwestern United States and noted in native folklore as having thera- 
peutic activity in the treatment of athlete's foot, was shown to be in- 
hibitory for dermatophytic organisms in vitro. 2 8  
bacterial and antifungal agent, was shown to be structurally related to 
the rubromycins. 29  
some gram-positive and gram-negative bacteria as well as against some 
yeasts were isolated from the plasmodia1 stage of the myxomycete Physarum 
gyrosum. 30 
be effective against C. albicans in vitro in a synthetic medium and also 
-- in vivo in mice, and there was evidence of synergism with amphotericin B.31 
Imidazoles having a variety of alkyl and aralkyl sulphur substitutions at 
the 2-position and their 5- and 4-nitro analogues were synthesized and 
tested for a broad spectrum of biological activities. Many of the nitro- 
imidazoles were potent in vitro trichomonacides, and 5-nitrobenzyl sul- 
foxides and sulfones were found to be potent antifungal agents when tested 
against Trichophyton mentagrophytes and Fusarium sp., but not against C. 

Purpuromycin, a new anti- 

Materials with antibiotic activity effective against 

A9145, a new adenine-containing antifungal agent, was shown to 
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a lb icans .  3 2  
i n e  atoms i n  the  a pos i t i on  of t h e  keto group and N-alkyl s u b s t i t u t i o n s  
had optimal an t i funga l  a c t i v i t y .  33 

New n i t ro-pyrro le  d e r i v a t i v e s  were s tud ied ,  those  with ch lor -  

Cycloeudesmol, an  a n t i b i o t i c  s t rong ly  a c t i v e  aga ins t  c. a lb i cans  
v i t r o  was i s o l a t e d  from t h e  marine a lga  Chondria oppos i t i c l ada ,  and 
charac te r ized  as a cyclopropane conta in ing  sesqui te rpene  alcohol .  34 
syn thes i s  and an t imic rob ia l  a c t i v i t i e s  of N-substituted 2-phenyl-4-amino- 
6-hydroxyquinazolines were descr ibed.  35 
a n t i b i o t i c  containing an ep id i th i ad ike to  p iperaz ine  r i n g  system, whi le  
a c t i v e  aga ins t  phytopathogenic fungi ,  was a l s o  shown t o  be  a c t i v e  aga ins t  
some human pathogens.% The i n  vivo an t i funga l  a c t i v i t i e s  of a series of 
N-hydroxy pyridones aga ins t  Microsporum can i s  were discussed i n  r e l a t i o n -  
sh ip  t o  inc reases  o r  decreases  i n  t h e  lipohydrophobic p r o p e r t i e s  of t h e  
compounds. 37 SQ 18,506, a new n i t ro fu ran to in  (trans-5-amino-3[2-(5-nitro- 
2-furyl)vinyl]-A2-1,2,4-oxadiazole), w a s  found t o  be active i n  v i t r o  
aga ins t  both b a c t e r i a  and fungi  and t o p i c a l l y  i n  vivo aga ins t  experimental 
Candida v a g i n i t i s ,  but no t  p a r e n t e r a l l y  aga ins t  systemic Candida infec-  
t i o n s  o r  t o p i c a l l y  aga ins t  2. mentagrophytes. 38* 39 

The 

Hyalodendrin, a new an t i funga l  

Three new actinomycins were i s o l a t e d  from a new spec ie s  of Strepto-  
myces, Streptomyces l i s a n d r i  nov. sp.; t h e i r  an t imic rob ia l  spec t r a  in- 
cluded protozoa, fungi  and helminths.1° The mouse sk in  l e s i o n  model was 
used t o  determine t h e  e f f ec t iveness  of var ious  an t imic rob ia l  compounds and 
a l s o  of a new compound, AHR-1911 (10-undecenyl-1-yl pseudothiourea hydro- 
i od ide ) ,  aga ins t  va r ious  pathogenic organisms; AHR-1911 w a s  less e f f e c t i v e  
than amphotericin B a g a i n s t  c. a lb i cans  i n  t h i s  model.41 
d e r i v a t i v e s  of thiocarbamic ac id  were synthesized and screened f o r  a n t i -  
b a c t e r i a l  and an t i funga l  a c t i v i t y ;  t h r e e  compounds charac te r ized  by meth- 
ane and monocyclic aromatic  r i n g  (phenyl) s u b s t i t u t i o n s  were found e f f e c t -  
i v e  aga ins t  Asperg i l lus  n ige r  and Trichophyton a s t e ro ides .  42 A series of 
3,4-dihydr0-2&1,3-benzoxazine-2,4-diones and 3,4-dihydro-~-1,3-benzoxa- 
zine-4-ones were synthesized from seve ra l  sa l icy lamides  and s a l i c y l a n i l b  
ides ;  a c t i v i t y  aga ins t  C. a lb i cans  was d e m ~ n s t r a t e d . ~ ~  The mode of a c t i o n  
of ha lop rog in in  Candida species w a s  s tud ied  and was found t o  be r e l a t e d  t o  
i n h i b i t i o n  of 02 uptake and d i s rup t ion  of c e l l  membranes; a comparison w a s  
made between t h e  a c t i v i t y  of haloprogin and amphotericin B and n y s t a t i n  
aga ins t  C. a lb icans .  44 
hexaene macrol ids  candihexin I and c a d i h e x i n  I1 were descr ibed;  can- 
d ihex in  I but  not  candihexin 
and f i lamentous fungi. 45 

A series of 

The i s o l a t i o n ,  p u r i f i c a t i o n  and p r o p e r t i e s  of t h e  

I1 w a s  a c t i v e  aga ins t  a v a r i e t y  of y e a s t s  

C l i n i c a l  Experience - Considerable i n t e r e s t  w a s  shown i n  t h e  use  of t rans-  
f e r  f a c t o r  as an adjuvant  i n  t h e  treatment of t h e  systemic mycoses. 
case of c a v i t a r y  pulmonary coccidioidomycosis was t r e a t e d  wi th  immunother- 
apy; t h e  p a t i e n t  was nonreac t ive  t o  intradermal  cocc id io id in  an t igen  and 
lymphocytes were nonresponsive t o  t h i s  an t igen  i n  v i t r o ;  fol lowing recon- 
s t i t u t i o n  wi th  whole lymphocytes and t r a n s f e r  f a c t o r ,  t h e  p a t i e n t  became 
sk in  test p o s i t i v e  t o  sphe ru l in  and her  d i s e a s e  s t a b i l i z e d . 6  Three 
p a t i e n t s  wi th  progress ive  coccidioidomycosis were t r e a t e d  wi th  t r a n s f e r  

A 
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factor; two became reactive to intradermal coccidioidin and two had pro- 
longed clinical remissions. 47 
were treated with transfer factor, amphotericin B, or combinations of the 
two. Transfer factor alone caused conversion of delayed dermal responses 
but produced neither beneficial nor detrimental effects in four patients, 
while four responded favorably to amphotericin B alone and two responded 
to combined treatment but subsequently relapsed. 48 
factor in the treatment of patients with infectious diseases was dis- 
cussed, including its use in the treatment of systemic fungal 

Ten patients with mucocutaneous candidlasis 

The use of transfer 

There was continued interest in the use of 5-FC in the treatment of 
mycotic infections. Two diabetic patients with urinary tract infections 
due to Torulopsis labrata were successfully treated with 5-FC given over 
a two week p e r i o d . h e n  patients with disseminated candidiasis were 
treated with oral and intravenous 5-FC for an average of 31 days; therapy 
was successful in ten, while one patient died with cerebral Candida ab- 
scesses.51 
parapsilosis was reported in which the organism became resistant to 5-FC 
during therapy; resistance was shown to be due to a lack of cytosine de- 
aminase. 52 
treatment with 5-FC.53 
due to fungi other than the pathogenic yeasts was demonstrated. In one 
study, three patients with chromomycosis were successfully treated with 
oral 5-FC; in a second stud six of eleven patients with chromomycosis 
treated with 5-FC i m p r o ~ e d . ~ ~ , ~ ~  

A singular case of Candida endocarditis caused by Candida 

A catastrophic pancytopenia occurred in one patient following 
The efficacy of 5-FC in the treatment of infections 

Further studies with clotrimazole and miconazole were reported. 
one study, over 600 patients with Candida vaginitis and over 300 patients 
with Trichomonas infections were treated with clotrimazole; 82 per cent of 
the patients with Candida infections were cured while only 52 per cent of 
those with trichomonal infections were cured by this treatment.56 The 
pharmacokinetic effects, antifungal pro erties, clinical usage, and toler- 
ability of clotrimazole were reviewed. 5' Miconazole and nystatin were 
compared topically in the treatment of Candida vulvovaginitis in 116 
women; miconazole proved to have superior therapeutic activity. 58 
study of the epidemiology of chronic fungal vaginal infections, infections 
due to C. albicans were found to respond better to clotrimazole than those 
due to Torulopsis Rlabrata. 59 1ntr.avenous and intrathecal miconazole were 
shown to be of some value in treatment of human coccidioidomycosis.60 

In 

In a 

Several interesting studies with established antifungal agents were 
reported. Two patients with dermal leishmanoid were successfully treated 
with intravenous amphotericin B. Various topical preparations were com- 
pared with griseofulvin in the treatment of 254 dermatophytic infections 
of glabrous skin; isolation of organisms was achieved from 130 pieces of 
clothing, and it was found necessary to disinfect all clothing material in 
order to prevent reinfection, while prolonged treatment with griseofulvin 
was required to treat hair and nail infections.62 Studies on the absorp- 
tion, metabolism and excretion of griseofulvin in man were reported; the 
major metabolite excreted in urine was found to be 6-desmethylgriseoful- 
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vin.63 
cent tolnaftate powder was found to be more effective than a talc-corn- 
starch vehicle in prevention of tinea pedis.64 A three year study of 
tinea pedis infections due to r. mentagrophytes conducted in a public 
swimming bath was reported; the use of foot powder containing tolnaftate 
decreased the rate of infection from 4.8 to 1.2 per cent.65 
case of allergic contact dermatitis due to tolnaftate was reported.66 
Three patients with mycetoma were successfully treated with dapsone; 

In a double blind study conducted in prison inmates, a one per 

A singular 

Nocardia asteroides was cultured from two of the patients but not the 
third. 67 

There were several reports on newer agents or new applications of es- 
tablished agents. One article reported the successful treatment of ring- 
worm infections with a 10 per cent solution of thiabendazole; it was found 
to be as effective as griseofulvin.68 
ment of 40 cases of Candida vulvovaginitis; 38 of the 40 patients were 
cured, with no recurrence of symptoms.69 
of amphotericin B in 10 per cent dextrose for intrathecal administration 
was reported. 70 

Boric acid was used in the treat- 

The use of hyperbaric solutions 

The incidence of epidemic r. mentagrophytes infections in U . S .  mili- 
tary personnel in Viet Nam was studied; infections were found to be due to 
a unique zoophilic variant of 1. mentagrophytes not normally isolated in 
the United States. This variant also was isolated from commensal rats in 
the area, and Americans appeared to be more susceptible to infections 
caused by it than were adult Vietnamese.71 
reagent, was compared with coccidioidin for elliciting delayed dermal 
hypersensitivity responses in 298 humans; when tested in standard concen- 
trations, spherulin detected 32 per cent more reactors than did coccidio- 
idin. 72 The incidence of sepsis in debilitated patients receiving intra- 
venous hyperalimentation therapy was studied; catheter contamination was 
noted in 7 . 3  per cent of patients receiving hyperalimentation therapy for 
a period of 10 days or more and C. albicans was the organism most commonly 
isolated. 73 

Spherulin, a new skin test 

Biological and Chemical Studies - Cycloheximide is a proven inhibitor of 
protein synthesis, acting at the level of cytoplasmic ribosomes; as such 
it has found extensive use as a biochemical probe. 
found to induce changes in the fine structure of bean chloroplasts and in 
their thylakoid systems. 74 
mide was found to induce an inhibition in the rise of phenylalanine pyru- 
vate aminotransferase produced by tetraiodoglucagon in rat liver. 75 
unidentified "messenger" involved in the reversible inhibition of ACTH-in- 
duced corticosteroid release by cycloheximide was detected. 76 
mide induced impairment of memory during prolonged training of mice and 
also induced amnesia and loss of spontaneous recovery in mice trained to a 
specific avoidance response. 77, 78 Differential effects of analogues of 
cycloheximide on synthesis of RNA and protein were studied in Achlya, with 
variable results; activities of a lesser degree than that obtained with 
cycloheximide were reported. 7 9  

In one study it was 

Acting together with actinomycin D, cyclohexi- 

An 

Cyclohexi- 
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Continued interest was shown in potentially synergistic combinations 
of antimicrobial agents against pathogenic fungi. 
mycin were shown to act synergistically in vitro against strains of g. 
asteroides; the synergistic effect of these two agents was influenced by 
duration of incubation, and antagonism was not observed. 8 o  
of RNA synthesis in Saccharomyces cerevisiae by rifampin following poten- 
tiation by low doses of amphotericin B was reported.81 
rifamycin in combination with amphotericin B were found to be synergistic 
when tested against Histoplasma capsulatum.82 
cans infections in mice with 5-FC and amphotericin B alone and in combin- 
ation was reported; in combination the cure rate was increased from about 
15 per cent for either drug alone to 79 per cent with combined therapy.83 
Effective treatment of experimental coccidioidomycosis in mice with com- 
binations of amphotericin B and tetracycline was described; results showed 
that the combination of the two antibiotics was effective, with the dosage 
of amphotericin B being reduced 2.5 to 4 times from that required for 
effective chemotherapy alone. 84 Synergism between 5-FC and amphotericin B 
against sensitive strains of C. neoformans and partially resistant strains 
of C. albicans was des~ribed.~~ The synergism of combinations of ampho- 
tericin B and rifampin when tested against C. albicans was reported.86 

Ampicillin and erythro- 

The inhibition 

Derivatives of 

The treatment of g. +I&- 

Studies on the molecular basis of the mode of action of amphotericin 
B and other polyene antifungal agents continued. The molecular basis of 
the selectivity of amphotericin B for yeast cells and filipin for animal 
cells was investigated. Both the toxicity of filipin and the therapeutic 
value of amphotericin B could be explained at the cellular and molecular 
level from the following observations: first, these polyene antibiotics 
had different effects on yeast and red blood cells, with filipin being 
more active against human red blood cells while amphotericin B was more 
potent in inhibiting yeast cells; and second, filipin was more effectively 
inhibited by addition of cholesterol, the major membrane component of 
human red blood cells, while amphotericin B was most effectively inhibited 
by ergosterol, the major membrane sterol in yeast.87 Other studies on the 
mode of action of polyene antibiotics on various natural membranes were 
reported. Results of one confirmed earlier studies made on liposomal 
membranes which demonstrated that the distribution of double bonds in the 
membrane sterol nucleus appears to be of major importance in conferring 
polyene susceptibility. 88 Prior studies on the selective toxicity of 
polyene antibiotics in liposome membrane models had demonstrated that 
polyene susceptibility is affected by the composition of membrane fatty 
acyl chains and the distribution of double bonds in the membranes.89 
Resistance to polyene antibiotics in Candida tropicalis was described; 
this effect was related to changes in the sterol composition of the cell 
membrane.90 
branes were described, and a model for a pore-containing membrane was 
po~tulated.~~ The in vitro effects of nystatin on 2. cerevisiae were 
described, and ion release without lysis caused by this compound was re- 
ported.92 A novel sterol in an ergosterol-deficient yeast mutant of 2. 

to resistance to polyene antifungal agents. 9 3  

The effects of amphotericin B and nystatin on thin lipid mem- 

- cerevisiae was described, and the occurrence of this mutation was related 
The efficacy of certain 
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mutagens, together with polyene antibiotics, in the induction and isola- 
tion of sterol mutants in Neurospora crassa was reported; two genes affect- 
ing sterol synthesis and polyene resistance were defined. 94 
polyene antibiotics in mutants of Aspergillus fennelliae was reported; 
qualitative and quantitative differences in the sterol concentrations in 
the cell membrane of the resistant mutants were investigated, and the re- 
sistant mutants were found to be deficient in ergosterol. 9 5  Subsequently 
the mutants were shown to contain modified sterols rather than ergosterol. 96 
Evidence that cholesterol is the common binding site for cerolysin, strep- 
tolysin 0, and saponin was presented. 97 
strains of 2. cerevisiae upon refrigeration was described; this apparently 
was due to alteration in cell membranes of these resistant organisms.96 
Inactivation of C. albicans by UV irradiation in reference to growth con- 
ditions following the irradiation period was reported, and resistance to 
arnphotericin B was related to changes in composition of the cell mem- 
brane.99 In a most excellent study, amphotericin B was found to elicit 
alterations in bilayer membranes; these alterations were associated with 
changes in cell membrane permeability. A model postulating the formation 
of membrane pores was presented. l o o  

Resistance to 

Death of nystatin-resistant 

Studies into the basic biological and pharmacological aspects of the 
imidazole compounds continued. 
sorbed from the astrointestinal tract, but not from either mucous mem- 

were studied; miconazole was found to inhibit the transport of adenine, 
guanine, and hypoxanthine and to act primarily on yeast cell membranes, 
resulting in a selective inhibition of the uptake of precursors of RNA and 
DNA.Io2 Miconazole also was shown to alter cell membrane permeability, 
thus causing leakage of 260-nm absorbing materials as well as inhibiting 
endogenous respiration. I o 3  The effect of clotrimazole on C. albicans was 
studied at the electron microscopic level, and changes were observed to 
occur primarily in the nuclear membrane.lo4 Clotrimazole was found to be 
active in vitro against Naegleria fowleri. l o 5  

Oral miconazole was found to be well ab- 

albicans branes or skin. i The biochemical effects of miconazole in g. 

Various standard and new compounds were examined for their pharmaco- 
logical and antifungal activity and for possible potentiation of antifun- 
gal activity. 
- H. capsulatum showed a dramatic increase in the number of organisms iso- 
lated from various organs of the body; this increased patho enicity was 
associated with suppresion of humoral antibody formation. 100 A crystal- 
line 8-glucanase capable of acting on cell walls of living yeasts degraded 
yeast glucan and laminarin and was identified as being an endo f3-1,3- 
glucanase.lo7 The molecular weight of this enzyme was reported to be 
2 4 , 5 0 0 . 1 0 8  
2.5-fold increase in gastrointestinal bioavailability of griseofulvin in 
the rat.lo9 
nystatin and am hotericin B was studied, and nystatin was found to be the 
more effective. 
and in vitro against Acanthamoeba; there were differences in susceptibil- 
ities of virulent and avirulent strains to the drug, and virulent strains 

Mice injected with cyclophosphamide prior to infection with 

Use of an oil-in-water emulsion as a vehicle resulted in a 

Inhibition of Marek's disease herpesvirus plaque formation by 

5-Fluorocytosine was found to be active both in vivo 

I 
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appeared to be capable of developing a mechanism of resistance to 5-FC.lI1 
6-Chlorouracils with alkyl or alkenyl grou substitutions were found to be 
inhibitors of yeast-alcohol dehydogenase. lP2 Bischelates of 5, 7-, and 
5,7-halogenated 8-quinolinols with copper were found to have antifungal 
activity; this activity was geometrically related to the size of the pores 
in the spore wall of the fungi tested, which included As er illus niger, 
Trichophyton viride, Aspergillus oryzae and IT. mentagro h tes. Not un- 
expectedly, tetracyclines were found to increase the virulence of Y and M 
forms of C. albicans in mice.l14 Griseofulvin was found to be inhibitory 
for the myxomycete Physarium polycephalum; effects included inhibition of 
mitosis, presumed induction of polyploidy, and changes in the organization 
of the plasmodia1 surface. '15 
viruses, gram-positive bacteria, yeast and fungi, was found to act pri- 
marily as an inhibitor of glycoprotein synthesis. l6 5-Fluorocytosine was 
found to have a significant effect on protein synthesis in susceptible 
yeasts; this effect was felt to contribute to the antifungal activity of 
the drug. l7 Daily intravenous administration of amphotericin B to rats 
was found to produce significant decreases in serum cholesterol levels. 11* 
Triclosan was reported to have a wide range of activity against bacteria 
and fungi and was more active than hexachlorophene and neomycin against 

Tunicamycin, an antibiotic active against 

- - 

Staphlococcus aureus and against some gram-negative organisms; it was also 
active against Candida species and dermatophytic organisms. The mode 

~~ 

of action of triclosan was found to be associated with changes in membrane 
function; there was interference with the uptake of amino acids and uracil 
from culture media at low concentrations, and at bactericidal concentra- 
tions there were lesions in membranes which led to leakage of the cellular 
content. 120 
scribed. 121 
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Chapter 14. An t ineop las t i c  Agents 

A.  Bloch, Roswell Park Memorial I n s t i t u t e ,  Buffalo,  N e w  York 

There probably e x i s t s  no b e t t e r  way of being made aware of t he  enig-  
mat ic  na tu re  of t he  cancer  c e l l  than  i s  provided by a review of t he  a n t i -  
neop las t i c  agen t s  developed dur ing  a g iven  year .  
d e f i n i t i v e  informat ion  on the  molecular b a s i s  underlying t h e  development 
and growth of  t he  cancer  c e l l  and the  r e s u l t i n g  biochemical p r o p e r t i e s  
which d i f f e r e n t i a t e  it from normal c e l l s ,  t he  i d e n t i f i c a t i o n  of s e l e c t i v e  
i n h i b i t o r s  becomes e n t i r e l y  a ma t t e r  o f  t r i a l  and e r r o r .  Thus, sc reening  
f o r  p o t e n t i a l l y  a c t i v e  agen t s  from p l a n t  and animal sources ,  s t r u c t u r a l  
modi f ica t ion  of n a t u r a l  me tabo l i t e s ,  and eva lua t ion  of c y t o t o x i c  chemicals 
a r e  s t i l l  t h e  primary means used f o r  t he  development of c l i n i c a l l y  u s e f u l  
an t i tumor  agents .  Although i n t e l l e c t u a l l y  not  q u i t e  s a t i s f y i n g ,  t h i s  em- 
p i r i c a l  approach has been r a t h e r  success fu l .  The dramatic  advances made i n  
t h e  t rea tment  of t h e  childhood leukemias, choriocarcinoma, W i l m s '  tumor, 
B u r k i t t ' s  lymphoma and o t h e r  neoplasms' have been achieved d e s p i t e  t h e  lack  
of e x p l o i t a b l e  informat ion  r e l a t e d  t o  the  molecular o r  biochemical makeup 
of t hese  tumors. Much experimentat ion and end le s s  t r i a l s  involv ing  a mul- 
t i t u d e  of schedules  and drug combinations were necessary but ,  i n  t he  balance,  
t h e  r e s u l t  was w e l l  worth the  e f f o r t .  I n  a d d i t i o n  t o  t h e  t h e r a p e u t i c  
success ,  much new knowledge was gained concerning t h e  pharmacokinet ics  of 
va r ious  c l a s s e s  of compounds, t h e i r  e f f e c t i v e n e s s  i n  r e l a t i o n  t o  t h e  c e l l  
cyc le ,  and t h e i r  use i n  conjunct ion  wi th  me tabo l i t e s  which modify t h e i r  
t o x i c i t y  t o  t h e  hos t .  The emphasis now i s  on t h e  t rea tment  of s o l i d  tumors, 
which have been l a r g e l y  r e f r a c t o r y  t o  the  a c t i o n  of e x i s t i n g  agents .  I n  
moving forward, i t  becomes necessary t o  focus on those  f a c t o r s  which have 
made the  p a s t  p rogress  p o s s i b l e  and t o  explore  i n  what manner they  could 
poss ib ly  be improved upon. 

I n  the  absence of 

S ince  complex molecules such a s  actinomycin D o r  v i n c r i s t i n e  o r  a d r i a -  
mycin could not  poss ib ly  have been designed,  on a r a t i o n a l  b a s i s ,  a s  a c t i v e  
ant i tumor agents ,  which indeed they a r e ,  i t  i s  obvious t h a t  sc reening  f o r  
cy to tox ic  agen t s  from n a t u r a l  sources  needs t o  be cont inued.  And so does 
the  syn thes i s  of new agen t s .  The f a c t  t h a t  some groups of compounds, such 
a s  the  a l k y l a t i n g  agen t s  o r  c e r t a i n  quinone d e r i v a t i v e s ,  have proved u s e f u l  
i n  cancer therapy,  does not  exclude the  the rapeu t i c  p o t e n t i a l  of c l a s s e s  of 
compounds not  c u r r e n t l y  recognized a s  ant i tumor agen t s .  I n v e s t i g a t i o n s  i n  
an a rea  where the  c l i n i c a l  u t i l i t y  of a type compound has  been e s t a b l i s h e d ,  
c o n s t i t u t e  e s s e n t i a l l y  a search  f o r  d e r i v a t i v e s  wi th  s e l e c t i v i t y  g r e a t e r  
than t h a t  of t h e  parent .  This  aim i s  not  r e a l i z e d  too  o f t e n .  However, 
r e l a t i v e l y  smal l  s t r u c t u r a l  changes can make a s i g n i f i c a n t  d i f f e r e n c e .  For 
in s t ance ,  a hydroxyl group present  i n  adriamycin l eads  t o  a marked inc rease  
i n  t h e r a p e u t i c  e f f i c a c y  a s  compared t o  the  companion a n t i b i o t i c  daunomycin 
which l acks  t h a t  group. I n  prepar ing  d e r i v a t i v e s ,  t h e  problem becomes one 
of a s c e r t a i n i n g  t h e  s t r u c t u r a l  modi f ica t ions  which can lead  t o  improved ac- 
t i v i t y .  It i s  unfor tuna te  t h a t  c o r r e l a t i o n s  between s t ruc tu re  and a c t i v i t y  
become p o s s i b l e  only  a f t e r  s co res  of d e r i v a t i v e s  of a g iven  compound have 
been prepared and t h e i r  b i o l o g i c a l  a c t i v i t y  has  been eva lua ted .  But once 
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e s t a b l i s h e d ,  such c o r r e l a t i o n s  can se rve  t o  p a r t i a l l y  remove the  empir ica l  
component from f u r t h e r  des igns ,  improving the  chances f o r  success .  

I n  a s e r i e s  of conferences,  t h  s t r u c t u r e s  of  a r e l a t i v e l y  l a r g e  num- 
ber  of quinones2 and of actinomycins' were r e l a t e d  t o  t h e i r  ant i tumor ac- 
t i v i t y ,  and t h e  s a l i e n t  s t r u c t u r a l  f e a t u r e s  a s soc ia t ed  wi th  t h i s  a c t i v i t y  
were descr ibed .  S imi l a r ly ,  t h e  concepts  and r a t i o n a l e s  underlying t h e  com- 
b i n a t i o n  chemotherapy of cancer were e ~ p l o r e d . ~  
ed the  requirement f o r  s t a t i s t i c a l  methods s u i t a b l e  f o r  e s t a b l i s h i n g  cor re-  
l a t i o n s ,  and a survey5 focused on t h e  c u r r e n t l y  a v a i l a b l e  techniques which, 
among o t h e r s ,  inc lude  mul t ip l e  r e g r e s s i o n  a n a l y s i s ,  d i scr iminant  a n a l y s i s ,  
molecular o r b i t a l  c a l c u l a t i o n s ,  c l u s t e r  a n a l y s i s ,  p a t t e r n  r ecogn i t ion ,6  and 
s u b s t r u c t u r a l  a n a l y s i s . 7  Equally important  i s  the  cont inued r e -eva lua t ion  
of t he  animal models used f o r  p red ic t ing  drug a c t i o n  a g a i n s t  human tumors, 
and al though leukemia L-1210 i s  c u r r e n t l y  considered the  most u s e f u l  
- vivo  model system,* increased  a t t e n t i o n  w i l l  have t o  be pa id  t o  human tumor 
exp lan t s  c a r r i e d  i n  s u i t a b l e  animals .  

These eva lua t ions  emphasiz- 

With these  cons ide ra t ions  i n  mind, i t  i s  of i n t e r e s t  t o  review some 
of t he  advances made dur ing  1974 wi th  r e spec t  t o  a n t i n e o p l a s t i c  agents .  

The s t r u c t u r a l  modi f ica t ion  of a l k y l a t i n g  agents  i s  being based in-  
c r eas ing ly  on information concerning t h e i r  metabol ic  a c t i v a t i o n  (b ioac t iva-  
t i o n ) .  Thus, because t h e  ant i tumor e f f e c t  of cyclophosphamide i s  dependent 
upon i t s  enzymatic ox ida t ion  i n  the  l i v e r ,  a Fenton ox ida t ion  product ,  4- 
peroxycyclophosphamide, was eva lua ted  and found markedly a c t i v e  a g a i n s t  
H. Ep. #2 c e l l s  i n  v i t r o  and leukemia L-1210 i n  viva.' 
uc t  may o f f e r  some advantage over t h e  parent  compound i n  cases  where impair-  
ed l i v e r  func t ion  is encountered. 
l y i n g  the  des ign  of va r ious  benzo- and naphthoquinones conta in ing  one o r  two 
s i d e  cha ins  capable  of a l k y l a t i o n  fol lowing enzymatic r educ t ion  of t h e  
quinone nucleus i n  vivo.lo,l l  
t h e  growth of adenocarcinoma 755 i n  mice, wi th  nuc le i c  a c i d  syn thes i s ,  and 
wi th  the  a c t i v i t y  of some coenzyme Q mediated enzyme systems. 
number of n i t rosourea  d e r i v a t i v e s  have now been synthesized t o  a l low t h e  
q u a n t i t a t i v e  eva lua t ion  o f  s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s .  A reasonable  
c o r r e l a t i o n  was found between the  octanol-water  p a r t i t i o n  c o e f f i c i e n t  of 14 
n i t rosoureas  and t h e i r  a b i l i t y  t o  i n h i b i t  Lewis lung carcinoma i n  mice. The 
opt imal  log  p value  f e l l  between -0.20 and 1.34.l '  
a n a l y s i s  of b i o l o g i c a l ,  biochemical and physiochemical da t a  r e l a t i n g  t o  
s e v e r a l  1- (2-  ha l o e t h y l )  - 1-n i t rosoureas  wi th  a c t i v i t y  a g a i n s t  leukemia L-1210 
showed t h a t  carbamoylating and a l k y l a t i n g  a c t i v i t y  a s  w e l l  a s  s o l u b i l i t y  
p a r t i c i p a t e  i n  determining the  degree of an t i leukemic  a c t i v i t y .  l3 
i t y  and carbamoylating a c t i v i t y  a r e  major f a c t o r s  i n  determining t o x i c i t y ,  
whereas the  ant i tumor e f f e c t  depends t o  a l a r g e  ex ten t  on t h e  a l k y l a t i n g  
a c t i v i t y .  It  was suggested t h a t  f o r  opt imal  e f f e c t ,  n i t ro soureas  should 
have low carbamoylating a c t i v i t y ,  r e l a t i v e l y  low chemical s t a b i l i t y ,  h igh  
a l k y l a t i n g  a c t i v i t y  and marked l i p o p h i l i c i t y .  S t r u c t u r e - a c t i v i t y  compari- 
sons wi th  an t i tumor-ac t ive  3-methyl-3-nitrosoureido d e r i v a t i v e s  of va r ious  
amino sugars  r e l a t e d  t o  s t r e p t o z o t o c i n  showed t h a t  t h e  sugar moiety s e r v e s  
a s  a comparatively non-spec i f ic  hydrophi l ic  c a r r i e r  f o r  t h e  N-methy1-N- 

The ox ida t ion  prod- 

B ioac t iva t ion  a l s o  is the  concept under- 

Various of t hese  compounds i n t e r f e r e d  wi th  

A s u f f i c i e n t  

S imi l a r ly ,  a computer 

So lub i l -  
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n i t rosourea  group.14 However, t he  carbohydrate  moiety m u s t  provide some 
a d d i t i o n a l  p r o p e r t i e s  t o  the  d e r i v a t i v e s ,  s ince  t h e i r  b i o l o g i c a l  e f f e c t s  
d i f f e r  from those of N-methyl-N-nitrosourea i t s e l f .  

Agents which i n t e r f e r e  wi th  the  a v a i l a b i l i t y  o r  c e l l u l a r  u t i l i z a t i o n  
of amino a c i d s  cont inue t o  hold i n t e r e s t  i n  cancer chemotherapy. Thus be- 
cause human lymphoblast ic  leukemia c e l l s  i n  c u l t u r e  demonstrate an abso lu te  
requirement f o r  L-cysteine,  whereas normal human lymphoid c e l l s  i n  c u l t u r e  
do not ,  "cys te ine  scavenging" was suggested a s  a poss ib l e  s e l e c t i v e  a n t i -  
tumor approach. 
capable  of combining wi th  i n t r a c e l l u l a r  o r  e x t r a c e l l u l a r  cys t e ine  were syn- 
thes ized .15  The compounds prepared were, however, equa l ly  t o x i c  t o  t h e  two 
c e l l  l i n e s ,  probably due t o  non-spec i f ic  S -a lky la t ion .  Es t ab l i sh ing  an  
a r g i n i n e  de f i c i ency  i n  the  growth medium, through t h e  i n t r o d u c t i o n  of r a t  
o r  beef l i v e r  a rg inase  caused the  i n h i b i t i o n  of leukemia L-5178 Y and L- 
1210 c e l l  growth i n  v i t r o . 1 6  
observa t ions  wi th  g lu t aminase -aspa rag inase ,  and i s  p o t e n t i a l l y  app l i cab le  
t o  many o the r  amino a c i d  metabol iz ing enzymes. To avoid the  t o x i c i t y  as -  
soc i a t ed  wi th  sys temica l ly  adminis tered L-asparaginase,  t h e  enzyme was i n -  
corporated i n t o  an  ex t r aco rporea l  chemotherapy u n i t  through which human and 
baboon blood was perfused.  The r e s u l t i n g  s e r u m  asparagine  l e v e l s  were re- 
duced t o  almost z e r o . l 7  

Therefore ,  a-methylenebutyrolactone d e r i v a t i v e s  p o t e n t i a l l y  

This  approach p a r a l l e l s  t he  we l l  e s t a b l i s h e d  

Because t - R N A  methylase a c t i v i t y  i s  increased  i n  va r ious  tumors18 and 
S-adenosyl-L-methionine (SAM) func t ions  a s  a methyl donor f o r  t ransmethyla-  
t i o n s ,  t he  use  of ana logs  which can i n t e r f e r e  wi th  the  a c t i v i t y  of SAM con- 
s t i t u t e s  one way by which a s e l e c t i v e  ant i tumor e f f e c t  might be achieved.  
I n  ca r ry ing  ou t  t he  t ransformat ion  r e a c t i o n s ,  S A M  i s  converted t o  S-adeno- 
syl-L-homocysteine (SAH) and 5'-deoxy-5'-(methylthio)adenosine, both of 
which i n h i b i t  t h e  t ransmethyla t ion  r e a c t i o n s .  Among va r ious  analogs,  2- 
fluoro-5'-(ethylthio)adenosine was more i n h i b i t o r y  t o  H.Ep.#2 c e l l s  
v i t r o  than was the  parent  compound.19 Numerous ana logs  of SAH wi th  mod- 
i f i c a t i o n s  i n  the  amino a c i d  o r  t h e  base moie t i e s  were, i n  gene ra l ,  less 
e f f e c t i v e  than  SAH i t s e l f  i n  i n h i b i t i n g  s e l e c t e d  enzymes involved i n  methyl 
t r a n s f e r .  20-22 
homocysteine i n  t h e  c u l t u r e  medium of some normal and malignant mammalian 
c e l l  l i n e s  led  t o  the  s e l e c t i v e  i n h i b i t i o n  of t h e  growth of  t h e  tumor ~ e l l s . ~ 3  

It i s  of i n t e r e s t  t h a t  t h e  replacement of methionine by 

I n  the  search  f o r  more s e l e c t i v e  analops of f o l i c  ac id ,  numerous 
s t r u c t u r a l  modi f ica t ions  have been introduced i n t o  t h e  molecule.  Whereas 
some of t he  newly prepared d e r i v a t i v e s  showed growth i n h i b i t o r y  a c t i v i t y  
equal  t o  t h a t  of methotrexate  (MTX) i n  va r ious  b a c t e r i a l  systems, they  were 
gene ra l ly  l e s s  e f f e c t i v e  o r  i n a c t i v e  a s  i n h i b i t o r s  of  tumor growth i n  v ivo .  
For in s t ance ,  l-deaza-N1O-methylfolic a c i d  was a s  i n h i b i t o r y  a s  MTX t o  
Lac tobac i l l u s  c a s e i  and St rep tococcus  faecium, but  not t o  leukemia L-1210 
c e l l s  i n  v ivo ,  and the  compound was a poor i n h i b i t o r  of d ihydro fo la t e  re- 
duc tase  (DHFR) from pigeon l i v e r . 2 4  S imi l a r ly ,  8 -deaza fo l i c  a c i d  and i t s  
reduced d e r i v a t i v e s  were a s  poten t  a s  MTX a g a i n s t  2. faecium and t h e  com- 
pounds r e t a i n e d  good a c t i v i t y  a g a i n s t  a MTX-resistant s t r a i n ,  but  they were 
i n e f f e c t i v e  i n h i b i t o r s  of I.. c a s e i  DHFR.25 
in te rchange  of t h e  amino and methylene groups a t  p o s i t i o n s  9 and 10 of t h e  

On the  assumption t h a t  t he  
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f o l i c  ac id  molecule could e f f e c t  an a l t e r a t i o n  i n  the  enzyme binding char- 
a c t e r i s t i c s  of t h e  compound, i s o f o l i c  ac id26  a s  w e l l  a s  isoaminopter in27 
were prepared. - ium and &. case i ,  whereas isoaminopter in  i n h i b i t e d  only t h e  growth of 4. - c a s e i .  Isoaminopterin was approximately one-half  a s  e f f e c t i v e  a s  MTX i n  
i n h i b i t i n g  4. c a s e i  DHFR, whereas i s o f o l a t e  was only a weak i n h i b i t o r  of 
t he  enzyme, r e f l e c t i n  t h e  con t r ibu t ion  which t h e  4-amino group makes t o  
binding.  When t h e  N18 o f  aminopter in  was rep laced  by carbon, i n h i b i t o r y  
a c t i v i t y  s i m i l a r  t o  t h a t  of MTX was seen i n  2. faecium and L. c a s e i  and i n  
the  4. c a s e i  DHFR assay.28 
and i n  experimental  animals v i a  7-hydroxylation, t he  7-methyl d e r i v a t i v e  
was prepared;29 t h i s  d e r i v a t i v e ,  l i k e  7-methyl MTX, was less a c t i v e  a g a i n s t  
experimental  tumors and 4. c a s e i  DHFR than was t h e  parent  compound. 
d e r i v a t i v e ,  3 ' ,5 ' -dichlorohomofol ic  ac id ,  was i n a c t i v e  a g a i n s t  L-1210 i n  
t h e  mouse and was a weak i n h i b i t o r  of L-1210 DHFR.30 
f o l i c  and 3 ' - i sop ropy l fo l i c  a c i d  were i n a c t i v e  aga ins t  L-1210 i n  v ivo  and 
aga ins t  pigeon l iver DHFR al though 3 ' - e t h y l f o l i  ac id  was a r a t h e r  pro- 
nounced i n h i b i t o r  of  t h e  growth of s. f a e ~ i u m . ~ '  The a n t i b a c t e r i a l  and 
DHFR i n h i b i t o r y  a c t i v i t y  but not t h e  ant i tumor e f f e c t  of 1,3-diamino-7,8, 
9,10-tetrahydropyrimido[4,5-c]isoquinoline was e f f e c t i v e l y  increased  by the  
in t roduc t ion  of l i p o p h i l i c  a l k y l ,  a r y l  o r  a r a l k y l  s ~ b s t i t u e n t s . 3 ~  I n  con- 
t r a s t ,  t h e  presence of long cha in  a l k y l  groups i n  p o s i t i o n s  5 o r  6 of 1,3- 
diaminobenzo[f]quinazoline l ed  t o  some l o s s  o f  i n h i b i t o r y  a c t i v i t y  a g a i n s t  
S. faecium whereas a 6-chloro s u b s t i t u e n t  enhanced t h e  a c t i v i t y  q u i t e  
Ear- 
c e l l s  i n  c u l t u r e  than  was the  parent  member of t he  series. 
series of quinazol ines ,  pyrid0-[2,3-d]pyrimidines and p t e r i d i n e s  eva lua ted  
f o r  t h e i r  capac i ty  t o  i n h i b i t  DHFR from var ious  sources ,  a c t i v i t y  comparable 
t o  MTX was exhib i ted  by some of t he  corn pound^.^^-^^ 

I s o f o l i c  ac id  was markedly i n h i b i t o r y  aga ins t  both 2. feec- 

Since 3 ' ,5 ' -d ich loro  MTX i s  de tox i f i ed  i n  man 

Another 

S imi la r ly ,  3 ' - e thy l -  

None of t h e  longchain a l k y l  compounds was a s  a c t i v e  a g a i n s t  KB 
Among a l a r g e  

To improve the  t r a n s p o r t  of MTX ac ross  b i o l o g i c a l  membranes, p a r t i c u -  
l a r l y  t h e  blood b ra in  b a r r i e r ,  var ious  modi f ica t ions  of t h e  glutamic a c i d  
po r t ion  of t he  molecule were undertaken t o  e f f e c t  an increase  i n  l i p o p h i l -  
i c i t y .  Among mX analogs conta in ing  modi f ica t ions  of t he  carboxyl groups, 
t h e  d i e t h y l  ester showed a c t i v i t y  aga ins t  L-1210 i n  vivo comparable t o  t h a t  
of mX i t se l f ,  due most l i k e l y  t o  hydro lys is  t o  f r e e  MTX.37 Replacement of 
t h e  L-glutamic ac id  moiety wi th  D-glutamic a c i d  caused a marked l o s s  of 
a c t i v i t y  a g a i n s t  L-1210 c e l l s  i n  vivo,  whereas i t s  replacement wi th  g l u t a r i c  
a c i d  o r  1- lys ine  r e s u l t e d  i n  i n e ~ t i v i t y . 3 ~  
c h a r a c t e r i s t i c s  of t h e  f o l a t e - a n t i f o l a t e  t r a n s p o r t  mechanism i n  L-1210 
ce l l s  revea led  t h a t  t h e  i n f l u x  mechanism e x h i b i t s  t h e  g r e a t e s t  a f f i n i t y  f o r  
aminopterin,  somewhat less f o r  MTX and poor a f f i n i t y  f o r  fo l i c  acid.38 The 
a f f i n i t y  f o r  quinazol ine d e r i v a t i v e s  i s  somewhat less than  t h a t  f o r  aminop- 
t e r i n ,  bu t  is  severe ly  reduced f o r  t h e  corresponding pyrimidine analogs.  
The e f f l u x  mechanism i s  a l s o  most e f f i c i e n t  f o r  t h e  p t e r i d i n e  analogs,  but  
t h e  pyrimidine analogs e f f l u x  almost a s  r ap id ly .  The quinazol ines  have t h e  
lowest a f f i n i t y  f o r  t he  e f f l u x  mechanism. Thus, both i n f l u x  and e f f l u x  de- 
termine the  i n t e r n a l  l e v e l  of f r e e  drug achievable  a t  any given e x t r a c e l l u -  
l a r  concent ra t ion .  

A study on t h e  s tereochemical  

A symposium on t h e  "Chemistry, Biology and C l i n i c a l  Uses of Nucleoside 
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Analogs" held under the  ausp ices  of t h e  New York Academy of Sciences3' dem- 
o n s t r a t e d  the  prominent p o s i t i o n  among the  a n t i n e o p l a s t i c  agen t s  which t h i s  
group of compounds s t i l l  holds.  Arabinofuranosyl  cy tos ine  (ara-C),  7-deaza- 
adenosine,  and 2,2'-anhydro-arabinofuranosy1-5-fluorocytosine r e p r e s e n t  bu t  
some of t h e  c l i n i c a l l y  u s e f u l  nuc leos ides  d iscussed .  Analogs whose syn- 
t h e s i s  was r epor t ed  dur ing  the  p a s t  year  i nc lude  2'-deoxy-6-selenoguanosine, 
which was l e s s  a c t i v e  aga ins t  leukemia L-1210 i n  v ivo  than  was t h e  cor res -  
ponding r ibo fu ranosy l  de r iva t ive40  and a group of 4 ' -oxo-nucleosides ,  con- 
s i s t i n g  of some 7- and 9-[ 6 - d e o x y - a - L - ~ h e x o p y r a n o s - 2 ( a n d  4)-u losy l ]pur -  
i n e s  which showed some i n h i b i t o r y  e f f e c t  a g a i n s t  KB c e l l s ;  replacement of 
t h e  carbonyl group i n  the  carbohydrate  moiety l e d  t o  i n a ~ t i v i t y . ~ ~ , ~ ~  From 
the  po in t  of view of s t r u c t u r e  E. a c t i v i t y  i t  i s  noteworthy t h a t  t he  a and 
$ anomers of 1-(2-deoxy-~-ribofuranosyl -4-pyridone were i n a c t i v e  when 
t e s t e d  i n  the  Escher ich ia  coli system,43 whereas 3-deazauridine was an  e f -  
f e c t i v e  i n h i b i t o r  of t hese  b a c t e r i a  a s  we l l  a s  of leukemia L-1210 c e l l s . 4 4  
A c t i v i t y  a g a i n s t  some tumor c e l l  l i n e s  i n  v i t r o  was a l s o  shown & 2'-amino- 
2 'deoxy-5- f luorour  idine45 and by 5- t hiocyana to -  2 ' -deoxyur id ine ,  
e x e r t i n g  i t s  e f f e c t  most l i k e l y  fol lowing r educ t ion  t o  the  5-mercapto de- 
r i v a t i v e .  Because of t he  pronounced an t i tumor  a c t i v i t y  of  2,2 '-0-anhydro 
ara-C, t he  4 ' - t h i o  ana log  was ~ r e p a r e d , ~ 7  w i t h  a c t i v i t y  a g a i n s t  KB c e l l s  
equ iva len t  t o  t h a t  of t he  4'-oxygen compound. 

t he  l a t t e r  

Among cycl ic  nuc leo t ides ,  9- (p-2-arabinofuranosy1)guanine c y c l i c  3 ' ,  
5I-phosphate proved t o  be markedly cy to tox ic  t o  va r ious  tumor c e l l  l i n e s  
- i n  -3 v i t r o  48 whereas some 8-seleno and a lky l se l eno  s u b s t i t u t e d  d e r i v a t i v e s  
of  c c l i c  AMP i n h i b i t e d  the  growth of L-5178 Y c e l l s  i n  v i t r o  only s l i g h t -  
ly.43 To f a c i l i t a t e  t h e  passage of nuc leo t ides  through the  c e l l  membrane, 
some t r i n u c l e o s i d e  monophosphates conta in ing  thymidine and 5 - f luo ro  o r  5- 
bromo-2'-deoxyuridine r e s i d u e s  were prepared.50 
of c e l l  growth they produced was a t t r i b u t e d  t o  t h e  slow i n i t i a l  hydro lys i s  
of t he  t r i e s t e r .  

The moderate i n h i b i t i o n  

I n  view of  t he  encouraging an t i tumor  a c t i v i t y  of t he  thiosemicarba-  - zone d e r i v a t i v e s  of 5-hydroxy-2-formylpyridine (5-HP) and l - formylisoquin-  
o l i n e  ( IQ- l ) ,  a number of  a d d i t i o n a l  d e r i v a t i v e s  were prepared.  Among 
these  , 2- f ormy l-4- (2-aminop heny 1 )  pyr i d i n e  t h  iosemicar  ba zone5 and 5 - m e t  hy 1- 
amino-1-formyl-isoquinoline t h i o s e m i c a r b a ~ o n e ~ ~  were the  most po ten t  i nh ib -  
i t o r s  of  t h e  growth of  Sarcoma 180 c e l l s  i n  mice. The i s o s t e r i c  rep lace-  
ment of s u l f u r  by selenium i n  -NH o r  0 abol i shed  t h e  i n h i b i t o r y  e f f ec t . 53  
S i g n i f i c a n t  a c t i v i t y  a g a i n s t  Sarcoma 180 was a l s o  shown by some 4 I - subs t i -  
t u  d d e r i v a t i v e s  of 5-HP,54 and by some carboxaldehyde d e r i v a t i v e s  of IQ- 1.lf An eva lua t ion  of 97 a- (N)-formyl he te roaromat ic  thiosemicarbazones 
a s  i n h i b i t o r s  of t h r e e  murine tumors and of t h e  enzyme r ibonuc leos ide  d i -  
phosphate r educ ta se  from H.Ep#2 cells demonstrated a s i g n i f i c a n t  c o r r e l a t i o n  
between the  i n  v i t r o  enzyme i n h i b i t i o n  and the  ant i tumor a c t i v i t y  i n  mice.56 
From t h e  des ign  p o i n t  of view it was concluded t h a t  t o  produce a c t i v i t y ,  
h ighly  i o n i c  o r  r e a d i l y  metabol izable  groups,  such a s  phenol ic  hydroxyls,  
need t o  be avoided, whereas s u i t a b l e  complex r i n g  s u b s t i t u e n t s  t h a t  a r e  C- 
o r  N- l inked  and can c o n t r i b u t e  t o  drug-enzyme i n t e r a c t i o n  a r e  d e s i r a b l e .  

Combinations o r  complexes of drugs and tumor-spec i f ic  an t ibod ie s  a r e  
being explored wi th  inc reas ing  frequency f o r  t h e i r  a n t i n e o p l a s t i c  p r o p e r t i e s .  
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The r o l e  of t he  an t ibod ie s  i s  t o  lend s e l e c t i v i t y  t o  t h e  cy to tox ic  agents.57 
For in s t ance ,  by coupl ing t h e  a l k y l a t i n g  agent  Trenimon (2 ,3 ,5 - t r i s - e thy l -  
enimino-1,4-benzoquinone) t o  immunoglobulins, both a l k y l a t i n g  a c t i v i t y  and 
immunological s p e c i f i c i t y  were r e t a i n e d  ,58 However, an t ibod ie s  do not  r e -  
q u i r e  complexing wi th  a drug t o  e x e r t  enhanced e f f e c t s .  
polyoma-transformed c e l l s  augmented the  c y t o t o x i c i  y t o  chlorambuci l ,  a l -  
though they d i d  not  bind the  drug prefer en ti all^.^' S imi l a r ly ,  t he  admin- 
i s t r a t i o n  of  ant i tumor an t ibody t o  mice one hour a f t e r  i n j e c t i o n  of n i t r o -  
gen mustard o r  a rab inofuranosyl  c t o s i n e  e f f e c t e d  a s y n e r g i s t i c  i n h i b i t i o n  
of t he  growth of  lymphoma ce l l s .6 i ;  A v a r i a t i o n  of t he  combination approach 
envis ions  t h e  s p e c i f i c  attachment of haptens t o  the  tumor c e l l  su r f ace ,  
followed by the  genera t ion  of  an t ibod ie s  a g a i n s t  t he  haptens.61 The prob- 
l e m ,  of course,  i s  one of ob ta in ing  haptens wi th  tumor c e l l  s p e c i f i c i t y .  
Unique d i f f e r e n c e s  i n  tumor c e l l  su r f aces  do e x i s t .  For in s t ance ,  a s  com- 
pared t o  normal leukocytes ,  t h e  su r face  membranes of  human and murine 
leukemic c e l l s  d i sp l ay  a marked de f i c i ency  of u n e s t e r i f i e d  cho le s t e ro l .  62 
This  low l e v e l  can be increased  by t reatment  of t h e  c e l l s  wi th  a l e c i t h i n -  
c h o l e s t e r o l  mixture63 and analogs of  c h o l e s t e r o l  can, probably,  be bound 
a s  w e l l .  Another p o s s i b i l i t y  i s  suggested by t h e  observa t ion  t h a t  phenyl- 
g lyoxal ,  which r e a c t s  s p e c i f i c a l l y  wi th  a r g i n i n e  moie t i e s  i n  p ro t e in ,  does 
not  en te r  HeLa c e l l s ,  bu t ,  by masking a r g i n i n e  r e s idues  i n  the  c e l l  su r f ace  
p r o t e i n s ,  i n h i b i t s  t h e i r  growth. 64 The observa t ion  t h a t  i n  v ivo  t reatment  
of L-1210 c e l l s  wi th  5-(3,3-dimethyl-l-triazine)imidazole-4-carboxamide 
appeared t o  induce new an t igens  i n  t h e i r  c e l l  su r f ace  sugges ts  t h a t  such 
an inc rease  i n  immunogenicity may lend i t s e l f  t o  “adopt ive immunotherapy!’65 
Tumor s p e c i f i c  c e l l  an t igens  have a l s o  been considered p o t e n t i a l  t a r g e t s  
f o r  I3lI o r  1331-radioantibodies,  which were c a l c u l a t e d  t o  d e l i v e r  a suf -  
f i c i e n t l y  h igh  dose of r a d i a t i o n  t o  be of t he rapeu t i c  va lue .66  Since  the  
boron (B) nucleus has t h e  capac i ty  t o  absorb thermal  neutrons and subse- 
quent ly  t o  undergo f i s s i o n  wi th  the  r e l e a s e  of a - p a r t i c l e s  which d i s s i p a t e  
t h e i r  ion’z ing  energy wi th in  a few c e l l  d iameters ,  t he  s e l e c t i v e  accumula- 
t i o n  of l b B  i n  a tumor has  been considered p o t e n t i a l l y  u s e f u l  f o r  s e l e c t i v e  
therapy.  Antitumor a n t i b o d i e s  a r e  envis ioned a s  t h e  s p e c i f i c  l o c a l i z i n g  
c a r r i e r s .  Various i o n i c a l l y  s o l u b i l i z e d  boron hydrides  were used t o  a t t a c h  
B t o  human a-g lobul in  and t o  bovine serum albumin, bu t  on ly  small amounts 
(0.6-1.777 by wei h t  of B )  could be bound without  s i g n i f i c a n t  l o s s  of pro- 
t e i n  ~ o l u b i l i t y . ~ 7 ’ ~ ~  To avoid t h e  exchange of  i o n i c a l l y  bound B w i th  
o the r  p r o t e i n s ,  n e u t r a l  r l y h e d r a l  borones conta in ing  p r o t e i n  inco rpora t ing  
func t ions  were prepared, bu t  t h e i r  i nco rpora t ion  l e v e l s  i n t o  p r o t e i n s  
were r e l a t i v e l y  low. 

Antibodies  t o  

I n  eva lua t ing  these  approaches i t  i s  e s s e n t i a l  t o  keep i n  mind t h a t  
t h e  a n t i g e n i c i t y  of  spontaneous tumors v a r i e s  markedly from t h a t  of t r ans -  
p l an ted  ones, and un le s s  such a n t i g e n i c i t y  can be enhanced, i t  may not  be 
s u f f i c i e n t l y  pronounced t o  permit i t s  e x p l o i t a t i o n  f o r  therapy.  

Numerous new a n t i b i o t i c s  w i t h  a c t i v i t y  a g a i n s t  va r ious  experimental  
tumors have been i s o l a t e d .  Among these  a r e  vermicul ine,  a nine-membered 
lac tone ,  p 
st ipitatum?’ and an azamino a c i d  found i n  c u l t u r e s  of  2. candidus.q2- T h e  
search  f o r  more s e l e c t i v e  analogs of adriamycin l e d  t o  the  p repa ra t ion  of 

duced by p. vermicu la tum,~O two a n t i b i o t i c s  produced b P. 
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v a r i o u s  2 - a c y l  d e r i v a t i v e s  ( a c e t y l ,  p r o p i o n y l ,  benzoyl ,  e t c . ) ,  none of  which 
was s i g n i f i c a n t l y  more a c t i v e  t h a n  t h e  p a r e n t  compound.73 Of i n t e r e s t  i n  
r e l a t i o n  t o  s t r u c t u r e  E. a c t i v i t y  i s  t h e  s ~ g g e s t i o n 7 ~  t h a t  t h e  c a r d i a c  tox-  
i c i t y  of  daunomycin and adriamycin may r e s i d e  i n  t h e  daunosamine p o r t i o n ,  
which a l l o w s  t h e  molecules  t o  be t a k e n  up by t h e  h e a r t  muscle,  whereas  t h e  
an t i t umor  a c t i v i t y  r e s i d e s  i n  t h e  chromophore. Var ious  ac t inomyc in  D de- 
r i v a t i v e s  have a l s o  been p repa red ,  and among t h e s e  7 - n i t r o  and '(-amino- 
act inomycin D were comparable t o  t h e  p a r e n t  i n  i n h i b i t i n g  t h e  growth o f  
some e x p e r i m e n t a l  t u m 0 r s . 7 ~  
c i n ,  o b t a i n e d  from Drymaria c o r d a t a ,  i s  r e p o r t e d  t o  e x e r t  s i g n i f i c a n t  a c t i v -  
i t y  a g a i n s t  leukemia L-1210 w i t h  low t o x i c i t y  t o  t h e  hos t ,T6  and 
e x t r a c t s  from Za luzan ia  r o b i n s o a t  and S a r r a c e n i a  f layaT8 show some a n t i -  
tumor e f f e c t  s .  P o l y s a c c h a r i d e s  and l i p o p o l y s a c c a r  i d e s  i s o l a t e d  from b a c t e r  - 
i a  and f u n g i  c o n t i n u e  t o  r e c e i v e  a t t e n t i o n  f o r  t h e i r  tumor growth i n h i b i t o r y  
proper tie^,^^-^' t h e i r  e f f e c t  b e i n  mediated most l i k e l y  th rough  s t i m u l a t i o n  
o f  t h e  pr imary immune r e sponse .  82-85 Continuing a t t e n t i o n  i s  a l s o  be ing  
p a i d  t o  t h e  immunoprophylactic and i m u n o t h e r a p e u t i c  p r o p e r t i e s  o f  k i l l e d  
Corynebac te r i ae  and B o r d e t e l l a e ,  which cause  t h e  i n h i b i t i o n  of  t h e  growth 
of  v a r i o u s  expe r imen ta l  tumors i n  vivo.86-90 I n  view o f  t h e  f a c t  t h a t  
i n t e r f e r o n  i s  o f  v a l u e  i n  t h e  t r e a t m e n t  of  osteosarcoma i n  v i v o  and & - v i t r o ,  i t  d e s e r v e s  c l o s e  e v a l ~ a t i o n . ~ ~  Although r e p o r t s  on t h e  a n t i t u m o r  
a c t i v i t y  of  an ima l  e x t r a c t s  appear  w i t h  g r e a t  r e g u l a r i t y ,  a su rvey  of  t h e  
a n t i n e o p l a s t i c  a c t i v i t y  o f  m a t e r i a l s  e x t r a c t e d  from mol lusks ,  echinoderms, 
p o r i f e r a ,  and a v a r i e t y  o f  marine i n v e r t e b r a t e s  showed t h a t  such e x t r a c t s  
a r e  f r e q u e n t l y  q u i t e  i m p u r e ,  and t h a t  t h e i r  u t i l i t y  i s  compromised by t h e  
opposing b i o l o g i c a l  e f f e c t s  o f  such i m p u r i t i e s .  
t h a t  whereas  some a c t i v e  a n t i t u m o r  compounds were encoun te red ,  no c l i n i c a l -  
l y  u s e f u l  a g e n t s  have, t o  d a t e ,  been found i n  m a t e r i a l s  o b t a i n e d  from t h e  
s e a .  92 

Among m a t e r i a l s  e x t r a c t e d  from p l a n t s ,  co rda -  

v i v o  

The r e p o r t  a l s o  i n d i c a t e d  

Polymers o f  v a r i o u s  t y p e s ,  i n c l u d i n g  pyran copolymerg3 and p o l y  1-cg4 
c o n t i n u e  t o  be e v a l u a t e d  a s  a n t i t u m o r  a g e n t s .  
o b t a i n e d  a g a i n s t  s o l i d  L-5178Y and a g a i n s t  L e w i s  lung carcinoma by means o f  
a s o l u b l e  double  s t r a n d e d  RNA-polyquaternary ammonium complex, 95 and some 
i n h i b i t i o n  o f  Walker carcinosarcoma 256 was e f f e c t e d  by po ly  (sodium a c r y -  
l a t e )  and poly (ammonium a ~ r y l a t e ) . ~ ~  
a s  e v a l u a t e d  a g a i n s t  leukemia L-1210 i n  DBA2 mice, a n  adriamycin-DNA com- 
p l e x  had a b e t t e r  t h e r a p e u t i c  i ndex  t h a n  d i d  f r e e  ad r i amyc in .  
ed chemothe rapeu t i c  e f f i c i e n c y  i s  though t  t o  r e s u l t  from t h e  r e l a t i v e l y  
h i g h  e n d o c y t i c  a c t i v i t y  o f  t h e  tumor c e l l s ,  which i s  r e s p o n s i b l e  f o r  t h e  
uptake o f  t h e  complex i n t o  t h e  c e l l s .  
t h e  lysosomes, ad r i amyc in  is  l i b e r a t e d  and e x e r t s  i t s  i n h i b i t o r y  e f f e c t s .  97 
S i g n i f i c a n t  a c t i v i t y  a g a i n s t  E h r l i c h  a s c i t e s  carcinoma was a l s o  produced by 
p o l y p e p t i d e s  c o n s i s t i n g  of  5-30 a-amino a c i d  r e s i d u e s ,  wherein t h e  t e r m i n a l  
carboxy group wa s bound t o  b i  s ( 2  - c h l o r o e  t h y  1 )  amine o r  N , N- b i s  (2 - c h l o  r o e  t hy 1 )  
hydraz ine .  98 

S i g n i f i c a n t  a c t i v i t y  was 

O f  i n t e r e s t  i s  t h e  o b s e r v a t i o n  t h a t ,  

The i n c r e a s -  

A f t e r  d e g r a d a t i o n  o f  t h e  DNA i n s i d e  

C e r t a i n  dyes such  a s  hematoporphyrin,  f l u o r e s c e i n  and a c r i d i n e  o range ,  
which accumulate  s e l e c t i v e l y  i n  n e o p l a s t i c  t i s s u e s ,  have p o t e n t i a l  t h e r a -  
p e u t i c  u t i l i t y .  
o r  w i t h  a l a s e r  beamToo a t  ene rgy  l e v e l s  t h a t  do n o t  cause  h e a t  damage, and 

The can  be a c t i v a t e d  by i r r a d i a t i o n  w i t h  v i s i b l e  l i g h t g 9  
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c a n  subsequen t1  e f f e c t  p a r t i a l  o r  complete r e g r e s s i o n  of v a r i o u s  e x p e r i -  
men ta l  tumors.  181 

Because of t h e  demonstrated an t i t umor  a c t i v i t y  of s e v e r a l  p l a t i n u m  
complexes, o t h e r  me ta l  d e r i v a t i v e s  such  a s  rhodium ( 1 1 ) - a c e t a t e  o r  p rop io -  
n a t e  were t e s t e d ,  and were shown t o  be e f f e c t i v e  i n h i b i t o r s  o f  E h r l i c h  
a s c i t e s  carcinoma i n  mice. lo2 
p r o t e c t e d  mice a g a i n s t  F r i e n d  and plasma v a r i a n t - i n d u c e d  leukemias.  103 

A h e t e r o p o l y a n i o n  5- tungsto-2-ant imonate  

Misce l l aneous  a g e n t s  which have shown a c t i v i t y  a g a i n s t  e x p e r i m e n t a l  
tumors i n c l u d e  p r o s t a g l a n d i n  Fza, a c t i v e  a g a i n s t  a n  e s t rogen-dependen t  
DMBA-induced mammary tumor of t h e  r a t ; l o 4  a number o f  d e r i v a t i v e s  of  4 ' -  
(9-acridinylamino)-methanesulfonanilide105~106 and v a r i o u s  a m i n e - s u b s t i t u t -  
ed ana logs  of  b i s q u a t e r n a r  
moyl)anilino]quinoline,lofsome w i t h  p o t e n t  a c t i v i t y  a g a i n s t  L-1210 i n  v i v o .  
S i g n i f i c a n t  a c t i v i t y  a g a i n s t  v a r i o u s  expe r imen ta l  tumors was produced by 
d e r i v a t i v e s  of  l-acetyl-2-picolinoylhydrazine, lo8 by a number o f  a c e t y l e n i c  
Mannich b a s e s  c o n t a i n i n g  t h e  N-bis(2-chloroethy1)amino moie ty , lo9  by homo- 
Cora l y n ,  l o  2,2 ' - (me t h  l ened i imino)  b i s -  1 ,3 ,4-  t h i a d i a z o l e ,  and by b e r b e r -  

s a l t s  of  4-[p- (p-[4-pyridylamino]-phenylcarba- 

i n o l  thiophosphamide. 112 

I t  i s  e v i d e n t  t h a t  t h i s  b r i e f  review concerned i t s e l f  o n l y  w i t h  t h e  
expe r imen ta l  a s p e c t s  r e l a t e d  t o  t h e  development of new a n t i n e o p l a s t i c  
a g e n t s .  It  i s  t o  be hoped t h a t  t h e  t h e r a p e u t i c  u t i l i t y  of one o r  a n o t h e r  
of  t h e  a g e n t s  o r  approaches d i s c u s s e d  w i l l  be such  a s  t o  mer i t  t h e i r  
i n c l u s i o n  i n  f u t u r e  c l i n i c a l  reviews. 
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Chapter 15. New Concepts in the Chemotherapy of Neoplasia 

William Regelson, Medical College of Virginia, 
Virginia Commonwealth University, Richmond, Virginia 

New observations have been made which are leading to, or will lead 
to, rapid clinical development. These can be divided into the following 
significant areas: 

1) The role of cyclic nucleotides in producing cellular differen- 
tiation in malignant cells, and the role of phosphodiesterase inhibition, 
in maintaining cyclic nucleotide effects, and in controlling lymphocyte 
immunologic responsiveness and cytotoxicity. 

2) The role of the cyclic nucleotides (cyclic CMP) in controlling 
the mitotic cycle. 

3) 
platinum derivatives and the synergy between a wide ranging group of 
antitumor drugs and the piperazinyl propane chelator, ICRF-159. Clinical 
evidence for enhanced effectiveness of 5-fluorouracil with the nitro- 
soureas and adriamycin with cyclophosphamide . 
glucose-containing nitrosourea derivatives with increased therapeutic 
activity against the L1210 leukemia. 

5) 
daunorubicin and actinomycin-D which are reputed to show improved thera- 
peutic index. 

6)  
7) The effects on methotrexate (MTX) cellular concentration by 

Synergistic antitumor activity between alkylating agents and 

4 )  The development of relatively non-marrow depressing water soluble 

The utilization of DNA physical-chemical complexes with adriamycin, 

The role of ribonucleotide reductase as a factor in tumor growth. 

vincristine and corticosteroids, and the possibility that MTX action may 
also exert effects via thymidylate synthetase as well as inhibition of 
tetrahydrofolate reductase. 

8) The evidence that nitrogen mustard (€IN21 can exert its cytocidal 
activity independent of cell cycle kinetics but dependent on protein syn- 
thesis and that its entry into cells can be stimulated by agents which 
affect choline transport. 

Evidence for increased gluconeogenesis stimulated by the presence 
of tumor in the host. 

The application of sequential combination chemotherapy and adjuvant 
chemotherapy and imunotherapy to the clinical treatment of solid tumors 
with evidence of successful clinical application of adjuvant chemotherapy 
(phenylalanine mustard (L-PAM) in breast cancer and the reports of the use- 
fulness of BCG, methanol extract residual (MER), s. parvum, and tilorone 
in melanoma, leukemia, bowel and other tumors. 

11) The development of agents which produce "chemical" adrenalectomy , 
or block pituitary trophic hormones, and estrogen trophic action which are 
now in clinical trial against breast and prostate cancer. 

viral (oncorna viruses) and antitumor activity which may lead to effective 
inhibitors of latent tumor viruses as well as effective antitumor agents. 

9) 

10) 

12) The systematic study of inhibitors of RNA and DNA polymerase for anti- 
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13) The relationship of tumor fibrinolysin activity to malignancy 

and the presence of acid proteases in tumors. 
included protease inhibition (pepstatin) and the use of warfarin and strep- 
tokinase clinically. 

alternative f o m  of chemotherapy that inhibit tumor vascularization 
(ICRF-159) and nidation. 

cellular immune responses, can be mediated by diverse pharmacologic 
agents (i.e., tilorone, levamisole, diethyl dithiocarbamate, cholinergic 
agents, carbodiimide, insulin) and that chemotherapeutic tumor cell in- 
jury can predispose to immune lysis. 

activity . 

Attempts at modulation have 

14) The evidence that inhibition of metastatic disease may involve 

15) The evidence that complement dependent immune cytotoxicity, and 

16) The demonstration that radioprotective thiols have antitumor 

Clinically, the concept of combination chemotherapy, based upon 
successes in the treatment of acute leukemias, has developed into a major 
clinical activity in the solid tumor area. In most cases, these clinical 
studies are based upon empirical trial with the rationale related to com- 
binations between cell cycle specific and non-specific antitumor agents 
applied in a simultaneous or sequential manner. In some cases, the approach 
is designed to develop tumor synchrony so that tumor cells will become more 
vulnerable to the effects of cycle specific agents for enhanced antitumor 
activity. In this regard, asparaginase in the treatment of leukemia has 
shown increased success when methotrexate is given at 5-10 days, following 
the administration of asparaginase.l 
asparaginase in synchronizing the leukemic cell population so that S phase 
vulnerability coincides with methotrexate administration. If methotrexate 
is given simultaneously with asparaginase, the synergistic effect is lost 
and methotrexate action is impeded. More importantly, evidence that nitro- 
soureas cause delays at S and G2 of the cell cycle are supported by apparent 
improvement in therapeutic response when they are administered in combina- 
tion with a drug that is active in S phase (i.e., 5-fluorouracil)?r3 
However, we should not forget previous experience with antibiotic combina- 
tions where cytostatic drugs could interfere with the effective action of 
cytocidal agents. Utilization of the L1210 tumor model has shown that 
dose timing is critical to the success of drug combinations and that se uen- 
tial chemotherapy may be better than simultaneous use of several drugs. 

This is related to the effect of 

z 
Clinical chemotherapy is now sophisticated enough to realize that solid 

tumor growth is not exponential but can become so on removal of the bulk of 
the tumor.5 
tumor vulnerability through development of mitotic synchrony or, alternatively, 
utilizing drugs whose metabolic pathways impinge sequentially on cellular 
events. Dose-kill concepts that require massive marrow destruction and 
supportive therapy with autologous marrow transplants, platelet and granu- 
locyte transfusions, although currently in vogue, will hopefully not be 
necessary. 

Repetitive chemotherapy can be most effective by increasing 

In another area, the concept has now been established that the smaller 
the tumor burden, the greater the possibility of chemotherapeutic success 
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through interreaction with endogenous host resistance. This has led to 
adjuvant chemotherapy where treatment is given in the absence of clinical 
disease (in association with surgical resection or curative radiotherapy). 
Prolongation of five-year survival has been seen in breast cancer with 
repetitive 5-FU treatment in patients with residual but asymptomatic 
disease,6 and similar projected five-year results have recently been re- 
ported for the use of phenylalanine mustard (L-PAM) .7 
tion of survival (inhibition of pulmonary metastases) has been seen with 
the administration of adriamycin and/or high dose methotrexate with 
citrovom factor rescue in osteogenic sarcoma following tumor amputa- 
tion899 and similar results have been seen in Wilms tumor and pediatric 
rhabdomyosarcoma and neuroblastoma with adriamycin and other agents. 
ever, in bowel cancer, recent 5-Fu post-operative treatment of patients 
with residual disease at the time of curative surgery has been disappointing 
although BCG administration with 5-FU is promising in early data. 
studies are still in progress, and chemotherapy in the absence of sympto- 
matic disease but with predictable symptomatic recurrence is undergoing 
wider testing .lo 

Excellent prolonga- 

How- 

Other 

In the laboratory, utilizing the L1210 model, the most promising com- 
binations are those that show true synergy. This is true for ICRF-159, 
-1,2-di(3,5-dioxopiperazinyl-yl)propane, which synergizes with 5-FU, Cytoxan, 
DTIC, vincristine, adriamycin and hexamethylmelamine (KXM) . l1 Combinations 
of ICRF-159 with adriamycin and hexamethylmelamine are of particular clinical 
interest because adriamycin dosage can be reduced, thus decreasing clinical 
costs, and avoiding its myocardial toxicity. Reducing clinical dosage of 
HXM to avoid nausea and vomiting would have significant clinical benefit. 
ICRF-159 inhibits tumor vascularization and may exert its anti-metastatic 
effect through this mechanism,l2~13 and evidence is developing that indi- 
cates alternative therapies for primary tumors in contrast to metastatic 
disease. These include ICRF-159, triton WR 1339 (polyoxyethylene ethers), 
tetramisole and methyl-CCNU12 as well as streptokinase.14 

Hexamethylmelamine and ICRF-159, given singly, are relatively inactive 
against the L1210, but true syner y is seen with the combination producing 
increased life spans up to 175%.IH Hexamethylmelamine shows a spectrum of 
activity against lung and lymphomas, and is the best single agent in ovarian 
carcinoma. Its activity in man and the mouse is characterized by demethyla- 
tion to melamine, and it does not inhibit dihydrofolate reductase as is 
true f o r  other triazines.15 

Synergy has also been seen for cytoxan in combination with the organo- 
metallic platinum compound, cis-dichloro (dipyridine) Pt I1 (cis-PPC), and 
-- in vitro synergy has been reported for this compound with adriamycin, BCNU 
and camptothecin.16 
amphotericin-B followed 24 hours later by BCNU16 and amphotericin-B, which 
stimulates phagocytosis, shows enhanced toxicity t o  cells in tissue culture 
in combination with rifamycin derivatives .I7 

Another interesting synergy has been reported for 



145 Chap. 15 Chemotherapy of Neoplasia Regelson - 

A variety of clinical combinations are now in use and these include: 
adriamycin, S-FU, DTIC, vincristine, and Cytoxan or nitrosourea alkylating 
derivatives. Hydroxyurea in combination with 5-FU has reported clinical 
usefulness in bowel and gastric cancer.18 However, the best drug combina- 
tions we have against gastro-intestinal cancer appears to be the combina- 
tion of methyl-CCNU with 5-FU.3 As mentioned previously, this is not sur- 
prising because of recent in vitro data indicating that nitrosoureas 
prolong sF2 phases of the cell cycle making cells theoretically vulnerable 
to drugs acting on DNA synthesis or metaphase following nitrosourea ad- 
ministration. 2 

Streptozotocin, bleomycin and emetine are also used in combination 
studies with particular value because they do not have bone marrow depres- 
sing characteristics. 
pound19 while bleomycin is a glycopeptide with effects on DNA synethesiszo 
as well as nucleolar activity.21 

Streptozotocin is a nitrosourea containing com- 

In relation to the newer agents, the nitrosoureas provide a most 
exciting compound in chlorozotocin, 2-3- (2-chloroethyl(3-nitrosoureido) 2- 
deoxy-D-glucopyranose , (DCNU, NSC 178248) .22 
soluble nitrosourea that shows minimal bone marrow toxicity and has pro- 
duced an increased life span (ILS) of 701% when given on day 2 following 
L1210 inoculation, and when given to the established tumor on day 6 ,  at an 
LD10, it has given a greater than 310% ILS. It is much more effective 
than BCNU and, unlike BCNU, is effective in the mouse at therapeutic levels 
that do not produce marrow depression. 1,3,4,6-tetra-O-acetyl (di-2- 
chloroethyl) amino 2-deoxy-d-glucopyranose (TGM) has related activity and 
is most effective when given in multiple dose schedules which suggests that 
aminoglucose modification of nitrosoureas changes schedule dependencies. 23 
The entry of these drugs or related structures into the clinic are awaited 
with great interest. 

This compound is a water 

The available nitrosoureas (BCNU, CCNU, methyl-CCNU) are lipophilic 
and enter the central nervous system, and are clinically active against 
glioblastomas. However, a water soluble nitrosourea in a rat brain tumor 
model has been found (PCNU, NSC 95466) which had superior antitumor acti- 
vity to the more lipid soluble  compound^.^^ 
alkylating activity versus low carbamoylating effects .25, 26 Study of the 
action of nitrosoureas in relation to effects on DNA polymerases is under- 
way. 26 

This may correlate with greater 

A new triazine antifolate is ready for clinical trial, triazinate 
(TZT), (NSC 139105) which is a potent inhibitor of tetrahydrofolate reduc- 
tase. This drug enters the brain with significant levels in the CSF up to 
8 hours in contrast to methotrexate.27 This is of interest in that alter- 
native mechanisms €or methotrexate activity now appear to involve direct 
inhibition of thymidylate synthetase. 28 

The anthracyclines are of major importance, and adriamycin has had 
extensive successful clinical trial in Ewing's, osteogenic and soft tissue 
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sarcomas as well as lung and breast carcinoma. 
hanced in vitro activity for adriamycin-DNA complexes has resulted in de- 
velopment of actinomycin-D-DNA complexes which also have shown improved 
therapeutic index in animal model systems.29 The concept behind DNA com- 
plexing was developed from the work of Trouet and DeDuve, who felt that 
producing a neutral adriamycin-DNA complex could permit endocytic activity 
to more readily pick up these agents, thus providing therapeutic advantages 
as endocytic activity is higher in tumor cells. 
lysozomal or phagasomal deoxyribonuclease splits off the DNA from the 
complex, releasing the active compound. These concepts most assuredly will 
be extended to other basic chemotherapeutic agents, but one of the major 
problems of this work is the variation in the DNA complexes formed, thus 
producing results that vary from laboratory to laboratory depending on the 
DNA polymers ~sed.3~ The therapeutic effectiveness of the anthracycline 
DNA complexes could be due to a slow release phenomena changing the 
pharmacokinetic action of these agents. 
14-0-acyl derivatives may work through slow release by cellular esterasea 
with adriamycin as the active compound.31 

The demonstration of en- 

Once in the tumor cell, 

Other adriamycin compounds such as 

In another area, the vinca alkaloids, vincristine and vinblastine, 
bind to microtubular protein with resultant depolymerization of this pro- 
tein in the mitotic spindle and/or cellular cytoskeleton, explaining 
stathmokinetic effects and/or c tocidal action. Of interest to the latter 
are the recent  observation^^^ 333 that methotrexate turnover in cells &I 
vitro is blocked by vinca action and that elimination of methotrexate from 
cells can be inhibited. 
(microtubular) integrity is necessary for the elimination of certain drugs 
within the cell. 
is of importance with recent data indicating that corticosteroids can inter- 
fere with methotrexate action34 while quinacrine, morphine and cocaine stimu- 
late HN2 uptake in in vitro tumor cell models.35 

One should determine whether cytoskeletal 

The interaction of drugs on membrane transport in cells 

Of interest, new vinca alkaloids have been developed with different 
tumor spectrums from those of vincristine and vinblastine. These vin- 
blastine aides, unlike the parent vincristine and vinblastine, have major 
bone marrow depressing activity, and it is hoped that these new vinca 
derivatives may not be as neurotoxic and thus may give us a whole new series 
of vinca derived compounds of differing clinical usefulness .36 The podo- 
phyllotoxin derivatives are back in clinical trial, and newer derivatives 
are not metaphase inhibitors and may work by blocking DNA synthesis late 
in S phase.37 

A variety of imunoadjuvants apart from BCG are now in clinical trial. 
These include fixed vaccines like methanol extract residual of BCG (MER) 
and Corynebacterium parvum. MER has resulted in regression of advanced 
bowel cancer in several patients and 2. parvum has been reported to in- 
crease clinical responsiveness in a variety of cancer patients with con- 
comitant chemotherapy. 38 

Of interest to medicinal chemists, synthetic compounds are available 
with similar action. Pyran copolymer, the divinyl ether maleic anhydride 
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copolymer, if provided as pure lower molecular weight fractions (<15,000 MW) 
should become clinically useful because of better therapeutic index. 39 
Pyran has anti-coagulant activity and like polymethacrylic acid can decrease 
pulmonary metastases from Lewis lung tumor. Pyran, tetramisole and tilorone, 
given as immunoadjuvants, can prevent tumor growth of the LSTRA sarcoma 
following BCNU.40 
as 2,3,5,6-tetrahydro-6-phenyl-imidazo thiazole "tetramisole" and its 1- 
isomer, "levamisole" are potent T cell stimulators,41 while pyran and 
tilorone show evidence of T cell inhibition.42 

However, immunoadjuvants differ in mechanism of action 

Tilorone (DEAE fluorenone) and MER 11,002 (DEA fluorene), which are 

Tilorone and its analogs inhibit tumor virus DNA polymerases.43 
interferon inducing antiviral agents, are in clinical trial for antitumor 
action. 
Tilorone has proven disappointing clinically despite transient melanoma 
regression in advanced cases, but is currently under study as an adjuvant 
in early disease. 

Levamisole, as a potent T cell stimulator,41 is currently in early 
trial as a post-surgical adjuvant. 
it may work through effects on the cyclic nucleotides of the lymphocyte.44 
Renow45 has found that diethyl dithiocarbamate (DDC) has similar action to 
levamisole as a T cell stimulator. This is of interest in that DDC was 
shown to have antitumor action against a wide range of tumors and was given 
a Phase I intravenous clinical trial. Although striking pain in tumors was 
seen, a Phase I1 clinical study was never conducted. DDC is currently 
used orally as a chelating agent to treat nickel poisoning and is the 
active agent in antabuse as an inhibitor of alcohol dehydrogenase. Of 
parallel interest, tetramisole has been reported to sensitize to alcohol 
and to possess clinical anti-depressant activity. DDC inhibits B-DOPA 
decarboxylase and blocks noradrenaline and protein synthesis in rat brain 
with destruction of latent memory. The antitumor action of DDC should not 
be surprising in that striking tumor necrotization of MC sarcoma and the 
KREBS-2 tumor has now been reported for radioprotective thiols. These in- 
clude compounds which possess a free amino group and a free sulphydryl 
group, such as: mercaptoalkylamines, mercaptoalkylguanidine, and thio- 
 phosphate^.^^ 
which must be looked at for effects on host resistance. 

In regard to its mechanism of action, 

This is apparently the re-appraisal of a whole new area, 

The action of antitumor agents like DDC or tilorone (bizarre dreams) on 
CNS activity as well as immunologic response should not be surprising in 
view of antitumor activity for agents as diverse as the anti-serotonin, 
cinanserin, the muscle relaxant, chlorphenesin47 and alkylating agents which 
possess cholinergic and/or barbiturate stimulating activity. Cholinesterase 
inhibition stimulates lymphocyte function,48,49 and amidoximes have been 
synthesized whose potent L1210 antitumor activity in mice is limited by 
seizure activity of unexplained etiology.50 
shows both immunosuppressive and antitumor activity at high, clinically 
inappropriate doses in mice, but further work is warranted because of se- 
lective effects in tissue culture on DNA synthesis and tumor cell replica- 
tion.51 The thioxanthone, hycanthone, has hallucinatory activity, and there 

A9-Tetrahydrocannabinol (A9THC) 
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are structural similarities between Ag-THC, tilorone, hycanthone and 
lucanthone (miracil D). Both hycanthone and lucanthone are in clinical 
tria1.52 
actinomycin-D structurally, and has been shown to increase clinical regres- 
sion in pulmonary metastases following radiation.53 

Lucanthone is an oral schistasomide which also resembles 

In relation to immunologic response, there is an important observation 
indicating that idoxuridine (IUDR) (5-Iodo-2-deoxyuridine) stimulates hemo- 
lysin plaque formation up to 15 days after drug administration.54 
thymidine analog, which has anti-DNA viral effects, is a potent 19s antibody 
stimulator. Of interest, IUDR stimulates virus C particle formation and may 
be similar to immunoadjuvant agents like pyran, poly 1:C or tilorone in some 
experimental tumor systems. 

This 

The evidence for neuraminidase enhancement of tumor cell antigenecity 
has suggested that highly charged compounds that would react with negatively 
charged glycoproteins at the tumor cell surface might be equally useful in 
sensitizing tumors to immune response and this has led to the study of car- 
bodiimide as an enhancer of complement dependent antibody lysis of tumor 
cells.55 
polyionines .47 Of importance to this, contact between sensitized lympho- 
cytes and activated macrophages and target cells is a prerequisite for 
lymphocyte mediated cytotoxicity. Changes in surface charge could affect 
"killer" cell approximation to the tumor cell target. The observations 
that vitamin A stimulates immune response and that exposure of tumor cells 
to vitamin A alcohol 

This may explain the antitumor action of polyethylene imines and 

roduces loss of cell surface coat has potential 
clinical usefulness. 58 

Decreases in cyclic AMP, increases in 8-bromo uanosine 3 ' ,  5'- 
monophosphate, cholinergic stimulation48 or insulin .! 9 elevate cyclic GMP 
and increase the target killing capacity of sensitized lymphocytes. In 
another area, streptokinase57 induced fibrinolysin has been reported to 
activate cell mediated immunity and is in clinical trial as a post-surgical 
adjuvant. 
the lethal action of complement mediated antibody effects .58 

Chemotherapeutically injured tumor cells are more sensitive to 

The role of adriamycin and newer anthracyclines as biologically useful 
agents relates to the level of reverse transcriptase (RT), and its presence 
in oncogenic RNA viruses may be controlling factors in a variety of animal 
tumors and the presence of this enzyme may be a clue to malignant trans- 
formation. Apple59 has screened anthracyclines which block in vitro viral 
RT for in vitro and in vivo prophylaxis against Rous sarcoma virus (RSV) 
in chicken tissue. 
sarcoma development is blocked when given in close conjunction with virus 
inoculation. 
were cinerubins and 14-0-alkyl-adriamycins. 
et a1.60 have studied the inhibition of transformation of mammalian cell 
cultures by sarcoma-inducing oncorna viruses following administration of 
rifamycin antibiotics. 
was seen with rifamycin antibiotics that were independent of 3' substitution 

These agents block RSV focus formation and in vivo 

The most potent inhibitors, both in vitro and in vivo, 
In other models, O'Connor 

Inhibition of virus yield and cell transformation 
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and the ability of the rifamycin to inhibit viral DNA polymerase. 
et al.'s screening program is testing a wide variety of chemotherapeutic 
agents for simultaneous inhibition of DNA and RNA polymerases and correlating 
this with effects on oncornavirus yield and cellular transformation. Of 
interest to the above, most recently, purified liver DNA polymerase I1 has 
been found to be significantly inhibited by nitrosoureas and isocyanates .26 
Jasmin61 has found that phosphotungstates can affect tumor growth with ef- 
fects on nuclear polymerases. It is hoped that from this work, agents will 
be found that can be used prophylactically or therapeutically against viral- 
induced or established tumors. 

O'Connor 

Ethidium bromide and related structures have potent antitumor activity 
and are inhibitors of RNA dependent DNA polymerases .62 Ethidium chloride 
and isometamidium have been in Phase I clinical study with cardiotoxicity 
as a dose limiting problem for ethidium, but one should remember that 
ethidium synergizes with aza-serine as phenanthridinium compounds block the 
exogenous incorporation of purines into DNA.63 
purines, which had clinical activity, behave similarly,@+ but apparently 
they have not been looked at as inhibitors of the reverse transcriptase. 

Nine alkyl substituted 

Cyclic AMP and GMP are becoming increasingly important to concepts of 
tumor growth and the differentiation of tumor cells toward normal morphology. 
In hepatomas, in parallel with increasing growth rates, the activity of 
adenylate cyclase decreased and that of phosphodiesterase increased. 65 
The ratio of phosphodiesterase to adenylate cyclase correlated positively 
with increasing growth rate.66 
metastasizing versus non-met as tas iz ing tumors. 67 

Similar relationships have been seen for 

Growth inhibition of a DMBA transplantable mammary tumor and the 
Walker 256 tumor was produced by N-6,0-2-dibutryl cyclic adenosine 3', 5' 
monophosphate.68 
has been developed as antitumor agents. 
purine riboside, arabinosyl cytosine, 5-fluorodeoxyuridine, and arabinosyla- 
denine.69 While their effects against the L1210 system were not that much 
greater than with the parent compounds, they inhibited intracerebrally in- 
oculated leukemia L1210 cells. 
survival of mice with B16 melanoma by up to 60%.78 This mechanism of action 
is thought to involve cyclic AMP which has been shown to control the differ- 
entiation of B16 melanoma cells. 

In addition, a series of nucleoside 3', 5' cyclic phosphates 
These have been coupled to 6-mercapto 

Similarly, prosta landin El increased the 

Papaverine, a potent phosphodiesterase inhibitor, has produced reversion 
of neuroblastoma cells to normal and apparently inhibits lymphocyte response 
to phytohemaglutinin. 71 
phology on exposure to dopamine and epinephrine as well as sodium butyrate 
which increases cyclic AMP levels. 72 
Neuroblastoma differentiated cells are distinct from malignant neuroblastoma 
cells in relation to interaction with guanosine triphosphate and divalent 
cations. 73 

Neuroblastoma cells also revert toward normal mor- 

Prostaglandins behave similarly. 

Cyclic AMP is also important to modulation of viral replication as it 
has been shown that dexamethasone increases mouse mammary tumor virus 
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r e p l i c a t i o n ,  and dexamethasone g iven  wi th  dibutyf ;ul  c y c l i c  AMP produces 
h ighe r  y i e l d s  of t he  mouse mammary tumor v i r u s .  
phosphodiesterase i n h i b i t o r s  i s  p a r t i c u l a r l y  of i n t e r e s t  i n  view of apparent  
r e p o r t s  of caffeine-BCNU synergy which i s  now undergoing c l i n i c a l  t es t .  
tremendous chemotherapeutic p o t e n t i a l  i s  t h i s  y e a r ' s  obse rva t ion  by Bloch 
t h a t  c y c l i c  CMP c o n t r o l s  t h e  m i t o t i c  cyc le  of L1210 leukemia c e l l s .  

The r e l a t i o n s h i p  of 

85 

I n  r e l a t i o n  t o  hormonally dependent tumors, p r o l a c t i n  a s  a con t ro l -  
l i n g  f a c t o r  i n  promoting mammary cancer  has  given r i s e  t o  L-dopa and 
ergotamine r e l a t e d  ounds which prevent  p i t u i t a r y  r e l e a s e  of t h i s  mam- 
motrophic hormone. 7'?!7 L-Dopa has produced c l i n i c a l  r e g r e s s i o n  of mammary 
tumors and 2-bromo-alpha-ergocryptine (CB-154) has v i r t u a l 1  prevented 
mammary tumors i n  mice wi th  and without  e s t rogen  secretion.Y18 This  i s  of 
i n t e r e s t  t o  t he  an t i - e s t rogen  a c t i o n  of d i e t h y l  di thiocarbamate which 
blocks $-dopa-decarboxylase. I n  another  a rea ,  "medical" o r  "chemical 
adrenalectomy" u t i l i z i n g  the  an t i -convulsant ,  ayino-glutethimide,  has  pro- 
duced symptomatic r e l i e f  i n  human b r e a s t  cancer and i s  i n  t r i a l  a g a i n s t  
p r o s t a t i c  cancer a s  we l l .  Ant i -est rogens such a s  tamoxifen (ICI 46,474),  
t he  t rans- isomer of l(4-(2)-dimethylaminoethoxy) phenyl) 1,2-diphenyl but-  
1-ene c i t r a t e  i a powerful an t i - e s t rogen  wi th  c l i n i c a l  e f f e c t i v e n e s s  i n  
b r e a s t  cancer .  7' Spironolactone has  r epor t ed  a c t i v i t y  i n  panc rea t i c  cancer 
which i s  not s u r p r i s i n g  because of previous r e p o r t s  of a ldos te rone  depend- 
ency of t r ansp lan ted  tumors. 

80 

It has a l s o  been found thaSln i t rogen  mustard (HN ) e x e r t s  c y t o c i d a l  
a c t i o n  independent of c e l l  cyc le  
hexamide can p r o t e c t  i n t e s t i n a l  mucgga from i n  v ivo  i n j u r y  produced by HN , 
r a d i a t i o n  and cy tos ine  a rab inos ide .  I n  o t h e r  a reas ,  t h e  a c t i o n  of a lky f -  
a t i n g  agents  has been suggested t o  poss ib ly  r e l a t e  i n  some cases  t o  a c r o l e i n  
formation.  Cytoxan, isophosamid, t r i lophosphamid,  bis(3-mesloxypropyl) 
amine, propanediamine mustard and t henoth iaz ine ,  chlorpromazine,  have 
a l l  been shown t o  r e l e a s e  a c r o l e i n .  Ni t rosoureas  a r e  a c t i v a t e d  by 
microsomal enzymes t o  g i v e  r ise t o  isocq3nates  which have carbamoylating 
a c t i v i t y  a s  w e l l  a s  a l k y l a t i n g  e f f e c t s .  

and r e l a t e d  t o  s y n t g e s i s  i n  t h a t  cyclo-  

The combination of ant i tumor wi th  a n t i - v i r a l  agen t s  may have c l i n i c a l  
usefu lness .  I n  the  AKR leukemia, imidazole carboxamide r i b o s i d e  v i r a z o l )  
prolonged s u r v i v a l  i n  mice which rece ived  systemic chemotherapy. 85 Whether 
t h i s  i s  i n d i c a t i v e  of a d i r e c t  a d d i t i v e  tumorocidal a c t i o n  f o r  v i r a z o l  t o  
o t h e r  chemotherapeutic agents ,  o r  t h a t  an a n t i - v i r a l  agent  l i k e  v i r a z o l  
might be use fu l  t o  prevent  leukemic v i r a l  r e induc t ion  i n  mice whose tumor 
burden i s  decreased by chemotherapy, awai t s  f u r t h e r  t r i a l .  

Of major c l i n i c a l  p o t e n t i a l ,  t he  r o l e  of adenosine i n  i n h i b i t i o n  of 
lymphocyte response becomes pharmaco log i c a  11 c o n t r o l l a b l e  wi th  the  
development of adenosine deaminase  inhibitor^,'^ and we may be i n  a pos i -  
t i o n  t o  develop a new group of immunosuppressants and/or  ant i tumor agen t s .  
I n  r ecen t  work, t he  lymphokine Migra t ion  I n h i b i t o r y  Fac tor  (MIF) has  shown 
macrophage a c t i v a t i n g  a c t i v i t y  and on pre- t rea tment  of  macrophages w i t h  
di-isopropyl-fluorophosphate o r  wi th  soybea 
a r e  seen i n  macrophage phagocyt ic  function.'8 The f a c t  t h a t  e s t e r a s e  

t r y p s i n  i n h i b i t o r  i n c r e a s e s  
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i n h i b i t o r s  have modulating func t ion  of t h i s  kind i s  of i nc reas ing  importance 
wi th  r ecen t  evidence tggt a c t i v a t e d  macrophages may be a prime k i l l i n g  sys-  
t e m  f o r  tumor c o n t r o l .  

Numerous a t tempts  a r e  underway t o  develop slow r e l e a s e  forms of ara-C 
t o  decrease  bone marrow and i n t e s t i n a l  e p i t h e l i a l  t o x i c i t y  and t h e  need f o r  
f requent  drug admin i s t r a t ion .  Benzoate-ara-C (BARA-C) has  been developed 
which, i n  animal s t u d i e s ,  shows t h a t  s e l e c t i v e  t o x i c i t y  can be obta ined  wi th  
normal t iggue  recovering more r a p i d l y  than  tumor t i s s u e  d e s p i t e  prolonged 
exposure.  The combined use of t e t r ahydrour id ine ,  a c y t i  Ine  deaminase 
i n h i b i t o r ,  wi th  ara-C, i s  f i n a l l y  e n t e r i n g  c l i n i c a l  t r i a l .  $0 

6f The evidence t h a t  gluconeogenesis  i s  s t imula ted  i n  animals  w i th  tumo 
and r e l a t e s  t o  glucose u t i l i z a t i o n  and s t e r o i d  e f f e c t s  has  been presented .  
C l i n i c a l  a p p l i c a t i o n  of hydrazine S0491n an  a t tempt  t o  t h e r a p e u t i c a l l y  
moderate t h i s  e f f e c t  f o r  hos t  b e n e f i t  has  been d i sappo in t ing  but  deserves  
f u r t h e r  l abora to ry  e f f o r t .  

Two o the r  a r e a s  of fundamental importance t o  tumor growth c o n t r o l  
capable  of pharmacologic approach have been based on the  evidence t h a t  
tumor a s i t e s  accumul t i o n  can be a l t e r e d  i n  vivo by p e p s t a t i n ,  t he  a c i d  
p ro tease  i n h i b i t o r  .'$ The pH optima f o r  p ro teases  i n h i b i t e d  by p e p s t a t i n  
i s  s i m i l a r  t o  t h a t  o f  a c i d  p ro teases  a t  a pH 6 implying t h a t  t h e r e  may be 
micro-pH environments a t  t h e  c e l l  s u r f a c e  o r  w i t h i n  the  c e l l  a f f e c t e d  by 
a c i d  p ro teases  and t h e i r  i n h i b i t o r s .  This  i s  of i n t e r e s t  a s  p ro tease  in -  
h i b i t o r s  have been r epor t ed  t o  decreas  t h e  inc idence  of s k i n  cancers  and 
colon carc inogenes is  i n  animal models. 54 

The au thor  urges  t h a t  more a c t i v i t y  be d i r e c t e d  toward t h e  s tudy  of 
r ibonuc leo t ide  reductase  i n h i b i t o r s .  The r educ t ion  of r ibonuc leo t ides  is 
a c r i t i c a l  r a t e  l i m i t i n g  s tepg5 t o  t h e  formation of deoxyr ibonucle ic  ac id .  
Data i n d i c a t e s  t h a t  c o r r e l a t e s  a r e  found b e t  een  inc reases  i n  t h i s  enzyme 
and malignant t nsformation of  l i v e r  c e l l s . y 5  Hydroxyurea i s  an i n h i b i t o r  
of t h i s  enzyme," and pyr idoxal  phosphate and t h e  dialdehyde d e r i v a t e s  of 
adenosine and adenosine 5' mono and t r iphospha te  i n h i b i t  i n  v i t r o  r ibo -  
nuc leo t ide  reductase .  '7 
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Chapter 16. 

Edgar J. Martin, Food and Drug 

Antiparasitic Agents 

Administration, Rockville, Md. 

Introduction - An encyclopedic work on chemotherapy of protozoan diseases 
was co piled.' Reviews appeared on the chemical control of mos aito 

Antimalarials - A monograph appeared on antimalarial  agent^.^ The DNA 
binding and effect on RNA synthesis by chloroquine analogs were found to 
be functions of length and number of basic groups in the side chain.6 Acid 
protease of Plasmodium falciparum and p. knowlesi differed from those of 
host-erythrocyte ghosts; pepstatin and chymostatin were their most potent 
inhibitors.7 An enzyme of folic acid biosynthesis in p. chabaudi was puri- 
fled.* Dihydropteroate synthetase was isolated from p. berghei.$ The 
thymidylate synthetase of mouse erythroc tea was found to increase about 
seven fold during P. berghei infection.r0 The half -life of pyrimethamine 
in 6 healthy human: averaged 92 hr.ll 

larvae 1 and the important problem of drug-resistant malaria. 3s8 

A common triangularstructure feature has been proposed for several classes 
of antimalarials.12 Epidih droquinidine and some of its analogs were found 
active a ainst p. berghei. 13 Trials with some quinolones were not encour- 
aging.  1& Sixty-six quinoline 
berghei and PI- - Ba11inaceum.15 

H 
H O ~ C H ~ N ( C H ~ C H ~ C H ~ C H Q ) ~  cw-a: 

methanols varied -in activity against p. 
Compound m-30090, I, was active against 
certain strains of p, falciparum and p. 
vivax.16 Various 8-aminoquinolines were 
laboratory tested with various results. l7 
Some methoxyacridine analogs were found 
curative against p. berghei at high dose 
levels.18 Threo-compounds of pyridine- 
methanola were generally more active than 
the erythro compounds. 19 Quinazolinemethanol 

analogs were found highly photosensitizing. 20- Certain thiadiazoles were 
active against chloroquine resistant p. berghei, and a phenothiazine was 
twice as effective as quinine against p. berghei. 21,22 The phenanthrene- 
methanol WR 33063, 11, was active against the Chesson strain of P,. vivax 
and seven fl. falciparum strains including the chloroquine and pyrimeth- 
amine resistant Camp ~train.~3~24 Phenanthrene amino alcohols, whose 
triangular pharmacophore contained nitrogen and oxygen atoms in close 
proximity, were active against p. berghei.25 In a series of anthracene 
aminoalcohols the analog I11 was the most active against p. berghei.26 It 
has been proposed that in naphthothiophenes the analogs whose side chains 

OH 

Br 
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enhance DNA binding afford the greatest antimalarial activity.27 But in 
naphthoquinone analogs the relationship between physical properties and 
selective toxicity were unclear .28 From a series of guanidinepyrimidines 
and amidobenzimidazoles analogs were selected for clinical trials.29~30 
A P-nitrophenylsulfonyl acetanilide derivative was found less toxic to 
mice and more effective against P. bpr.ghei than chloroquine.31 The 
compound 4-bis(N,O-diacetylhydro~ylamino)diphenylsulfone (TAHDS) was found 
more active than DDS against p. bernhei.32 Some fluorene derivatives were 
found active against p. ber hei33 The potency of lincomycin was similar 

sometimes beneficial, particularly where single or multi-drug resistant 
malaria strains have become a problem35 

to that of its derivatives + Combinations of specific drugs are 

Antitrypanosomals and Antileishmanials - Reviews appeared on these agents 
and their problems of drug resistance. 36,37 Carbazole and metronidazole 
derivatives have been synthesized and tested for antitrypanosomal 38 and 
antitrichomonal activities. 39 In styryl-nitroimidazole derivatives, anti- 
trypanosomal activity was found when the styryl function was placed in 
the 2 position of the imidazole nucleus, but not in the 4 or 5 position. 40 
The nitr vinylfuran SQ 18,506 was found active against Tr panosoma brucei 

brasiliensis at an MIC of O.Sm~g/ml.~~ Cleavage of diminazene aceturate 
occurs in acid solution; the diazonium fragment is trypanocidal but has 
only short term stability.43 

Antitrichomonal Agents - In vitro and in mice testing showed activity of 
analogs of ni trothiazole ~ , ~ t t r o n i d a ~ o l e , 3 ~ r 4 ~ ~ 4 7  
sulfides and sulfoxides,18 benz~furan:~ and quinoloncarboxylate.50 The 
nitrovinylimidazole IV was found to be strongly protein bound in mammals, 
including humans. Trichomonas vaginalis takes up IV only in the unbound 

~ J C H = C H ~ C O O - - N ~ +  enzymes and blocks ATP synthesis in T. 
02N vaginalis and Trypanosoma rhodesiense. 

in mice.'l The antibiotic dactylarin was active against +- Leis mania 

nitroimidazole 

form, and degrades it to some extent. 
IV inactivates certain energy-producing 

It does not inactivate glycolytic enzymes 
in the mouse.51 Antitrichomonal activity 
was reported for the antibiotics SC-28763 

CH=CH 2 

IV 

(isolated from S icaria divaricata),52 EM 49 (a peptide from a Bacillus 
circulans strai-A-S-132 (patricin, isolated from a Streptomyces 
aureofaciens strain) ,54~55 X-5108 (isolated from Streptomyces Roldien- 
-) ,56 and actinotiocin (a sulfur containing peptide isolated from 
Actinomadura pusilla) .57 

Anticoccidia and Antitoxoplasma Anents - A review on chemotherapy of 
chickon coccidiosis appeared28 An aryltriazinc3 and some derivatives of 
azouracil, 6o 6-hydroxypyranoneS61 pyridoxal,62 4-hydroxy uinoline-3- 
~ a r b o x y l a t e , ~ ~  and the antibiotic rosandcin (Sch 14947) 62 were found 
active against Eimeria species. Clindamycin and its N demethyl-4'-pentyl 
derivative were found active against Toxoplasma gondii in mice.65 
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Aaaplasmorir, Bebeeiaeis ,  and Thellerlasls - A review of  t hese  I n f e c t i o n s  
w a s  publlshed.66 

Amebicides - A review appeared on t h e  chemotherapy of a m e b l a e l ~ . ~ ~  
Ameblcldal a c t i v i t y  was repor ted  from quaseln and some of  Its ana logs  
ex t r ac t ed  from SImerubaceae.6* New ameblcldal  benzofuran ana logs  were 
e y n t h e s I ~ e d . 6 ~  The n l t ro lmldazo le r  V and VI were e f f e c t i v e  a g a i n s t  
Endameba h i s t o l y t l c a  and ;. ~ a g l n a l l e . ~ ~  The proton magnetic resonance 
spec t r a  of ant iameblc and an t l t r lchomonal  nltrOlmldazOle8 were s tudied .  70 

OCH3 H 

NO2 
0 2 N  E A C H 3  I I CH3O 

CH2CHCHfiI CH2CH-CH2 

V ‘0’ I O H  OH 

VI VII 

Some s u b s t i t u t e d  t r l a e l n e e  were a c t i v e  a g a i n s t  g. h l e t o l y t i c a  and T. va 1- 

d a c t y l a r l n  VII a g a i n s t  g. invadens ,42 and c lo t r lmezole  (BAY5097) a g a i n s t  
Naenleria fowler l .  73 The prolonged use  o f  dilodohydroxyquinollne caused 
o p t i c  nerve a t rophy In a 
descr ibed  a s  subacute myelo-optico-neuropathy (SMON) . 75 
Antlschletosomal  ARents - A review appeared on ant lechls tosomal  drugs.  76 
Cer ta ln  modi f ica t ions  o f  t he  hycanthone molecule reduced i t s  mutagenici ty  
a s  measured by the  Ames  technique. 77 Nl t ro fu ry l -v iny l  compounds were 
a c t i v e  a g a i n s t  Schlstosoma mansonl. 
w i th  a cyano, carboxy o r  carbomethyl group caused l o s s  of a c t i v i t y .  79 
Tubercldln-was found a c t i v e  a g a i n s t  t h e  females of  
laponlcum.80 A n i t r o t h l a z o l y l u r e a  analog was found a c t i v e  aga ins t  s ch la to -  
some8 and ;. vag lna l i s , a l  and t h e  thloxanthene VIII was found a c t i v e  
a g a i n s t  2. mansonl i n  
thiophene analogs have an t lachis tosomat  a c t l v l t y .  83 The te t rahydro-  
qulnol ine  oxamnlqulne (UK4271) IX was e f f e c t i v e  a g a i n s t  8. mansonl I n  

- n a l l s .  71 Anleomycin ana logs  were found a c t i v e  a g a i n s t  g. h l s t o l y t i c a ,  rB- 

r e l a t e d  drug l n f u r l e s  were previous ly  

Replacement of  t h e  5 - n i t r o  group 

S. mansoni and 2. 

A prel iminary r e p o r t  Ind ica ted  t h a t  c e r t a i n  

U 
CH2NHCH (CH3)2 

H 

IX 

Vlll 

humans. 84 Some analogs of  te t rahydroqulnol lne  and of pyrazinoquinol ine 
were found a c t i v e  a g a i n s t  S. mansoni In mice end Cepus a p e l l a  monkeys.85 
The naphthoqulnol lne,  Lapachol, given by gavage t o  mice, caused reduct ion  
o f  2. maneonl c e r c a r l a  penetrat ion.86 Nlr idazole  was found t o  be a 
f rameehl f t  mutagen. 87 



15 7 - Chap. 16 A n t i p a r a s i t i c  Agents Mar t in  

Other  Anthe lmint ics  - A monograph appeared on a n t h e l m i n t i c s  88 a s  well a s  
reviews o c h e m t h e r a p y  of T r i c h i n e l l a  s i r a l i s 8 9  and o f  t rematodes  and 
cestodes.80 Reviews appeared on t h e  the- and chromatography92 of  
benzimidazoles .  Hansch a n a l y s i s  determined s t r u c t u r e - a c t i v i t y  r e l a t i o n s  
between d i h y d r o b e n z a n i l i d e s  and i n h i b i t i o n  of  succ ine  te dehydrogenase.  93 
The b e n z i m i d a z o l e - c a r b a m t e  a n a l o g s  mebendazole. X and fenbendazole  X I  

H 0 
II 0 ' aN) -"H-COOCH 3 

N 
H 

XI 
X 

were found to  have broad spectrur t  a n t h e l m i n t i c  a c t i v i t y .  
hunwnns mebendazole t rea tment  c a u s e s  t r i c h u r l s  eggs t o  develop  abnor-  
matly.45 C e r t a i n  b e n z a n i t i d s  were found a c t i v e  a g a i n s t  Hymenolepis s- 
nuta A s p i c u l a r i s  t e t ra  tera ,  and l i v e r  f l u k e s  and c e r t a i n  aminoketones 
a g a i n s t  Ascaris c b r n o n g  a n t i b i o t i c s  , asplculamycin (Sankyo) was 
found a c t i v e  a g a i n s t  o x y u r i s  and a s c a r i s 9 8  and some f r a c t i o n s  o f  
axenomycin ( F a r m i t a l i a )  a g a i n s t  ~ e s t o d e s . ~ ~  I n  t h e  f i l a r i a l  nematodes 

In i n f e c t e d  

-' 

Litomosoides  c a r i n i i ,  Dipitalonema 
e f f e c t  o f  l-tetramisole is on t h e  neuromuscular system 

Imnunolonic Mechanisms - A t ex tbook was publ i shed  d e a l i n g  w i t h  immunology 
and i t s  t e c h n i q u e s  i n  p a r a s i t i c  i n f e c t i o n s , l O l  and a review appeared on 
immunology r e s e a r c h  i n  protozoan d i s e a s e s .  102 The p o s s i b l e  e f f e c t  o f  
c e r t a i n  a n t i p a r a s i t i c  d r u g s  on t h e  immune system d e s e r v e s  a t t e n t i o n .  
Levamisole w a s  re o r t e d  to  s t i m u l a t e  i m u n e  r e s p o n s i v e n e s s  under c e r t a i n  
c o n d i t i o n s .  lo3 3 

around 2. rnaneoni eggs.105 Chloroquine was r e p o r t e d  to  be a n  immune 
sup p r e s  so r T  

N i r i d a z o l e  was found to  suppresa  granuloma formation 

References  

1. E. A. S t e c k ,  The Chemotherapy of Protozoan Diseases, W a l t e r  Reed Army 

2 .  Manual on L a r v a l  C o n t r o l  O p e r a t i o n s  i n  Malarial Programs, pp. 65-171, 

3. R. S. Rozman, Ann. Rev. Pharmacol., 13, 131 (1973) 
4. Chemotherapy of Malaria and R e s i s t a n c e  t o  A n t i m a l a r i a l a ,  Wld. Hlth.  

5. 

6. V. E. Marquez, J. W. Cranston,  R. W. Rudden, and J. H. B u r k h a l t c r ,  

7. 
8. 
9. 
10. V. E. Reid and M. F r i e d k i n ,  i b i d . ,  2, 74 (1973) 
11. C. A. N i c h o l ,  Lancet, 2, 161 (1973) 
12. C. C. Cheng, J. Pharm. S c i . ,  63, 307 (1974) 

I n s t i t u t e  of Research Publ. ,  Washington, D. C. 20010 (1972) 

Wld. Hlth.  Org. Publ. ,  Geneva (1973) 

Org. Tech. Rep. Ser .  No. 159 (1973) 
P. E. Thompson and L. M. Werbel, A n t i m a l a r i a l  Agents.  Med. Chem. 
Monogr. vo l .  12 ,  Academic P r e s s ,  New York, N.Y., 1972 

J. Med. Chem., l7, 851 (1974) 
M. R. Levy, W. A. S i d d i q u i ,  and S. C. Chou, Nature ,  247, 546 (1974) 
R D. Walter and E. Koenigk, 2. Phys io l .  Chem., 355, 431 (1974) 
J. L. McCullough and T. H. Maren, Mol. Pharmacol., l0, 140 (1974) 



158 Sect .  I11 - Chemotherapeutic Agents Warren, Ed. 

13. A. Brossl, M. Uskokovlc, J. G u t z w l l l e r ,  A. U. Kre t t l l ,  and 2. Brener, 
E x p e r l e n t f a ,  29, 367 (1973) 

14. A. C. Casey, J. Med. Chem. , l.7, 255 (1974) 
15. C. R. Wetzel, J. R. Shankl ln ,  and R. E. L u t z ,  i b l d . ,  16, 528 (1973) 
16. D. C. Mar t in ,  Antlmicrob. Agents  Chemother., 2, 214 (1973) 
17. W. P. Wetter and C. D e W l t t  Blanton Jr.,  J.  ifed. Chtm. , 1 7 ,  620 ( 1 9 7 4 )  
18. T a r a ,  R. G. S t e i n ,  and J. H. Bier, l b l d . ,  16, 89 ( 1 9 7 3 )  
19. M. P. LaMontagne, A. Markovac, and P. Blumbergs, l b l d . ,  

20. P. A. Crulckshank and W. E. Hymans, l b l d . ,  l7, 468 (1974) 
21. E. F. E l s l a g e r ,  J. Johnson,  and L. M. Werbel, J. Heterocyc. Chem., lo, 

22. E. A. N o d l f f ,  W. M u e l l e r ,  and T. Yiibuuchl, l b l d . ,  10, 873 (1973) 
2 3 .  c.  J. C a n f i e l d ,  A. P. H a l l ,  8. S. MacDonald, D. A. Neuman, and J. A. 

24. J. D. Arnold,  l b l d . ,  2, 207 (1973) 
25.  P. L. Chlen and C. C. Cheng, J. Med. Chem., l6, 1093 (1973) 
26 .  E. L. S togryn ,  l b l d . ,  l7, 563 (1974) 
27. B. P. Das, M. E. Nuse, and D. W. Boykln Jr.,  l b l d . ,  l7, 516 (1974) 
28. Y. C. Mar t in ,  T. M. Bus tard ,  and K. R. Lynn, l b l d . ,  l6, 1089 (1973) 
29. E, P. E l s l a g e r ,  L. M. Werbel,  A. Curry,  N. Headen, and J. Johnson,  

30. L. M. Werbel, A .  Curry,  E, F. E l s l a g e r ,  and C. Heas, J. Heterocyc. 

31.  B. P r e s c o t t ,  I n t .  2. Klln.  Pharmakol. Ther.  Toxlkol., 2, 42 (1973) 
32. B. Loev, F. Dowab,  V. J. Theodorldes ,  and B. P. Vogh, J. Med. Chem., 

33. E. R. Atkinson and F. E, G r a n c h e l l i ,  l b l d .  , l7, 1009 (1974) 
34. B. J. Mager le ln ,  l b l d . ,  l5, 1255 (1972) 
3 5 .  R. H. Clew, Am. J. Trop. Med. Hyg., 23, 1 (1974) 
36. B. A. Newton, I n  'Trypanosomiasis  and Lelehmaniasis",  K. E l l i o t t ,  

M. O'Connor, and G. E. W. Wolstenholm, Eds. ,  Clba Found. Symp., 
E l s e v i e r ,  New York, N. Y., 1974, p.  285 

l7, 
519 (1974) 

611 (1973) 

Shaw, Antlmicrob. Agents Chemother. , 2, 224 (1973) 

l b l d .  , l.7, 75  (1974) 

Chem., l0, 363 (1973) 

1 6 ,  161 (1973) 

3 7 .  W. P e t e r s ,  l b i d . ,  p. 309 (1974) 
38. N. P o l l a k o f f ,  S. M. Albonlco, M. Alvarez, J. C. Pecca,  and M. J. 

Vernengo, J. Med. Chem., l6, 1411 (1973) 
39. W. J. Koss, W. B. Jamleson, and M. C. McCowen, i b l d . ,  16, 347 (1973) 
40 .  W. J. Koss and A. Todd, l b l d . ,  l6, 863 (1973) 
41. J.J. J a f f e  and E. Meymarian, Exp. P a r a s l t o l .  , 34 ,  242 (1973) 
42.  M. Kettner, P. Nemec, 8 .  Kov46, and J. B a l a n o v r  J. A n t i b i o t i c s ,  26, 

43 .  W. Raether ,  H. Loewe, and H. S e l d e n a t h ,  2. Topenmed. P a r a s i t . ,  25, 

44.  P. J. I s l o p  and M. R. Johnson,  J. Med. Chem., l6, 1308 (1973) 
45.  P. S t r e h l k e  and E. Schroeder ,  Chim. Ther. ,  g, 571 (1973) 
46.  C. R u f e r ,  H. J. Kessler, E. Schroeder ,  and A. Damerlus, l b ld . ,  8,  

47.  M. Hoffer and E. Grunberg, J. Med. Chem., l7, 1019 (1974) 
48. R. C, Twelt, E. M. K r e l d e r ,  and R. D. Mulr ,  J. Med. Chem., l.6, 

692 (1973) 

273 (1974) 

567 (1973) 

1161 (1973) 



159 Chap. 16 Antiparasitic Agents Martin - 

49. R. Royer, G. LOmOttC,  P. Demereeman, N. P l a t e e r ,  and R. Cavier, Eur. 

50. R. Albrecht ,  Chim. Ther., t3, 45 (1973) 
51. M. E. Tar ran t ,  S. Wedley, T. J. Woodage, and J. N. Green, Biochem. 

52. J. J i u  and S. Mituba, J. Ant ib io t i ce ,  27, 760 (1974) 
53. t. Meyere, W. E. Brawn, P. A, Pr inc lpe ,  M. L. Rathnum, and W. L. 

54. T. Bruzeere, I. Bind., G. Ghie lmet t i ,  and A. F. Notar ianni ,  Farmaco, 

55. G. Pucci and S. R i p a ,  Farmaco, Ed. Pra t . ,  28, 293 (1973) 
56. J. Berger, H. H. Lshr, S. T e i t e l ,  H. Maehr, and t. Grunberg, 

57, A. Tamura, R. Furuta ,  S. Naruto, and H. I r h i i ,  ibid., 26, 343 (1973) 
58. J. F. Ryley and M. J. Bette, Adv. Pharmacol. Chemother., 11, 

59. L. R. Chappel, H. L. Howee, and J. E. Lynch, J. P a r a r i t o l . ,  60, 

60. J. F. Ryley, R. G. Wilson, and M. J. Bette, Parae i to togy ,  68, 

61. R. L a l i b e r t i ,  G. Mhdawar, and Y. Lefebvre, J. Med. Chem., l6, 

62. Y. Morieawa, M. Kataoka, T, Watanalm, N. Kitano, and T. Matruzawa, 

63. B. F. K. Hermanr, M. A. C. Janssen,  H. L. E. Vcrhoven, A. G. Knaepr, 

J. Mad. Chem., 2, 136 (1974) 

Pharmacol., 22, 639 (1973) 

Parker ,  i b i d . ,  26, 444 (2973) 

Ed. Sci.,  39, 331 (1974) 

J. An t ib io t i c@,  26, 15 (1973) 

221 (1973) 

415 (1974) 

69  (1974) 

1084 (1973) 

ib id . ,  l7, 1235 (1974) 

l'. T. J. M. Van Offenwert, J. H. Moetmans, J. J. M. Willems, 
B. Mae8 and 0.  Vanpar i j r ,  ib id . ,  l6, 1047 (1973) 

64. E. Pan i t z ,  J. Pa ras i to l . ,  60, 530 (1974) 
65. P. R. 8. McMabtet, K. G. Powers, J. F. Fine r ty ,  and N. M. Lunde, 

Am. J. Trop. Med. Hyg., 22, 14 (1973) 
66. L. P. Joyner and D. W. Brockleeby, Adv. Pharmacol. Chemother., ll, 

321 (1973) 
67. S. J. Powell, ib id . ,  2, 91 (1972) 
68. J. Polonrky, For t schr .  Chem. Org. Na tu r s to f f e ,  30, 101 (1973) 
69, R. Cavier ,  Chim. Ther., p, 319 (1973) 
70. A. F. Cocker i l l ,  D. M. Rackham, and N. C. F rankl in ,  J. Chem. SOC., 

71. J. K. Chakrabart i  and A. Todd, Eur. J.  Med. Chem., 2, 146 (1976) 
72. M. N. Aboul Enein, M. Khal l fa ,  and S. M. E l  Difrawy, Phara. Acts. 

73. A. Jamiaron and K. Anderron, Lancet, 1, 261 (1974) 
74. H. Reich, Klin. Wochenschr., 5 l ,  1024 (1973) 
75. T. Tsubaki, Y. Honma, and M. Hoshi, Lancet, 1, 696 (1971) 
76. E. Friedheim i n  "Chemotherapy of  Helrninthiasis", Vol. 1, C. Radouco- 

77. P. B. Hulbert ,  d.  Bueding, and P. E. Hartman, Science,  186, 

78. D. W. Henry, V. H. Brown, M. Cory, J. G ,  Johanseon, and E. Bueding, 

79. C. H. Robinson, S. Spengel, and E. Bueding, ibid. ,  x, 79 (1973) 

Perkin Trans. 11, No. 5 ,  p. 509 (1973) 

Helv., 48, 405 (1973) 

Thomas, Ed., Pergamon Preee, N e w  York, N. Y., pp. 29 - 144 (1973) 

647 (1974) 

J. Med. Chem., l6, 1287 (1973) 



- 160 Sec t .  I11 - Chemotherapeutic Agents Warren, Ed. 

80. 

81. 

82. 
83. 

84. 

85. 

86. 
87. 

88. 

89. 
90. 
91. 
92 . 

J. J. J a f f e ,  H, M. Doremus, H. A. Dunsford, and G. Mtymarian, 
Am. J. Trop. Med. Hyg., 23, 65 (1974) 
P. J. I r l i p ,  M. D. C los i e r ,  and J. E. Waele, J. Med. Chem., l6, 
1027 (1973) 
I. Nabih and A. Zayed, J. Phann. Sci.,  62, 1547 (1973) 
H. R. S toh le r  and A. Saente ,  3rd I n t .  Congr. Paras i to l . ,  Proceedingr, 
Fac ta  Publ ica t ion ,  Vienna, p. 1330 (1974) 
N. Katz, J. Pe l legr ino ,  E. Grlnbaum, A. Chavea, and F. Zicker ,  
Rev. I n r t .  Med. Trop., Siio Paulo, l5, 25 (1973) 
J. Pe l legr ino ,  L. H. P e r e i t a ,  R. T. Mello, and N. Katz, 
J. Pa ras l to l . ,  60, 723 (1974) 
F. G. Austin,  Am. J. Trop. Med. Hyg., 23, 412 (1974) 
T. Connor, M. Stoeckel ,  and M.S. Legator, Mutation Rcs., - 26, 456 (1974) 
I n t e r n a t i o n a l  Encyclopedia o f  Pharmacology and Therapeut ics ,  
Chemothcr. of Helmlnthiaeir ,  C. Radouco-Thomas, Ed., PerRamon Prees ,  
N e w  York, N. Y. (1973) 
W. C. Campbell and L. S. B l a i r ,  Exp. Paraolltol., 35, 304 (1974) 
P. S. I s l i p ,  Fortschr .  Arzne imi t te l for rch ,  l7, 241 (1973) 
P. N. Preston,  Chem. Rev., 74, 279 (1974) 
E. R. Cole, C. Crank, and A. S. Sheikh, J. Chromatog., 78, 
323 (1973) 

93. 
94. 

E. Druckrey and H. Metsger, J. Med. Chem., l6, 436 (1973: 
C. Baeder, H. Bshr, 0. C h r i s t ,  D. Duewel, H. M. Kel lner ,  R. Kirsch,  
H. Loewe, E. Schul tes ,  E. Schueta, and H. Weston, t x p e r i e n t i a ,  30, 
753 (1974) 

95. d. D. Wagner and A. P. Chavarr ia ,  Am. J. Trop. Med. Hyg., 23, 
154 (1974) 

96. R. Rauschig, J. Koenig, D. Duwal ,  and ti .  Loewe, - 23, 1745 (1973) 
97. E. Hoegel and t. Schroe t t e r ,  Phermaeie, 28, 636 (1973) 
98. T. Haneirhi ,  M. Arai, N. Kitano, and S. Yamamoto, J. Ant ib io t i c s ,  - 27, 339 (1974) 
99. C. Della Bruna, M. L. R i c c i a r d i ,  and A. Sanf l l ippo ,  Antlmicrob. 

Agents Chemother., 2, 708 (1973) 
100. E. J. Wang and H. S. Saz, J. P a r a r i t o l . ,  60, 316 (1974) 
101. Immunity t o  P a r a s i t i c  Animals, G.  J. Jackron,  R. Herman, and 

I. Singer ,  Ede., Vole. 1 6  2, Appleton-Century-Crots, New York, 1970 
102. P. T. K. Woo, Acta. T ~ o p . ,  1, 1 (1974) 
103. H. Verhaegen, J. Decree, W. DeCock, and F. Verbruggen, N. Engl. J. 

Med., 289, 1148 (1973) 
104. G. Renoux and M. Renoux, C. R. Acad. Sc i . , (Par l s )  278, 1139 (1974) 
105. A. A. F. Mahmoud and K. S. Warren, J. Iarmunol., g, 222 (1974) 
106. G. S. Panayi, W. A. Nelll, J. J. Duthle, and J. N. McCormick, 

Ann. Rheum. Die., 32, 316 (1973) 

Arzneim. Forech., 



16 1 - 

Chapter 17. Antiviral Agents 

Samuel Baron and George Galasso, National Institute of Allergy 
and Infectious Diseases, NIH, Bethesda, Maryland 

During the period covered by this review the pace of development of 
antivirals has accelerated. This chapter highlights some of these activi- 
ties. 

Exogenous Interferon - Until recently, the technology needed to produce 
sufficient amounts of exogenous interferon for significant clinical trials 
did not exist. However clinical as well as animal trials are now possible 
due to im roved production techniques for both human and mouse inter- 
fer0ns.l-5 The efficiency of production has increased an average of two 
fold per year for the last several years. 
duced on a large scale from primary human leukocyte cultures obtained from 
blood donors in Finland. Although currently available for clinical 
trials, this material remains quite expensive. It has also been obtained 
by the so-called "superinduction" method in human foreskin fibroblast 
cells. 1 

Human interferon has been pro- 

determine its molecular structure and possible method of synthesis. Inter- 

reveal that the antiviral activity probably resides mainly with the pro- 
tein part of the molecule since removal of most of the carbohydrate did not 
destroy its activity (C. Anfinsen, S .  Bose, D. Rotman, U. Ruegg, L. Corley, 
personal communication) while proteolytic action did destroy its activity. 

feron is a glycoprotein of about 30,000 molecular weight. ---:- - - -  - 

Attempts at interferon-prophylaxis of human respiratory virus infec- 
tions in volunteers were unsuccessful when smaller amounts of interferon 
were a~ailable.~ More recently large doses were shown to be prophylactic 
against respiratory infection when the interferon was administered intra- 
nasally. 5 This was a double blind placebo-controlled study first against 
challenge with influenza B virus and then against rhinovirus 4 in separate 
volunteer groups. In the influenza portion of the study, a total of 
800,000 units of human interferon did not alter the severity of the disease 
but did delay disease onset. In the second study, which used a rhinovirus 
challenge, a total of 14,000,000 units of interferon decreased the severity 
of symptoms as well as the frequency and amount of virus-shedding after 
infection. Safety, and lack of toxicity of interferon also were indicated. 
Thus, the effective intranasal dose was in the range of 800,000 to 
14,000,000 units. An important factor governing the unexpected requirement 
for large quantities of interferon may be the mucosal barrier in the nose. 

clinical trial employing systemic administration of interferon during 
varicella-zoster in immunologically suppressed patients. 6 
still in progress but it has confirmed the safety of interferon,7 and 
the maintenance of significant serum levels. 

This study is 
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Early studies in cancer patients indicate that there may be some 
protective action against osteogenetic sarcoma metastases in man 
(H. Strander, K. Cantell, S. Iugimarsson, P. A. Jakobsson, U. Nilsonne 
and G. Soderberg, International Workshop on Interferon in the Treatment 
of Cancer, Memorial Sloan-Kettering Cancer Center, N. Y., March 31- 
April 2, 1975). 
trolled studies. 

Suggestive findings like these must be confirmed in con- 

An attempt can be made to estimate the doses of exogenous inter- 
feron required in man from studies in tissue culture (F. Dianzani and 
S. Baron submitted, 1975), rnice8'l0 and man.ll Parenteral administration 
of 1 million to 1 billion units of interferon per dose may be required 
depending on viral sensitivity, time of initiation of treatment, and site 
of infection. 

Interferon Inducers, Polynucleotides - In the past the polynucleotide 
inducers of interferon were shown to be highly active in the mouse and 
rabbit12 but were poorly active in man and subhuman primates.l3 
its low interferon inducing capacity for man, poly I.poly C provided 
significant rotection against respiratory infections and herpes eye 
infections.lg,14 The low interferon response in man to polynucleotide 
inducers does not seem to be caused by a poorly functioning interferon 
system since (a) polynucleotides are good inducers of human cells in 
culture,l (b) man roduces interferon in response to a broad range of 
virus infections,1! and (c) high concentrations of interferon have been 
reported durin infections with herpes simplex virus (HVH) ,I3 varicella- 
zoster virus lg and influenza virus.I7 A possible explanation of the low 
interferon response of man to pol nucleotides is the occurrence of high 
levels of nucleases in the serum.f8 With this possibility in mind, a 
nuclease resistant complex of poly I.poly C, poly-1-lysine and carboxy- 
methylcellulose has been developed. l9 When injected intravenously into 
monkeys and chimpanzees peak serum levels of interferon ranging from 
125-6000 units/ml were obtained. 
early therapeutic rotection against Simian hemorrhagic fever virus19 
yellow fever virusq0*21 and rabies virus (G. Baer, S, A. Moore, J. H. 
Shaddock, H. B. Levy, S. Baron, personal communication) infections of 
monkeys. These studies demonstrate that primates can make good quan- 
tities of interferon with resulting protection against certain interferon- 
sensitive viruses. 

Despite 

This inducer provided prophylactic and 

Studies in man are planned. 

Other active polynucleotide inducers of interferon have been devel- 
oped by altering the structure of the nucleotide used to make up the 
polynucleotides .22 
requirements for induction of interferon. 

These studies have also further defined the structural 

In the past, toxicity studies of poly I.poly C in animals raised the 
possibility of several serious toxicities including (a) teratogenetic 
effe~ts,~3 (b) induction of autoimmune disease,24 (c) enhancement of 
infection by certain fungi25 and (d) transformation of rat cells to the 
malignant state.26 When poly I.poly C was tested in a limited number of 
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p a t i e n t s ,  t h e  only observed t o x i c i t i e s  were a shor t - l ived  f e b r i l e  
response13 and 2 a l l e r g i c  r eac t ions  involving bronchospasm and edema 
(R. Robinson, V. D e V i t a ,  A. Levine, H. B. Levy, and S. Baron, personal  
communication). Poss ib l e  s i d e  e f f e c t s  might be avoided by t h e  t o p i c a l  
app l i ca t ion  of i n t e r f e r o n  inducers  t o  t h e  nasa l  t r a c t  o r  eye. 

Virus Inducers of I n t e r f e r o n  - I n  t h e  pas t  induct ion  of i n t e r f e r o n  and 
concomitant p ro tec t ion  aga ins t  severe  v i r u s  i n f e c t i o n s  of animals have 
been shown t o  occur fol lowing t h e  i n j e c t i o n  of i n t e r f e r o n  inducing 
v i ruses .27  It has been repor ted  t h a t  a v i r u l e n t  v i r a l  i n f e c t i o n s  of man 
could lead t o  t h e  appearance of i n t e r f e r o n  i n  t h e  serum and n a s a l  f l u i d s  
of man.28 Associated p ro tec t ion  aga ins t  human r e s p i r a t o r y  v i r a l  in f  ec- 
t i o n s  was a l s o  reported.  
v i r u s e s  was not success fu l  (S. Reed, and D. A. J. T y r r e l l ,  presented a t  
N I A I D  Inf luenza Workshop, Bethesda, Md., 1974). 

However attempted confirmation wi th  one of t hese  

In a recent  r e l a t e d  study a t tenuated  inf luenza  v i r u s  was adminis- 
t e r ed  t o  volunteers  who then rece ived  wild type  para inf luenza  v i r u s  7 days 
later .29 In t e r f e ron  production fol lowing inocu la t ion  of t h e  a t t enua ted  
v i r u s  was low o r  undetec tab le  and so it  was not  su rp r i s ing  t h a t  no pro- 
t e c t i o n  w a s  observed even though t h e  cha l lenge  para inf luenza  v i r u s  was 
highly s e n s i t i v e  t o  in t e r f e ron .  This  s tudy also demonstrated a l a t e  
production of n a s a l  i n t e r f e r o n  i n  volunteers  i n fec t ed  wi th  para inf luenza  
v i r u s  only. This  sugges ts  t h a t  treatment of t h i s  i n t e r f e ron - sens i t i ve  
parainf luenza v i r u s  i n f e c t i o n  may be f e a s i b l e  up t o  s e v e r a l  days a f t e r  
i n f e c t i o n  i n  f u t u r e  s tud ie s .  

Propanediamine Der iva t ives  as Inducers  - These inducers  were i n i t i a l l y  
found t o  be moderately a c t i v e  i n  t h e  rnouse.30 
of t he  t o p i c a l  a p p l i c a t i o n  of such an  inducer  t o  t h e  nasal ep i the l ium of 
man as prophylaxis  aga ins t  r e s p i r a t o r y  v i r u s  in fec t ion .  In  one s tudy t h e  
inducer s t imula ted  moderate l e v e l s  of i n t e r f e r o n ,  good p ro tec t ion  aga ins t  
rh inovi rus  induced-disease and decreased v i r u s  shedding. 31 In t h e  o the r  
s tudy,  similar r e s u l t s  were obtained however, no decrease  of v i r u s  shed- 
ding was observed. 32 These f ind ings  are similar t o  earlier s t u d i e s  per- 
formed wi th  poly 1 -po ly  C as t h e  inducer  of i n t e r f e r o n  i n  t h e  n a s a l  
t r a c t .  33 
rh inov i rus  13 and inf luenza  type A2 i n f e c t i o n  i n  vo lun tee r s  but  decreased 
v i r u s  shedding w a s  observed i n  only one of t h e  two s t u d i e s  wi th  rh inovi rus  
13. 

There have been two s t u d i e s  

Here a l s o  symptomatic p ro tec t ion  was observed aga ins t  both 

Other Inducers  of I n t e r f e r o n  - It has been repor ted  t h a t  small molecular 
weight r ad iop ro tec t ive  chemicals a l s o  induce i n t e r f e r o n  and provide pro- 
t e c t i o n  aga ins t  v i r a l  i n f e c t i o n s  .34 Another newly recognized i n t e r f e r o n  
inducer i s  9-methylstreptimidone, a g lu ta r imide  a n t i b i o t i c  from Strepto-  
myces. 35 

Bio logica l  Inducers  of In t e r f e ron  - These inc lude  t h e  l i p i d  f r a c t i o n  of 
t h e  3. & l ipopolysacchar ide , f i  t h e  c e l l  w a l l  f r a c t i o n  of bruce l la ,37  
a p ro te in  der ived from E .  &,38 and a group of polysaccharides.39 It is  
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p o s s i b l e  t h a t  chemical i d e n t i f i c a t i o n  of t he  inducing moiety could 
i d e n t i f y  new c l a s s e s  of inducers .  

Idoxur id ine  - The t o p i c a l  a p p l i c a t i o n  of 5-iodo-2'-deoxyuridine (idoxu- 
r i d i n e ,  IDU) has been shown t o  be e f f i c a c i o u s  i n  the  t rea tment  of her -  
p e t i c  keratoconjunctivitis40-41 and i s  the  c u r r e n t  t rea tment  of choice .  
Because of t h i s  c l i n i c a l  e f f e c t i v e n e s s  and i n  v i t r o  e f f e c t i v e n e s s  a g a i n s t  
o t h e r  DNA v i r u s e s  such a s  cytomegalo, vacc in ia  and v a r i c e l l a - z o s t e r  
v i r u s e s ,  s e v e r a l  c l i n i c i a n s  were encouraged t o  t es t  t h i s  compound c l i n i -  
c a l l y  aga ins t  the  h ighly  l e t h a l  herpes  e n c e p h a l i t i s .  Th i s  r e s u l t e d  i n  a 
series of a r t i c l e s  a t t e s t i n g  t o  i t s  e f f i c a c y .  42-45 
t i nued  t o  be some evidence of t o x i c i t y  fol lowing t h e  systemic adminis- 
t r a t i o n  of t h e  d r ~ g . 4 ~  

However, t h e r e  con- 

Because of t he  uncont ro l led  na tu re  of t h e  e a r l y  i n v e s t i g a t i o n s  
double b l ind  s t u d i e s  were i n i t i a t e d  independent ly  by two g r 0 u p s . ~ 7  
Both of t hese  s t u d i e s  were terminated p r i o r  t o  completion because of t h e  
appearance of i n t o l e r a b l e  t o x i c i t y  w i t h  no i n d i c a t i o n  of ame l io ra t ion  
of  t he  d i sease .  As a resu l t  of t hese  c a r e f u l l y  done s t u d i e s ,  t h e  use of 
I D U  a g a i n s t  herpes  e n c e p h a l i t i s  i s  con t r a ind ica t ed  and should be discon-  
t i nued  un le s s  a nontoxic  and p r o t e c t i v e  dose schedule  can be found. The 
discrepancy between the  i n  v i t r o  e f f e c t i v e n e s s  and i n  v ivo  f a i l u r e  i s  
p a r t i a l l y  explained by t h e  f ind ing  t h a t  HVH was not  i n h i b i t e d  by I D U  i n  
t h e  b r a i n  t i s s u e  of Also no nontoxic  l e v e l  of I D U  could be 
found which p ro tec t ed  mice a g a i n s t  disseminated HVH i n f e c t i o n  (E. Lef- 
kowitz,  M. Worthington and S .  Baron, submit ted,  1975). 

A poss ib l e  s ide  e f f e c t  of the  use of I D U  i n  the  therapy  of h e r p e t i c  
i n f e c t i o n s  i s  the  a b i l i t y  of t h i s  drug t o  induce o r  enhance t h e  r e p l i c a -  
t i o n  of a broad range of both DNA and RNA v i r u s e s  under cond i t ions  of 
incorpora t ion  of I D U  i n t o  c e l l u l a r  DNA i n  v i t r 0 4 ~ - ~ ~  (J. Green and S. 
Baron, submitted,  1975). These v i r u s  inducing and enhancing e f f e c t s  of 
I D U  m u s t  be considered a s  p o t e n t i a l l y  important  s i d e  e f f e c t s  of t rea tment  
w i th  t h e  drug.  

Cytosine Arabinoside (Ara-C o r  1-B-D-arabinofuranosyl cy tos ine )  - Ara-C 
has  been found t o  have ,& v i t r o  a c t i v i t y  a g a i n s t  herpes  v i r u s e s ,  pox- 
v i r u s e s  and rhabdoviruses  .-Recent s t u d i e s  i n  mice in fec t ed  wi th  HVH 
f a i l e d  t o  demonstrate p r o t e c t i o n  a g a i n s t  systemic i n f e c t i o n  by doses  
which were nontoxic  (E. Lefkowitz, M. Worthington and S. Baron, submit ted,  
1975).  

Because of t he  s e v e r i t y  and p o t e n t i a l  l e t h a l i t y  of herpes  z o s t e r  
i n f e c t i o n  i n  p a t i e n t s  w i th  a compromised immune system, t rea tment  w i t h  
Ara-C was at tempted.  
was d i f f i c u l t  due t o  the  d i f f e r e n t  regimens used, l ack  of q u a n t i t a t i v e  
eva lua t ion  of i nd ices  of d i sease  and most important  t h e  l ack  of randomized 
p lacebo-cont ro l led  s t u d i e s ,  
Ara-C was adminis tered w i t h i n  48 hours  of t h e  onse t  of d i sseminat ion  by 
cont inuous I V  i n fus ion  u n t i l  d i sseminat ion  ceased o r  f o r  a maximum of 72 

However, eva lua t ion  of t h e  encouraging reports53-56 

I n  a c a r e f u l l y  c o n t r o l l e d  double b l i n d  s tudy  
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hours. The duration of dissemination was greater in the treated than the 
placebo group and was even more prolonged for Ara-C treated patients with 
stage I11 or IV lymphoma.57 Also, the drug gave evidence of hematologic 
toxicity and depression of antibody formation. This and other 
studies589 59 demonstrated that Ara-C had no value against varicella- 
zoster. The discrepancy between in vitro and in vivo effectiveness might 
be that in man intravenous Ara-C is rapidly deaminated to 1-f3-D arabino- 
furanosyl uracil (Ara-U) which lacks antiviral activity. 

Adenine Arabinoside (Ara-A) - A highly promising chemotherapeutic agent 
under clinical study is l-f3-D-arabinofuranosyl adenine, which differs 
from Ara-C in containing adenine instead of cytosine. More importantly 
in man, Ara-A is deaminated to 1-f3-D arabinofuranosyl hypoxanthine which 
is antiviral. Therefore, the duration of antiviral effect in man is 
longer than that of Ara-C. 

Adenine Arabinoside - A Symposium on Current Status (Virology) was 
held in September, 1974, jointly sponsored by the Parke, Davis Company 
and the NIAID (In press, Raven Press). It was reported that Ara-A was 
highly active in model systems against herpes and pox DNA viruses, par- 
tially active against adeno and papova DNA viruses as well as rhabdo and 
oncorna RNA viruses. 60-66 

Most recent studies of disseminated HVH infection in mice have 
shown the drug to be well tolerated at doses which are protective when 
begun as late as 3 days after infection. However, using combination 
therapy synergistic toxicity with poly 1-poly C was observed (E. Lefkowitz, 
M. Worthington, and S .  Baron, submitted, 1975). 

Well controlled studies against HVH epithelial keratitis of man67 
showed equal efficacy of trifluorothymidine, IDU and Ara-A. However, 
Ara-A is preferable because of low toxicity, low allergenicity and more 
rapid action. In a small study, deep stromal disease and iritis could be 
treated with systemic Ara-A utilizing 20 mg/kg/day given intravenously. 68 

Following pilot studies, 69 a double blind placebo-controlled clini- 
cal study was initiated to evaluate Ara-A in biopsy proven herpes encepha- 
litis, neonatal herpes, severe localized herpes and varicella-zoster par- 
ticularly in immunocompromised patients. 
going efficacy study. 70 

Amantadine - Although 1-adamantanamine hydrochloride (amantadine) has 
been proven efficacious against influenza type A, it has not received 
wide acceptance as a result of mild gastrointestinal irritation and 
transitor central nervous system reactions noted in 1-2% of 
patients.vl.72 The drug has been used extensively for the treatment of 
Parkinson’s disease with only livedo reticularis and mild ankle edema 
seen as additional adverse effects.73 
more than 50% prevention of disease.74-79 
reduction of fever during natural outbreaks of either the Asian or 
Hong Kong strains of influenza A2.80-83 

Antitumor activity is also under- 

Efficacy studies in man have shown 
It is also effective in the 

Recent studies with the 
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r e l a t e d  r imantadine,  i n d i c a t e  p r o t e c t i o n  of mice aga ins t  in f luenza  v i r u s  
i n f e c t i o n  when therapy was i n i t i a t e d  a s  l a t e  a s  t h r e e  days a f t e r  i n fec -  
t i o n .  Cruc ia l  t o  t h e  l a t e  p r o t e c t i o n  was t h e  l o c a l  admin i s t r a t ion  by 
small p a r t i c l e  ae roso l  r a t h e r  than by p a r e n t e r a l  admin i s t r a t ion .  (J. S. 
Walter ,  E .  L. Stephen, J. B. Moe, R .  0. Spe r t ze l ,  J.  W .  Dominik, and H. W 
Young, personal  communication, 1974).  However, ne i the r  v i r u s  t i t e r  nor 
lung l e s i o n s  were decreased i n  t h e  t r e a t e d  group i n d i c a t i n g  t h a t  t h e  
mechanism of p ro tec t ion  i s  not  understood. Amantadine d e r i v a t i v e s  such 
a s  r imantadine a r e  deserv ing  of f u r t h e r  t e s t i n g .  The use of t hese  com- 
pounds i s  no t  advocated a s  a replacement f o r  t h e  vaccine,  bu t  a s  an 
ad junc t  o r  f o r  in te rmedia te  chemoprophylaxis when an  appropr i a t e  vacc ine  
i s  not  a v a i l a b l e .  

R ibav i r in  - Another broad- spectrum a n t i v i r a l  w i th  c l i n i c a l  p o t e n t i a l  i s  
1-/3-D-ribofuranoxyl-1, 2 ,  4-triazole-3-carboxamide ( r i b a v i r i n ,  Vi razole) .  
It is e f f e c t i v e  i n  v i t r o  and i n  v i v o  a g a i n s t  in f luenza  A and B, para-  
in f luenza  (Sendai) ,  herpes ,  vacc in i a  and some s t r a i n s  of mouse h e p a t i t i s  
v i r ~ s e s . ~ 4 ~ ~ 5  
c a t i o n  t h a t  l eads  t o  the  syn thes i s  of v i r a l  nuc le i c  acids--RNA or  DNA. 
It is  be l ieved  t h a t  t he  compound i s  phosphorylated i n  v ivo  and i t s  a n t i -  
v i r a l  a c t i o n  i s  due t o  t h e  i n h i b i t i o n  of t h e  b iosyn thes i s  6f guanosine 
5 ' monophospha t e .  86 

Ribav i r in  appears  t o  i n h i b i t  an e a r l y  s t e p  i n  v i r a l  r e p l i -  

Recent ly  r i b a v i r i n  has been found t o  p r o t e c t  mice a g a i n s t  in f luenza  
v i r u s  i n f e c t i o n  when therapy  was i n i t i a t e d  a s  l a t e  a s  t h r e e  days a f t e r  
i n f e c t i o n .  A c r i t i c a l  f a c t o r  i n  t h e  p r o t e c t i o n  was the  l o c a l  adminis- 
t r a t i o n  of r i b a v i r i n  by smal l  p a r t i c l e  a e r o s o l  r a t h e r  than  by p a r e n t e r a l  
admin i s t r a t ion  (E. L. Stephen, J. W.  Dominik, J. €3. Moe, R.  0. S p e r t z e l  
and J .  S. Walker, submit ted,  1975). Although r i b a v i r i n  i s  not  f r e e  o f  
t o x i c  r e a c t i o n s ,  i t  i s  s u f f i c i e n t l y  s a f e  t o  warran t  l i m i t e d  c l i n i c a l  
s t u d i e s  f o r  t h e  prevent ion  and/or t reatment  of in f luenza ,  para inf luenza  
and h e p a t i t i s .  A t  t h e  14 th  I n t e r s c i e n c e  Conference on Antimicrobial  
Agents and Chemotherapy, D r .  F. Sal ido-Tenegel l ,  r epor t ed  e f f e c t i v e  
therapy  a g a i n s t  an  outbreak  o f  Inf luenza  A2 i n  a double b l ind ,  placebo- 
con t ro l l ed  s tudy .  

Disodium Phosphonoacetate (PAA) - This  h ighly  promising a n t i v i r a l  com- 
pound was found t o  be e f f e c t i v e  a g a i n s t  HVH types  1 and 2 i n  t i s s u e  cu l -  
t u r e  and subsequent ly  confirmed i n  v ivo  wi th  herpes  d e r m a t i t i s  i n  mice 
and herpes  k e r a t i t i s  i n  r a b b i t s  (NIAID sponsored Cooperative A n t i v i r a l  
Tes t ing  Group, personal  communication, 1975). It i s  a l s o  e f f e c t i v e  
a g a i n s t  o the r  v i r u s e s  of  t h i s  group such a s  cytomegalovirus and pseudo- 
r a b i e s  v i r u s . 8 7  I n  v i t r o  s t u d i e s  using WI-38 c e l l s  and HVH demonstrated 
t h a t  t h e  mode of a c t i o n  was t o  i n h i b i t  s e l e c t i v e l y  t h e  DNA-dependent DNA 
polymerase from HVH.88989 

l i m i t e d  con t ro l l ed  c l i n i c a l  t r i a l s ,  i n i t i a l l y  aga ins t  cutaneous herpes .  
E f f o r t s  a r e  c u r r e n t l y  underway t o  i n i t i a t e  

2-Deoxy-D glucose (2-D-G) - This  sugar analog was found t o  be e f f e c t i v e  
i n  prevent ing  o r  reducing the  s e v e r i t y  of h e r p e t i c  k e r a t i t i s  i n  r abb i t s .90  
The mode of a c t i o n  of t h i s  compound i s  be l ieved  t o  be i n t e r f e r e n c e  wi th  
t h e  syn thes i s  o r  e longa t ion  of t h e  o l igosaccha r ides  which a r e  incorpora ted  
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as part of viral specific glycoproteins. 
for formation of the envelopes of orthomyxoviruses, paramyxoviruses and 
probably herpesviruses. 
pound is not dramatic, it does suggest that sugar analogs may be useful 
antiviral compounds. 

The glycoproteins are essential 

Although the protection obtained with this com- 

Oxoline, Bonaphton, Tebrophen and Florenal - Soviet scientists have 
developed two compounds which they find effective against influenza virus 
as well as other viruses.91 
have stated that morbidity was decreased 39% by oxoline ointment which is 
currently available to their public. In controlled challenge studies 
bonaphton ( 6  bromonaphthoquinone) given orally, to patients infected with 
partially attenuated influenza virus (H3N2), decreased morbidity from 
78.6% in the placebo group to 38.4% in the volunteer group receiving 
bonaphton. 
available for general use. Unfortunately, the NIAID Cooperative Antiviral 
Testing Group was unsuccessful in detecting significant antiviral effect 
by these 2 compounds in its animal studies (personal communication). 
This was also true for tebrophen, a substituted biphenyl compound and 
florenal, a benzyl fural benezene compound. These latter compounds had 
previously been reported to be effective against herpetic keratitis in 
man. 92 

In volunteer studies the Soviet scientists 

This compound was also found to be non-toxic and is currently 

Photodynamic Inactivation - In recent years photodynamic inactivation93,94 
of HVH during infections of the eye, lip, skin, or genital area has been 
reevaluated. The method utilizes heterotricyclic dyes such as neutral 
red, acridine orange or proflavine. 
nucleic acid, absorbing visible light and inactivating the virus via 
oxidation. Photosensitization appears to be particularly effective 
against the large DNA viruses such as herpes but it also inactivates many 
other viruses. 

The dyes act by binding to viral 

Fifty percent effectiveness against recurrent facial or genital HVH 
infections of man has been reported in a controlled study using photo- 
dynamic inactivation.95 
(HVH-2) in womeng6 a favorable response was also reported. 
recently97 proflavine photoinactivation was as' effective as IDU in rab- 
bits whose eyes had been infected with HVH. However, confirmation of the 
therapeutic action against human cutaneous herpes was not obtained in the 
most recent trial (M. G. Myers, M. N. Oman, J. Clark, and K. Arndt, 
manuscript in preparation). Careful study of the variables which 
influence activityg3 must be done in patients to achieve reproducible 
effects. 

In an uncontrolled study of herpes genitalis 
More 

A warning has appeared in the literatureg8 and in the FDA drug 
bulleting9 stating that photoinactivation of herpesvirus may be clini- 
cally hazardous because the inactivated virus was capable of transforming 
normal mammalian cells to malignancy. Other possible complications of 
such treatment include damage to cells and their genetic a paratus due to 
the strong affinity of the dyes for the nuclei of cells.101-103 
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Streptovaricins - Streptovaricins and rifamycins represent a group of 
structurally related antibiotics and their derivatives which are active 
against bacteria and certain viruses. 
inhibit the virus specific reverse transcriptase enzyme of the RNA tumor 
viruses. 1049105 
ately murine sarcoma virus induced transformation in vitro1°6 and 

Streptovaricins were found to 

The streptovaricins were also reported to inhibit moder- 

viva. 107-109 - 
Rifamycln Derivatives - Rifamycins, in addition to being important anti- 
bacterial a ents, have been shown to inhibit the growth of poxvi- 
ruses.11oslf1 More recently a number of the rifamycin derivatives have 
been found to inhibit the reverse transcriptase enzyme of the RNA tumor 
virusesll2-114 and transformation in tissue culture. The inhibitory 
effect is relatively specific in that rifamycins do not inhibit a DNA 
tumor virus or normal cell growth116 but do inhibit the growth of virus- 
transformed chick embryo cells.ll’9 118 
several parameters of oncornavirus-induced leukemia. 115-119 
associated with many rifamycin derivatives is that they are toxic for 
mice. 120 

In the mouse rifamycins inhibit 
A problem 

Narcissus alkaloids. - These alkaloids are being studied for their anti- 
viral properties, especially anti RNA tumor virus properties.l21,122 
Recently inhibition of leukemia virus re lication by these alkaloids was 
confirmed in tissue culture st~dies.~~3*!2~ In leukemia virus infected 
mice the alkaloids were also more effective in increasing survival than 
were rifamycin or adriamycin and the protective action of the alkaloids 
was further enhanced when they were used in combination with other chemo- 
therapeutic agents.124 

Acknowledgement: The authors wish to thank Mrs. C. P. Uhlendorf 
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review. 
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Sect ion I V  - Metabolic Diseases and Endocrine Function 

Edi tor :  Walter T. Moreland, P f i z e r  Inc., Groton, Connecticut 

Chapter 18, Non-steroidal Anti-inflammatory Agents 

Stewart Wong, McNeil Laborator ies ,  Inc. For t  Washington, Pa. 

In t roduct ion  - The i n t e n s i t y  of research  i n  the  f i e l d  of inflammation dur- 
ing  r ecen t  years  can be most r e a d i l y  gauged by the  l a r g e  number of candi- 
da t e s  on which c l i n i c a l  t e s t i n g  w a s  repor ted  i n  1974. Since the  e t io logy  
of t he  major chronic  inflammatory d i seases  remains unknown, cu r ren t  ther-  
apeu t i c  approaches t o  t h e i r  treatment'-4 s t i l l  r e l y  heav i ly  on non- 
s t e r o i d a l  antiinflammatory agents  (NU). 3 9 5  

ab l ing  e f f e c t s  caused by the  rheumatic d i seases  a f f l i c t i n g  some 20 m i l -  
l i o n  p a t i e n t s  i n  the  U.S, a lone  and wi th  approximately a qua r t e r  of a m i l -  
l i o n  new vic t ims  each yea r ,  t h e  economic c o s t  t o  the  na t ion  i n  terms of 
l o s t  wages and o the r  medical expenses is formidable. 
f o r  more e f f e c t i v e  ant i rheumatic  dru 8 .  reviews, 1 s 3 y 7  sym- 
posia', g and s t imu la t ing  articles lo-'' r evea l  the  t rend  of cu r ren t  re- 
search", l 3  towards the  discovery of new drugs f o r  inflammatory d iseases .  

With the  s u f f e r i n g  and d is -  

There is g r e a t  need 

Pathogenesis - Researchers (veteran o r  newcomer) and physicians alike are 
g r e a t l y  hampered by a l a c k  of clear understanding of t he  e t io logy  and 
pathogenesis of  t h e  inflammatory d i sease ( s )  t h a t  they s tud  
Textbooks and monographs'4''' and a few r e l e v a n t  articles 18-26 on the  
pathogenesis of rheumatoid a r t h r i t i s  (RA), reveal some of t he  complexi t ies  
involved. Fur ther  confusion is introduced by t h e  f a c t  t h a t  o s t e o a r t h r i t i s  
(OA) and o the r  degenerat ive j o i n t  d i seases  e x h i b i t  similar symptoms, b u t  
respond d i f f e r e n t l y  t o  t reatment  and presumably have d i f f e r e n t  e t i o l -  
ogies .  
t i o n s  of several d i sease  syndromes wi th  s p e c i a l  a t t e n t i o n  given t o  cardio-  
vascu la r  and neurologic  sequel lae .  
be one s p e c i f i c  d i sease ,  i n s t ead  of t he  co inc iden ta l  occurrence of two 
common d i seases ,  w a s  presented by Moll and Wright. 

and treat.' 

A r ecen t  review of Reiter's d i s e a s e  (RD)32 conta ins  descr ip-  

Evidence t h a t  p s o r i a t i c  a r t h r i t i s  may 

2 7 - 3 1  

A d e t a i l e d  d iscuss ion  of the var ious  components of any o r  a l l  these  
inflammatory d i seases  is obviously f a r  beyond the  scope of  t h i s  review. 
While pathogenesis  of some of these  d i seases  h a s  been reasonably w e l l  de- 
s c r ibed ,  t he  e t io logy  of none has been proven. 34 

Mechanism of Action - The complex na tu re  of t h e  inflammatory d i seases  ac- 
cen tua te s  the d i f f i c u l t y  of s tudying the  mechanism of a c t i o n  of ant i inf lam- 
matory agents .  It has  been speculated t h a t  N U ' S  may e x e r t  t h e i r  e f f e c t s  
by i n h i b i t i n g  leucocyte  migrat ion 3 5  i n h i b i t i n g  prostaglandin syn thes i s  
i n t e r f e r i n g  wi th  phagocytosis, 3 7 * 5 8  modifying lymphocyte a c t i v i t y ,  39 y4' 
decreasing 
branes  and thereby prevent ing the  release of degradat ive enzymes. 
However, t hese  pos tu la ted  mechanisms remain specu la t ive  because, a t  

y 3 6  

t h e  adherance of p l a t e l e t s ,  I+ o r  by s t a b i l i z i n g  lysosomal mem- 
22,4 2-4 5 
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presen t ,  t he re  is no way t o  evaluate the  r e l a t i v e  importance of any one of 
them i n  the  var ious  d i sease  states. Perhaps, whenthe e t io logy  of t he  d is -  
ea se ( s )  becomes known and the  pathogenesis  sequence has  been more c l e a r l y  
def ined ,  t he  f u l l  impl ica t ion  of some o r  a l l  t hese  mechanisms w i l l  b e  ap- 
prec ia ted .  

Methodology - Models of inflammation were reviewed by Swingle16 who organ- 
ized  screening procedures i n t o  c a t e g o r i e s  according t o  cr i ter ia  f o r  detec-  
t i o n  of a c t i v i t y .  Under "Antirheumatics", there w a s  no experimental  model 
c i t ed .  
has  been demonstrated f o r  chloroquine,  f o r  which arrest o r  remission of RA 
has been claimed. 

However, a l ist  of test systems w a s  presented i n  which a c t i v i t y  

Researchers are increas ingly  turn ing  t o  experimental models t h a t  
have an immunological bas i s .  
sc reens  do n o t  appear t o  be much more r e l e v a n t  t o  the  problem than the  
antiinflammatory screens  c u r r e n t l y  i n  use. 
i m m u n ~ s u p p r e s s i v e s ~ ~  o r  ~ t i m u l a n t s ~ l - ~ ~  should be used i n  RA therapy. 
Even those who be l i eve  immunologic agents  should be e m  loyed d i sag ree46  
whether h ~ m o r a l ~ ~  o r  cell-mediated immunity2' o r  both5' should be  in- 
fluenced. Such controversy v i v i d l y  po in t s  ou t  t he  l ack  of knowledge o f t h e  
primary e t io logy  of RA. Perhaps when the  p r o p e r t i e s  and func t ions  of B 
and T lymphocytes, which are respons ib le  r e spec t ive ly  f o r  humoral and cell- 
mediated immunity, become more c l e a r l y  def ined and appl ied  i n  the  lab-  
o ra to ry ,  a more meaningful search f o r  immunologic agents  s p e c i f i c  f o r  RA 
may be  poss ib le .47  

According t o  Swingle, 46 immunosuppressive 

There i s  disagreement whether 

The p o t e n t i a l  advantages of "quick" i n  v i t r o  assays  o r  "simple" 
i n  v ivo  procedures seem obvious, bu t  u n t i l  a b e t t e r  understanding of t he  
human d i s e a s e  state is  acquired,  w e  must se t t le  f o r  a c ruder  whole-animal 
model. Adjuvant-induced a r t h r i t i s  i s  a delayed h y p e r s e n s i t i v i t y  re- 
sponse t o  mycobacterial a n t i  en i n  rats. It  appears  t o  be the  most rel- 
evant  model of RA and RD46,4'956957 t h a t  is p resen t ly  a v a i l a b l e  and has  
become the  most widely used model f o r  sc reening  p o t e n t i a l  ant i inf lammatory 
drugs. 46 Hopefully, bas i c  research  wi th  t h i s  p o l y a r t h r i t i s  model, artic- 
u l a r l y  those s t u d i e s  de lv ing  i n t o  the  chronic  degenerat ive changes5' i n  
the  bone, a r t i c u l a r  and p e r i a r t i c u l a r  s t r u c t u r e s ,  w i l l  i nc rease  our  in-  
s i g h t  i n t o  the  e t io logy  as w e l l  as the  pathogenesis  of t he  human rheu- 
matoid d i s e a s e  (s) . 

4- 

Compounds Under Inves t iga t ion  

Immunological Agents - Emphasis i n  the  p a s t  has  been p r imar i ly  on immuno- 
supression,  bu t  more r e c e n t  r e p o r t s  suggest  t he  p o s s i b i l i t y  of t r e a t i n g  RA 
by imunos t imula t ion .2  ' 9  '-' Schuerman5' repor ted  s t r i k i n g  improvements 
i n  RA p a t i e n t s  r ece iv ing  levamisole ,  150 mg/day. A non-specific ac t iva-  
t i o n  of t he  immune response by BCG ( b a c i l l e  Calmette Guerin - vacc ine  f o r  
i nocu la t ion  a g a i n s t  t ube rcu los i s )  seems t o  have a b e n e f i c i a l  e f f e c t  i n  
RA, which i s  accompanied by decreases  i n  both  e ry th rocy te  sedimentat ion 
rate (ESR) and rheumatoid f a c t o r  (RF).59 
mantly arrest d i sease  symptoms i n  RA p a t i e n t s . 5 3  

Tuberculin w a s  repor ted  t o  per- 
Since these  agents  s t i m -  
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u l a t e  t he  immune system, it is d i f f i c u l t  t o  r econc i l e  such r e s u l t s  wi th  
r e p o r t s  t h a t  t h e  immunosuppressants, aza th iopr ine  (UP)  and cyclo hos- 
phamide (CYC), a l s o  have d e f i n i t e  b e n e f i c i a l  e f f e c t s  i n  RA.4B 9 6  0 ,gl  

CYC is an  a l k y l a t i n g  agent6' t h a t  has a cy to toxic  e f f e c t ,  which is 
r e f l e c t e d  i n  t h e  decreased number of c i r c u l a t i n  small lymphocytes. De- 
crease i n  blood monocytes was a l s o  observed. 6 o  r'2-64 Adverse s i d e  e f f e c t s  
c o n s t i t u t e  a major l i m i t a t i o n  t o  the  use of CYC i n  the c l i n i c . 6 5  
long term usage the re  is an a d d i t i o n a l  hazard of malignancy and mutagen- 
esis.61*65 
1 - 1.25 mg/kg/day showed equal  improvement i n  symptoms without  a cor- 
responding change i n  ESR o r  RF t i t e r .66 '67  
diameter was assoc ia ted  wi th  AZP therapy6 
Though a meaningful i n t e r p r e t a t i o n  of  t h i s  observat ion has  no t  been pre- 
sented,  lymphopenia occurr ing  i n  RA p a t i e n t s  t r e a t e d  with AZP6 'was probably 
induced by decreasing the  abso lu te  numbers of lymphocytes r a t h e r  than a 
selective e f f e c t  on B o r  T cells. 
l a r g e  doses of AZP (5-6 mg/kg/day) may be respons ib le  f o r  the  complete re- 
mission of RA symptoms i n  cases where smaller doses had f a i l e d . 6 8  
CYC and AZP act slowly and must be continued over  a per iod of months t o  be 
e f f e c t i v e . 6 0 ' 6 1  
have a n t i i n f l a m a t o r y  as w e l l  as immunological a c t i v i t y ,  and thus caut ion  
may be needed f o r  proper i n t e r p r e t a t i o n  of r e s u l t s .  

With 

RA p a t i e n t s  t r ea t ed  wi th  AZP a t  e i t h e r  2 - 2.5 mg/kg/day o r  

No increase  i n  mean lymphocyte 
as compared wi th  CYC treatment. 

Occasionally, t he  admin i s t r a t ion  of 

Both 

S ~ i n g l e ~ ~  emphasized t h a t  most immunosuppressive drugs 

Other immunosuppressives are i n  earlier phases of i nves t iga t ion .  
Cinanserin (I) is a poten t  antagonis  t of s e ro ton in  with ana lges i c  a c t i v i t y  . 

R1 R2 R3 

I1 -O-(CH2)3-N(CH3)2 -CH3 H 

H 3 I -s- (cH~)~-N ( c H ~ ) ~  -CF 

I11 -0- (CH2) 3-N (CH3)2 -C(CH3)3 H 

R1 IV -S-(CH2) 3-N (CH3) -CF3 c1 
The immunosuppressive a c t i v i t y  of I is comparable t o  AZP.69a70 
I1 and I11 a l s o  have immunosuppressive b u t  low an t i se ro ton in  a c t i v i t y .  
A t h i r d  analog IV had a n t i s e r o t o n i n  a c t i v i t y  bu t  l i t t l e  immunosuppressive 
a c t i v i t y .  The analogs 11, I11 and IV and AZP were e f f e c t i v e  i n  the  
suppression of both l o c a l  and sys temica l ly  induced l e s i o n s  i n  ad juvant  
a r t h r i t i c  rats0 
butenyl]  adenosine (V) has  a n t i i n f  lammatory a c t i v i t y  (carrageenan edema 
and adjuvant  a r t h r i t i s  t e s t s )  comparable to  phenylbutazone. V was found 
t o  suppress  the  PFC-response to sheepredbloodcel ls inJerne'splaquetest ,  

Two analogs 

Another p o t e n t i a l  immunosuppresive, 'I N6 [3-chloro-2- 

Ti lorone (VI)'* is an  a c t i v e  an t iv i ra l  compound. It is claimed t h a t  
VI w i l l  s t imu la t e  the  humoral, bu t  i n h i b i t  t h e  cell-mediated responses. 
Ac t iv i ty  has  a l s o  been demonstrated i n  the  rat adjuvant  a r t h r i t i s  test. 
The unique immunologic p rope r t i e s  of t h i s  compound suggest  p o t e n t i a l  f o r  



175 Chap. 18 Non-steroidal Antiinflammatory Agents Wong - 

t h e  con t ro l  of inflammatory d iseases .  
NH-CH2CH”C -CH3 

N?() 21 

HOCH2 d V V I  

Arylalkanoic Acids and Related Compounds - The phenylalkanoic a c i d s  are, by 
f a r ,  the  most preva len t  among the  candida tes  being t e s t e d  i n  the  c l i n i c  a t  
t h e  present  A number of these  a r e  a l r eady  widely used over- 
seas. Motrin (ibuprofen, V I I )  r e c e n t l y  became a v a i l a b l e  f o r  treatment of 
a r t h r i t i s  i n  the  United States and has  had ex tens ive  c l in ica l  evalua- 
t i o n ~ . ~ ~ ’ ~ ~ - ~ ~  
~ i r i n , ~ ~  wi th  fewer s i d e  e f f e c t s .  

CH3, CH-CH2 0- zi;OOH 
C H j  

I n  the t reatment  of RA, V I I  appears  t o  he comparable t o  as- 

y 3  

cHP V I I I  
r n C H C O O H  

V I I  
In  two c l i n i c a l  trials, naproxen (VIII)  500 mg/day w a s  found t o  be equal t o  
a s p i r i n  4 gm/day f o r  t he  t reatment  of RA. V I I I  w a s  b e t t e r  t o l e r a t e d  with 
less dyspepsia o r  G.I .  blecding. No se r ious  s i d e  e f f e c t s  were observed i n  
the  four  week s tud ie s .  I n  another  s tudy s e v e r a l  cases of G. I. bleed- 
ing were reported.  

” 
8 3  

8 4  Ketoprofen ( O r u d i s , ~ ~ )  has been s tud ied  i n  var ious  rheumatic d iseases .  
The an t i in f lamnatory  a c t i v i t y  of IX(150 mg/day) w a s  equal  t o  t h a t  of indo- 
methacin a t  100 mg/day.” 
with less CNS s i d e  e f f e c t s  than indomethacin b u t  i ts  o v e r a l l  e f f e c t s  and 
ana lges i c  p rope r t i e s  were no t  Ant i i n f  lamma to ry ,  a n t i -  
bradykinin and ana lges i c  tests i n  experimental animals demonstrated t h a t  
t h e  a c t i v i t y  of I X  w a s  about  equal  t o  t h a t  of indomethacin. 

I n  RA, I X  w a s  e f f e c t i v e  and w e l l  t o l e r a t e d  

Fenoprofen (X) which has  analgesic ,  a n t i i n f  lammatory and a n t i p y r e t i c  proper- 
ties, was evaluated i n  60 RA pa t i en t s .  
few s i d e  e f f ec t s . ”  
t reatment  of o s t e o a r t h r i t i s  of t h e  hip.”  In  a double-blind cross-over 
t r i a l ,  X and a s p i r i n  were about equal  i n  p a t i e n t s  wi th  classical  RA.73 
The incidence of s i d e  e f f e c t s  w a s  found t o  be g r e a t e r  w i th  a s p i r i n  than 
with X. 

Good b e n e f i t s  were obtained with 
X was  repor ted  t o  be equal t o  phenylbutazone i n  the  
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Alclofenac(XI), c l i n i c a l l y  t e s t e d  a t  3 gm/day, was  repor ted  t o  be 
s l i g h t l y  b e t t e r  than a s p i r i n  a t  4.8 gm/day f o r  t he  t reatment  of RA.” 
Af te r  17 weeks of t reatment ,  no s i g n i f i c a n t  change i n  d i g i t a l  j o i n t  s i ze  
w a s  noted, though ESR decreased and serum IgM and IgG levels were lowered. 
Gas t ro- in tes t ina l  s i d e  e f f e c t s  were less with X I  than wi th  a s p i r i n  i n  t h i s  
c l i n i c a l  evaluat ion.  

Flurbiprofen(XI1) w a s  compared t o  indomethacin i n  ankylosing spondy- 
l i t i s  and found t o  be equal ly  poten t  i n  improving s p i n a l  m ~ b i l i t y . ~ ’  The 
ana lges ic  p rope r t i e s  of X I 1  were g r e a t e r  than those of indomethacin. 

X I  X I 1  
Tolmetin(XII1) w a s  s i g n i f i c a n t l y  b e t t e r  than p l a ~ e b o ’ ~ ’ ~ ~ i n  the  treat- 

ment of RA. In another  s tudy,  tolmetin was compared t o  a s p i r i n .  F i f t y  
p a t i e n t s  wi th  a c t i v e  RA were t r e a t e d  f o r  s i x  months and to lmet in  w a s  sign- 
i f i c a n t l y  super ior  t o  a s p i r i n  i n  reducing the symptoms of RA.73 No severe 
s i d e  e f f e c t s  were observed. 

Furobufen(X1V) is a l s o  undergoing c l i n i c a l  t e s t ing .  P r e c l i n i c a l  
r e s u l t s g  
paw edema test,, X I V  a l s o  inh ib i t ed  the  development of adjuvant  a r t h r i t i s  i n  
rats. 

showed X I V  equal t o  phenylbutazone i n  potency us ing  the  carrageenan 

C H 3 G - e  CHZCOOH 
X I V  I 

X I 1 1  CH3 
Other a ry la lkanoic  acids a r e  reported t o  be i n  var ious  phases of 

p r e c l i n i c a l  evaluat ion.  Fenclofenac(XV) , which has  been shown t o  have 
e i g h t  times the potency of ibuprofen (VII) i n  the  adjuvant  a r t h r i t i s  t es t sg4  
is much less o t e n t  i n  t h e  acu te  antiinflammatory tests. DKA-9(Nippon 
Shinyak~,XVI)‘~ is claimed t o  be more poten t  than  phenylbutazone, oxyphen- 
butazone, flufenamic ac id ,  and ibuprofen using i n  vivo and i n  v i t r o  tests. 

CI 

QoQ 
C I  CH2COOH 

xv 
CI 

aTQo 
C3H, CH#ooH 

- C H2COOH X V I I  

X V I  
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Prodol ic  ac id  (XVII) has  ant i inf lammatory,  ana lges ic  and a n t i p y r e t i c  prop- 
erties 9 6  approximately equal  i n  potency t o  phenylbutazone. 
i n  the  adjuvant  a r t h r i t i s  test model. P i rprofen  (XVIII) has  shown a n t i -  
inflammatory a c t i v i t y  i n  t h e  paw edema, co t ton  p e l l e t  granuloma and ad- 
juvant  a r t h r i t i s   test^.^' Normal humans w i l l  t o l e r a t e  XVIII up t o  600 mg/ 
day with occas iona l  f e c a l  blood lo s s .  
t h a t  400 mg/day of XVIII is equal  t o  100 mg/day of indomethacin. Bucloxic 
a c i d  ( X I X ) ,  t h e  b e s t  candidate  from a series of analogs,”  was repor ted  t o  
be a c t i v e  i n  the  c l i n i c .  I n  rat tests, the  XX corn ounds are similar 
t o  ibuprofen.’” l o o  Some human metabol ic  s tud ie s Ig ’  and a l s o  s t u d i e s  i n  
rhesus monkeys’ O 2  have been reported.  
C4632 (XXI) w a s  repor ted  t o  b e  equal  t o  t h a t  of indomethacin’ 3 ~ i t h  less tox ic i ty .  

X V I I  was a c t i v e  

Some e a r l y  c l i n i c a l  r e s u l t s  i n d i c a t e  

The ant i inf lammatory a c t i v i t y  of 

X V I I I  X I X  

Oxoprozin (XXII) w a s  repor ted  t o  be less poten t  than phenylbutazone and 
equal  t o  a s p i r i n  i n  the  carrageenan edema test. 
have u lcerogenic  p rope r t i e s  b u t  a wide margin w a s  found between a n t i -  
inflammatory and ulcerogenic  doses. 

XXIII w a s  repor ted  t o  

1 0 5  

XXI I 

CH2COOH 
XXIII (L-8 109) 

The potency of XXIV whereR= B r ,  H and C 1  w a s  6.0, 6.8 and 15.0 r e spec t i -  
ve ly  r e l a t i v e  t o  phenylbutazone(l.0). ’06 In  t h e  carrageenan paw edema test 
XXV w a s  as poten t  as indomethacin and f i v e  t i m e s  phenylbutazone i n  the  ad- 
juvant  a r t h r i t i s  test.’” 
USAN Council L i s t  of New Names: c l i p r o f e n ,  lo’ suprofen, l o g  c i c lop ro fen1 l0  
and piroxicam. 

Other r e l a t e d  com ounds have a peared i n  the  

1 1 0  

- Miscellaneous Agents - Extensive p r e c l i n i c a l  pharmacology of d i f t a l o n e  
(XXVI) w a s  presented.’” 
a s p i r i n  range of potency i n  acu te  a n t i p h l o g i s t i c  and chronic  adjuvant  a r th -  
ritis tests. It a l s o  has  ana lges i c  and a n t i p y r e t i c  a c t i v i t y .  A con t ro l l ed  
double-blind c l i n i c a l  t r i a l  wi th  32 RA p a t i e n t s  showed a c t i v i t y  and s a f e t y  
a t  least  comparable t o  t h a t  of indomethacin.’12 

XXVI  w a s  shown t o  be i n  the  phenylbutazone and 
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C I Q / T [  CH2C 00 H 

v 
XXV 'gH5 

0 

XXVI 0 

Flumizole (XXVII) is a trisubstituted imidazol found to be more potent 
than indomethacin in preclinical animal experiments. l 1  Niflumic acid 
(XXVIII) was evaluated in a two-week clinical trial at 800 mg/day. 
Therapeutic effects were observed in chronic polyarthritis. 

114 

- -N 

XXVIII or biphenyl 

Several sydnones (mesoionic compounds) related to XXIX have beendiscovered 
with antiinflammatory activity."' Apazone (AHR3018,XXX) has been evaluated 
in a controlled clinical trial €or ankylosing spondylitis.l16 In a series 
of quinuclidines, XXXI was reported active against granuloma pouch exudate 
formation"? with the cis-form one-fourth as potent as indomethacin. 
activity against adjuvant arthritis was observed. 

C Fg R = C6H5-S-CH2-CH2- XXVII 
CF3 

No 

C H, 
1 3  

/ \  xxx CH3 CH3 XXXI 

REFERENCES 

1. H.E .Paulus , in"Antiinf1ammatory Agents" ,Vol. I, R,A. Scherrer and 
2, A.R.Myers,in"Rheumatoid Arthritis",E.D.Harris,Jr,,Ed.,Medcom Press, 

3. R.F.Wilkens and W.M,O'Brien,Bull.Rheum.Dis. ,24,8 (1974). 
4 , J. A, Boyle and W. W. Buchanan, "Clinical Rheumat .I1, Blackwell, Oxf ord 19 7 1. 
5 , R. A, Scherrer and Me W, Whitehouse,Eds . , "Antiinf lamma tory Agents",Vol . I&II, 

Acad.Press ,N ,Y .C. ,N .Y. 1974, 
6, E.D.Harris, Jr.,Ed.,"Rheumatoid Arthritis", Medcom Press,1974. 
7. G.B.Ryan,Beitr.Path.Bd, 152, 272 (1974). 

M.W.Whitehouse, Eds., Acad.Press,N.Y.C.,N.Y.,1974, pl. 

N.Y.C., N.Y.,1974,p 143. 



17 9 - Chap. 18 Non-steroidal Antiinflammatory Agents Wong 

8. Proc.Int.Meeting on Inflammation,Verona,June,1973, G.P.Velo,D.A.Willoughby, 

9. Conf."Mechanisms of Tissue Injury with reference to Rheumatoid Arthritis", 
and J.P.Giroud,Eds.,Piccin Medical Books, Italy 1973, 

held Nov.20-22,1974, New York Academy of Sciences, N,Y. 
10. J.Baum, Inflo,7(3),1 (1974). 
11. J.J.Calabro,InTlo,1, (3),1 (1974). 
12. G.E.Ehrlich,Inflo,7, (3), 1 (1974). 
13. Amor, Brouihlet, DelFarre ,Giroud,Kahan,DiRosa,Velo, Turk,Willoughby, Timsit , 
14, H.W.Florey,"General Pathology",W.B.Saunders,Phil.,1970,pp 22-194. 
15. W.G.Spector and D.A.Willoughby ,"Pharmacology of Inflammation",Grune and 

16. B. Silves trini, S o  Tura and W. B. Spec tor, Eds . , "Inflammation", Excerp ta Med, 1968 
17. C,GoVanArman,Ed. ,"White Cells in Inflammation",Charles Cfiomas,I11. ,1974. 
18. P.C.Wilkinson,"Chemotaxis and Inflammation",Churchill Livingstone, 

Edinburgh,l974. 
19. G. Weissman, in"Rheumat oid Arthritis" , E. D .Harris, Jr . , Ed. , Medcom Press, 

1974, p 29. 
20, Proc.Int.Sym. Rheumat.Arth.,Basle,Switzerland,Mar.l971, W.Muller, 

H.G.Harwerth and K.Fehr,Eds. ,Acad.Press,N.Y., 1971. 
21. D.T.Y.Yu and J.B.Peter,Sem.Arth.Rheumat. ,A( 1) ,25 (1974). 
22. L.J.Ignarro,Agents/Actions,k(4), 421 (1974). 
23. J.H.Bland and CoA.Phil1ips,Sem.Arth.Rheumat.,l(4), 339 (1972). 
24. M. J. Silver, J . B. Smith, and C.M. Ingerman ,Agen ts/Ac tions ,5(4) , 233 (1974) , 
25. K.D.Muirden, J.Rheumat. ,L Suppl. 1, 123 (1974). 
26. E.D.Harris and S,M,Krane, New Eng.J.MedO,E,557,605 & 652 (1974). 
27. B.B.Dorwast and H.R,Schumacher,Sem,Arth.Rheumat.,~(l),53 (1974). 
28. P.Lee,P.J.Rooney,R,D.Sturrock,A.C.Kennedy and W.C,Dick, Sem.Arth. 

29. E.L.Radin,Sem.ArtheRhemat.,2(3),245 (1973). 
30. L.Sokoloff ,in"Arthritis and Allied Conditions",J.L.Hollander Ed., 

31. R.W,Moskowitz,Sem,Arth.Rhemat. ,2(1) ,95 (1972). 
32. A.E.Good, Sem.ArthoRheumat.,?(3), 253 (1974). 
33. J.M.H,Moll and V.Wright,Sem.Arth.Rheumat. , ? ( I ) ,  55 (1973). 
34, J.H.Bland and C,A,Phillips,Sem.Arth.Rheumat. ,L(4), 339 (1972). 
35. M,DiRosa and P.Verda, Riv.Farmacol.Ter.,A(l), 255 (1974). 
36. (a) .F.D.Hart and (b).D.R.Robinson and L.Levine, in"Prostag1andin Synthet- 

ase Inhibitors",H.Robinson and J.Vane,Eds. ,Raven Press,N .Y .1974 ,p2 19-228. 
37. M,J.Cline,New Eng.J,Med. ,z(22), 1187 (1974). 
38. J,A,Whittaker,H.R.Hughs and M,Khurshid,Brit,JoHaernatol.,~,273 (1975). 
39, C.Loveday and V.Eisen,Lancet, (2) ,676 (1973). 
40, G.S,Panayi and A.Pix,Rheumat.Rehab. ,13(4), 179 (1974). 
41. J.P.Cazenave,M.Packham,M,Guccione,andJ.Mustard,J.Lab.Clin.Med.,83,797 

42, M.Nakanishi,K.Goto and M.Hisadome,J.Pharmacol0Soc.Jap.,9k,l212 (1974). 
43. K,Brune and Schmid,Naunyn-Schmiedeberg's Arch.Pharmacol.,282,R13 (1974). 
44 K,Glatt and K.Brune ,Naunyn-Schmiedeberg's Arch .Pharmacol .a, R2 1 (1974) 
45. A. J. Barre tt, inllLysosomesl', J. T .Dingle,Ed . , Elsevier Pub1 . Co., IY .Yo, 1972, p46. 
46. K.F. Swingle, in "Antiinf lammatory Agents",Vol. I1,R.A. Scherrer and 

Franchimon t, Balme, Berry, Glynn, and Huskisson,Agents/Ac tions, 4/3,169 (1974) . 
S tratton, Inc . ,N,Y D ,  1968 

Rheumat., 3(3), 189 (1974). 

Lea & Febriger,l966, p 849. 

(1974). 

M. W. Whitehouse ,Eds. ,Acad.Press ,N.Y., p 33. 



- 180 Sect. IV - Metabolic Diseases, Endocrine Function Moreland, Ed. 

47. M. E. Rosenthale, in"An tiinf lama t ory Agents" ,Vole 11, R.A, Scherrer and 

48. M.Mason,H.L.F.Curry,C,G.Barnes,J.F.Dunne,B.L.Haglemanand I.D.Strickland, 

49. E.J.Denman,A.M.Denman,B.M.Greenwood,D.GallandR.B.Heath,Ann.Rheumat.Dis. 

50. TM.Roitt ,"Essential Immunology", Blackwell, Oxf ord, 197 1, p 79. 
51. E.Kass,S.S.Froland,J.B~Natvig,P.Blickfeldt,H.M.Hoyeraal,Lancet,(l)627, 

52 E.Rewald,Lance t, (21,785 (1974). 
53. D.LeVay,Lancet, (2) ,908 (1974). 
54. J.L.Turk,"Immunology in Clinical Medicine", Appleton,N,Y., 1969. 
55. C.M.Pearson,B,H,Waksman and J. T. Sharp, J .Exp .Med,=,485,196 1 
56. C.M.Pearson, in"Ar thritis", J.L.Hollander ,Ed. ,Lea & Febiger ,Phila. ,Pa., 

1966,p 119. 
5 7. S . Wong , T .P. Pruss and J .Gardocki , J .Pharmacol .Exptl . Ther . ,185,127 (19 73). 
58. Y.Schuermans,Lancet, (1),111 (1975)- 
59. E.Rewald,Lancet, (2),785(1974). 
60. M.Ziff,E.Hurd,P.Stastny,Proc.RoyalSoc.Med.,67,536(1974). 
61. H.L.F.Currey,J.Harris,R.M.Mason,J.Woodland,T.Beveridge,~.N.Roberts, 

D.W.Very,A.S.J.Dixon,J.Davies,B.Owen-Smith,Brit.Med.J.,2,763(1974). 
62. E.Hurd andM.Ziff,Arth. Rheumat.,E,72(1974). 
63. P.Clements,D.Yu,J.Levy,H.Paulus andE.Barnett,Arth.Rheumat.,E7,347(1974). 
64. D.Horwitz , Arth .Rheumat . ,x, 36 3 ( 1974) , 
65. S.Tolchin,A.Winkelstein,G.Rodnan,S.Pan,H.Nankin,Arth.Rheumat.17,375 - 
66. M.Urowitz,T.Hunter,A.Booxman,D.Gordon,B.SmythandM.Ogryzlo,J.Rheumat. 

67. D.Yi,P.Clements,J.Peter,J.Levy,H.Paulus,E.Barnett,Arth.Rheumat.,17,37 

68. R. Jones,Lancet, (2),197(1974). 
69. R.Millonig,B.Amrein,J.Kirschbaumand S.Hess,J.Med.ChemO,l7,772(l974). 
70. R . Wo jnar , D .Myers ,R.Mil lonig , S .Rahman ,M . Spahn and S . Hess ,Agent s/Ac t ions, 
7 1. A: Bhargava and T. Dimants tein ,Arz . Forsch. ,24,6 ( 1974) . 

M. W. Whitehouse, Eds., Acad. Press, N. Y., 1974 , p 123. 
Brit.Med.J.,1,420(1969). 

29,220 (1970). 

(1974). 

(1974). 

- l(3) ,2740974). 
(1974). 

3 199(1973). 

72. H.Magel,A.Raychaudhuri,I.Shemano,L.Thomas andT.Beaver,Fed.Proc.,=,558 
(1974). 

73. V1.PanAmericanCongress onRheumatic Diseases,June,1974,Toronto,Canada, 

74, P.F.Juby,in"Antiinflamruatory Agents",Vol.I,R.A.Scherer and M.W.Whitehouse, 

75. M.E.Rosenthale, in"Annua1 Reports in Medicinal Chemistry",Vol,9, 

76. J.Dornan and W.Reynolds,Can.Med.Asn.J, 110,1370(1974). 
77. C .D.Brooks ,R.F. Schmid, J .Biundo , S. Blau,monaalez-Alcover , J .D. Gowans , 

E.Hurd,R.E.Partridge andE.L.Tarpley,Rheumat.Rehab.Suppl.48,1970. 
78. T.M.Chalmers,A~.Rheusnat,Dis. ,28,513(1969). 
79. M.K,Jasani,W.W.Downie,BoSamuels,W.W.Buchanan,Ann.Rheumat.Dis.,27,457 

(1968). 
80. B.D.Owen-SmithandH.C.Burry,Rhelrmat.Phys.Med.,Z,281(1972). 
8 1. A.Lussier , Into J. Clin. Pharm., I, 5 (1974). 

J.Rheumat.,Suppl.I(1),1974. 

EDS. ,Acad.Press,N.Y. , 1974. 
R. V . Heinzelman , Ed. , Acad . P re ss , N . Y ,, ,19 7 4, p 19 3. 



181 Chap. 18 Non-steroidal Antiinflamatory Agents Wong - 

82. 

83. 
84. 
85. 
86. 
87, 
88. 

89. 
90. 
91. 
92 

93. 

94. 

95. 
96. 
97. 

98. 

99. 

100. 

101. 

102. 

103, 
104. 

105. 

106. 
107. 

108. 
109 0 

110. 
111. 

112. 
113. 
114. 
115. 
116. 
117. 

H.F.H.Hill,A.G.S.Hill,A.G.Mowat,B.M.Ansell,J,A,Mathews,M,H.Seifert, 
J.M.Gumpe1 and G.A.Christie,Ann.Rheumat.DisB,l3,12(1974). 
F .D.Hart, Brit .Med. J. ,2,5 1 (1974). 
R. Brogden,T, Speight ,G.Avery ,Drugs 8,1968 (19 74) ., 
D. Zutshi ,D. S tern,M.Bloch, R.Mason ,Rheumat .Rehab .z, 19 ( 19 74). 
J.A.Anderson,P.Lee,J.Webb and W.W.Buchanan,Curr.Med,Res. ,2,189 (1974). 
A.N.Gyory,M.Block,H.C.BurryandR.Grahme,Brit.Med.J.,4,398(1972). 
E.Huskisson,J.Wojtulewski,H.Berry,J.Scott,F.HartandH.Balme,Brit.Med, 
J.1,176 (1974). 
J.Wojtulewski,F,Hart,E.Huskisson,Brit.Med.J.~,475(1974). 
M.Aylward,R. J.Parker and J .Maddock,Ann. Rheumat.Dis. 1 33,268 ( 1974) 
R.Storrock and F,Hart,Ann.Rheumat.Dis.33,129(1974) 
S . Berkowitz , Go Bernhard, P . Bilka, W. Bleckman , J,Marchesano , M. Rosen thal , 
G . F . Wo r tham, Cur r Ther .Re s .16 4 4 2 ( 19 74 ) . 
R.Marte1, J .Rochef or t , J .Kl&us and T. Dobson, Can, J.Physio1 .Pharmacol. 
- 52,669 (1974). 
D.Atkinson,K.Godfrey,B.Jordan,E.Leach,B.Meek,J.Nichols andJ.Saville, 
J,Pharm.Pharmac. (Comun.) ,26,357 (1974). 
Y.Skitbata,A,Namura,K.Okata,Jap.J.Pharmacol. ,gSuppl,, 138(1974) 
R.Marte1, J.Klicius ,F.Herr ,Pharmacologist, 16,29 1 (1974) ., 
J.Proc tor ,E .Evans ,V. Campos, J,Velandia,D.P~lack,W, Wingf ield and 
A.Wasserman,Clin.Pharmacol.Ther. ,2,69(1974). 
J.Navarro,M.Stoliaroff,J.M.Savy,C.Berny andM.Brunaud,Arz.Forsch,,=, 
1368 (1974). 
H.Miyamatsu,S.Veno,M.Shimizu,J.Hosono,M.Tomari,K.Seida,T~Suzuki and 
J.Wada,J.Med.Chem, 17(5),491(1974). 
K,Tsurum ,Y. Hirama tz,M.Hayashi ,A .Yamaguchi ,K. Go and A. Fuj imura, Folia 
Pharmacol. Japon,70,261(1974). 
L.Fuccella,G.Goldaniga,E.Moro,V.Tamassia,G.Tosolini,G.Valzelli,Eur.J. 
Clin. Pharmacol . ,a, 256 ( 1973). 
L.F.Classeaud,B.Fry,G.ValzelliandG.P.Tosolini,Arz.Forsch.,~,1606 
(1974). 
H.Baruth and L.Randall,Fed.Proc. ,33,557 (19741. 
M.Rosenthale,A.Begany,A.Dervines,J.Malis,D.Shriver,L.Datko,M.Gluckman, 
Agents/Actions,k, 151 (1974). 
H.Colot,M.VanDamme,M.Dirkes,J.Beersaerts and R.Charlier,Arch,Int,Pharma- 
codyn,208,328(1974). 
J .Kal tenbronn and T. Rhee , J.Med. Chem. ,x, 654 (1974). 
K.Brown,P.Cater,J.Cavella,D.Green,R.Newberry,A.Wilson,J.Med.Chem,,17, 
1177( 1974). 
J.A.M.A. ,230,1190 (1974). 
J.A.M.A. ,230,1189 (1974). 
J.A.M.A. ,230,1697 (1974). 
P.Schiatti,D.Selva,E.Arrigoni-Martelli,L.J~Lerner,A.Diena,A~Sardi and 
G.Maff ii,Arz.Forsch. ,E, 2008 (1974). 
V. Stroescu, C. Georgeson and R.Voros in, J Int .Med .Res . ,2,338 ( 1974) 
J.Lombardino andE.Wiseman,J.Med.Chem.,g,1182(1974). 
D.Kankova,O.Vo j tisek,K.Pavelka, In t . J. Clin .Pharmacol . , lo, 56 (19 74) . 
H.Wagner and J.Hill,J.Med.Chem. ,l7,1337(1974). 
B.Calcrof t, G. Tildesley, K.Evans ,H.Gavelle, Rheum.Rehab. 13,23 (1974). 
E.Warawa,N.Mueller and R.Jules,J.Med.Chem., l7,497(1974)7 



Chapter 19. Disorders of Lipid Metabolism 
Joseph N. Pereira and Gerald F. Holland, Pfizer Inc., Groton, Conn. 06340 

lnfroduction - Coronary heart disease remains the leading cause of death in the United States although the 
rising mortality rate observed since World War II appears to have leveled off.’ Stimulated by the established 
relationship between hyperlipidemia and the risk of coronary heart disease, research activity in the field of 
lipid metabolism continued with undiminished intensity. Particularly important advances in understanding 
have been made in the areas of metabolism of plasma lipoproteins and their role in the atherogenic process, 
the cellular basis of  familial hypercholesterolemia, and the clinical effects and mechanisms of action of 
clofibrate, and these have been selected for emphasis in th i s  report. 

Etiology o f  Atherosclerosis - Goldstein and Brown, using cultured skin fibroblasts from high risk patients 
with familial hypercholesterolemia (FH), have gained new insight into genetic factors leading to this 
disease.L Normal human fibroblasts have cel l  surface receptors that bind low density lipoproteins (LDL) 
with high affinity and specificity. This binding of LDL regulates cholesterol metabolism by suppressing the 
activity of the rate-controlling enzyme in cholesterogenesis, phydroxy-pmethylglutaryl coenzyme A 
reductase (HMG-COA reductase), and by increasing the rate a t  which fibroblasts degrade LDL. Cells from 
homozygotic individuals show a severe deficiency in the number of  functional LDL receptors, which leads 
to overproduction of cholesterol and reduced ability to catabolize LDL, resulting in abnormally high levels 
of  cholesterol and LDL. Cells from heterozygotes display normal affinity for LDL but the number of 
receptors i s  reduced by about 50 percent, and require 2-3 fold higher concentrations of LDL to maintain 
normal rates of cholesterogenesis and LDL degradation. In addition to defining a genetic deficiency in FH, 
these findings suggest that dietary and drug therapy aimed at depressing cholesterol levels by inhibiting 
intestinal absorption or accelerating its removal as bile acids may be disappointing in FH patients because 
the defect i s  in the feedback control of cholesterogenesis. This work suggests that an agent that specifically 
inhibits HMG-CoA reductase would be effective in FH. 7-Ketocholesterol, and other oxygenated cholesterol 
derivatives, are more effective than LDL in sup ressing HMG-CoA reductase in normal cells and those 
derived from hypercholesterolemic homozygotes. Their potential clinical application i s  being explored. P 
The finding of intact LDL in the human aortic intima and the fact  that aortic LDL levels are related to 
plasma lipid levels indicate that lipoproteins play an important role in the uptake and deposition of lipids in 

4 5 the aorta. Miller and Miller, reviewing the work of  several investigators, described an inverse- 
between plasma concentrations of LDL cholesterol and HDL cholesterol and suggested that the reduced 
level of HDL, rather than elevated LDL or VLDL, may be a causal factor in ischemic heart disease. Also, 
the removal of cholesterol from ascites cells and aortic smooth muscle cells in vifro was enhanced by the 
presence of human high density apolipoprotein.6 Fractions derived from HDL apoprotein had reduced 
capacity for cholesterol removal but activity could be restored by the addition of phospholipids. The 
formation of linear arrays of stacked discs when sphingomyelin was added to the apoprotein fractions, is  
suggestive of a nascent HDL devoid of neutral lipid. This “unbur4ened” lipoprotein has high capacity for 
promoting the removal of cholesterol from these cells in virro. Intact HDL and LDL share the ability to 
accept cholesterol from ascites cells. A reciprocal relationship between VLDL and LDL or HDL 
concentrations has been reported during weight reduction, carbohydrate induction and clofibrate 

7 8 treatment. Earlier findings indicate a strong inverse relationship between VLDL and HDL concentrations 
during clofibrate treatment. 

bipomotein base (LL] has been implicated in a newly proposed mechanism which attributes key roles, 
not only to LDL, but also to VLDL and chylomicrons. LL presence in the arterial wall suggests that the 
concentration of LDL at the blood-artery interface may greatly exceed concentrations in circulating blood. 
Focal cholesterol is  deposited as follows: VLDL and chylomicrons are absorbed at arterial foci in 
proportion to the local concentration of heparin or heparin-like material. Arterial LL  degrades them to 
gholesterol-rich LDL and chylomicron remnants. Much of the LDL produced i s  released into the blood, as 

. .  

9 
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the cross-linking effect of heparin i s  weaker for LDL than for VLDL and chylomicrons, but some of the 
LDL and chylomicron remnants stay bound to the intimal surfaces long enough to be incorporated into the 
arterial intima. The lipoprotein lipase mechanism does not necessarily replace current views of the 
importance of LDL in atherosclerosis but does raise the possibility that in some patients high 
concentrations of LDL may be a consequence of an atherogenic lipolytic process rather than a primary 
cause of atherosclerosis. 

The understanding of the ~hysicalchemical state of lipids helps to explain lipid deposition and lesion 
reversal in atherosclerosis.' Phospholipids mixed with water form a sandwich consisting of layers of water 
interspersed with layers of phospholipid, which can absorb a considerable amount of cholesterol but not 
cholesterol esters. The latter tend to form a separate oily layer. When al l  the component$ are present 
together, cholesterol dissolves in both the cholesterol ester layer and in the phospholipid-water sandwich. 
Solid cholesterol crystals form when both these layers become saturated with cholesterol. By collecting 
data on arterial wall composition at various stages of disease, it was shown that, for children, cholesterol is 
readily absorbed by the phospholipid-containing membrane of the arteries. After puberty, the membrane 
becomes saturated with cholesterol, and excess cholesterol is converted to cholesterol esters which form 
small intracellular fatty streak globules. In advanced stages of arterial disease, crystals of cholesterol are 
found in the fibrous and fatty plaques. Once deposited, these crystals are difficult to remove, but the 
success in dissolving gallstones (cholesterol crystals) by altering bile composition suggests the therapeutic 
possibility of promoting the removal of such crystalline cholesterol deposits from the arterial wall with an 
agent capable of making the surrounding oily phase unsaturated with respect to cholesterol. 

A primary role for circulating immune comrdexy in development of lesions is suggested from experiments 
in immunized rabbits fed a highcholesterol diet. The pathogenic immune complexes are presumed to 
form in response to antigens that are released by cell death and turnover. The sequence of events postulated 
is that immune complexes become localized in the vascular endothelium which proliferates in response to 
complement-mediated cytolytic attack. Factors released, such as histamine, lead to increased permeability 
which allows deposition of lipids, including cholesterol, in the vascular wall. This immunological model 
does not conflict with the lipid hypothesis, since any increase in vascular permeability would lead to an 
increased deposition of lipid. If immunological mechanisms are involved in atherogenesis, suitable inhibitors 
of this immune response could prove to be of therapeutic value. It i s  of interest that certain 
antiproliferative and anti-inflammatory agents have been shown in rabbits to have specific inhibitory effects 
on the development of atherosclerosis. 14 

Lipoprotein Formation and Secretion - Factors influencing the synthesis and assembly of hepatic 
lipoprotein components and the secretiqa of the completed lipoprotein have been examined and an 
improved understanding of these highly integrated processes i s  emerging. The components of newly 
secreted VLDL occur in relatively fixed proportions, 15-' suggesting the presence of a mechanism 
providing appropriate amounts of the components for the assembly process. Early studies demonstrated a 
direct relationship between the plasma FFA concentration and hepatic triglyceride synthesis.' 8-20 In 
addition, it was demonstrated that the incorporation of amino acids into VLDL apoprotein was also 
dependent upon the concentration o f  fatty acids entering the liver.21,22 This increased apoprotein 
synthesis was accompanied by increased VLDL triglyceride synthesis and secretion. Norepinephrine 
administration to rats resulted in a dela ed increase in cholesterol synthesis in vitro which could be 
abolished by puromycin administration2' The suggestion that the increased cholesterol synthesis was 
mediated by elevated plasma FFA levels is supported by the finding that oleic acid i s  a potent stimulus of 
cholesterol synthesis and secretion24 and that the diurnal fluctuations of hepatic cholesterol and fatty acid 
synthesis are synchronized with the plasma FFA The authors concluded that the tidal increases in 
plasma FFA levels may be the signal stimulating the synthesis of phydroxy-pmethylglutaryl CoA 
reductase. Recent evidence26 indicates that, in a rat liver microsomal preparation, high concentrations of 
fatty acids inhibit cholesterol esterification. Since VLDL cholesterol is largely in the free form, this 
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inhibition of  cholesterol esterification may channel fatty acids into triglyceride formation and provide 
cholesterol in a form suitable for assembly into the developing lipoprotein. The question of  whether 
concomitant apoprotein synthesis is required or that a pool o f  existin apoprotein is available for 
lipoprotein assembly and secretion has been examined by Buckley et aL2’ Palmitate was incorporated 
maximally into lipoprotein after approximately 40 minutes whereas peak apoprotein synthesis and 
secretion did not occur until 90-1 20 minutes after administration of  labeled precursors.28 These findings 
indicate that most o f  the lipid secreted early was probably linked to  apoprotein derived from a pre-existing 
pool. These conclusions have been confirmed by the demonstration that VLDL secretion continues for 
50-60 minutes following inhibition of  protein synthesis by c y c l ~ h e x i m i d e . ~ ~  Together, these findings 
indicate that, although a pre-existing pool o f  apoprotein is available, it is probably very limited and, 
furthermore, that continuing] long-term secretion of VLDL (more than one hour) requires concomitant 
apoprotein synthesis. In these studies, altered patterns of  electrophoretic mobility o f  VLDL and a reduced 
ratio o f  triglyceride to protein indicate the secretion of abnormally proportioned lipoproteins following 
cycloheximide administration. Reduced VLDL tri I ceride to protein ratios are also observed in short term 
studies with the hypolipidemic agent, clof ibrate?’~~~ Reduced synthesis of  VLDL protein with more 
prolonged clofibrate administration suggests a compensatory response to a diminished need to trans ort 
triglyceride from the liver3’ In  hypercholesterolemic subjects with and without hypertriglyceridemia!2 a 
close relationship has been demonstrated between the plasma triglyceride concentration and the rate o f  
cholesterol synthesis. If one assumes that the hypertriglyceridemia is due to increased triglyceride synthesis, 
then it appears likely that, in man as well as laboratory animals, the rate of cholesterol synthesis is 
determined by the rate of FFA esterification in liver. 

The weight o f  the combined evidence indicates that the synthesis of the lipoprotein components i s  
delicately attuned to  theJFA f lux to the liver and, therefore, to the rate o f  triglvceride synthesis suggesting 
that triglyceride transport is the raison d’erre o f  the plasma lipoproteins. Although several possible 
mechanisms suggest themselves, e.g., derepression o f  DNA or increased synthesis o f  mRNA, the molecular 
basis by which the rate of triglyceride synthesis determines the rate of synthesis of the other lipoprotein 
components has not been defined. 

Although it is well established that the endoplasmic reticulum (ER) is the main site o f  lipid synthesis in the 
liver cell, the site o f  the assembly process is not known. Study of  lipoprotein assembly was made possible 
by the observations o f  electron microscopists who described the presence of 300-1000 A electron-dense 
granules in the liver cell. These granules became more numerous under conditions o f  increased lipoprotein 
secretion and were believed to  be  lipoprotein^.^^ Studies with the isolated, perfused rat liver described the 
presence of  osmiophilic granules presumably lipoproteins, in the smooth ER, the Golgi apparatus and, after 
secretion, in the space of Disse.14 Stein and Stein3’ followed the time course of  the appearance of lipid in 
the liver and concluded that lipoprotein particles were formed in the ER, “processed” in the Golgi 
apparatus and transported to the periphery of the cell prior to discharge into the space of Disse. 
“Processing” in the Golgi apparatus appears to include the attachment of carbohydrate to the otherwise 
completed lipoprotein. Electron-opaque granules are rarely observed in the rough ER but are first detected 
on the smooth side o f  the rough-smooth ER junction. Glaumann et a/36 demonstrated that rough ER 
lipoprotein particles were rich in protein and had lesser amounts of  phospholipid and triglycerides. The 
lipoprotein particles isolated in the Golgi apparatus were rich in triglycerides and phospholipids and 
resembled serum lipoproteins. Pulse labeling experiments revealed a sequence beginning in the rough and 
smooth microsomal fraction, proceeding to the Golgi apparatus and terminating in serum VLDL. These 
results indicate that the assembly of  the apoprotein and lipid moieties of  VLDL begins in the rough ER and 
progresses to the smooth ER and Golgi apparatus where terminal remodeling o f  the lipoprotein particles 
takes place prior to secretion. 
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Reconstitution experiments have demonstrated that phospholipid is required for the incorporation of  
neutral lipids into aggregates resembling lipoproteins.37p38 Reconstitution of several HDL apo roteins with 
phospholipid and cholesterol ester restores the physical characteristics of  the lipoprotein3'Morriset t et 

have shown that a VLDL peptide, apoLP-alanine, interacts with phosphatidylcholine and, in the 
process, the ordered, &helical content o f  the apoprotein i s  distinctly increased. Electron microscopy of  the 
complexes formed from apoLP-alanine and phosphatidylcholine revealed that the addition of  the 
apoprotein transformed the spherical phospholipid vesicles to a linear arrangement of  stacked discs 
(rouleaux forrnation)4' Forte and Nichols4' have made a similar observation with both apoLP-glutamine I 
and apoLP-glutamine II and phospholipid. Rouleaux structures have also been reported in the plasma 
lipoproteins of patients with lecithinxholesterol acyl transferase deficiency42 If cholesterol esters are 
added to the apoprotein and phospholipid components from normal or LCAT-deficient pla a, the array of  
stacked discs is converted to  spherical shapes with diameters approximating those of  HDL.dfnThese findings 
indicate that cholesterol esters and other neutral lipids may play an important role in determining the 
conformation of plasma lipoproteins. 

Studies with apoLP-glutamine I I indicate that phospholipid binds selectively to sites in the apoprotein 
structure.43 Selective binding o f  phosphatidylcholine to synthetic fragments of  apoLP-alanine further 
illustrates the existence of specific phospholipid binding sites on the apoprotein.@ These and other 
findings have led Jackson et 0fl5 to suggest that phospholipids bind preferentially to amphipathic helical 
regions o f  the apoproteins containing oppositely charged amino acid side chains spatially arranged to 
accommodate t h e  phospholipid structure. 

Although there i s  evidence that the secretion o f  completed lipoproteins involves the migration of  secretory 
vesicles to the plasma membrane, l i t t le  i s  known of  the mechanisms controlling this transfer. Colchicine, an 
agent which binds to microtubular protein subunits, inhibited the release of  triglyceride into rat serum. The 
accumulation o f  lipoprotein granules in secretory vesicles indicates that colchicine blocks a late, perhaps 
final, step in lipoprotein secretion46 Further support for the involvement o f  microtubules in hepatic 
VLDL secretion is found in the observation4' that both colchicine and vincristine, another inhibitor o f  
microtubule function, block the secretion o f  lipoprotein particles from the liver. Elucidation o f  the 
colchicine effect by Stein et up8 demonstrates that colchicine inhibited the secretion of  lipoproteins and 
protein but had no effect on protein synthesis. The secretion of  biliary phospholipids and cholesterol, 
processes apparently not requiring microtubule participation, were not affected by colchicine administra- 
tion to rats. 

Hypolipidemic Drugs - The Coronary Drug Proiect study, designed to examine the long-term effects of  
several hypolipidemic drugs in male subjects who had already experienced at least one m ocardial 
infarction, has now reached i t s  scheduled c0nclusion4~ The earlier discontinuation of  e s t r ~ g e n ~ ~ , ' ~  and 
D-thyroxinS2 le f t  only the clofibrate (1.8 g/day) and nicotinic acid (3.0 g/day) treatment groups. During a 
followup period ranging up to 8.5 years, neither clofibrate nor nicotinic acid caused significant reductions 
in total or cause-specific mortality. The somewhat lower rates of  coronary death and nonfatal myocardial 
infarction in the clofibrate group did not attain statistical significance. In the nicotinic acid group, there 
was a statistically significant lower incidence of  nonfatal myocardial infarction. Both drugs caused 
reductions in plasma cholesterol (clofibrate, 6.5%; nicotinic acid, 9.9%) and triglyceride levels (clofibrate, 
22.3%; nicotinic acid, 26.1 %) in this moderately hyperlipidemic population (mean baseline plasma 
cholesterol level, 251 mg%; plasma triglyceride level, 165-170 mg??). In view of these findings and those 
reviewed earlier,53-55 it appears that hypolipidemic therapy, if it i s  to be effective in the treatment o f  
coronary heart disease, should be initiated during the pre-infarction stage and, probably, in a younger 
population in which elevated plasma Ii id levels are a more rominent risk factor.56 Primary prevention 
studies now in progress with clofibrateSPand cholestvramine' are expected to  shed light on this question. 



- 186 Sect. IV - Metabolic Diseases, Endocrine Function Moreland, Ed. 

The clinical prominence of clofibrate as a hypolipidem'ic agent has provided the impetus for numerous 
studies of its mechanism of action. Because clofibrate is primarily a hypotriglyceridemic agent, any 
proposed mechanism of action should attempt to explain that relative specificity of action. Such proposals 
have been reviewed in the pasts9 and recent findings continue to support the view that the primary effect 
of clofibrate i s  the reduction of hepatic triglyceride output by decreasing the rate of synthesis. In addition, 
it may enhance the rate of triglyceride removal. 

In a population of hyperlipoproteinemic subjects characterized by elevated rates of triglyceride production, 
Kissebah et upo demonstrated a normalized triglyceride production rate during clofibrate administration. 
In addition to this effect, improved triglyceride clearance was observed. Nikkila and Kekki?' studying the 
clofibrate analog, SU-l3,437, in hypertriglyceridemic patients, concluded that the primary defect in most 
cases of type IV hyperlipoproteinemia i s  an increased production rate of plasma triglycerides and that the 
drug reduces the plasma triglyceride concentration by decreasing their production in the liver. Wolfe et up2 
did not observe decreased production of triglyceride during clofibrate treatment and concluded that the 
drug improved disposal of triglycerides in extrasplanchnic tissues. However, an increased conversion o f  fatty 
acids to acetoacetic acid and C02 indicates increased rates of fatty acid oxidation. Since net splanchnic 
fatty acid uptake was not affected by clofibrate, the increased rate of fatty acid oxidation is suggestive of 
decreased triglyceride f0rmation.6~ The decreased rate of triglyceride production observed in human 
subjects may be related to the decreased availability of clrglycerophosphate (GGP) observed in studies in 
rats.3' Single oral doses of ethanol, which increased the levels of a-GP, caused a shift toward a more 
reduced intracellular redox state and increased the liver triglyceride concentration. Pre-treatment with 
clofibrate suppressed these effects of ethanol and caused a marked reduction in the plasma triglyceride 
concentration, indicating that clofibrate interfered with hepatic triglyceride f0rmation.6~ Under similar 
circumstances Hawkins et u p s  concluded that the clofibrate-enhanced rate of ethanol removal could be 
explained simply on the basis of increased liver size. A contributing factor may have been in the increased 
regeneration of NAD, a co-factor requirement for ethanol oxidation. 

Clofibrate and structurally related agents prevented fatty livers produced by orotic a ~ i d . 6 ~ ~ ~ ~  Since oroiic 
acid interferes with the secretion of triglycerides, these findings suggest that clofibrate suppressed 
triglyceride synthesis. Several mechanisms have been proposed to explain this effect of clofibrate on 
triglyceride synthesis. Besides the f f i P  hypothesis reviewed earlier, Solberg et up8 have described increased 
liver carnitine acyltransferase activity in rats fed clofibrate. This group of enzymes mediates the transport 
of activated fatty acids through the mitochondrial membrane and, therefore, promotes fatty acid oxidation. 
If the increased rate of fatty acid oxidation reduces the availability of activated fatty acids for triglyceride 
formation, then such an effect may, at  least partially, account for the decreased triglyceride production 
during clofibrate administration. However, the significance of the increases in acyltransferase activity must 
be questioned since the most prominent effect of clofibrate i s  on the short- and medium chain 
acyltransfera~es,~~ the functions of which are uncertain. 

Studies with isolated rat hepatocytes indicate that clofibrate inhibits the incorporation of acetate into fatty 
acids and cholesterol and stimulates palmitate oxidation and e~terification.~' Using rat and monkey 
hepatocytes, Capuzzi et ,I7' reported similar findings and concluded that clofibrate does not interfere with 
triglyceride production or secretion. These findings are a t  variance with results derived from studies in vlvo 
and may be due to the use of clofibrate concentrations much higher than those encountered during clinical 
use.72 The reported inhibition of mitochondrial respiration in vitro by clofibrate appears to be subject to 
the same ~ r i t i c i s m . ~ ~ ~ ~ ~  

Gear er d7' have demonstrated an inhibitory effect of clofibrate on hepatic mitochondrial protease activity 
in vim. They propose that the increased mitochondrial protein mass observed in the livers of rats given 
clofibrate may be due to the decreased degradation of newly synthesized mitochondria1 proteins. Such a 
mechanism appears unlikely in view of the distinctly increased specific radioactivity of mitochondrial 
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protein and the increased rate o f  hepatic RNA synthesis observed within two hours of  clofibrate 
a d m i n i ~ t r a t i o n . ~ ~  Furthermore, the decreased degradation of  mitochondrial protein, which has a half-life o f  
5.8 days, would not be expected to  produce the observed rapid increase in the mass o f  mitochondria1 
protein. 

Several reports describing the effects o f  tibric acid in plasma lipid levels in man77-82 and have 
appeared. This structurally distinct agent is the most potent member from a 
.__ acids86 and owes its hypolipidemic effect to a reduction in the hepatic level o f  
essential triglyceride precursor. 

DH-990 
TlBRlC ACID 

Additional ~ t u d i e s ~ ~ - ~ '  with probucol confirm the 13-20% reduction of plasma cholesterol reported 
earlier. Although the tri lyceride response i s  generally erratic and inconsistent, several studies show 
significant reductions. "Jr DH-990, an analog o f  probucol, differs from it in significantly lowering 
triglyceride levels in rats and appears to be different mechani~t ica l ly .~~ 

A study o f  almost three years duration with halofenate confirms i t s  value in lowering triglyceride and uric 
acid levels in man.93 Halofenate does not seriously affect the exercise performance in anginal patients or 
the resting, exercise or postexercise electrocardiograms in anginal patients or in asymptomatic patients with 
or without coronary heart disease. 94 

Long-term studies show olesti 01 to be safe and effective in lowering cholesterol levels in hypercholes- 

increases in VLDL  level^?^,^^ similar effects have also been reported for cholestvramine. The elevation of  
VLDL probably accounts for the consistent increases in triglycerides that have been reported for both 
resins. 

terolemic individuals. 95,- Decreases in plasma LDL and cholesterol have been accompanied by reciprocal 

Studies show thatpa-aminosalicvlic acid (PAS) effectively reduces serum cholesterol and triglycerides in 
Type I1 patients.' j'"" In a one year study PAS was effective, well tolerated and showed no decrease in 
effectiveness with time." 

QH 
NH2 

PAS 

linoleoyl-CONH H-CH2 F 
'gH5 

moctamide 
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Daily administration of moctamide to man inhibits the elevation of  serum cholesterol due to egg yolk 
feeding. In only a few patients were serum cholesterol levels lower than initial levels indicating that in man, 
like animals, moctamide may have its main effect on cholesterol absorption. 101 

The choleretic agent ST9067, the antilipolytic activity o f  which i s  comparable to that o f  nicotinic acid, 
causes significant reductions in  plasma cholesterol and triglyceride levels.lo2 WY-14643, a heterocyclic 
thioacetic acid which appears to  be mechanistically related to  and more potent than clofibrate, is the most 
potent member of the series. 103 

CI 
I 

ST 9067 W Y -1 4643 

Cl-720, a new hypolipidemic agent, depresses plasma cholesterol and triglyceride levels in patients at daily 
doses of  1.2-2 g. The drug appears to  be well tolerated.' O4 

RMI 14,514 inhibits hepatic biosynthesis of  fatty acids, as well as reduces plasma cholesterol and 
triglyceride levels in rats. The mechanism of action o f  RMI 14,514 on hepatic lipogenesis appears to be 
distinct from that o f  cIofibrate.lo5 

A m ,  a constituent o f  garlic, reduces rat serum and liver lipid levels,lo6 with i t s  most pronounced effect 

0 
I 

CH2=CHCH2S=S=CH2CHSH2 

allicin 

on liver triglycerides. Freshly-extracted garlic juice was found to  protect human subjects from fat-induced 
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107 increases in serum cholesterol. 

The most potent cholesterol-lowering agent in rats from among a series o f  cycloalkanones is 
2.8-dibenzylcyclooctanone (DBC).l O8 Estrogenic activity o f  this agent and other members of  the series 
limits their usefulness. 

The antilipolytic agent, 5-fluoro-3-pvridinemethanoI, reduces plasma FFA levels and, when administered to 
patients within five hours o f  the onset o f  symptoms of  myocardial infarction, reduces the incidence of 
serious ventricular arrhythmias.’” This beneficial effect was related to the degree of  reduction o f  plasma 
FFA concentrations. Another antilipolytic treatment, infusion o f  high levels of glucose-insulin-potassium, 
which reduces and maintains FFA levels below the myocardial threshold for FFA uptake, may also be of  
benefit during the postinfarction period.’ lo 

ProDranolol in combination with nicotinic acid was reported to  be extremely effective in  reducing 
triglyceride levels in Type I V  patients.’ ” Although subsequently withdrawn for reasons unrelated to 
efficacy, a combination of practolol and clofibrate was introduced during 1974 in the United Kingdom. By 
themselves, however Pblockers such as propranolol and practolol do not appear to appreciably affect 
plasma lipid levels. 11’2 

Miscellaneous Agents - There are conflicting reports on the value of  dietary fiber in reducing lipid 
levels.’ ’ Differences in diet, type and amounts of  fiber used and lipid types studied probably account for 
the confusion. Carefully controlled clinical studies are needed to determine the usefulness of  fiber. The 
polyene antibiotics, candicidin’ l4 and amphotericin B: ’’ decrease plasma cholesterol levels in experi- 
mental animals. Candicidin has been shown to si nificantly reduce cholesterol absorption which could 
account for i ts hypocholesterolemic properties!16 Secholex, a diethylaminoethyl derivative of a 
cross-linked dextran, reduces LDL cholesterol o f  Type I l a  patients.” VLDL was moderately reduced and 
HDL unchanged in one study,’ ’ while triglycerides were increased slightly in another.’ ’ Ascorbic acid 
does not appear to have a consistent effect on plasma cholesterol concentrations.’ ”1’ 2o It depresses 
plasma cholesterol in young subjects but elevates it in older individuaIs.’*l Differences in the hy othyroid 
rat (depression)’22 and baboon (no effect)’ 23 have been reported. Chenodeoxycholic acid: ’ reduces 
plasma triglyceride levels in hyperlipidemic patients, probably due to a decreased secretion o f  VLDL into 
plasma. It appears to  have much less effect on plasma cholesterol levels. 
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Chapter 20: Cyclic Nucleotides as Mediators of Drug Action 

M. Samir Amer and Gordon R. McKinney, Mead Johnson Research Center 
Evansville, Indiana 

Cyclic nucleotides now appear to be involved in the mechanisms of 
action of a large variety of drugs, both old and new, satisfying 
earlier predicti0ns.l 
not invoke, in responsive tissues, a change in intracellular cyclic 
nucleotide levels, and they thus appear to mediate at least part of the 
activity of almost all classes of drugs.2 
since the cyclic nucleotides appear to function primarily as universal 
messengers that translate changes in the extracellular milieu into intra- 
cellular biocheqical, and hence functional, responses. For this 
reason, j.n many instances the relationship between the cyclic nucleotide 
changes and the pharmacologic effects of drugs may only be incidental 
and not causally related and care must be exercised in drawing the 
conclusion that cyclic nucleotides mediate the phannacologic effects 
of any particular drug. 

In fact it is exceptional to find a drug that does 

This is not unexpected 

That a drug may influence the intracellular metabolism of the 
cyclic nucleotides in a particular .in V h O  system, is not by itself 
sufficient to implicate these messengers in mediating its effects on 
that systm mder nornal therapeutic circumstances. Cther criteria 
similar to those established for the must be satisfied 
before it can be concluded that the drug in question acts V k Z  the cyclic 
nucleotide system. 
the cyclic nucleotide system a) precede its pharmacological actions, 
b) be shown to occur in the appropriate intact organ system in a dose 
related manner, c) occur at in V ~ V O  therapeutic concentrations of the 
drug, d) be modified in a predictable way by other compounds with known 
activity on the cyclic nucleotide system, e) be blocked under the same 
conditions that result in blockade of the drug-induced pharmacologic 
effects and f) be mimicked by the appropriate cyclic nucleotides or 
their derivatives. 

Such criteria may require that the effects on 

Drugs may produce their effects on the cyclic nucleotide system by 
direct action at any one of a large number of 
they may also act indirectly by altering the sensitivity of the system to 
certain hormones or by interfering with the storage or action of infor- 
mation transferring molecules or other factors. 5, 
should still be reflected in changes in cyclic nucleotide metabolism that 
may not be immediate or dose related in the responding tissue. 
complexities are further compounded by the fact that altering the rate of 
degradation or synthesis of one of the two main naturally-occurring cyclic 
nucleotides cyclic AElP and cyclic GMP may also result in changes in 
the intracellular concentrations of the other, since each appears able to 
either stimulate or inhibit, depending on its concentration, the rate of 
hydrolysis of the other. t t The pharmacologic effects of some drugs, 
therefore, may depend not only on their primary effects on one nucleotide 

In addition 

These indirect effects 

These 
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but also on the secondary effects on the other, since both cyclic nucleo- 
tides generally take part in mediating the final tissue response, sometimes 
promoting antagonistic actions. Although cyclic cytidine monophosphate has 
been isolated from extracts of leukemia L-1210 cells,7 there is presently 
no evidence for the occurrence of other cyclic nucleotides in nature and 
thus no evidence for their involvement in drug action. 

- 

It should also be recognized that actions on the cyclic nucleotide 
system may represent only one of several effects a particular drug may 
produce and hence may not account for all the activities of a compound 
in a particular system. 
of PDE inhibitors.2 
the activities of a large variety of drugs but they also appear to mediate 
some of their well-known side effects; e.9. salivary gland enlargement 
following isoproterenol therapy appears to be mediated by cyclic AMP. 

This has been shown to be the case for a number 
In addition, the cyclic nucleotides not only mediate 

A final complication in understanding the role that cyclic nucleo- 
tides may play in the mechanism of action of drugs is the present sparsity 
of data on the involvement of cyclic GMP. 
deal primarily with cyclic AMP which represents only part of the total 
picture. 
for the study of cyclic GMP will expedite fuller characterization of 
its role in the actions of drugs. 
correlations between cyclic nucleotide metabolism and drug action. 

Most of the reported studies 

It is hoped that the availability of better and simpler methods 

This is expected to result in better 

We propose that it is possible to classify drugs on the basis of 
For example, using the their effects on the cyclic nucleotide system. 

drug-induced effects on cyclic AMP in a particular sy.stem drugs may 
be classified as a) c-adenylogenic i .e .  to stimulate the synthesis of 
cyclic AMP ~2.4. isoproterenol b) anti-c-adenylolytic i, e .  to inhibit 
the hydrolysis of cyclic AMP e.g. theophylline or papaverine, c) anti-c- 
adenylogenic i . e .  to inhibit the synthesis of cyclic WfP e.g.  lithium9 
d) c-adenylolytic i. e.  to stimulate PDE L g .  insulin, l o  e) c-adenylomimetic 
i . e .  to mimic the effects of cyclic AMP e.g. dibutyryl cyclic AMP; and 
f) c-adenyloantagonist i . e .  to antagonize the effects of cyclic AMP on 
protein kinase e .  4. tolbutamide. By substituting 'lgua" for 'lade'' 
in the above terms similar ones can be coined to describe the effects 
of drugs on cyclic GMP. 
effects on cyclic nucleotide metabolism can bring together varying classes 
of drugs that have similar effects on some system; 
and glucagon are both c-adenylogenic in the heart and both produce similar 
effects on cardiac function. 

The classification of drugs according to their 

e.g. isoproterenol 

The mediator role of cyclic nucleotides in the mechanism of action 
of drugs will be discussed according to the organ system on which the 
drugs exert their actions. 
systems will occur to facilitate the discussion and to cover similar 
aspects of drug action in different tissues. The actions of various 
classes of drug on phosphodiesterase (PDE) have been reviewed recently. 
Where possible, late references that will lead the reader to the bulk of 
the pertinent literature were selected. 

Some cross-over between the different organ 
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I. DRUGS ACTING ON THE NERVOUS SYSTEM ---- 
A. 
nerve function have been adequately reviewed. l2 
appear to be involved in nearly all facets of nervous activity13 and 
thus teleologically well suited to mediate the effects of most centrally 
acting drugs. 
system is one of the richest tissues in cyclic nucleotides and related 
enzymes. 

General - The metabolism and functions of cyclic nucleotides in 
The cyclic nucleotides 

This is supported by the fact that the central nervous 

It has been infrequent that agents injected peripherally have been 

Reports are now beginning to appear, 
shown to change the intracellular concentrations of cyclic nucleotides 
or their metabolism i:i the brain. 
however, that show area-specific changes in the metabolism of specific 
cyclic nucleotides in the brain and that correlate those changes with 
behavioral or functional effects. 
involvement of cyclic nucleotides in the activity or action of drugs 
on the central nervous system has been accurmlated in studies conducted 

Other sites 
were also studied.17-19 
activity of enzymes related to the cyclic nucleotide system appear to 
correlate well with their pharmacologic effects. This was shown particu- 
larly well to be the case in a series of antianxiety/antidepressant 
drugs. 20-22 Other investigators observed a lack of correlation between 
activity on certain cyclic nucleotide-related enzymes and phai~tacolagic 
effects. 23 The inability to demonstrate changes in brain concentrations 
of the cyclic nucleotides in response to peripherally administered, but 
centrally active, drugs could be due, at least in part, to the inappro- 
priate methods used for brain fixation. 
microwave radiation24 to minimize changes in cyclic nucleotide levels 
prior to determination may help immeasurably in this regard. Ether 
anesthesia increased cyclic GMP and cyclic AMP levels in the cerebellum, 
whereas pentobarbital anesthesia decreased cyclic GMP and increased 
cyclic AMP in the cerebellum and increased the latter nucleotide in the 
cerebral cortex of rats.25 
in the cerebral cortex and cerebellum. 26 D-Amphetamine elevated, while 
chlorpromazine and reserpine reduced, cyclic GMP levels in the mouse 
cerebellum in v ~ w O .  27 Low doses of tetrahydrocannabinol elevated and 
high doses depressed cyclic AMP levels in mouse brain.28 Cyclic AMP 
levels in the urine also appear to reflect the depressed state of the 
nervous system and exhibit marked changes that seem to correlate well 
with the changes in the clinical picture produced by various drugs29 
and electroshock therapy. 

Most of the information on the possible 

V&O, 14’16 Most of these effects have been on PDE.2 
The effects of the drugs tested on the in v b  

The introduction of focused 

Oxotrernorine also raised cyclic GMP levels 

B. Morphine - That the analgesic activity of morphine or similarly 
acting drugs may be mediated via  the elevation of intracellular cyclic 
AMP levels in the midbrain-thalamus has been demonstrated.31 
appears to correlate well with the onset of the analgesic action. The 
rise in cyclic AMP appears to be mediated primarily v h  increased adenylyl 
cyclase activity possibly due to elevated prostaglandin levels. 32 
Withdrawal of morphine from addicted rats was accompained by a decrease 

The effect 
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in adenylyl cyclase activity in the cerebral cortex, an effect that was 
antagonized by methadone treatment. 33 
reported inhibitory effects of morphine on the stimulation of cyclic AMP 
formation in rat brain h~mogenates~~ and hemoblastoma x glioma hybrid 
cells & V , ~ . ~ L O ~ ~ ’ ~ ~  and the antagonism of morphine analgesia by cyclic 
AMP in mice, an effect that may be secondary to the effects of morphine 
on biogenic amines in the brain.37p38 
inhibit the stimulation of cyclic AMP synthesis by prostaglandin El 
and E2 in rat brain homogenates.34 
more active and methadone less active. 
system also appears to be sterospecific and is antagonized by naloxone.39 

These effects contrast with the 

Also., morphine was reported to 

In this latter system heroin was 
The action of morphine in this 

C. Apomorphine - The beneficial effects of DOPA and apomorphine in 
parkinsonism may be mediated by cyclic AMP V h  stimulation of the dopamine 
receptors in the nigro-striatal pathway which are coupled with adenylyl 
cyclase40 possibly V h  a primary effect on prostaglandin biosynthesis. 3 1  

D. Ethanol - The effects of alcohol in the brain may also be, at least 
in part, mediated V h  changes in cyclic AMP.41 Although acute adminis- 
tration of ethanol did not change adenylyl cyclase activity in the brain 
cortex of mice, significant increases were evident in the activity of 
the enzyme following the chronic administration of 
was also coupled with a significant increase in the concentration of 
cyclic AMP.43 
concentration of brain catecholamines or due to the direct prolunyed 
effects of alcohol itself, or its metabolites is not known. Chronic 
ethanol ingestion did not significantly change the brain concentration 
of norepinephrine in one study.44 
response of cyclic AMP to norepinephrine however, is increased in the 
cerebral cortex.45 
selectively lower the cyclic AMP level in the cerebellum.46 

This 

Whether those effects are mediated V h  increases in the 

On the withdrawal of ethanol, the 

Acute administration of ethanol was reported to 

E. 
may act V U  increasing the intracellular concentrations of cyclic AMP.47 

Local Anesthetics - There is also a suggestion that local anesthetics -. 
The effect seems to be tied closely to the effects on Ca++ movement, 
and agrees with the well demonstrated effects of both local anesthetics 
and cyclic AMP in stimulating the sodium pump and stabilizing cellular 
membranes. 12 

DRUGS ACTING ON THE CARDIOVASCULAR SYSTEM 11- - - - - 
A. Drugs that affect cardiac contractility - A large effort has been 
devoted to understanding the role that cyclic nucleotides play in cardiac 
function. Although cyclic AMP is believed to mediate the ino- and 
possibly chronotropic effects of the catecholamines, the question is 
far from settled.48 
beginning to be understo~d.~~,~~ 
catecholamine derivatives that stimulate the 0-adrenergic receptors, i2.g. 
isoproterenol, appear to act v k  adenylyl cyclase stimulation and the 
consequent accumulation of cyclic AMP. 
at which B-adrenergic blocking drugs exert their important effects on 

The possible role of cyclic GMP in the process is 
As far as drugs are concerned, those 

This is apparently also the site 
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the heart by blocking adenylyl cyclase stimulation by the cat echo la mine^^^ 
or by direct effects on the enzyme.52,53 
contractility may also elevate cardiac cyclic AMP levels V& other mecha- 
nisms L g .  inhibition of PDE, by theophylline and quazodine. 54  Elevation 
of the intracellular levels of cyclic AMP in the heart may also account 
for the side-effects of a number of drugs e.9. arrhythmias associated 
with diuretic therapy. 55 

Compounds that elevate cardiac 

Bo Antihypertensive agents - The cyclic nucleotides also appear to 
mediate the antihypertensive activity of many drugs at the level of 
the vascular smooth muscle irrespective of their mechanism of action,56 
Chronic forms of hypertension in rats were shown to be characterized 
by an elevated cyclic GMP/cyclic AMP ratio in the vasculature.57r58 
Antihypertensive agents appear to change this ratio and bring it closer 
to that in the normotensive stateI an action that appears to correlate 
well with their reduction of blood pressure. 56 Some antihypertensive 
agents achieve their effects by a direct action on cyclic nucleotide 
metabolism, e ,g .  dia~oxide~~ and minoxidil that appear to inhibit PDE 
with greater activity on the cyclic AMP rather than on the cyclic GMP 
enzyme.56 
relative to cyclic GMP in the vascular smooth muscle and thus redress 
the imbalanced cyclic GMP/cyclic AMP ratio characteristic of the hyper- 
tensive state. Drugs that lower blood pressure v& interference with 
sympathetic tone either at central (e.g. clonidine) or peripheral sites 
(e.g. gucrriuthidiiie and resexpins) also rerGlt ir: rlev=tior: of tho cyclic 
AMP/cyclic GMP ratio in the vascular smooth muscle. Sympathetic tone at 
the level of the vascular smooth muscle appears to be translated primarily 
into rises in intracellular levels of cyclic GMP. Sympathetic neuronal 
blockade results in lower cyclic GMP levels with little or no action 
on cyclic AMP, producing a more normal cyclic GMP/cyclic AMP ratio. 

This would tend to produce greater elevations of cyclic AMP 

Sites other than the vascular smooth muscle involved in the antihyper- 
tensive effects of a variety of drugs also appear to involve changes 
in cyclic nucleotides. A n  example is the inhibition of renin-release 
which appears to underlie the antihypertensive activity o f  B-adrenoceptor 
blocking drugs. Renin release appears to be under the control of the 
cyclic AMP generated by the %-adrenergic receptor, located in the juxta- 
glomerular cells, that is susceptible to blockade by 6-adrenoceptor 
blocking agents. 

C, Drugs that lower intraocular pressure - The possible mediator role 
of cyclic AMP in the action of drugs used to lower the elevated intraocular 
pressure in glaucoma is presently being exami-ned. It appears that lowering 
intraoclar pressure is accompanied by a rise in the cyclic AMP content 
of the aqueous humor61r62 although the site of cyclic AMP production is 
not clearly defined.63 It must be noted however that the cyclic AMP 
rises elicited by norepinephrine in the aqueous humor are not blocked 
by propranol01~~ which by itself lowers intraocular pressure. 65 
proterenol, a compound with weak 8-adrenergic receptor stimulant properties, 
effectively lowers intraocular pressure6 accompanied by a rise in 
cyclic GMP levels in the aqueous humor.67 

d-Iso- 

Thus, it may be cyclic G W  
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rather than cyclic AMP that mediates the intraocular pressure lowering 
effects of the catecholamines. 

D. 
activity on the cyclic nucleotide system. 
onize the effects of cyclic AEP in the toad bladder by inhibiting the 
binding of the cyclic nucleotide to protein kinase,68 a unique mecha- 
nism, in addition to its direct inhibition of the cyclase.69 Ethacrynic 
acid also inhibits renal adenylyl cyclase although apparently at a dif- 
ferent site. 69 Several diuretics also appear to directly inhibit cyclic 
=-dependent protein kinase. 70 
diuresis is mediated by lower cyclic AMP levels or activity since cyclic 
AMP apparently also mediates the effects of antidiuretic hormone. 71 
Elevation of cyclic AMP levels also appears to play an important role 
in the diuretic activity of hydrochlorothia~ide~~ and other diuretics. 55 
The apparent inconsistency probably results from a) the paucity of data 
on cyclic GMP and its role in kidney function and b) the lack of realiza- 
tion that the kidney is a complex tissue73 and that determination of the 
levels of one cyclic nucleotide or the activity of related enzymes in 

the work on prostaslandin metabolism74 where the synthetic and degradative 
enzymes are located in different parts of the kidney. 

Diuretics - A number of diuretics appears to act v h  their selective 
Furosemide was shown to antag- 

---:.s f.=-,r -c 1 messsaril;; m - 7 ~  :ha> 

the whole kidney is of little value. -- = - 7s Z ’ L L ’ l L I t  S G l ~ ~ L l - L > L - - J  5 

111. DRUGS AFFECTING THE GASTROINTESTINAL TRACT - 
The cyclic nucleotide system appears to mediate the actions of a 

large variety of drugs on gastrointestinal function.75 i j A z r ’  F ~ Q  s 
well known involvement in the control of smooth muscle contraction, it 
appears to be involved in the control of gastric acid secretion,76*77 
exocrine pancreatic secretion78 t7’ and intestinal secretion as w e l l .  8o 
Cyclic AMP also appears to mediate the effects of several agents that 
induce diarrhea, 81 I 82 some gastrointestinal hormones, 83-85 and cholera 
and other enteroto~ins~~’~~ on water and electrolyte secretion. 
role of cyclic GMP in these processes is now beginning to be investigated. 
It appears that cyclic GMP elevation may precede the well known cyclic 
AMP increases that characterize the action of cholera and enterotoxin. 
Cyclic AMP also appears to mediate the gastric secretory inhibition 
produced by glycyrrhetinic acid. 

The 

the possible role of the cyclic nucleotides is that of smooth muscle. 
It is the general concensus that cyclic AMP mediates smooth muscle 
relaxation while cyclic GMP mediates contraction. 92* 96 
includes the coronary vesselsg7f 98 and vascularS9 and brbnchial smooth 
muscle. As a rule, drugs affecting smooth muscle function produce the 
anticipated changes in the levels of the cyclic nucleotides or in the 
activity of the related enzymes. 
by elevation of cyclic AMP or inhi 
striction may be accompanied by rises in cyclic GMp.lo4r 

This also 
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ment of the response to adrenergic agents by asthmatics brought about by 
steroid therapy also appears to be related to the ability of the latter 
agents to improve the cyclic AMP response.lo6, ’ 0 7  
characterized by decreased sensitivity of adenylyl cyclase to stimulation’ ’’ 
which appears to be the biochemical translation of the B-adrenergic 
receptor blockade theory of the disease, 

Asthma is generally 

V. DRUGS THAT AFFECT THE IMMUNE RESPONSE ----- 
A. 
various components of the imune response is widely recognized. ’ O”’ 
Although the exact mode of participation of either cyclic AMP or cyclic GMP 
in the various phases of this complex process is not entirely clear, 
several drugs that interfere with immune responses at different loci 
are thought to act v h  the cyclic nucleotide system.ll0‘’l4 
example is disodium cromoglycate (Intal) and similarly acting antiasthmatic 
drugs 115,116 which appear to act primarily VA the inhibition of the 
release of histamine and other mediators from mast cells. 7 f  l 8  Disodium 
cromoglycate was shown to inhibit cyclic AMP-PDE from a number of tissues’’’ 
and to interact predictably with other drugs that are known to affect 
the cyclic nucleotide system. 120r121 

General - The importance of the cyclic nucleotides in mediating 

An important 

Pertussis-induced hypersensitivity to histamine appears to be 
mediated by cyclic GMP in mouse lung122 and can be blocked by agents 
canning cyclic AMP accumulation.123 
in asthma which is characterized by a decreased ability to synthesize 

This may be similar to the situation 

cyclic AMP.124 

B. Anticancer and antiproliferation drugs - The role that cyclic nucleo- 
tides may play in tumori enesis and cellular proliferation is the subject 
of great interest. 125*12z A number of anticancer and antiproliferation 
drugs (primarily antipsoriatic) appear to act v h  altering the intra- 
cellular levels of the cyclic nucleotides in the target tissues. 
AMP itself and its dibutyryl derivative inhibit the growth of a variety 
of tumors125 and have beneficial effects in psoriasis. 
appears to be on cyclic nucleotide derivatives that mimic cyclic AMP 
action or antagonize that of cyclic GMP.  

Cyclic 

Present emphasis 

C. Non-steroidal anti-inflammatory agents - Although these agents appear 
to affect cyclic nucleotide metabolism in the target organs primarily V h  
their effects on prostaglandin synthesis, they also seem to have some 
direct effects on the sy~tern.’~’-’~~ 
changes in the responsive tissues appear to be involved in the final 
translation of the activity of these compounds and may even play a part 
in their effects on prostaglandin production. These compounds may also 
act at other sites in the cyclic nucleotide system.131 

In any case cyclic nucleotide 

V I .  MISCELLi4NEOUS DRUGS 

A. 
release of insulin from the pancreatic B-islet cells.13* 

Kantidiabetic agents - Cyclic AMP is assumed to control the 
The only problem 
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in fully accepting this assumption has been the lack of a demonstrable 
change in cyclic AMP contents of the islets exposed to glucose which is 
presumably the most important stimulus for insulin release. Recently, 
however, reports are beginning to appear supporting the possible mediation 
by cyclic AMP of the insulinogenic effects of Oral 
antidiabetic agents in general appear to act by elevating the intracellular 
levels of cyclic AMP primarily v k  PDE inhibition2’ 36-1 38 
ma 
14y The antilipolytic effects of these compounds, however, appear to 
result from their inhibitory effects on the cyclic AMP-activated protein 
kinase in fat cells. I 37f 142 

although they 
act at other sites as well, e.9. stimulation of adenylyl cy~lase,’~~’ 

B. Muscle Relaxants - Drugs that increase skeletal muscle contractility 
(antagonize tubocurarine toxicity) may facilitate the release of acetyl 
choline from motor nerve endings V i k  the accumulation of cyclic AiQ 
brought about primarily V h  PDE ix1hibiti0n.l~~ Both cyclic ANP and 
cyclic GMP are effective in antagonizing tubocurarine toxicity. 1b4 
Apparently the inhibitory effects of tubocurarine, in relatively high 
concentrations, on PDE are of toxicologic rather than pharmacologic 
importance. 14’ This agrees well with the utility of theophylline and 
papaverine in myasthenia gravis. 46 This mechanism is different however 
from the direct inhibitory effects of these same agents on skeletal 
muscle contraction. 147 

C. Carcinogenic agents - The lowering ot intracellular cyclic AMP levels 
possibly coupled with elevated cyclic GMP levels appears to mediate 
the tumorigenic effects of phorbol-myristate-acetate. Ib8 
of the decrease in cyclic AMP levels significantly modulates the tumorig- 
enicity of the compound. 
mediated by decreased sensitivity of adenylyl cyclase to stimulation 
which appears to characterize a number of tumors.149-153 
by the ability of agents that can raise the intracellular levels of 
cyclic AMP to inhibit the growth of tumors.154~155 

Prevention 

The decrease in cyclic AMP levels is probably 

This is supported 

D. 
act on the cell nucleus v h  mechanisms more or less independent of the 
cyclic nucleotide system, many of these agents do affect the cyclic 
nucleotides in ways that appear to be directly coupled to their sex-related 
effects. 56 Cyclic AMP itself has strong contraceptive activity in 
mice’ 57 primarily by inhibiting ovulation. ’* 

Contraceptive Drugs - Although steroids are generally thought to 

E. 
number of antibiotics with widely varying spectra of activity,’ 59, 6o 
but also mediates the induction of antibiotic inactivating enzymes. 6 1  
It also appears to play an important role in the effects of radioprotective 
drugs,162,163 the effects of interferon, poly A or poly U on L cellslh4 
and the metabolic effects of DDT.lb5 

Others - Cyclic AMP not only appears to mediate the actions of a 
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Chapter 21. Peptide Hormones of the Hypothalamus and Pituitary 

Johannes Meienhofer, Chemical Research Department 
Hoffmann-La Roche Inc., Nutley, New Jersey 

1 
The most interesting developments since the last review have occurred 

in studies on: (a) somatostatin, the newcomer in hypothalamic hormones, and 
its surprising influence on pancreatic hormones; (b) superactive and inhibi- 
tory analogs of GnRH*; (c) the concept of enzymatic cleavage of hormones to 
form releasing factors, e.g. M R F  and MIF from oxytocin; (d) critical evalu- 
ation of CNS and behavioral effects elicited by TRH; (el highly active 
cores of hGH; and (f) detailed conformations of neurohypophyseal hormones, 
allowing rational analog design. Readers are referred to recent books and 
reviews for excellent summaries of the rapidly expandin work in the 
f ield2-5 and especially in radioimmunoassay development 3 , 6  . 

I. Hypothalamic Hormones 

A. General - One of the most important realizations is the lower than or- 
iginally expected specificity of hypothalamic hormone control of pituitary 
secretion. 
gets, i.e. gonadotropin releasing hormone stimulates release of LH and FSH, 
thyrotropin releasing hormone controls TSH and PRL release, and somatostatin 
inhibits secretion of GH and TSH, as well as the pancreatic hormones insulin 
and glucagon. Other proposed releasing factors (e.g. for GH or ACTH) have 
not yet been isolated and physicochemically characterized and will not be 
reviewed here. 
releasing hormones proceeds through nonribosomal enzyme systems (synthetases) 
may be premature in view of the absence of unusual structural features (w- 
peptide bonds, D-amino acids, N-methylamino acids) in the known hormones. 
- Numerous comprehensive reviews and books have appeared’ * ’-’ 6 ,  and studies 
on neuroendocrine control of anterior pituitary function through catechol- 
aminergic and serotonergic transmitter input into hypothalamic releasing 
hormone-secreting neurons have been critically evaluated’ 7 .  

In addition to releasing hormones, the hypothalamus contains other pep- 
tides of high biological activity. The recent isolation of substance p [I]’’ 
and neurotensin [I11 l9 may encourage searches for other peptides. 

All three hormones’ of known structure have at least two tar- 

The conclusion’ that biosynthesis of TRH and, perhaps, other 

I and I1 

H-Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly-Leu-Met-NH~ [I] 

<Glu-Leu-Tyr-Glu-Asn-Lys-Pro-Arg-Arg-Pro-Tyr-Ile-Leu-OH [II] 

‘Abbreviations: 
vasotocin: CNS, Central nervous system: FSH, Follicle stimulating hormone: GH, Growth hormone: <Glu, Pyroglutmic 
acid: GnRH, Gonadotropin relearning hormone1 hGH, Human growth hormone: LH, Luteiniring hormone: LVP. Lysine- 
vasopressin: MIF. Melanotropln releaee-inhibiting factor; MRF, Melanotropin releasing factor; MSH, melanotropin: 
PRL. Prolactin: TFS,  Thyrotropin releasing hormone: TSH, Thyrotropin. 

ACTH, Adrenocorticotropin: ASU, a-Aminornuberic acid: AVP, Arginine-vasopressin: AVT, Arginine- 
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have been synthesized”rZ0. 

fects2’ and several potent peripheral and kinin-like activitiesZ2r 3; 
neurotensin may be involved in regulation of liver glycogen metabolism 
in addition to its kinin-like effects. 

Substance P elicits central depressant ef- 

24 

B. Gonadotropin Releasing Hormone or Luteinizing Hormone/Follicle-stimu- 
lating Hormone Releasing Hormone (GnRH) - A consensus between the schools 
of Guillemin and Schally seems to appear now in the literature, that (a) 
the decapeptide I11 controls physiologically the release of both luteiniz- 

<Glu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NHz 11111 
1 2  3 4 5 6 7 8 9 1 0  

ing hormone and follicle-stimulating hormone in man and in animals, and 
(b) that possibly another hormone might be present in hypothalamic tissue 
which releases only or predominantly FSH’ O r  ’ ’ . 
cretion of GH, TSH or ACTH. Species specificity might not exist. Several 
reviews and books on chemistry, biology, and clinical studies have ap- 
pearedg , 1 1 t 2 5 -30. 

preparation of large amounts of GnRH for biological studies, (2) analog 
synthesis for structure-activity studies, and (3) search for analogs with 
inhibitory properties. Of ca. 15 GnRH syntheses published to date (lit. 
survey ) several carefully executed conventional syntheses in solution 
provide for pure products in gram quantities3 1-34 . Synthesis of ca. 150 
analogs allows several structure-activity correlations*. 
cations at the Glyl’, Gly6 and His2 positions of I11 have remarkable in- 
fluence on biological activity. 
nonapeptide alkylamides with increased potency were obtained3 5 .  

NH21°) -GnRH ethylamide exhibited 3-fold higher activity than GnRH. 
placement of Gly6 by D-alanir~e~~ or by D-leucine3’ resulted in 3- to 7-fold 
increase of in vivo and in vitro activities. All other position diastereo- 
isomers showed strongly reduced activities 3 8 .  

loss of all agonist activity3’. 
lease by GnRH to 50%, at an agonist to inhibitor ratio of ca. 1:4000. In- 
terestingly, these activity shifts appear to be retained and are sometimes 
additive or even synergistic in multiple substitutions. Increased poten- 
cies along with prolonged in vivo activities were observed for [D-Ala 1 -  
and [D-Leu6] -des (Gly-NH2l-O) -GnRH ethylamide which showed, respectively, 16- 
and %-fold greater effects than GnRH when integrated levels of LH or FSH, 
released over a 6 hr period after injection, were compared . The octa- 
peptide des- (His2,Gly-NHzlo) -GnRH ethylamide4’ turned out to be a more po- 
tent inhibitor than des-Hisl-GnRH and effective in vivo. Since des-His2- 
ID-Ala61-GnRH was also a 3 times more potent inhibitor than des-HisZ-GnRH , 

GnRH does not stimulate se- 

Intensive synthetic efforts have been aimed at three main goals: (1) 

Synthetic modif i- 

Omitting Gly-NH21°, several (1-9) - 
Des (Gly- 

Re- 

Omission of His2 caused 
Des-His2-GnRH inhibited in vitro LH re- 

6 

37, 40 

36 

*The comparative activity ratios given below are approximations since assay methods vary between laboratories. 
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one looks forward with interest to a synthesis of des- (His2,Gly-NHnl0) - [D- 
Ala6] - or [D-Leu'] -GnRH ethylamide. 
nonapeptides or inhibitors smaller than octapeptides have not yet been 
found" indicating that many parts of the GnRH molecule are required for 

that GnRH exists in aque- high potency. - NMR and CD studies indicate 
ous solution in random coil conformation with no appreciable stacking of 
the aromatic rings and no electrostatic intramolecular interactions involv- 
ing the charged imidazole ring. 

GnRH might be expected to find diagnostic, prophylactic, and therapeu- 
tic applications in human and animal fertility". 
vivo applications is the short duration of action of GnRH. Its biological 
half-life was found to be 6-7 minutes in rats. Synthesis of a long-acting 
polymer-bound GnRH analog4 
slow-release formulations may be developed. 

Highly active analogs smaller than 

4 2 1 4 3  

One problem facing in 

represents one possible approach; alternatively, 

C. Melanotropin Release-inhibiting Factor (MIF) and Melanotropin Releasing 
Factor (MRF) - The significance and physiological roles of peptides which 
exhibit MIF or MRF activities7 are still subjects of debate, due in part to 
great experimental difficulties with bioassays. 
pects, however, the enzymatic formation of H-Pro-Leu-Gly-NH2 (MIF) from 
oxytocin4' was the first example, on a molecular basis, of a well defined 
peptide hormone serving as a precursor or "second order prohormone" for a 
smaller peptide with entirely different hormonal activities '. This con- 
cept has since been broadened to include ACTH-releasing activity, ACTH, 
vasopressin, gastrin, and others . 

Concerning biosynthetic as- 

4 6  

D. Somatostatin (Growth Hormone Release-inhibiting Hormone) - Guillemin 
and collaborators isolated a peptide [IV] from ovine hypothalamic extracts 

H-Ala-Gly-CyTs-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Se=-C~s-OH [IVI 
1 2  3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4  

which consistently inhibited in vitro the release of radioimmunoassayable 
growth hormone in a dose-dependent manner . Structure IV, a heterodetic 
tetradecapeptide with a 3-14 disulfide bond forming a 38-membered ring, 
has been confirmed by synthesis " (lit. survey 4 9 ) .  Oxidative cyclization 
of bis-sulfhydryl intermediates ("reduced somatostatin") gives low yields 
(25-35%) of IV, due to polymerization. However, reduced somatostatin is 
equipotent with IV in suppressing GH release in vitro (but not always in 
vivo), probably due to spontaneous oxidation. 

Biological activities: Somatostatin inhibits secretion of growth hor- 
mone, thyrotropin, insulin and glucagon. It does not affect secretion of 
gonadotropins or ACTH. 
in dispersed rat pituitary cell culture 'I, is suppressed by I nM levels of 
somatostatin 
not synthesis or storage of GH. 

47 

Both basal and stimulated GH secretion in vitro 

. Acutely, somatostatin appears to inhibit release but 
Somatostatin inhibits stimulated GH se- 

471 5 2  
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cretion in vivo in man and animals without apparent species specificity. 
Its biologic half-life is short (<4 min). Constant intravenous infusion 
(e.g. 0.5-1 mg per adult human over 30-60 min) is required to obtain meas- 
urable effects. Rapid rebound of suppressed GH occurs when infusions are 
~ t o p p e d ~ ~ r ~ ~ .  

Somatostatin inhibits TSH secretion in vitro and in vivo, induced by 
TRH or other stimuli in a dose-dependent manner55,56 indicating a potential 
physiological role in thyroid regulation. Insulin glucagon secretion 
in animals and in man are reversibly suppressed by somatostatin in a dose- 
dependent way. Basal and stimulated secretion of both pancreatic hormones 
is affected by direct action of low doses of somatostatin on pancreatic a 
and f3 cells, indicating a physiological role in gluc~regulation~~-~ ' 9  

Few analogs have thus far been synthesized. However, it has already 
been shown that the NH2-terminal part of the molecule is not required for 
high activity. Des- (Ala1-Gly2) -somatostatin, its reduced form, the 3-N- 
acetyl derivatives, and the 3-deamino analog possess between 30% and 100% 
the potency of the native hormone". S-Methylation, replacement of both 
Cys3 and Cysl4 by Ala , replacement of Trp8 by Ala, and amidation of 
the COOH-termina162 , all result in drastic loss of activity. 

nile-onset diabetes which is characterized by abnormally elevated secretions 
of glucagon and growth hormone and as a useful adjuvant to insulin in the 
treatment of diabetes mellitus6 3. Possible beneficial effects of somato- 
statin, in preventing the development of the classic microangiopathies (ret- 
inopathy) of diabetes and in treatment of acromegaly6', remain to be estab- 
lished. Most importantly, long acting preparations of somatostatin will be 
needed for clinical therapeutic use, either as depot formulations or in form 
of synthetic analogs. 

50,61 

Clinical use of somatostatin may be expected in the treatment of juve- 

E. Thyrotropin Releasing Hormone (TRH) - The earliest known and one of the 
smallest of the hypothalamic hormones, TRH, cGlu-His-Pro-NH2, continues to 
attract wide attention. Clinical use as a diagnostic, studies on CNS and 
behavioral effects in man, and conformational analysis have highlighted ex- 
tensive medical, biological and chemical work 

and release 
of GH in acromegalic but not in normal humans7'. 
orally , an exceptional feature for a peptide hormone. The plasma half- 
life in rats is 2.2 min ; the hormone accumulates in kidney, liver, thy- 
roid7 
Large amounts are excreted in the urine . Deamidation and proline or 
prolinamide liberation result in <Glu-His-OH as major metab~lite~~. 

mental depression and schizophrenia . Failure by other investigators to 
confirm these findings7' has led to a controversy which may be difficult to 
resolve in view of great complexities in patient selection and evaluation of 

11,65-69 

7 TRH mediates release of TSH and pRL in animals and in man 
It can be administered 

71 

72 

and brain where highest concentrations occur in the hypothalamus 74. 
75 

Several groups have reported on the efficacy of TRH in treatment of 
77 
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effects. In mice and rats, TRH potentiates psychomotor stimulating actions 
of L-dopa and accelerates turnover rates of norepinephrine 79180. The tri- 

81 
peptide H-Pro-Leu-Gly-NH2 (MIF) enhances dopamine synthesis in rat brain . 
Much remains to be learned before the nature of the CNS effects of hypo- 
thalamic pep tide^^^ will be understood. 

Synthetic has somewhat abated due, perhaps, to the failure to find 
analogsllr65 with inhibitory properties, with separated capacities for TSH 
or PFU release, with prolonged action, or with greatly enhanced potency (with 
the notable exception of [2-NT-methylhistidine] -TRH possessing 8-fold poten- 
cy). An improved synthesis of TRH using carbodiimide along with N-hydroxy-5- 
norbornene-2,3-dicarboximide for condensation provided the first crystalline 
preparation of TRH as a tartratee2. 
eventually provide a clearer understanding of the molecular requirements for 
TRH activity. showed TFW to be preferentially in 
extended conformation in polar solvents. 

Detailed conformational studies should 

8 3 1 8 4  
Recent lH NMR studies 

11. Pituitary Hormones 

A. General - The spectacular recent increase in the use of synthetic ACTH- 
(l-24)-tetracosapeptide in human medicine certainly attests to the expertise 
and perseverance of the CIBA-GEIGY peptide group, but it also suggests great 
potential for clinical application of other pituitary hormones and analogs. 
Discoveries of highly active cores of human growth hormone and 6-lipotropin 
may be advances in this direction. 
immunoassays2 multiple forms of almost every hormone have been found in cir- 
culation . Comprehensive reviews and books have appeared 

With increasing sensitivity of radio- 

9117186-89 85 

B. Adrenocorticotropin (ACTH) and Melanotropin (MSH) - The amino acid se- 
and resemble quences of human, bovine and ovine ACTH have been revised 

each other even more closely; human ACTH has been synthesized according to 
the revised structure by conventionalg2’ and by solid phase techniquesg 4. 

and on behavioral Reviews have appeared on the chemistry and biology 
effectsg8 of ACTH. 

ods indicated that the human pituitary does not normally produce Ct-E 

or 6-MSH and it was suggested that these peptides may be artifacts formed by 
enzymatic degradation of B-lipotropin during extraction . 

9 0 1 9 1  

9195-97 

Results obtained by radioimunoassay, bioassay and physicochemical meth- 

9 9  

C. Growth Hormone (GH) and Prolactin (PRL) - Several reviews on the chem- 
istry and biology of hGH and PRL’ O - ’  and somatomedin’ have been 
published. Human PRL (lactogenic hormone) has only recently been identified 
as distinct from hGHlo4’ lo6. 

Searches for an active core of hGH have been conducted for many years 
because (a) GH from domestic animals is inactive in man, (b) the supply of 
natural human hormone is obviously limited, and (c) commercial chemical syn- 
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thesis of the entire hormone is prohibitive due to its size of 191 amino acid 
residues. 
tion with plasmin which were derived from sequence regions 1-134 (10-20% 
activity) and 141-191 (3-6% activity). Whether smaller fragments will ex- 
hibit similarly high activity remains to be established. 
thesis of @-acetyl-hGH- (95-136) possessing low activity in the rat tibia 
test has been reported . - Circulating GH is heterogeneous in size and 

. Whether big at least three components have been identified in man 
- GH forms are biosynthetic precursors of the monomeric molecule remains un- 
decidedlog. Growth promoting effects of bovine GH on mouse and rat tumors 
in vivo have been reported’ O. 

GH action on some tissuesl e.g. skeletal tissue, is mediated by plasma 
factors, called somatomedins. Several distinct somatomedins seems to exist 
in man. They are insulin-like peptides of unknown structure possessing 
molecular weights of ca. 4-8000 daltons 

The clinical usefulness of hGH for hypopituitary children is well es- 
tablished3‘. In addition, beneficial effects were recently demonstrated in 
treatment of bleeding ulcers, muscular dystrophy, and osteoporosis’ 3 .  

Recently, two active fragments have been isolated’ O 7  after diges- 

A solid phase syn- 

108 

70,104 

1 0 0 1 1 0 3 1 1 0 5  

D. Glycoprotein Hormones: Follicle Stimulating Hormone (FSH), Lutehizing 
Hormone (LH) , Thyroid Stimulating Hormone (TSH) - Several comprehensive 
reviews have appeared on the chemistry, biology and immunology of FSH, LH 

LH and human TSH have been determined. 
their a subunits (lit. survey 1. A simple improved procedure for separat- 
ing LH subunits has been developed 
been assigned1l6. Sequences of the a and 8 subunits of human FSH have been 
determined’ ’ 7 .  The structures of the carbohydrate parts of FSH, LH and TSH 
are not yet known. Determination of those for a and subunits of human 
chorionic gonadotropin should direct efforts toward this end. - The na- 
ture and physiological actions of the pituitary gonadotropin hormones of non- 
mammalian vertebrates are still poorly understood. From both reptilian and 1 

amphibian sources two distinct gonadotropins each have been identified and 
isolated which may correspond to mammalian FSH and LH. 

. Primary structures of c1 and 8 subunits of both human and TSH5a, 3 o , 1 1  1-1 1 4  

Identity was established between 
11 5  

1 1 5  . The disulfide bonds of ovine LHCC have 

11 8  

119 

E. Lipotropin - Lipotropin affects fat mobilization in intact adipose tis- 
sue as well as in isolated fat cells’20. 
B-lipotropin- (42-91) -pentakontapepti.de led to the exciting discovery that 
this COOH-terminal part of the molecule exhibited 6-fold higher lipolytic 
activity in isolated fat cells than the native hormone on a weight basis’21. 
The optimal active core giving rise to maximal biological activity remains 
to be determined. 

A solid phase synthesis of ovine 
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111. Neurohypophyseal Hormones 

A high state of expertise in synthesis of analogs of oxytocin [Vl and the 
vasopressins [VIII, 1x1 and in assay of their biological activities has 
been developed since du Vigneaud's first oxytocin synthesis in 1953. Sev- 
eral reviews on the chemistry and biology of neurohypophyseal hormones 
have recently appeared 122-126 

H-C~S-Tyr-Ile-Gln-Asn-Cjrs-Pro-Leu-Gly-NH2 H-C:s-Tyr-Phe-Gln-Asn-C)g-Pro-Arg-Gly-NH2 

[vl Oxytocin. [VIl 8 - Ile, Mesotocin. [VIII] Arginine-vasopressin (AVP). 

[VII] 8 = Arg, Arginine-vasotocin (Am). [Ixl 8 - Lys, Lysine-vasopressin (LVP). 
k z 3 b 1 6 7 8 1  , 1 3 * 1 6 1 1 9  

Phylogenetic studies' 2 7  revealed the presence of oxytocin [Vl and argi- 
nine-vasopressin [VIII] in echidna (Australian spiney anteater, a monotreme 
and most primitive known protherian mammal); while mesotocin [VI] and vaso- 
tocin [VII] occur in nomammalian tetrapods with great evolutionary stabili- 
ty. There appears to be a clear-cut division between mammals and the other 
tetrapods, pointing to a deep physiological meaning of the double change in 
neurohypophyseal hormones' 7 .  

and analogs and their chemical and biological properties have been exten- 
sively investigated by 1H and 13C NMR, conformational energy calculations 
and model building (lit. survey12e). 
ring moieties of AVP [VIII], AVT [VII], LVP [IX], and oxytocin [V] all ap- 
pear to possess a compact antiparallel $-pleated sheet conformation with a 
@-turn involving residues 2-5 (Fig. 1). 
The backbone NH of Asn5 is intramolec- 
ularly hydrogen-bonded to the C=O of 
Tyr2. 
in oxytocin forms a second $-turn sta- 
bilized by a hydrogen bond between the 
NH of Leu8 and the side chain C=O of 
Am5. The charged tail portion of LVP 
seems to possess a s'lightly larger, 
those of AVP and AVT considerably 
larger, conformational freedom. The 
gross structure (Fig. 1) is presumed 
to be conserved in water although the 
hydrogen bonds may be loosened. 

posed oxytocin conformation (Fig. 1) as well as an interpretation132 of the 
well known resistance or susceptibility of the hormone to degradation by 
certain proteolytic enzymes. Analogs with selectively modified activity 
profiles should result from amino acid substitutions in the corners of the 
$-turns (positions 3, 4, 7, 8 in Fig. 1) which are not primarily involved 
in the intramolecular stabilization of the peptide backbone and available 

Correlations between solution conformations of oxytocin, vasopressins 

In Me2SO solution the 20-membered 

The tail moiety (residues 7-9) 

Pis. 1. Proposed conformation of oxytocin 

Novel rationales for analog 13' have been based on the pro- 
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7 1,6 7 
for intermolecular interactions. Indeed, IGly Ioxytocin and [Asu ,Gly ]- 
oxytocin retained high oxytocic and milk-ejecting activities and lost al- 
most completely the vasodepressor, antidiuretic and pressor activities . 
Highly specific analogs, such as these, have long been a goal of synthetic 
efforts . A remarkable recent example is [l-deamino,4-valine]-8-D- 
arginine-vasopressin (X) which possesses an antidiuretic to pressor 
activity ratio of over 125,000134, compared with a ratio of 1 for AVP. 

Favorable clinical results' 3 5  with a less specific antidiuretic, 11- 
deamino] -8-D-arginine-vasopres~in~ 
for X in the treatment of diabetes insipidus. 
have recently been obtained by replacement of Cysl with L-penicillamine 
and B-mercapto-6, B-dimethylpropionic acid 
tions 9140 or 2 of oxytocin, e.g. [2-g-iodotyrosineloxytocin , (see 
also'22). 

hicle for neurohypophyseal hormones has not yet been clarified but impres- 
sive progress has been made 
and studies on hormone binding properties. 

130 

122,125 

, indicate a high potential usefulness 
Potent inhibitory analogs 

or by substitution in posi- 137-139 

1 4 1  

142 The role of neurophysin as a possible precursor or transport ve- 

143 in sequence analysis of several neurophysins 
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Section V - Topics in Biology 
Editor: T. Y. Shen, Merck & Co., Rahway, New Jersey 

Sect ion Editorial 

In selecting topics for the Biology Section, emphasis has 
been given to emerging new fields, particularly those with recent 
advances either in biological mechanism or biochemical character- 
izations. It is hoped that these reviews may stimulate the 
initiation of some exploratory synthetic studies to bridge the 
gap between basic sciences and biomedical applications. 

Gamete biology, a potential approach to new fertility 
control agents, is gradually being unravelled in terms of bio- 
chemical processes and membrane receptors. The recognition of an 
immunological mechanism for periodontal disease, an inflammatory 
and degenerative disorder, suggests that this area may offer new 
opportunities to medicinal chemists already interested in the 
development of selective immunoregulants. 

Several important aspects of immunology have been discussed 
in recent issues of the Annual Reports. 
larly impressed by the frequent involvement of the function and 
transformation of cell membranes in the pathogenic processes of 
many immune and degenerative disorders. To provide an overview 
of the rapidly growing field of biomembrane studies, a broad 
survey of plasma membrane pathophysiology, complimentary to a 
chemical review of membrane function in Chapter 32, is presented 
here. More specific topics on biomembranes are planned for future 
issues, The pharmacological and antiparasitic properties of 
ionophore antibiotics illustrate some applications of membrane 
affectors. Undoubtedly other types of novel and selective membrane 
regulators may soon emerge as new classes of therapeutic agents. 

This writer is particu- 

Superoxide radicals and superoxide dismutase have received 
a great deal of attention in the past three years because of their 
conceptual as well as practical importance. An interesting 
review of the biological activities of organic silicon compounds 
was first considered last year, 
potential of a large family of silicon derivatives hitherto 
overlooked by most medicinal chemists. 

It reveals the biomedical 



Chapter 22. Plasma Membrane Pathophysiology 

Donald F. Hoelzl Wallach, Tufts-New England Medical Center, Boston, Mass. 

This article will document the involvement of the plasma membrane in 
the pathogenesis, pathophysiology and pharmacotherapy of some important 
disease processes. Because of the breadth and explosive growth of the 
field, its treatment here must be highly selective: Illustrations are 
deliberately drawn from very diverse disease processes and the emphasis 
is on topics where some specific biochem c 1 information is available. 
More general reviews have been published',' and a report on membrane 
biochemistry is presented by Baran in Chapter 32 of this Volume. 

Cancer -(malignant neo lastic disease)- cancer is characterized by a 
multitude of polymorphfc defects, involving the plasma membrane and also 
intracellular membranes. Th s topic is under intense study and has been 
recently reviewed in detail. 3,4 I will here address only prominent plasma 
membrane alterations. 
the feature characteristic of malignant neoplasia is the propensity of the 
tumor cells to invade normal tissues and to spread (metastasize) to distant 
sites. Uncontrolled and rapid proliferation occurs also in benign 
neoplasms. 

It is important in this context to appreciate that 

Composition - Virally-induced neoplastic fibroblasts generally exhibit a - loss in high-molecular weight glycoprotein (> 200,000 D present in (on) 
normal cells!'12 probably a galactoprotein. Other data I3-l6 indicate 
defective glycosylation of membrane proteins. 
tested, tumor cells also exhibit new membrane proteins, which bear tumor 
specific transplantation antigens. 17918 
200,000) are the targets for cancer immunotherapy. 

On the other hand, wherever 

These proteins (M. Wt. 40,000- 

The plasma membranes of cancer cells generally also exhibit abnormal 
lipid composition. As far as E i p i d s  are concerned deviations in 
sphingomyelin content are common. 9 However, ph spholipid alteration 
in intracellular membranes appears more common. 392g He a mas generally 
exhibit increased cholesterol in their plasma membranes 3,58 and whenever 
tested tumor cells exhibit abnormally high cholesterol biosynthesis and 
defective in vivo inhibition of sterol biosynthesis upon cholesterol 
feeding.3,x,rIt now appears that certain oxidized cholesterol deriva- 
tives, e.g. 25-hydrox lcholesterol rather than cholesterol itself are the 
"feedback" regulatorsx3 and can regulate cholesterol biosynthesis even in 
neoplastic cells. As is true for phospholipids, the most profound 
cholesterol anomalies occur in intracellular nembranes, e.g. mitochondria; 
endoplasmic reticulum. 3 

Very profound changes occur in the sphingo-glycolipid composition of 
tumor cells.3*34,35 Both neutral glycolipids (cerebrosides) and acidic 
sialoglycolipids (gang1iosides)are involved, although it is not clear 
that these lipids occur in the plasma membrane only. In neoplastic fibro- 
blasts a common, but not consistent pattern is one of simplification, i.e. 
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dep le t ion  of g lyco l ip ids  wi th  complex headgroups and accumulation of 
g lyco l ip ids  wi th  s h o r t e r  g lycosyl  r e s idues ,  but t h i s  p a t t e r n  is  not seen  
i n  hepatomas. Whenever observed, t h e  g lyco l ip id  anomalies can be r e l a t e d  
t o  de f i c i enc ie s  i n  g lycosyl t ransferases  involved i n  the  "elongation" of 
t h e  sugar  chains. 
of an apparent ly  unique ceramide t e t r a saccha r ide  (lacto-N-neotetraosylcera- 
mide) i n  t h e  membranes of polyoma-transformed hamster f i b r o b l a s t s .  l2 
Another cur ious anomaly i n  neop las t i c  cel ls  is t h e  presence of s u b s t a n t i a l  
l e v e l s  of polypeptide-glycosphingolipid complexes - t h e  "eopro teo l ip ids  .'I36 

One of t h e  most f a s c i n a t i n g  f ind ings  i s  t h e  discovery 

It i s  d i f f i c u l t  t o  eva lua te  t h e  s ign i f i cance  of repor ted  g lyco l ip id  
changes i n  tumor cells  because g lyco l ip ids  serve as both s u b s t r a t e s  and 
products. Accumulation of a given g lycol ip id  thus  depends not  only upon 
t h e  g lycosyl t ransferases  p a r t i c i p a t i n g  i n  i t s  metabolism, but  a l s o  upon 
t h e  a f f i n i t i e s  of d ive r se  membranes f o r  t h i s  l i p i d .  Also i t  is not  known 
which enzymes i n  a g lycosy l t r ans fe ra se  are rate l i m i t i n g  and what f a c t o r s  
r e g u l a t e  g lycosy l t r ans fe ra se  a c t i v i t y .  

However, t h e  a l t e r e d  g lyco l ip id  composition of tumor cells  does 
account f o r  some a n t i  e n i c  chan es (non-tumor s p e c i f i c )  observed s i n c e  
many of t h e  g lycol ip i%s involve% are an t igen ic  (Forssman ant igen;  blood 
group an t igens) .  

Plasma Membrane Enzymes - 
a c t i v i t i e s  of enzymes known o r  thought t o  be assoc ia ted  wi th  t h e  plasma 
membrane. No cons i s t en t  p a t t e r n  has  emerged except perhaps f o r  enzymes 
and receptors  involved i n  c y c l i c  nuc leo t ide  metabolism. I n  genera l ,  t h i s  
metabolism i n  neop las t i c  cel ls  is less responsive t o  ex te rna l  s t i m u l i  - 
e.g. hormones, ce l l  dens i ty .  This  unresponsiveness might be i n  p a r t  
ascr ibed  t o  a def ic iency  and/or a l t e r e d  d i s t r i b u t i o n  of s p e c i f i c  r ecep to r s  
required f o r  cyc lase  a c t i v a t i o n ,  bu t  may a l s o  be assoc ia ted  wi th  and 
der ived i n  p a r t  from, modified adenyla te  cyc lase  a c t i v i t y  and a s h i f t  i n  
phosphodiesterase a f f i n i t y  f o r  c y c l i c  nucleot ides .  For t h e  case of 
viral ly- induced tumors it has been proposed37 t h a t  oncogenic v i ruses  in t ro -  
duce d i f f e r e n t  "transforming genes" which modify adenyla te  cyc lase  a c t i -  
v i t y  i n  var ious  ways e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  by changing a c r i t i ca l  
plasma membrane component (p ro te in ,  l i p i d  o r  carbohydrate) ,  l ead ing  t o  a 
whole cascade of pleiomorphic anomalies. 

Tumor ce l l s  commonly show devia t ions  i n  t h e  

Transport Anomalies - Fib rob la s t s  neoplas t i c a l l y  converted by tumorigenic 
v i r u s e s  e x h i b i t  enhanced sugar  and/or  amino a c i d  t r anspor t  i n  v i t r o .  3 
Anomalies i n  sugar  t r anspor t  have r ecen t ly  been reviewed i n  detai1.38 
a v a i l a b l e  d a t a  poin t  t o  enhanced uptake of sugars  (glucose,  ga l ac tose ,  
2-deoxyglucose) following neop las t i c  conversion. This phenomenon occurs  
a t  t h e  t r anspor t  level  and i s  no t  an epiphenomenon of a l t e r e d  c e l l u l a r  
metabolism. I n  t h e  case of t ransformation wi th  PAPOVA v i r u s e s ,  o r  ch ick  
embryo f i b r o b l a s t s  converted by Rous sarcoma v i r u s ,  t h e  enhanced uptake 
is due t o  e i t h e r  an increased number of turnover of carriers whereas with 
murine sarcoma v i ruses  t h e r e  may be a q u a l i t a t i v e  change i n  t h e  t r anspor t  
system. 38 

A l l  

Experiments wi th  v i r a l  mutants , temperature-sensi t ive f o r  
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tumor igenic i ty ,  show t h a t  enhanced t r a n s p o r t  occurs  only upon n e o p l a s t i c  
t ransformat ion  no t  simply presence of t h e  v i r a l  genome.3938 
t h e  t r a n s p o r t  changes c o r r e l a t e  s t r i c t l y  wi th  morphologic a l t e r a t i o n s  
c h a r a c t e r i s t i c  of n e o p l a s t i c  conversion. Ce r t a in  tumor cells a l s o  e x h i b i t  
enhanced amino ac id  u t ake  i n  v i t r o  due t o  an inc reased  number o r  turnover  

been discovered f o r  o the r  n u t r i e n t s .  

Moreover, 

of t r a n s p o r t  carrier. 3 939,40- Convincing t r a n s p o r t  changes have not  y e t  

The s i g n i f i c a n c e  of t h e  t r a n s p o r t  enhancement observed i n  neoplas- 
t i c  c e l l s  remains t o  be  e s t a b l i s h e d ,  bu t  i t  is  conceivable  t h a t  cells  
unusual ly  a c q u i s i t i v e  f o r  e s s e n t i a l  metabol i tes  may " s t a r v e  out" normal 
cells .  However, consider ing t h e  i n  v ivo  case, t h e  normal concent ra t ion  
of glucose i n  t h e  plasma ( 5 mM) l ies considerably above t h e  Km va lues  
observed i n  both normal and transformed ce l l s  and t h e  a l t e r a t i o n s  of 
sugar  t r a n s p o r t  repor ted  thus  do not  provide an obvious s e l e c t i v e  advan- 
t age  f o r  t h e  tumor cells. Enhanced amino ac id  t r a n s p o r t  may have g r e a t e r  
la Jdya s i g n i f i c a n c e  because t h e  plasma concent ra t ions  of e s s e n t i a l  amino 
a c i d s  (0.02 t o  0.2 mM) l i e  w e l l  below t h e  Q values  f o r  amino a c i d  
t r a n s p o r t  i n t o  cel ls .  

An important aspec t  of membrane t r a n s p o r t  is i ts  re levance  t o  tumor 
chemotherapy, s i n c e  some important an t i -neop las t i c  drugs (n i t ronen  mus- 
t a r d s  $ must be  a c t i v e l y  t r anspor t ed  i n t o  cells  t o  be- 
come b i o l o g i c a l l y  e f f e c t i v e .  Tumor v a r i a n t s  t h a t  do no t  t r a n s p o r t  n i t ro -  
gen m ~ s t a r d 4 1 - ~ ~  o r  methotrexate45-48 become drug r e s i s t a n t .  Present  
d a t a  thus i n d i c a t e  t h a t  t h e  membrane t r a n s p o r t  p r o p e r t i e s  of tumor cells 
can be  h ighly  p e r t i n e n t  t o  t h e  process  of n e o p l a s t i c  t ransformat ion  and 
tumor therapy.  

Abnormal Enzyme Release - Tumor cells e x h i b i t  an unusual propens i ty  t o  
re lease d ive r se  cytoplasmic enzymes i n t o  t h e  e x t r a c e l l u l a r  space.  3 The 
mechanisms involved are no t  understood, b u t  t h e  phenomenon is  not  due t o  
c e l l  dea th  o r  non-specif ic  hyperpermeabi l i ty .  Indeed, tumor cells  may 
l eak  l a r g e  amounts of enzymes e i t h e r  i n  vivo o r  i n  v i t r o  y e t  t i g h t l y  
r e g u l a t e  t h e  t r a n s i t  of small molecules ac ross  t h e  plasma membrane. 

O f  p a r t i c u l a r  importance is  t h e  release of c ~ l l a g e n a s e ~ ~  and of 
plasmlnogen a c t i v a t o r .  50-60 Collagenase i s  a lysosomal enzyme. Plasmino- 
gen a c t i v a t o r s  may a l s o  b e  of lysosomal o r i g i n  but  i t  has a l s o  been 
suggested t h a t  t h e  enzymes are l a t e n t  i n  t h e  plasma membrane. Plasminogen 
a c t i v a t o r s  a r e  ser ine- type  pro teases  (M. W t .  Q 50,000-60,000) t h a t  a c t i -  
v a t e  plasma plasmino en  i n t o  plasmin ( f i b r i n 0 1  s i n )  by pep t ide  cleavage. 
The enzymes are i n h i % i t e d  by d i i sop ropy l  phospgofluoridate .  I n  v i t r o  
comparisons of normal wi th  v i r a l l y  transformed n e o p l a s t i c  f i b r o b l a s t s  
r evea l  an 8-30 f o l d  i n c r e a s e  i n  t h e  release of plasminogen a c t i v a t o r  i n  
t h e  la t ter .  51 The tendency t o  r e l e a s e  plasminogen a c t i v a t o r  c o r r e l a t e s  
c lose ly  wi th  tumorigenici ty .  The propens i ty  of tumor cells  t o  r e l e a s e  
pro teases  would appear t o  c o n s t i t u t e  a proper ty  t h a t  is extremely rele- 
vant  t o  malignant behavior ,  i n  t h a t  i t  would lead  t o  (a )  polymorphic alter- 
a t i o n  of o v e r a l l  membrane behavior  changing membrane coope ra t iv i ty ;  (b) 
d e s t r u c t i o n  of connect ive t i s s u e  al lowing invas ion  by t h e  tumor cells; 
(c) d e s t r u c t i o n  of receptors  f o r  hormones and o t h e r  r e g u l a t o r s ,  r e l e a s i n g  
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t h e  cells from phys io logica l  con t ro l s  (d) d e s t r u c t i o n  of tumor s p e c i f i c  
an t igens  c r e a t i n g  a "bland" s u r f a c e  cha rac t e r ,  al lowing t h e  tumor cells 
t o  escape from immune s u r v e i l l a n c e  and (e)  i n t e r f e r e n c e  wi th  cel l -mediated,  
o r  humorally mediated immune r eac t ions .  The development of agents  t h a t  
i n h i b i t  tumor pro teases  may t h e r e f o r e  open a new dimension i n  tumor 
chemotherapy. 

Hemolytic Diseases - Most hemolytic d i seases  involve  a d e f i c i e n t  s t a b i l i t y  
of  t h e  e ry th rocy te  membrane. This  def ic iency  is o f t e n  a s soc ia t ed  wi th  
t r a n s p o r t  abnormalit ies61, bu t  decreased i n  v ivo  s u r v i v a l  of t h e  erythro-  
cy te s  probably de r ives  p r imar i ly  from t h e i r  abnormal rheologic  p rope r t i e s .  
61 
t o  abnormal hemoglobins, those  due t o  an abnormal membrane l i p i d  composi- 
t i o n  and those  due t o  membrane p r o t e i n  d e f i c i e n c i e s .  

Three major ca t egor i e s  of hemolytic d i sease  ex is t ,  i .e .  those  due 

The impaired e ry th rocy te  s u r v i v a l  i n  s i c k l e - c e l l  d i sease ,  is due 
p r imar i ly  t o  t h e  p r e c i p i t a t i o n  of HbS a t  low p02 wi th  r e s u l t i n g  ce l l  de- 
formation. However, a l though s i c k l e  cells respond normally t o  agg lu t ina t -  
i n g  a n t i s e r a  a t  high p02, they do no t  do so  a t  low p02, a l though ant ibody 
b inding  is  equiva len t .  Also,  homozygous s i c k l e  ce l l s  (SS) show an in- 
c rease  
reversed by "liganding" t h e  hemoglobin wi th  02 o r  CO.62~63. 
membrane e f f e c t  appears involved s i n c e  concentrated SS s o l u t i o n s  have t h e  
same Na+ and K+ a f f i n i t i e s  i n  02 a s  i n  N2. 
t h e  carr ier-mediate  t r a n s p o r t  of Na+,  K+, a t  t h e  same t i m e  opening d i f fu -  
s i o n  pa ths  f o r  a l l  of t h e s e   cation^.^^,^^ 

i n  K+ and Na+ permeabi l i ty  i n  N2 and a n e t  K+ loss which can b e  
A s p e c i f i c  

Apparently s i c k l i n g  a c c e l e r a t e s  

"Unstable" hemoglobins , e.g. Hb KHln, Hb Zurich,  are a l s o  a s soc ia t ed  
wi th  decreased e ry throcyte  survival6' ,  but  a d i f f e r e n t  mechanism may b e  
involved. 61,64965 A l l  of t hese  hemoglobins have amino a c i d  replacements 
i n  t h e  8-chains and i t  is argued t h a t  t hese  cha ins  possess  a hyper-react ive 
t h i o l  (e.g. 893) t h a t  forms mixed -S-S- l inkages  wi th  -SH groups on mem- 
b rane  pro te ins .61 ,  64, 65 
formation has been documented f o r  t h e  Hb Kuln and Hb Zurich,  as w e l l  a s  
t h e  s y n t h e t i c  hemoglobin, c1 B 2 0 ,  and t h e  l a t t e r  p r o t e i n  forms -S-S- 
l inkages  wi th  membrane p r o t e i n s  f a r  more r e a d i l y  than normal hemoglobin. 

Indeed, an abnormal a f f i n i t y  f o r  mixed -S-S- 

Abnormally h igh  membrane c h o l e s t e r o l  produces acanthocytes  ("spur1' 
c e l l s )  t h a t  a r e  rheo log ica l ly  f ragile.-This may come about due t o  
h e r e d i t a r y  o r  secondary (hepa toce l lu l a r  d i sease )  hypo- o r  a -betaliPopro- 
teinemia.  
i n  l i v e r  disease.67 

It can a l s o  be induced by l i t h o c h o l a t e  which can be e leva ted  

A he red i t a ry  hemolytic anemia due t o  an inc rease  ( % 35%) of t h e  
amount of phosphat idylchol ine  per  ce l l  has  been descr ibed.  68*69 
appears due t o  an abnormally low t r a n s f e r  of f a t t y  ac ids  from membrane 
phosphatidylcho l i n e  t o  phospha t idylethanolamine .69 

This  

Heredi ta ry  spherocytos is  (HS) - This most common congeni ta l  hemolytic 
d i sease  i n  Caucasians is  due t o  a membrane p r o t e i n  d e f e c t ,  which, by 
causing abnormal, r i g i d  c e l l  morphology and rheology, l eads  t o  acce le ra t ed  
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e ry th rocy te  d e s t r u c t i o n  i n  vivo. There is a l s o  an a s soc ia t ed  hyperpermea- 
b i l i t y  t o  Na+, wi th  inc reased ,  g lycoly t ica l ly-suppor ted  Na+-pumping, and 
a r e v e r s i b l e  dep le t ion  of choles te ro l .61  There is some d i s p u t e  as t o  t h e  
p r o t e i n  de fec t .  
de fec t  i n  microfilamentous (actomyosin-like) membrane-associated p ro te ins .  
6 1 ~ 7 0  
s t rychn ine ,  v i n b l a s t i n e )  , t h a t  p r e c i p i t a t e  microfilamentous p ro te ins71  
r eve r s ib ly  induce t h e  abnormal r e i g i c  morphology, i n c r e a s e  Na+- ermeabi l i -  
t y ,  h igh  g lyco lys i s  and impaired i n  v ivo  s u r v i v a l  of HS cells. 7q However, 
i t  is  p o s s i b l e  t h a t  HS is more than one e n t i t y 7 3 ~ ~ ~  and two r e p o r t s  de- 
s c r i b e  a s p e c i f i c  d e l e t i o n  of band I V  b (def ined by sodium dodecyl s u l -  
f a t e ,  polyacrylamide g e l  e l ec t rophores i s ;  SDS-PAGE) i n  HS75 7 76 al though 
t h i s  f i nd ing  is not  supported by another  s tudy  us ing  similar techniques.  

One proposal  is t h a t  t h e  d i s e a s e  is due t o  a g e n e t i c  

Indeed, t reatment  of normal e ry th rocy te s  wi th  agents  ( co lch ic ine ,  

77 , 78 

Another hypothes is  is  t h a t  spherocytos is  de r ives  from abnormally high 
i n t r a c e l l u l a r  @ 79 wi th  secondary e f f e c t s  on microf i laments  and a 
s l i g h t  de f i c i ency  i n  Ca2+ ATPase (equated t o  t h e  Ca2+ "pump") has  been 
repor ted  f o r  HS ce l l s .80  
are d e f i c i e n t  i n  t h e  --stimulated p r o t e i n  k inase  t h a t  phosphorylates  
membrane SDS-PAGE bands I , I1 (probably microf i laments)  and band 111. 

F i n a l l y ,  a r ecen t  s tudy78 reveals t h a t  HS c e l l s  

Complement-Mediated Cyto toxic i ty  - I n  h igher  animals a major defense 
aga ins t  invas ion  by fo re ign  agents  and a g a i n s t  authochthenous ( s e l f )  
pa ra s i t i sm,  i . e .  tumors, is provided by t h e  immune system. C e l l s  recog- 
nized as "non-self" are e l imina ted  by d e s t r u c t i o n  of t h e i r  plasma mem- 
brane i n t e g r i t y .  
t i body  and complement , o r  by lymphoid ce l l s ,  apparent ly  without  p a r t i -  
c i p a t i o n  of free 

This  can occur i n  processes  mediated by c i r c u l a t i n g  an- 

ant ibody o r  complement. 

The complement r e a c t i o n  involves  t h e  plasma membrane (a )  a s  a 
r e a c t i v e  s u r f a c e  f o r  t h e  evolu t ion  of t h e  complement cascade and (b) 
as t h e  t a r g e t  of the f i n a l  products  of t h i s  cascade.81 
of an e ry th rocy te  r equ i r e s  t h e  attachment of only one molecule of 
immunoglobulin M (o r  two proper ly  placed molecules of IgG) p e r  ce l l .  
a f i r s t  s t e p  of complement a c t i v a t i o n  ant ibody (A) becomes membrane (M) 
bound (AM), t h e  C 1  component of complement then a t t a c h e s  t o  AM, con- 
v e r t i n g  component C l s  t o  an esterase C 1 .  This  complex may t r a n s f e r  t o  
o t h e r  membrane sites. C 1  f o s t e r s  membrane b inding  of components C 4  as 
w e l l  a s  C 2 ,  and t o  C4a and C4b and cleavage of  C 4  t o  C4a and C4b, 5-10% 
of t h e  la t ter  remaining membrane a s soc ia t ed .  C2 is pept idolysed ,  and 
thereby ac t iva t ed .  The l a r g e r  fragment,  C2a a t t a c h e s  t o  membrane-bound 
C4b, y i e l d i n g  C4b, 2a, which s p l i t s  C3 i n t o  C3a and C3b, t h e  l a t t e r  
b inding  f i rmly  t o  t h e  membrane, forming an AM C 1 ,  4 ,  2 ,  3 complex, which 
r egu la t e s  t h e  subsequent s t e p s  of t h e  cascade. C5 is  cleaved i n t o  a t  
least two components, C5a and CSb, of which 1% of C5b remains membrane 
bound and t h e  rest is inac t iva t ed .  Therefore  C6 and C 7  i n t e r a c t  and 
a t t a c h  t o  bound C5, followed by adso rp t ion  of C8.  The c e l l  membrane 
becomes f r a g i l e  w i th  o r  without  component 9 ,  which i n t e r a c t s  wi th  membrane 
bound C8 .  The f i n a l  process  preceeding ce l l  l y s i s  involves  an increased  
permeabi l i ty  of t h e  membrane t o  small molecules.  

Complement l y s i s  

A s  
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The te rmina l  a c t i o n  of t h e  complement system has been s tudied  on 

model l i p i d  membranes (liposomes) conta in ing  g lyco l ip id  an t igens  .82-84 
These membranes, j u s t  as biomembranes , become "leaky" t o  s m a l l  molecules 
as a r e s u l t  of  complement ac t ion ,  bu t  no o v e r a l l  chemical changes of 
membrane l i p i d  have been de tec ted ,  suggest ing t h a t  t h e  end of t h e  comple- 
ment cascade involves  formation of a membrane-active polypept ide ( o r  
polypept ide segment of a membrane bound complement component). This  
hypothesis  is supported by recent s t u d i e s  on complement-mediated erythro-  
c y t e  l y s i s ,  documenting t h a t  complement components 5, 6 and 9 form com- 
plexes t h a t  are i n  t i g h t  hydrophobic a s s o c i a t i o n  wi th  membrane p r o t e i n s  
85-86 and t h a t  t h e  terminal  a c t i o n  of complement involves  a pe r tu rba t ion  
of t h e  apo la r  membrane "core". 87 

Genetic Transport  Defects  - I n  man four  he red i t a ry ,  autosomal r eces s ive  
condi t ions  involving impaired amino acid t r anspor t  have been charac te r ized .  
Amino ac id  absorpt ion i n  the  i n t e s t i n e  and t h e  kidney are impaired con- 
cu r ren t ly .  
accompany o t h e r  abnormali t ies  of amino ac id  t ranspor t88 ,  abnormal ab- 
and re-sorpt ion of cys t ine ,  l y s i n e ,  a rg in ine  and orn i th ine88 ,  Imino- 
p r o l i n u r i a ,  a f f e c t i n g  t h e  t r anspor t  of p ro l ine ,  hydroxyproline and 
glycine89 and Hartnup's d i sease  involving impaired t r anspor t  of nea r ly  
a l l  n e u t r a l  amino acids.90 

These are cys t inur ia88 ,  which can be a unique defec t  o r  

Renal g lycosur ia ,  an autosomal dominant with impaired glucose re- 
so rp t ion  i n  t h e  proximal r e n a l  tubule ,  due t o  diminished T u x  f o r  glucose 
permeabi l i ty  of t he  luminal plasma membranes.91 Renal a c i d u r i a  is  due t o  
t h e  i n a b i l i t y  of t h e  tubu la r  cells t o  maintain a s t e e p  pH gradien t  ac ross  
t h e i r  membranes because of abnormal permeabi l i ty  of t h e  luminal membranes 
t o  H+.g2 
low Tmax f o r  phosphorous, l ead ing  t o  inadequate  phos h a t e  r e so rp t ion  from 

I n  hypophosphatemia t h e  most important defec t  is an abnormally 

t h e  glomerular f i l t r a t e  and hence hypophosphatemia. 95 

Nephrogenic Diabetes Ins ip idus  (NDI) - Due t o  an impaired response t o  
a n t i d i u r e t i c  hormone (ADH) which normally f o s t e r s  water r e so rp t ion  is t h e  
d i s t a l  n e p h r ~ n ? ~  ADH is known t o  act by binding t o  membrane r ecep to r s ,  
l ead ing  t o  an  a c t i v a t i o n  of adenyla te  cyc lase  and an inc rease  of c e l l u l a r  
CAMP. I n  D I  t h e r e  is  no change i n  t h e  number of ADH r ecep to r s  o r  t h e i r  
a f f i n i t y  f o r  ADH, but  ADH does not  produce t h e  normal i n c r e a s e  of CAMP i n  
c o l l e c t i n g  duct  cel ls .  D I  can be  induced by the rapeu t i c  agents .  For 
example, Li+  and dimethylchlortetracycline i n h i b i t  ADH induced CAMP pro- 
duct ion.  9 p 5  

Generalized Membrane Diseases - C p t i c  F ib ros i s  (CF) is  a common heredi-  
t a r y  condi t ion  t h a t  manifests  i t s e l f  i n  abnormal Na+, Ca2+ and glyco- 
p ro te in  s e c r e t i o n  by t h e  e p i t h e l i a l  cells of se rous  and mucous glands. 
Abnormal t r anspor t  func t ion  has  a l s o  been de tec ted  i n  non-secretory cells  
of p a t i e n t s  and t h e i r  p a r e n t ~ g ~ - ~ ~ ,  e ry throcytes  i n  p a r t i c u l a r .  

It has  been 

i n  Ca2+-pumping. 

roposed t h a t  t h e  d i s e a s e  de r ives  from a general ized defec t  
i n  Na+ t r anspor t  98 bu t  s e v e r a l  au thors  argue t h a t  t h e  primary de fec t  l ies  

Decreased a c t i v i t i e s  of Mg2+ ac t iva t ed  membrane 
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ATPase has been repor ted  f o r  e ry th roc  tes from p a t i e n t s  9 7 ~ 9 8  bu t  o t h e r  
s t u d i e s  1 0 3 ~ 1 0 ~  demonstrate normal Mg3+ - and CaZ+-activated ATPase and 
CAMP s t imu la t ed  membrane p r o t e i n  k inase l05 ,  bu t  h i  h e r  a c t i v i t y  of t h e  
Ca2+ a c t i v a t e d  enzyme a t  low Ca2+ concent ra t ions .  d3 Impor tan t ly ,  t h e  
spent  c u l t u r e  medium from CF f i b r o b l a s t s ,  bu t  no t  normal ce l l s ,  depresses  
t h e  Mg2+-activatedY Ca2+ a c t i v a t e d  and Mg2+, Na+, e - a c t i v a t e d  ATPase of 
normal e ry th rocy te  membranes. lo6 

Myotonic muscular dystrophy is an i n h e r i t e d  (autosomal dominant) 

16 7 , f68" 
human d i so rde r  involv ing  many t i s s u e s .  
( r e p e t i t i v e  depo la r i za t ion  of d i seased  muscle fibers, even a f t e  n 
o r  neuromuscular blockade) i n d i c a t e s  a plasma membrane de fec t .  

The abnormali ty  i n  muscle 

Also , membranes i s o l a t e d  from dys t rophic  p a t i e n t s '  e ry th rocy te s  l ack  
t h e  enhancement of p r o t e i n  k inase  a c t i v i t y  found i n  normal membranes a f t e r  
f rozen  s torage .  log 
s p i n  resonance s p e c t r a  , when "doped" wi th  n i t rox ide - l abe l l ed  l i p i d  
analogues 
may r e s u l t  from a genera l ized  abnormality i n  plasma membrane s t r u c t u r e .  

Moreover, t h e s e  membranes y i e lded  unusual  e l e c t r o n  

l ead ing  t o  t h e  proposal  t h a t  myotonic muscular dystrophy 

I n t r a c e l l u l a r  Pa ras i t i sm - Diseases due t o  p a r a s i t e s  w i th  an ob l iga to ry  
i n t r a c e l l u l a r  s t a g e  -- v i r u s e s ,  some mycobacteria,  some protozoans -- 
c o n s t i t u t e  t h e  major h e a l t h  problem on a world sca l e .  I n  a l l  of t hese  
cond i t ions ,  t h e  plasma membrane must be  modified and broached t o  a l low t h e  
en t ry  and e x i s t  of t h e  p a r a s i t e .  I n  v i r a l  and malarial i n f e c t i o n ,  t h e  
membrane is a l s o  modified by i n s e r t i o n  of new ma te r i a l .  
va r i ed  mechanisms by which v i ruses  p e n e t r a t e  and modify hos t  c e l l  mem- 
branes are under i n t e n s i v e  s tudy  and have j u s t  been reviewed.111 
r e s t r i c t  my comments t o  malaria, which d e s p i t e  i ts  s t agge r ing  inc idence  
and impact ( c l o s e  t o  1 b i l l i o n  cases  and many mi l l i ons  of dea ths  per  year )  
has  received r a t h e r  l i t t l e  a t t e n t i o n .  

The complex and 

I w i l l  

During t h e i r  i n t r a e r y t h r o c y t i c  r e p l i c a t i o n ,  m a l a r i a l  p a r a s i t e s ,  
Plasmodia, modify the h o s t  c e l l  plasma membrane by ( a )  i n s e r t i o n  of s t r a i n  
s p e c i f i c  new antigen112 (b) p r o t e o l y t i c  degradat ion of t h e  microf i b r i l l a r  
p r o t e i n s  of t h e  h o s t  cells  membrane113 (c )  i nc rease  of t h e  phosphol ipid/  
p r o t e i n  r a t i o  and t h e  c h o l e s t e r o l / p r o t e i n  r a t i o  of t h e  membrane, decrease  
i n  membrane phosphat idylchol ine and inc rease  i n  phosphatidylethanolamine 
113-116 and (d) a l t e r a t i o n  of membrane t ranspor t l l7 -119 .  
important  is t h e  f a c t  t h a t  once e ry th rocy te s  a r e  in fec t ed  wi th  s t r a i n s  o f  
Plasmodium s u s c e p t i b l e  t o  t h e  a n t i m a l a r i a l  drug chloroquine , they develop 
a %30-fold enhancement i n  t h e i r  capac i ty  t o  accumulate t h e  drug,  when 
t h i s  is presented a t  t he rapeu t i c  (10-8M) levels1209121. S ince  a similar,  
s a t u r a b l e  h igh -a f f in i ty  process  fol lows protease- t reatment  of non-infected 
c e l l s 1 1 1  and s i n c e  m a l a r i a l  p a r a s i t e s  release proteases122 t h a t  a t t a c h  t h e  
hos t - ce l l  membrane113 i t  has been i n f e r r e d  t h a t  t h e  enhancement of chloro- 
quine u t ake  r ep resen t s  a c t i v a t i o n  of a " l a t e n t "  membrane t r anspor t  pro- 

P a r t i c u l a r l y  

cess. 12P 
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Af t e r  i n t r a e r y t h r o c y t i c  maturation, p a r a s i t e s  i n  t h e  merozoite form 
These 

r e invas ive  contac t  
are explos ive ly  re leased  through t h e  damaged cel l  membrane.123 
c o l l i d e  randomly wi th  uninfec ted  c e l l s  and form a 
by attachment t o  a s p e c i f i c  s u r f a c e  r e c e p t o r . 1 2 2 ~ 1 ~ 3  A l o c a l i z e d ,  
membrane pe r tu rba t ion  may occur a t  t h e  attachment s i te ,  and t h i s  may 
spread over much of t h e  ce l l  sur face .  
i o r i z e d  by membrane invagina t ion  and t h e  r e p l i c a t i v e  cyc le  is r e i n i t i a t e d .  

F ina l ly ,  t h e  merozoite i s  i n t e r -  

B a c t e r i a l  Toxins - Severa l  b a c t e r i a l  tox ins  exert t h e i r  a c t i o n  at  t h e  
plasma membrane of s u s c e p t i b l e  cells. 

Cholera is  caused by choleragen,  t h e  cholera toxin  sec re t ed  by 
Cholera v ib r io .  
84,000, probably composed of s i x  subuni t s  l inked  by 5 t o  6 i n t r a c h a i n  di-  
su lphide  b r idges ,  and b inding  s p e c i f i c a l l y  t o  t h e  monosialoganglioside 
GM1125 wi th  subsequent complex formation wi th  and a c t i v a t i o n  of t h e  plasma 
membrane adenyla te  cyclase.126 
CAMP l e v e l  produces a massive s e c r e t i o n  of i s o t o n i c  f l u i d  which is charac- 
terist ic of t h e  disease.127-128 
en tero toxins  wi th  an a c t i o n  similar t o  c h o l e r a g e n 1 2 7 7 2 8 d  pros tag landin  
El causes an i n t e s t i n a l  f l u i d  s e c r e t i o n ,  similar t o  t h a t  produced by 
choleragen,  by i t s  s t imu la t ion  of i n t e s t i n a l  adenyla te  cyc lase . l29  

Choleragen is a p r o t e i n  wi th  a molecular weight of 

I n  smal l  i n t e s t i n a l  ce l l s  the  r e s u l t i n g  

Cer t a in  s t r a i n s  of E. c o l i  a l s o  produce 

Botulism, caused by t h e  exotoxin of g. botulinum, is due t o  impair-  
ed t ransmiss ion  of neuro-impulses between t h e  synap t i c  membranes of t h e  
e n t i r e  nervous system. The a c t i v e  neurotoxin has  a mol. w t .  150,000. It  
can be s p l i t  i n t o  a 70,000 mol. w t .  u n i t ,  and thereby a c t i v a t e d . u a  
tox in  is not  an ace ty l cho l ine  esterase i n h i b i t o r ,  bu t  induces development 
of numerous A& r ecep to r s  on muscle membranes; t hese  d isappear  a f t e r  
recovery.  131 

The 

Tetanus is caused by t h e  exotoxin of 3. t e tan i ,  a p r o t e i n  wi th  

It appears t h a t  t e t anus  
molecular weight of about 67,000 wi th  a s t rong  binding a f f i n i t y  f o r  ner- 
vous system membrane t r i s i a l o g a n g l i o s i d e s .  125 
t o x i n  acts s p e c i f i c a l l y  on i n h i b i t o r y  synapses of t h e  cerebrospina l  a x i s ,  
poss ib ly  blocking t h e  release of g lyc ine ,  t h e  neu ro t r ansmi t t e r  i n  t h e s e  
synapses , from t h e  presynapt ic  membrane. 132,133 

Metal Tox ic i ty  - Heavy metals  p re sen t  a very s e r i o u s  environmental  haz- 
a rd  and e x e r t  many of t h e i r  d e l e t e r i o u s  e f f e c t s  a t  t h e  plasma membrane. 
This t o p i c  has  been most ex tens ive ly  explored us ing  e ry throcytes .  134 
Pb2+ and Hg2+ react very r ap id ly  wi th  s e n s i t i v e  membrane sites of e ry thro-  
cy te s  before  reaching i n t o  t h e  c e l l  i n t e r i o r .  
slowly and show no except iona l  a f f i n i t y  f o r  membrane components. T1+ e n t e r s  
v i a  t h e  Kt carrier and uranyl  ion  complexes wi th  membrane phosphate and 
carboxyl  groups. 

Cu2+ and Zn2+ permeate 

Inorganic  and organic  mercur ia l s  can profoundly impair  a c t i v e  and 
pass ive  membrane t r a n s p o r t  by r e a c t i n g  with membrane p r o t e i n  SH-groups. 
I n  e ry th rocy te s  mercur ia l s  cause both  K+ e f f l u x  and Na' i n f l u x  ac ross  
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t h e  membrane. 
Because of t h e  high a f f i n i t y  of inorganic  Hg f o r  -SH these  groups are 
probably t h e  metal's primary s i t e  of ac t ion .  
organic  mercur ia l s ,  i n h i b i t  both t h e  a c t i v e  t r a n s p o r t  of Na+  and K+ and 
t h e  Na', K+-activated ATPase,  b u t  inorganic  Hg produces a r ap id  permeabili-  
t y  b iphas i c  wi th  regard t o  Hg concent ra t ion .  
t h a t  t h i s  i s  due t o  t h e  i n t e r a c t i o n  of t h e  b i f u n c t i o n a l  Hg2+ wi th  c lose ly-  
spaced -SH's. When [SH])[Hg2+] , t h e  complex -S-Hg-C1 would predominate,  
g iv ing  way t o  -S-Hg-S- a t  in t e rmed ia t e  Hg l e v e l s  and r e t u r n i n g  t o  -S-Hg-C1 
a t  maximum doses.  The d e l e t e r i o u s  a c t i o n  of mercur ia l s  on c a t i o n  t rans-  
p o r t  has been r ecen t ly  impl ica ted  i n  t h e  t o x i c i t y  of t hese  agents  of 
aqua t i c  animals.  135 

I n  o t h e r  ce l l s  amino a c i d  t r anspor t  may a l s o  be a f f ec t ed .  

Inorganic  Hg, as w e l l  as 

It has  been suggested134 

- Lead seve re ly  impairs  t h e  func t iona l  and phys ica l  p r o p e r t i e s  of 
plasma membranes134 and e ry th rocy te  
t o  t h e  a c t i o n  of t h i s  m e t a l .  Low Pbk l e v e l s  (10-7 moles Pb2+/g c e l l s )  
i nc reases  K+ e f f l u x  by 103. 
then s h i f t s  t o  a slow rate. 
a toms/ce l l  f o r  a maximal response.  Pb2+ inc reases  only K+ e f f l u x ,  bu t  no t  
Na' i n f l u x ,  l ead ing  t o  c e l l  shrinkage.134 Moreover, i nc reas ing  lead  
concent ra t ion  causes an inc reas ing  propor t ion  of t h e  cells  t o  s h r i n k ,  t h e  
o t h e r  cel ls  r e t a i n i n g  t h e i r  o r i g i n a l  volume. The shrunken cells are 
osmot ica l ly  less f r a g i l e  and conta in  less K+ than normal. Apparently,  a 
given ce l l  e i t h e r  leaks  K+ r ap id ly  o r  s t a y s  i n t a c t .  The former account + f o r  t h e  h igh  e f f l u x  rate, whi le  t h e  remaining c e l l s ,  r e t a i n i n g  normal K 
concent ra t ion ,  r e t a i n  t h e  normal slow K+ e f f l u x ,  y i e l d i n g  t h e  slow phase 
observed. 
t h e  r ap id  rate and under t h i s  condi t ion  t h e r e  is  a massive loss  of i n t r a -  
c e l l u l a r  ATP. 
e s s e n t i a l  change i n  Na' f l u x .  
4 2 ~ +  e n t e r s  t h e  c e l l s  aga ins t  i t s  own concent ra t ion  gradien t .  
[ 4 2 ~ +  i n ~ i d e / ~ ~ K +  ou t s ide ]  i nc reases  r ap id ly  toward 3.0 but  then drops t o  
1.0. 
simultaneous e f f l u x  of non-radioact ive K by counter  t r a n s p o r t .  It has 
been proposed t h a t  t h e  Pb2+ a c t i v a t e s  normally unused K+ carriers 
S i g n i f i c a n t  a l t e r a t i o n s  i n  e ry th rocy te  Na+/K+-stimulated ATPase have been 
found i n  ind iv idua l s  environmentally exposed t o  l ead  and t h i s  e f f e c t  
appears a more s e n s i t i v e  c r i t e r i o n  of t o x i c  lead  exposure than serum 
l eve l s .  

embranes are p a r t i c u l a r l y  s e n s i t i v e  

This K+ loss i s  very r ap id  a t  t h e  start bu t  
I s o l a t e d  membranes requi red  only lo6 Pb2+ 

A t  h igh  Pb2+ l e v e l s ,  a l l  cells  i n  t h e  popula t ion  l o s e  K+ a t  

A l o 3  f o l d  increment i n  K+ o r  Rb+ f l u x  occurs  wi thout  
Also,  immediately a f t e r  Pb2+ a d d i t i o n  

The r a t i o  

The energy f o r  t h e  t r a n s i e n t  4*Kf accumulation de r ives  from t h e  + 

136 

The t o x i c i t y  of t ha l l i um de r ives  from i t s  competi t ion f o r  t h e  physio- 
l o g i c a l  Na+  energy. 
r ap id  one, which can b e  i n h i b i t e d  by ca rd iac  g lycos ides  (0 .1  mM) o r  b 
add i t ion  of e x t r a c e l l u l a r  K+, and a r a t h e r  i n s e n s i t i v e ,  slow phase .133~138 
The c r y s t a l  r ad ius  of T1+ l ies between those  of K+ and Rb+ and, a t  low 
concent ra t ions  s imula tes  K+ i n  i t s  a c t i o n '  a t  h igher  l e v e l s  , T1+ becomes 
tox ic .  T1 can r ep lace  K+ i n  t h e  Na', K pump, but  i t s  a f f i n i t y  f o r  t h e  
ATPase i s  about 10 times t h a t  of K+ i n  both fragmented erythrocytes139 and 
on b r a i n  prepara t ions .  l 4 0  

+ Moreover, T 1  uptake occurs  i n  two phases ,  an i n i t i a l ,  

+ +' 



222 Sect. V - Topics i n  Biology Shen, Ed. - 
Uranium t o x i c i t y  is due pr imar i ly  t o  UOz2+, which does not form a t  

n e u t r a l  pH, because of formation of complexes wi th  OH For t h i s  
reason,  probably, t he  kidney is t h e  most s u s c e p t i b l e  s i te  i n  mammals. 
The normal a c i d i f i c a t i o n  of u r ine  i n  t h e  r e n a l  tubules  causes product ion 
of U022+ which impairs glucose and amino ac id  resorp t ion  and eventua l ly  
l eads  t o  des t ruc t ion  of r e n a l  tubules .  

Lithium, widely used i n  sa l t  s u b s t i t u t e s  and i n  t h e  t reatment  of 
c e r t a i n  p s y c h i a t r i c  d i so rde r s ,  can i n t e r f e r e  wi th  t h e  a c t i v a t i o n  of CAMP 
production by a n t i d i u r e t i c  hormone a t  t h e  plasma membrane of r e n a l  t ubu la r  
ce l l s ,  producing a r e v e r s i b l e  d i abe te s  ins ip idus .  l4 

Drug I n t e r a c t i o n s  - The i n i t i a l  i n t e r a c t i o n  of a pharmacologic agent wi th  
cells  is a t  t h e  plasma membrane. 
membrane and o the r s  are t r ans loca ted  i n t o  t h e  c e l l  by e x i s t i n g  a c t i v e  
t r a n s p o r t  processes  (e.g. n i t rogen  mustards e n t e r  v i a  t h e  chol ine  carrier 
system). 

Some drugs permeate f r e e l y  through t h e  

Cer ta in  drugs act  s p e c i f i c a l l y  a t  t h e  plasma membrane and modify i t s  
func t ion .  The card iac  glycosides  are outs tanding examples. These agents  
i n h i b i t  t h e  Na', K+ ATPase of s u s c e p t i b l e  ce l l s .143  Thei r  r ecep to r s  are 
access ib l e  only from t h e  ex te rna l  cel l  su r face  143-145 bu t  do not  l i e  a t  
t h e  su r face  bu t  wi th in  t h e  membrane core.  Other examples are i n h i b i t o r s  
of membrane ace ty l cho l ine  esterase. 146 

Pharmacologic agents  can a l s o  act non-spec i f ica l ly  wi th  the  plasma 
membrane; thus  numerous l i p o p h i l i c  and amphiphilic drugs and anaes the t i c s ,  
a t  low concent ra t ions ,pro tec t  e ry throcytes  aga ins t  hypotonic l y s i s ,  bu t  
a t  high l e v e l s  cause complete c e l l  disruption.147-150 I n  t h e  case of 
anaes the t i c s ,  t h e  bulk concent ra t ions  with induce osmotic s t a b i l i z a t i o n  
correspond w e l l  t o  pharmacologic anaes the t i c  l e v e l s .  The s t a b i l i z a t i o n  
phase has  been ascr ibed  t o  a r e v e r s i b l e  " f lu id i za t ion"  of membrane l i p i d s  
and t h e r e  is evidence t h a t  such an e f f e c t  can be induced i n  l i p i d  model 
membranes by anaes the t i c s  such as halothane.  * The l a b i l i z a t i o n  phase 
of t h e  stabilization-labilization sequence appears  t o  be due t o  denatura- 
t i o n  of membrane p r 0 t e i n s . 1 5 ~  However, recent  data 153-155 i n d i c a t e  t h a t  
osmotic s t a b i l i z a t i o n  a t  low concentrat ions may involve more than one 
mechanism. For example, s e v e r a l  n i t rox ide - l ip id  analogues a t  concentra- 
t i o n s  which reduce osmotic f r a g i l i t y  i n  hypotonic media, induce echino- 
c y t o s i s  i n  iso-osmotic so lu t ions l55 :  i. e. these  membrane-active agents  
pe r tu rb  t h e  e ry throcyte  membrane f o c a l l y  and, a t  non-lyt ic  l e v e l s ,  do 
not  cause uniform membrane expansion. Moreover, t h e  n i t rox ide - l ip id  
analogues, when present  a t  concent ra t ions  causing osmotic s t a b i l i z a t i o n ,  
bind t o  membrane p ro te ins .  On t h e  o the r  hand, substances such as chloro- 
promazine153-154 do not  produce echinocytos is ,  but induce a v a r i e t y  of 
morphologic a l t e r a t i o n s  , inc luding  "cup-shapes . 'I 
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Chapter 23. Current Concepts i n  Per iodonta l  Disease 

Norton S. Taichman and W i l l i a m  P. M d r t h u r  

Phi lade lphia ,  Pennsylvania 19174 
Univers i ty  of  Pennsylvania, School o f  Dental Medicine 

In t roduct ion  - Per iodonta l  d i sease  i s  one of t h e  most prevalent  d i seases  
of  man, a f f e c t i n g  t h e  v a s t  major i ty  o f  t h e  a d u l t  populat ion throughout 
the world.' It i s  a d i sease  wi th  se r ious  consequences because i t  i s  the  
major cause of  too th  loss  i n  people over  35 years  i n  age,  u sua l ly  invo l -  
ving most of  t he  t e e t h  i n  an  ind iv idua l ' s  mouth. I n  r e a l i t y ,  per iodonta l  
d i sease  i s  not  a s i n g l e  d i so rde r  but  a series of  condi t ions  a s soc ia t ed  
wi th  t h e  des t ruc t ion  of t h e  t i s s u e s  t h a t  anchor t e e t h  i n  t h e i r  bony sock- 
e ts .  The most prevalent  form of per iodonta l  d i sease  i s  chronic  periodon- 
i t i s  which i s  a slowly progressing inflammatory les ion .  The purpose of  
t h i s  review is t o  h igh l igh t  some of  t h e  mechanisms thought t o  be involved 
i n  t h e  e t io logy  and pathogenesis of  chronic  pe r iodon t i t i s .  

The e t io logy  o f  per iodonta l  d i sease  has  been d e f i n i t i v e l y  l inked  t o  
t h e  depos i t ion  and accumulation o f  microbial  co lonies  on t h e  crowns o f  
t e e t h  i n  t h e  region of  t h e  i n g i v a l  su lcus ,  where the  gingiva o r  gum 
meets t h e  too th  (Fig. l ) . 2 5 ' 9 4  Bacterial aggregates  adhere onto t h e  
too th  su r face  i n  a s o f t  , s t i c k y  mass ca l l ed  "supragingiva l  plaque" (Fig. 1 ) .  
A s  w i l l  be ou t l ined  below, plaque i n  some way t r i g g e r s  and sus t a ins  a n  
inflammatory response i n  t h e  underlying g ing iva l  t i s s u e s .  During i t s  ear- 
l i es t  s t ages ,  per iodonta l  d i sease  is  confined t o  t h e  marginal gingiva 
(marginal g i n g i v i t i s ,  Fig.  1 ) .  Diseased g ing iva l  t i s s u e s  exh ib i t  a l l  t h e  
c l i n i c a l  and microscopic f ea tu res  c h a r a c t e r i s t i c  of a chronic  inflammatory 
process. I n  add i t ion ,  an  exudate, r i c h  i n  plasma and t i s sue-der ived  pro- 
t e i n s  as w e l l  as white  cells ,  d ra ins  from t h e  a f f e c t e d  gingiva i n t o  t h e  
c rev ice .  This  i s  the  so -ca l l ed  c r e v i c u l a r  o r  s u l c u l a r  exudate, which can 
b e  de tec ted  throughout t h e  course of  per iodonta l  d i sease .5  

Ging iv i t i s  commonly begins during childhood o r  adolescence and can 
be r ead i ly  cured by removing plaque depos i t s  from the  t ee th .  Furthermore, 
t h e  reappearance of  t h e  condi t ion  can be prevented through judic ious  o r a l  
hygiene procedures which keep plaque o f f  t he  t ee th .  Unfortunately,  most 
p a t i e n t s  are not aware o f  t h e  condi t ion  i n  t h e i r  mouths because g i n g i v i t i s  
is  usua l ly  assoc ia ted  wi th  l i t t l e  o r  no sub jec t ive  symptoms. 
t r e a t e d  , g i n g i v i t i s  almost always progresses  i n t o  p e r i o d o n t i t i s .  When 
t h i s  happens, t h e  inflammatory process spreads i n t o  t h e  deeper  t i s s u e s  
( i . e . ,  t he  per iodonta l  membrane). As t h i s  occurs ,  one sees progressive 
o s t e o c l a s t i c  resorp t ion  of t he  a l v e o l a r  bone (Fig. 1). Thus, t h e  t i s s u e s  
which a c t u a l l y  hold t h e  t e e t h  i n  t h e i r  socke ts  are gradual ly  lost  during 
t h e  course of the d isease .  Coincident wi th  these  a l t e r a t i o n s ,  t he  g ingi -  
v a l  su lcus  g e t s  deeper and deeper r e s u l t i n g  i n  t h e  formation of  a "per io-  
don ta l  pocket", which i s  teeming wi th  b a c t e r i a  (subgingival  plaque) and 
inflammatory c e l l s  and f l u i d s  which have exuded from t h e  d iseased  t i s s u e s  
(Fig,  1 ) .  With the  progress ive  des t ruc t ion  of  i t s  support ing appara tus ,  
t he  too th  eventua l ly  loosens and can no longer  withstand mas t ica tory  

I f  l e f t  un- 
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stress. I n  o t h e r  words, t h e  normal b i t e  o r  occ lusa l  forces  become patho- 
l o g i c  o r  t raumatic  vec to r s ,  causing the  t e e t h  t o  migrate  ou t  of  t h e i r  nor- 
m a l  p o s i t i o n  i n  t h e  d e n t a l  arch.  
such t raumat ic  forces  may has ten  t h e  des t ruc t ion  of t h e  per iodonta l  t i s s u e s  
by po ten t i a t ing  t h e  i n j u r i o u s  e f f e c t s  of  t h e  inflammatory pr0cess . l  
t h e  advanced s t ages  of  chronic  p e r i o d o n t i t i s ,  t h e  t e e t h  can no longer  b e  
used e f f e c t i v e l y  t o  chew food, and t h e  pa t i en t  may be r e s t r i c t e d  t o  a s o f t  
and o f t e n  nu t r i t i ona l ly - inadequa te  d i e t .  

Moreover, it has been suggested t h a t  

I n  

A s  w i th  g i n g i v i t i s ,  mst p a t i e n t s  wi th  e a r l y  o r  moderate periodon- 
Although they may be t i t i s  are ignorant  o f  t h e  d i sease  i n  t h e i r  mouths. 

bothered by f o u l  brea th  and some bleeding o f  t h e  gums, t h e s e  symptoms are 
o f t e n  ignored. It i s  only i n  t h e  r e l a t i v e l y  late s tages  o f  t h e  condi t ion  
t h a t  t he  p a t i e n t  u sua l ly  experiences  pain and i n a b i l i t y  t o  masticate pro- 
per ly .  By t h a t  t i m e ,  t reatment  i s  d i f f i c u l t  and t h e  prognosis is poor o r  
hopeless .  
may be i n  a compromised p o s i t i o n  w i t h  respec t  t o  t h e i r  genera l  medical 
s t a t u s .  Pa t i en t s  wi th  vascu la r  abnonnal i t ies  (e.g., rheumatic fever)  may 
be i n  jeopardy due t o  systemic blood in fec t ions  (bacteremia) emanating 
from organisms reaching t h e  c i r c u l a t i o n  from per iodonta l  pockets .6 It 
has  a l s o  been s a i d  t h a t  chronic  per iodonta l  i n f e c t i o n  represents  a "weak 
link" i n  the  well-being and the rapeu t i c  con t ro l  o f  d i abe t i c s .1  

It should b e  mentioned t h a t  i nd iv idua l s  wi th  " in fec t ed  gums" 

B a c t e r i a l  Plaque as t h e  E t i o l o g i c  Agent i n  Per iodonta l  Disease - A s  s t a t e d  
earlier, t h e r e  i s  a d i r e c t  c o r r e l a t i o n  between the  onse t  o f  g i n g i v i t i s  and 
t h e  c o l l e c t i o n  of  microbia l  plaque,,on t h e  cervical sur faces  of  t ee th .  
w a s  convincingly demonstrated by Loe and h i s  col leagues i n  a series of 
c l i n i c a l  s t u d i e s  involv ing  groups o f  d e n t a l  students.738 
found t h a t  t h e r e  was minimal evidence of  g ing iva l  i n f l a m t i o n  i n  s tuden t s  
who kept t h e i r  t e e t h  f r e e  o f  plaque. But when s tudents  r e f r a ined  from a l l  
o r a l  hygiene procedures f o r  per iods ranging up t o  two weeks, plaque 
began t o  accumulate on t h e i r  t e e t h  and t h e i r  gingiva became not iceably  
inflamed. With t h e  r e i n s t i t u t i o n  o f  home care and the  removal of  plaque 
depos i t s ,  t h e  gingiva rever ted  t o  their normal, hea l thy  c l i n i c a l  appear- 
ance, 
s t rong ly  impl ica te  plaque i n  the  i n i t i a t i o n  o f  g i n g i v i t i s .  
appears  t o  be a r e l a t i o n s h i p  between t h e  presence of  plaque and t h e  later 
s t ages  of per iodonta l  d i sease  ( i , e . ,  bone lo s s )  because t h e r e  is u s u a l l y  
a c lose  c o r r e l a t i o n  between t h e  ex ten t  of  t i s s u e  dama e and the  a m u n t  of  
plaque t h a t  can be co l l ec t ed  from t h e  a f f e c t e d  teeth.1910 

This 

These workers 

These c l i n i c a l  s t u d i e s  on t h e  e a r l y  development o f  g i n g i v i t i s  
There a l s o  

Addi t iona l  evidence pe r t a in ing  t o  t h e  r e l a t i o n s h i p  o f  plaque to  
per iodonta l  d i sease  comes from the  f ind ing  t h a t  a n t i b i o t i c s  and o t h e r  
an t imicrobia l  agents  have been used wi th  some success  i n  reducing t h e  
amount of  plaque and t h e  degree of  g ing iva l  inflammation i n  humans and 
experimental animals. 4 ,  l1 Fur ther ,  gem-f  ree animals do not genera l ly  
e x h i b i t  any s i g n i f i c a n t  degree of a l v e o l a r  bone 
syndromes can be produced i n  hamsters and gnotobio t ic  rats b 
a t i o n  o f  c e r t a i n  b a c t e r i a  i s o l a t e d  from human den ta l  plaque.I2r 13*14 
It i s  not known, however, whether t hese  same b a c t e r i a  a c t u a l l y  play a 
causal r o l e  i n  t h e  development of human per iodonta l  l e s ions .  

But per iodonta l  
o r a l  inocul-  

F i n a l l y ,  
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per iodonta l  d i sease  can be t ransmi t ted  by o r a l  implanta t ion  of  plaque o r -  
ganisms from diseased  labora tory  animals t o  hea l thy  animals. 15 , 16 , 17 
It should be emphasized, however, t h a t  t h e  i n f e c t i o u s  process i n  humans i s  
apparent ly  noncontagious. 

Having e s t ab l i shed  t h a t  plaque seems t o  be necessary f o r  t h e  produc- 
t i o n  of  per iodonta l  d i sease ,  much work i s  c u r r e n t l y  being done t o  b e t t e r  
de f ine  t h e  chemical and microbial  cons t i t uen t s  of  plaque. Plaque i s  made 
up almost exc lus ive ly  of an extremely heterogenous populat ion o f  f a c u l t a -  
t ive  and anaerobic  gram-positive and gram-negative b a c t e r i a  and t h e i r  pro- 
ducts .  Both viable and dead organisms are embedded o r  he ld  toge ther  by 
e x t r a c e l l u l a r ,  s t i c k y  substances (see below). Gram-positive f a c u l t a t i v e  
cocc i  represent  t he  dominant form (approximate1 30%) of  c u l t i v a t i b l e  o r -  
ganisms found i n  supragingiva l  plaque  deposit^.^,^,^ These b a c t e r i a  co l -  
on ize  plaque during t h e  i n i t i a l  hours following i t s  formation on t h e  tooth 
sur face .  
By 24 hours gram-positive rods make t h e i r  appearance t o  be followed by 
gram-negative cocc i  and rods a few days later. Fusobac ter ia  and f i laments  
can be recognized by 5 t o  7 days; v i b r i o s  and sp i rochetes  come onto  the  
scene a t  7 t o  14 days but  form only a r e l a t i v e l y  small percentage o f  t h e  
t o t a l  count. 
t i o n s  i n  supra-  and subgingival  plaques; i n  p a r t i c u l a r ,  t h e  la t ter  con- 
t a i n s  a l a r g e r  propor t ion  o f  ram-negative anaerobic  organisms than t h a t  
seen i n  supragingiva l  plaque. f8 

The propor t ions  of o t h e r  types of  organisms vary considerably.  

There are s i g n i f i c a n t  d i f f e rences  between b a c t e r i a l  popula- 

I n  s p i t e  of  t h e  va luable  information obtained from these  observat ions 
we have only scra tched  t h e  su r face  as f a r  as cha rac t e r i z ing  t h e  t o t a l  m i -  
c r o b i a l  populat ion of  p l a q ~ e . ~ , 3 , 4  This  i s  e s p e c i a l l y  t r u e  i n  the  case of 
subgingival  depos i t s ,  which are probably more important t han  supragingiva l  
plaque i n  expla in ing  t h e  pathogenesis o f  long-standing d isease .  There are 
several reasons f o r  t h i s  predicament; many organisms have de f i ed  a l l  
a t tempts  a t  i n  v i t r o  c u l t i v a t i o n  w h i l s t  o the r s ,  p a r t i c u l a r l y  t h e  anaerobes 
found i n  deep pockets ,  r equ i r e  soph i s t i ca t ed  sampling and c u l t i v a t i o n  pro- 
cedures. 
during t h e  course of  a d i sease  t h a t  develops over  a per iod o f  years  can 
only  y i e l d  a l imi t ed  amount o f  information. 
b i a l  composition and s p a t i a l  arrangement of b a c t e r i a  i n  plaque cont inua l ly  
s h i f t s  as t h e  d i s e a s e  progresses .  Thus, organisms of  e t i o l o g i c a l  impor- 
tance  i n  t h e  earliest s t ages  may be of l i t t l e  s i g n i f i c a n c e  during the  later 
phases of  t h e  d isease .  It is extremely important t o  poin t  ou t  t h a t  t h e  
m e r e  presence of  an  organism i n  plaque does not  necessa r i ly  mean t h a t  i t  
plays any r o l e  i n  t h e  d i s e a s e  process. 
t h e r e  i s  every reason t o  suspec t  t h a t  plaque varies not  only wi th  i t s  age 
and loca t ion  but  between sub jec t s  and even between d i f f e r e n t  areas i n  t h e  
same subjec t .4  
b a c t e r i a l  i n f e c t i o n ,  but we have y e t  t o  i d e n t i f y  t h e  o r g a n i s m  i n  plaque 
d i r e c t l y  respons ib le  f o r  t he  e t io logy  and continued development of  t he  
d isease ,  

Moreover, a sample of plaque obtained a t  one moment of  t i m e  

It is  l i k e l y  t h a t  t h e  micro- 

To complicate matters even f u r t h e r ,  

To summarize thus f a r ,  per iodonta l  d i sease  represents  a 

I n  t h e  formation o f  supragingiva l  plaque, i t  i s  necessary f o r  t h e  
organisms t o  adhere onto t h e  too th  su r face ;  otherwise,  b a c t e r i a  would pro- 
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bably b e  washed away by t h e  f lush ing  a c t i o n  of  sa l iva .19  
t o  i n d i c a t e  t h a t  t h e  earliest microbia l  co lonizers  adhere onto the  so- 
c a l l e d  "acquired enamel pe l l i c l e "  which i s  der ived from s a l i v a r y  glycopro- 
t e i n s  absorbed onto t h e  enamel.20 
mass i s  then dependent upon t h e  adhesion of microorganisms t o  one another .  
There are s e v e r a l  ways i n  which t h i s  could occur. F i r s t ,  g lycopro te ins  
and o the r  polymers o r i g i n a t i n g  from hos t  s ec re t ions  ( s a l i v a  and c r e v i c u l a r  
f l u i d )  may promote microbia l  aggregation.2l Second, su r f ace  components of  
one b a c t e r i a l  s ecies may enable  them t o  a t t a c h  t o  t h e  s u r f a c e  of diss im- 
ilar organisms.BIThird, t h e  metabolic changes i n  plaque (e .  g. , lowered 
pH) a l s o  favor  b a c t e r i a l  clumping. 22 
s i z e  e x t r a c e l l u l a r  polysaccharides ,  such as glucans (dext rans) ,  which 
could s t i c k  bacteria t o  each other.19 
i n t e r e s t  i n  t r y i n g  t o  b e t t e r  understand t h e  mechanisms of  i n t e r b a c t e r i a l  
binding and adherance onto too th  su r faces  because t h i s  may eventua l ly  re- 
s u l t  i n  new ways t o  con t ro l  t he  build-up of  plaques, E x t r a c e l l u l a r  poly- 
sacchar ide  formation by S.mutans, f o r  example, has  been l inked  t o  the  
a v a i l a b i l i t y  o f  sucrose i n  the  d i e t . 19  
t i o n s  of  var ious  s u b s t r a t e s  i n  the  d i e t  may eventua l ly  prove t o  be the ra -  
p e u t i c a l l y  bene f i c i a l .  Secre tory  (IgA) an t ibod ies  apparent ly  i n h i b i t  bac- 
ter ia l  co loniza t ion  of  c e r t a i n  sur faces24;  thus manipulation of t h e  irrnrmne 
response may eventua l ly  y i e l d  another  means f o r  c o n t r o l l i n g  plaque fonna- 
t i on .  In  the  fu tu re  chemotherapeutic agents  capable of s p e c i f i c a l l y  pre-  
vent ing  plaque accumulation may become ava i l ab le .  Such agents  could be 
incorporated i n t o  tooth pas tes  o r  mouth washes; t h i s  i s  an  area t h a t  is 
under in t ens ive  inves t iga t ion  a t  t h e  present  t i m e . 1 1  

There is evidence 

The continued growth of  t he  b a c t e r i a l  

Fourth, some organisms may synthe-  

Current ly ,  t h e r e  i s  a g rea t  d e a l  of  

It i s  conceivable t h a t  restric- 

The mechanisms of  r e t e n t i o n  of  subgingival  plaque are not l i k e l y  t o  
For one be exac t ly  t h e  same as those  descr ibed f o r  supragingiva l  plaque. 

t h ing ,  s a l i v a r y  components do not  apparent ly  e n t e r  per iodonta l  pockets. 
But serum components der ived from the  c r e v i c u l a r  f l u i d  o r  exudate may pro- 
mote b a c t e r i a l  clumping i n  such ins tances .  Of course, t h e  progress ive  
deepening of t h e  per iodonta l  pocket would se rve  as a pe r fec t  environment 
f o r  microorganisms , s i n c e  they would be e n t i r e l y  protected aga ins t  t h e  
f lush ing  a c t i o n  of t h e  saliva o r  mechanical removal by the  a c t i o n  of t h e  
tongue o r  t oo th  brushing. Thus b a c t e r i a  i n  pockets may not  even have t o  
s t i c k  as tenac ious ly  t o  one another  o r  t o  t h e  root  su r f ace  as t h a t  seen i n  
supragingival  deposi ts .  

Bacterial Mechanisms o f  Tissue  Des t ruc t ion  i n  Per iodonta l  Disease - The 
p r e c i s e  manner i n  which t h e  indigenous f l o r a  of  plaque causes o r  promotes 
t h e  breakdown of  per iodonta l  t i s s u e s  i s  not  known, 
cu r ren t ly  ava i l ab le .  
bacter ia l -mediated and host-mediated t i s s u e  damage. The concept of bac- 
te r ia l -media ted  damage is  the  t r a d i t i o n a l  way o f  v i s u a l i z i n g  how plaque 
a f f e c t s  hos t  s t r u c t u r e s .  Under these  circumstances, plaque would act as 
a continuous source of  v i r u l e n t  pathogens which e i t h e r  invade o r  e l abora t e  
noxious products t h a t  d i f f u s e  i n t o  and des t roy  c e l l s  and t i s sues .24  But 
a t  t h e  present  t i m e  i t  would seem t h a t  these  exogenous mechanisms cannot 
f u l l y  account f o r  the  d i sease  process. 
microbial  invasion of g ing iva l  t i s s u e s  because e l ec t ron  microscopis ts  

Many theo r i e s  are 
These can be d iv ided  i n t o  two major ca t egor i e s ;  

We can probably rule out  ove r t  
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have repeatedly failed to identify bacteria in human and animal lesions. 
25,26 

Nevertheless , it is highly likely that soluble bacterial products 
or constituents penetrate into the underlying ti~sues.*7,~8 These would 
include an impressive array of enzymatic and non-enzymatic substances.3 
Such agents could, theoretically, adversely affect cells and tissue com- 
ponents, but no one has actually demonstrated that this occurs. We are 
not minimizing or discounting this possibility but merely pointing out 
that this has yet to be proven. 

Host-Mediated Mechanisms of Tissue Destruction in Periodontal Disease - 
Within recent years there has been much interest in ascertaining whether 
the host's response contributes to the destruction of gingival and perio- 
dontal structures. I n  this context, plaque would not act as an overt ir- 
ritant but would, instead, stimulate an inflammatory reaction which would 
serve as the principal effector of tissue damage. There are several im- 
rmnologic and non-immunologic pathways whereby various cellular and hu- 
moral elements of inflammation could act in this deleterious manner. The 
discussion to follow will illustrate some of these potential pathways. 

Immune Mechanisms of Injury - An increasing body of circumstantial evi- 
dence is becoming available to implicate immunopathologic reactions in 
the development of periodontal disease. Plaque probably acts as a reser- 
voir of anti enic substances which continuously move into underlying host 
tissues. 27~28 The dense infiltrate of plasma cells, lymphocytes and macro- 
phages in diseased gingiva is like1 a manifestation of a local immune 
response to antigenic stimulation.2f; Indeed, one can demonstrate inarmno- 
globulins (primarily IgG) in gingival plasma cells 11s) and in the 
crevicular fluids which exude from these tissues. 
sonable to suspect that to some degree this reflects a regional synthesis 
and secretion of antibody in response to plaque  constituent^.^^ The ad- 
sorption of plaque antigens also induces an immune response in peripheral 
lymphoid organs as well. Thus, there is data to show that patients with 
gingivitis and periodontitis have elevated serum antibody titres to sev- 
eral plaque antigens .33,34 Further, sensitized leukocytes which undergo 
blastogenic transformation upon exposure to insoluble and soluble extracts 
of plaque or isolated organisms can be identified in the circulation of 
patients with gingivitis and periodontitis but not generally in indivi- 
duals with healthy tissues .35-37 

Immune tissue damage in periodontal disease could be an expression 
of both delayed (cell-mediated) and immediate (antibody-mediated) hyper- 
sensitivity. In terms of implicating a delayed hypersensitivity-type 
vector one would visualize that inflamed gingiva would contain populations 
of lymphoid cells that were sensitized to several plaque antigens. 38 
Upon contact with the appropriate antigen, sensitized cells would not only 
undergo blastogenesis and replication but would also secrete lymphokines 
into the surrounding environment. These soluble products of lymphoid ac- 
tivation have many profound biological properties. 
are the findings of Horton and his colleagues.39 

Of special interest 
They showed that plaque- 
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stimulated lymphocytes discharge "lymphotoxin" which can kill isolated 
fibroblasts and "osteoclast-activating factox" which induces osteoclas tic 
resorption of bone cultures. 
in vivo, it might provide a partial explanation for the mechanisms of 
collagen depletion and bone loss in the development of periodontal disease, 
The relative roles and interactions between lymphocytes (T-cells) , plasma 
cells (B-cells) and macrophages in the production of the various lympho- 
kines in response to plaque-stimulation has yet to be worked out complete- 
ly. Recent findings suggest that plaque-stimulated B-cells may lay a 
hitherto unanticipated function in the secretion of lymphokines.g0.41 

If the release of such lymphokines occurs 

The presence of antibodies and complement components in inflamed 
gingiva and crevicular exudates point to the possibility that antibody- 
mediated injury may somehow be involved in the course of periodontal 
disea~e.29~31 
tivity reactions: immune cytotoxicity, anaphylaxis and immune complex, On 
a theoretical basis all merit our attention, but none has actually been 
proven to be operative in periodontal disease, Immune cytotoxic reactions 
are triggered by the interaction of antibodies (IgG or IgM) with antigenic 
determinants situated on the cell surface. Such antigens may be an inher- 
ent component of the cell membrane or may be exogenous materials that have 
become bound to the membrane.29 
these instances, the complement system can be sequentially activated, 
leading to the formation of cytolytic factors capable of inflicting irre- 
versible, lethal injury to the cell membrane. It is conceivable that com- 
plement activation in diseased gingiva may be a result of the interaction 
of antibodies with plaque antigens which have been adsorbed onto host 
cells, Dr. Theodor Dishon, a visiting scientist in our laboratories, has 
been able to induce immune cytolysis in vitro using nucleated and non- 
nucleated host cells coated with antigens derived from plaque bacteria 
(to be published). 
may be also set in motion by the formation of "auto-antibodies" that cross 
react with bacterial antigens (which ellicited their formation) and with 
host constituents. 

There are three fundamental forms of immediate hypersensi- 

Once antibody combines with antigen in 

Immune cytotoxic phenomena in periodontal disease 

In his studies on inflamed gingiva, Nisengard has focused attention 
to the presence of relatively high numbers of mononuclear 
demonstrate IgE staining by inmunofluorescent techniques.@ On the basis 
of this finding he has suggested that homocytotropic (IgE) antibodies may 
be locally available to sensitize host cells for anaphylactic-type reac- 
tions. Within this framework, bacterial-derived antigens would activate 
"target cells" that had previously been sensitized by the fixation of IgE 
antibodies to the cell membrane, As a consequence of such an event and 
depending upon the type of cell involved, various pharmacologically active 
materials could be liberated into the tissues and mediate, for example, 
increases in vascular permeability. 

11s which 

Immune complexes are involved in the pathogenesis of many inflannna- 
tory disorders. Injury in such diseases is often related to the activa- 
tion of the complement system, resulting in the generation of inflammatory- 
promoting split products from individual complement components. These in- 
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c lude  chemotactic f a c t o r s  which a t t r a c t  neu t roph i l s  and macrophages t o  
si tes of ant igen-ant ibody depos i t ion .  
g r a t e  towards and then i n t e r a c t  wi th  immune aggregates .  Consequently, 
t h e  c e l l s  release degrada t ive  lysosomal hydro lases ,  as w e l l  as o t h e r  
p h l o g i s t i c  agents  which have the  p o t e n t i a l  t o  i n f l i c t  damage on surround- 
ing   structure^.^^ 
duced by t h e  formation o f  immune complexes i n  gingiva.44 I t  seems poss i -  
b l e ,  t h e r e f o r e ,  t h a t  complement a c t i v a t i o n  and neutrophil-macrophage in -  
f i l t r a t i o n  i n  n a t u r a l l y  occurr ing  d i s e a s e  may be i n  p a r t  dependent upon 
t h e  l o c a l  accumulation of  ant igen-ant ibody complexes i n  t h e  t i s s u e s  o r  
c r e v i c u l a r  f l u i d s .  45 We have r ecen t ly  found t h a t  c e r t a i n  gram-posit ive 
plaque b a c t e r i a  can s t i m u l a t e  i n  v i t r o  release of  lysosomes from i s o l a t e d  
r a b b i t  polymorphonuclear leukocytes  ("neutrophils") , w h i l s t  o t h e r  organ- 
i s m s  are not  capable  o f  inducing t h i s  r e a c t i 0 n . 4 ~  When these  " inac t ive"  
b a c t e r i a  were combined wi th  s p e c i f i c  ant ibody,  t h e  r e s u l t i n g  immune aggre-  
ga t e s  became potent  inducers  of  lysosome release. These obsenra t ions  il- 
l u s t r a t e  how bac te r i a l - an t ibody  complexes might p o t e n t i a l l y  a c t  as patho- 
g e n e t i c  s t i m u l i  i n  per iodonta l  d i sease .  

Polymorphonuclear neu t roph i l s  m i -  

Experimental forms of  per iodonta l  d i sease  have been i n -  

Non-Immune Mechanisms o f  I n j u r y  - Plaque b a c t e r i a  o r  t h e i r  products  may 
d i r e c t l y  a c t i v a t e  inflarmnatory systems t h a t  could have de t r imen ta l  e f f e c t s  
on per iodonta l  s t r u c t u r e s .  There are numerous ways i n  which t h i s  could 
happen, bu t  on ly  a few w i l l  be ou t l ined  i n  t h i s  paper. 

B a c t e r i a l  c o n s t i t u e n t s  can t r i g g e r  var ious  humoral e f f e c t o r  mechan- 
isms of inflammation. For example, non-immunologic, s e q u e n t i a l  a c t i v a -  
t i o n  o f  t h e  complement system can be achieved wi th  b a c t e r i a l  endotoxins 
(see below) , polysaccharides  and enzymes.47 I n  a d d i t i o n ,  ou r  group has  
found t h a t  gram-posi t ive plaque b a c t e r i a  can activate t h e  complement cas- 
cade.48949 Amongst t h e  many func t ions  of t h e  complement system i s  t h e  
genera t ion  of  f a c t o r s  that  are chemotact ic  f o r  white blood cells. The 
formation o f  such complement-derived substances i n  g ing iva l  t i s s u e s  and 
exudates may h e l p  t o  account f o r  t h e  h igh  numbers o f  neu t roph i l s  and 
macrophages t h a t  can be i d e n t i f i e d  i n  t h e s e  areas .50 

Neutrophi ls  and macrophages may c o n t r i b u t e  t o  t h e  product ion of gin- 
g i v a l  i n j u r y  by non-immunologic pathways. Neutrophi ls  were f i r s t  sugges- 
t e d  as pathogenet ic  determinants  on t h e  b a s i s  of experiments i n  which via- 
b l e  and non-viable  (hea t -k i l l ed )  d e n t a l  plaques were i n j e c t e d  i n t o  the  
s k i n  of  normal and leukopenic r a b b i t s . 5 1 ~ 5 2  Local  t i s s u e  i n j u r y  was grea-  
ter i n  normal than  i n  leukopenic animals and w a s  c o r r e l a t e d  wi th  morpho- 
l o g i c a l  and biochemical evidence f o r  t h e  release of neu t roph i l  lysosomes 
i n  t h e  l e s i o n s  of  normal r a b b i t s .  There i s  c i r cums tan t i a l  d a t a  t o  suggest  
t h a t  lysosome release from neu t roph i l s  i s  occurr ing  dur ing  t h e  course of  
per iodonta l  I n  t h i s  regard ,  we have noted that supra-  
and subgingiva l  plaque as w e l l  as c e r t a i n  gram-posi t ive plaque i s o l a t e s  
can induce i n  v i t r o  lysosome s e c r e t i o n  from r a b b i t  p e r i t o n e a l  polymorpho- 
nuc lear   leukocyte^.^^,^^,^^ Related f ind ings  have been repor ted  by Page 
and h i s  co l leagues  who demonstrated t h a t  i r r a d i a t e d  whole plaque induced 
-- i n  v i t r o  syn thes i s  and e x t r a c e l l u l a r  s e c r e t i o n  of  lysosomal hydro lases  
from mouse macrophages ,57 It seems conceivable ,  t h e r e f o r e ,  t h a t  lysosome 
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release from both neu t roph i l s  and macrophages may p lay  some p a r t  i n  t h e  
d e s t r u c t i o n  o f  hos t  t i s s u e s  i n  per iodonta l  d i sease .  

The d e s t r u c t i o n  of  a l v e o l a r  support ing bone i s  perhaps t h e  most cru- 
c i a l  pa thologic  f e a t u r e  o f  per iodonta l  d i sease .  
have a complete understanding of  t h e  mechanisms of bone dep le t ion  dur ing  
t h e  d i sease ,  bu t  t h i s  has  ye t  t o  be achieved. We do know t h a t  inflamed 
g ingiva  conta in  an u n i d e n t i f i e d  f a c t o r  o r  f a c t o r s  t h a t  promote bone l o s s  
i n  t i s s u e  c u l t u r e  systems .58 
plaque o r  be e labora ted  by cells of t h e  hos t .  
endotoxins of gram-negative b a c t e r i a  ( see  below) as w e l l  as l i p o t e i c h o i c  
a c i d  of  gram p o s i t i v e  b a c t e r i a  appear  t o  a c c e l e r a t e  bone r e so rp t ion  &I 
v i t ro .59  The p o t e n t i a l  sources  of  endogenously-derived bone resorb ing  
f a c t o r s  inc lude  agents  re leased  from inflammatory cells , such as lymphoid 
cells  (see above). Moreover, t h e  release of pros tag landins  by inflamma- 
t o r y  as w e l l  as r e s iden t  t i s s u e  cells  may represent  another  source  of 
materials which are capable  of modulating bone resorp t ion .58  This seems 
t o  be a d i s t i n c t  p o s s i b i l i t y  i n  view of t h e  f ind ing  t h a t  t h e r e  i s  a sub- 
s t a n t i a l  e l eva t ion  i n  t h e  level of pros tag landin  i n  d iseased  human g in -  
giva.  60 

Obviously, we need t o  

These f a c t o r s  could poss ib ly  o r i g i n a t e  from 
Whole plaque e x t r a c t s ,  

A s p e c i a l  word should be s a i d  about b a c t e r i a l  endotoxins because 
per iodonta l  pockets conta in  a s i z e a b l e  pool of gram-negative organisms, l8 
Endotoxins der ived  from these  b a c t e r i a  are apparent ly  a b l e  t o  d i f f u s e  i n -  
t o  neighboring gingiva.27 
eral, p o t e n t i a l l y  harmful hos t  e f f e c t o r  systems could be set i n  motion.61 
For  example, endotoxins could activate t h e  c l o t t i n g ,  k i n i n  and complement 
systems, lead ing  t o  profound changes i n  inflamed t i ssues .62  s 6 3  
a l s o  seem t o  act as mitogens s t imu la t ing  lymphoid b l a s togenes i s  and lym- 
phokine p r o d ~ c t i o n . ~ ~  Moreover, endotoxins are a l s o  s t imu lan t s  f o r  t h e  
release of lysosomal products  from neu t roph i l s  and macr0phages.~5 L a s t l y ,  
b a c t e r i a l  endotoxins promote bone r e so rp t ion  i n  t i s s u e  cu l ture .66  From 
t h e  foregoing i t  i s  easy t o  understand why t h e r e  i s  so much i n t e r e s t  i n  
a s c e r t a i n i n g  whether endotoxins p lay  an  e t i o l o g i c  r o l e  i n  per iodonta l  
d i s e a s e  . 

Once t h i s  occurs ,  it i s  conceivable  t h a t  sev- 

Endotoxins 

Conclusions - 
t h e  na tu re  of  per iodonta l  d i sease ,  bu t  t h e  s t o r y  i s  f a r  from complete. 
Many c r u c i a l  i s s u e s  remain unsolved. 
i n  which plaque i n i t i a t e s  and s u s t a i n s  t h e  development of t h e  d i sease .  
And we s t i l l  cannot p rec i se ly  i d e n t i f y  t h e  ope ra t ive  mechanisms which 
mediate g ing iva l  and per iodonta l  t i s s u e  in ju ry .  Although c l i n i c a l  and 
experimental  observa t ions  have given US many important c l u e s ,  most o f  
t h i s  information can only  be tenuously appl ied  t o  the  extremely complica- 
t e d ,  chronic  d i sease  as i t  occurs  i n  man. It seems reasonable  t o  assume 
t h a t  per iodonta l  d i sease  i s  not due t o  a s i n g l e  e t i o l o g i c  vec to r  o r i g i n -  
a t i n g  i n  d e n t a l  plaque. 
pathway i s  not  going t o  completely exp la in  t h e  mechanism o f  t i s s u e  in ju ry .  
In s t ead ,  t he  t o t a l  s t o r y  of  per iodonta l  d i s e a s e  w i l l  l i k e l y  involve 
scores  of interwoven, cons t an t ly  chan ing  i n t e r a c t i o n s  between t h e  hos t  
and the  microf lora  i n  d e n t a l  plaque.69 We have attempted t o  o u t l i n e  some 

We have c e r t a i n l y  come a long way i n  ou r  understanding of 

W e  s t i l l  do not know t h e  exac t  ways 

And it a l s o  seems t h a t  a s i n g l e  pa thogenet ic  
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o f  these  p o t e n t i a l  i n t e r a c t i o n s  but have had t o  l i m i t  t h e  scope of our  
discussion.  For example, w e  have given no cons idera t ion  t o  t h e  p o t e n t i a l  
r o l e  o f  hos t  r e s i s t a n c e  o r  defense i n  the  e t io logy  and pathogenesis  of 
per iodonta l  d i sease .  
t h e  d i sease  process .68~69 

Sure ly  t h i s  must be taken i n t o  account i n  expla in ing  

Per iodonta l  d i sease  f i t s  i n t o  a broad family of poorly understood, 
c r ipp l ing  inflannnatory d i seases  of  man. More and more c l i n i c i a n s  and 
s c i e n t i s t s  from var ious  d i s c i p l i n e s  have become in t r igued  by t h i s  condi- 
t i o n  and many have i n s t i t u t e d  s t u d i e s  t o  b e t t e r  de f ine  t h e  na tu re  of  t he  
d isease .  There i s  every reason t o  be l i eve  t h a t  t h i s  mu l t id i sc ip l ina ry  
approach w i l l  y i e l d  important information on t h e  pathogenesis , prevent ion 
and t reatment  of chronic  pe r iodon t i t i s .  
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Chapter 24. Recent Advances i n  Gamete Bio logy and The i r  Poss ib le  
App l ica t ions  t o  F e r t i l i t y  Contro l  

R. B. L. Gwatkin, Merck I n s t i t u t e  for Therapeutic Research, Rahway, N. J. 

Contraception i s  now accomplished e i t h e r  by a phys ica l  b a r r i e r  which 
prevents en t r y  o f  spermatozoa i n t o  t h e  uterus, by progest ins which i n -  
h i b i t  o v u l a t i o n  o r  by i n t r a u t e r i n e  devices which prevent imp lan ta t ion .  
A l l  have l i m i t a t i o n s  i n  e f f i c a c y  o r  sa fe ty .  To dev ise an improved cont ra -  
cep t i ve  technology i t  w i l l  be necessary t o  d iscover  o the r  reproduc t ive  
processes and ways o f  i n t e r r u p t i n g  them i n  a c o n t r o l l e d  manner. 
b io logy  i s  a promising area f o r  exp lo ra t i on  and i n  t h i s  chapter some 
recent advances w i l l  be reviewed. The research t o  be considered f a l l s  
i n t o  f i v e  categor ies:  ( 1 )  Sperm Capaci ta t ion;  (2) Sperm Enzymes; (3) 
Sexing o f  Spermatozoa; (4) Surface In te rac t i ons  between Gametes; (5) 
I mnun i za t ion  against  Egg Components. 

1 )  
ated spermatozoon acqui res the  a b i l i t y  t o  f e r t i l i z e  the  ovum, has been 
proposed as an a t t r a c t i v e  ta rge t  f o r  f e r t i l i t y  c o n t r o l  ever s ince  
Bedford and Changl showed t h a t  r a b b i t  seminal plasma conta ins a non- 
d ia l yzab le  f a c t o r  which i n t e r f e r e s  w i t h  t h i s  phys io log i ca l  process. 
I n t e r e s t  was increased by  repor ts2 t h a t  pronase released a 300-500 m o l .  

w t .  a c t i v e  component. However, i n t e r e s t  has dec l ined a f t e r  s tud ies  by 
Davis3 showed tha t  t h i s  low molecular weight ma te r ia l  i s  less  a c t i v e  on a 
molar bas is ,  by a f a c t o r  o f  10-5, than t h e  o r i g i n a l  4 m i l l i o n  m o l . w t .  
ma te r ia l .  Recently, s tud ies  w i t h  s p e c i f i c  enzyme i n h l b i t o r s  (I E II) 

Gamete 

Sperm Capaci ta t ion - Capaci ta t ion,  t he  process by which the  insemin- 

COOH 

HO 
H OH 

G 1  ucaro (1  4 t )  lac tone 
(Spec i f i c  I n h i b i t o r  of 

2-Acetamido-2-deoxy-D-glucono~actone 
(Spec i f i c  i n h i b i t o r  of 

B-g 1 u cu ro n i da s e) B-N-Acetylglucosamini dase) 

showed t h a t  the  capac i ta t i on  o f  hamster spermatozoa i n  v i t r o  by the  cumu- 
l u s  oophorus requ i res  a c t i o n  by the  glycosidases, B-glucuronidase and B- 
N-acetylglucosaminidase.4,5,6 However, these enzymes are not  unique t o  
the  cumulus c e l l s ,  and so i t  seems doubt fu l  t h a t  i n h i b i t o r s  w i l l  b lock  
capac i ta t i on  i n  v i v o  w i thou t  s ide  e f f e c t s .  Furthermore, such an approach 
i s  unsa t i s fac to ry  because the  i n h i b i t o r s  would have t o  be administered i n  
advance o f  co i tus ,  and poss ib ly  cont inuously .  

2) Sperm Enzymes - Acrosin, t he  acrosomal enzyme thought t o  be respon- 
s i b l e  f o r  penet ra t ion  o f  t he  zona pe l l uc ida ,  has recen t l y  been i so la ted  
from human spermatozoa7,8 Since acros in  i s  t r y p s i n - l i k e  i n  i t s  subs t ra te  
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Nucleus 
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s p e c i f i c i t y ,  attempts have been made t o  i n h i b i t  f e r t i l i z a t i o n  us ing t h e  
t r y p s i n  i n h i b i t o r s ,  Nu- tosy l -L- lysy l  chloromethane (TLCM, I I I )  and soybean 

NH2-CH2-CH2-CH2-CH2-CHCOCH2CI 

I l l  N H S O p o c H j  I / \  

T r i  -gent i s  i c  a c i d  

t r y p s i n  i n h i b i t o r .  A t  h igh  concentrat ions these i n h i b i t o r s  prevented the  
f e r t i l i z a t i o n  o f  r a b b i t  ova i n  v i t ro ,9,10 but  w i t h  hamster ova o n l y  TLCM 
was e f f e c t i v e . l l  The h igh  concentrat ions which were used r a i s e  doubts 
about t h e i r  s p e c i f i c i t y  o f  ac t i on .  R e l a t i v e l y  l a rge  amounts o f  syn the t i c  
t r y p s i n  i n h i b i t o r s  were used t o  t r e a t  r a b b i t  sperm p r i o r  t o  a r t i f i c i a l  
insemination12 or were placed i n  the  r a b b i t  vagina be fore  na tu ra l  mat ing . l3  
Some reduc t ion  i n  f e r t i l i z a t i o n  was obtained, bu t  t h i s  may have been due 
t o  e f fec ts  on sperm v i a b i l i t y .  

High molecular weight  p r o t e i n  i n h i b i t o r s  o f  acros in ,  which a l so  i n -  
h i b i t  t r y p s i n ,  have been i so la ted  from boar14 and humanl5 seminal plasma. 
F r i t z  -- e t  a1.16 have suggested t h a t  t he  i n h i b i t i o n  of ac ros in  by ant ibody 
o r  by an i r r e v e r s i b l e  acros in  i n h i b i t o r ,  s t r o n g l y  adsorbed on the  acro-  
soma1 membrane, could be a means o f  cont racept ion.  However, the  d i f f i -  
c u l t y  o f  des ign ing i n h i b i t o r s  w i t h  s u f f i c i e n t  s p e c i f i c i t y  and the  need t o  
admin is ter  them cont inuously ,  o r  a t  l eas t  i n  advance o f  co i tus ,  present 
grave problems. 

Hyaluronidase, an acrosomal enzyme which appears t o  be necessary f o r  
the sperm t o  t raverse  the cumulus oophorus, has been proposed as another 
ta rge t  enzyme f o r  cont racept ion.  Hyaluronidase i n h i b i t o r s  (e.g. , t r i -  
g e n t i s i c  ac id ,  I V ) ,  have blocked the  f e r t i l i z a t i o n  o f  r a b b i t  eggs i n  
v i t r o ,  bu t  were no t  e f f e c t i v e  i n  v ~ v o . ' ~  
ca te  t h a t  i t  may be poss ib le  t o  imnunize aga ins t  sperm hyaluronidase, 
s ince  he has shown t h a t  i t  i s  reproduct ion s p e c i f i c .  A n t i - r a b b i t  sperm 
ant isera  i n h i b i t e d  r a b b i t  sperm hyaluronidase but  no t  t h e  hyaluronidase 
from r a b b i t  serum. 

Recent s tud ies  by Metz18 i n d i -  - -- 

Unfor tunate ly ,  hyaluronidase a l s o  appears t o  be 
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species-spec i f i c :  the  an t i se ra  d i d  no t  i n h i b i t  hyaluronidase from b u l l ,  
mouse o r  guinea p i g  sperm. Thus, i t  would be necessary t o  prepare a 
vaccine from human sperm and t h i s  obv ious ly  would be impract icable.  

Although no t  d i r e c t l y  invo lved i n  f e r t i l i z a t i o n ,  the l a c t a t e  dehydro- 
genase o f  spermatozoa, LDH-X, i s  d i s t i n c t  immunologically19 and chemi- 
c a l l y 2 0  from e i t h e r  LDH-1 o r  LDH-5. 
LDH-X i n t o  rabb i t s  and mice reduced the number o f  embryos formed on sub- 
sequent mating by 58 percent21 and 37 percent22, respec t ive ly .  
has suggested t h a t  LDH-X may be o f  va lue as a cont racept ive  vaccine, bu t  
the  fac t  t h a t  f e r t i l i t y  i s  no t  completely suppressed i s  troublesome. 

I n j e c t i o n  o f  h i g h l y  p u r i f i e d  mouse 

Goldberg19 

3) Sexing o f  Spermatozoa - A b i l i t y  t o  con t ro l  the sex o f  c h i l d r e n  would 
lower f e r t i l i t y  ra tes  by pe rm i t t i ng  parents t o  have the  des i red  sex w i t h  - .  
the  minimum number o f  pregnancies. 
t he  sex in o f  spermatozoa by two d i s t i n c t l y  d i f f e r e n t  approaches. Bennett 

weakly c y t o t o x i c  an t i -Y  serum i n  inbred mice by g r a f t i n g  male sk in  on to  
females. Exposure o f  mouse epididymal sperm t o  t h i s  antiserum p r i o r  t o  
insemination resu l ted  i n  o f f s p r i n g  w i t h  an 8 percent excess o f  females 
( ~ 4 0 . 0 0 3 ) .  Since weak ant ibody may have l e f t  many Y sperm v i a b l e  and 
non-speci f ic  ant ibody may have k i l l e d  many X sperm, the  authors f e e l  t h a t  
t h e i r  approach could be improved. Even w i thout  such improvement, a small 
change i n  the  sex o f  l i v e s t o c k  may be economical ly important. 

Recently, advances have occurred i n  

and Boyse 4 3 approached t h e  problem by immunoselection. They prepared 

The second approach, which has so f a r  been app l ied  o n l y  t o  human 
spermatozoa, r e l i e s  f o r  assay on t h e  f a c t  t h a t  human Y sperm can be d i s -  
t inguished from X 
so-cal led F-body.2i Washed e jacu la ted  sperm were placed on columns con- 
t a i n i n g  vary ing  concentrat ions o f  bovine serum a l b ~ m i n . ~ s  
m ig ra t i ng  i n t o  the  albumin was found t o  conta in  up t o  85 percent Y sperm, 
i n d i c a t i n g  t h a t  they are  more m o t i l e  than X spermatozoa. 
provement i n  the  technique w i l l  be requi red f o r  p r a c t i c a l  app l i ca t i on ,  
s ince  most o f  t he  sperm d i d  no t  penetrate the  albumin column and t h i s  
f r a c t i o n  contained approximately the  normal r a t i o  o f  X and Y spermatozoa. 

4) Surface In te rac t i ons  between Gametes - The mechanism by which t h e  
capaci ta ted  spermatozoon forms a c lose  assoc ia t ion  w i t h  the  zona pe l  l uc ida  
to i n i t i a t e  f e r t i l i z a t i o n  has been t h e  subject  o f  several recent i n v e s t i -  
gat ions.  Working w i t h  hamster gametes i n  v i t r o ,  Hartmann and Gwatkin26. 
showed t h a t  t he  receptor on the zona pe l luc ida ,  t o  which the  capaci ta ted 
sperm binds, i s  i nac t i va ted  by c r y s t a l l i n e  t r y p s i n .  A protease from the 
c o r t i c a l  granules o f  the  egg appears t o  be responsib le  f o r  the  zona re -  
ac t ion ,  a mechanism by which polyspermy i s  prevented.27 
b ind ing  reac t i on  leading t o  f e r t i l i z a t i o n  requ i res  a f a c t o r  emanating 
from the  v i t e l l u s . 2 8  
determined, bu t  i f  s p e c i f i c ,  i t  could be a t a r g e t  f o r  cont racept ion.  

perm by the presence o f  a b r i g h t  f luorescent  spot ,  the  

The f r o n t  

Considerable i m -  

The normal 

The chemical na ture  o f  t h i s  f a c t o r  has y e t  t o  be 

Studies by Schuel and h i s  colleagues29 have demonstrated the pre- 
sence o f  su l fa ted  a c i d  mucopolysaccharides (SAMPS) i n  the  c o r t i c a l  gran- 
u les  o f  sea urch in,  amphibian, r a t  and human eggs. I n  sea u rch in  eggs 
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3 p lay  a r o l e  i n  prevent ing f e r t i l i z a t i o n  by more than one 
spermatozoon and quaternary amnonium s a l t s ,  (e.g., CMAB, V )  which pre-  

V 
y 3  

C"3 

CH3 (CH2) 1 5-Y-CH3Bre 

c i p i  t a t e  SAMPS, cause polyspermy. Oral admin i s t ra t i on  o f  these compounds 
t o  female r a t s  p r i o r  t o  mating reduced f e r t i l i t y  and on t h i s  bas is  Schuel 
I- e t  a l .  have proposed t h a t  "quaternary ammonium drugs ought t o  be i n v e s t i -  
gated as p o t e n t i a l  non-hormonal o r a l  a n t i f e r t i  1 i t y  agents." Unfor tunate ly  
such drugs would probably produce ser ious  s ide  e f fec ts ,  s ince  they a re  
known t o  i n h i b i t  synapt ic  transmission. 

P lan t  agg lu t i n ins ,  which b ind  t o  s p e c i f i c  saccharides,3O were em- 
ployed recen t l y  t o  explore f o r  s p e c i f i c  sugars on the  sur face  o f  the  zona 
pel lucida.31,32 Ricinus comnunis a g g l u t i n i n  (binds D-galactose), wheat 
germ a g g l u t i n i n  (binds N-acetyl-D-glucosamine) and Do1 ichos b i f l o r u s  ag- 
g l u t i n i n  (binds N-acetyl-a-D-galactosamine) at tached t o  t h e  zona surface 
of  hamster eggs, where they sca t te red  l i g h t  under d a r k - f i e l d  i l l u m i n a t i o n .  
Such attachment was prevented i n  the  presence o f  t h e  s p e c i f i c  b ind ing  
sugar. Concanaval i n  A (binds a-D-mannose) d i d  no t  induce 1 i g h t  s c a t t e r i n g  
i n d i c a t i n g  t h a t  i t  d i d  no t  a t tach  t o  the  zona pe l l uc ida .  L e c t i n  a t tach-  
ment would be expected t o  cover up the  receptor-for-sperm, thus prevent ing  
sperm b ind ing  and f e r t i l i z a t i o n .  This  was the  r e s u l t  obtained, bu t  sur-  
p r i s i n g l y  Concanavalin A was a l s o  e f f e c t i v e .  A l i k e l y  mechanism i s  t h a t  
t h i s  l e c t i n  causes c o r t i c a l  granule discharge r e s u l t i n g  i n  receptor  re -  
moval. 
o f  c o r t i c a l  granules. However, a p a r t i a l  release, causing a l t e r a t i o n  o f  
the zona pel luc ida,33 would be d i f f i c u l t  t o  de tec t .  
g l u t i n i n s ,  un for tunate ly ,  do no t  y i e l d  in fo rmat ion  as t o  the  na ture  o f  the  
receptor-for-sperm. 
surface, where they cou ld  be a s t r u c t u r a l  component o r  merely adsorbed 
g lycopro te ins .  Nevertheless, the  masking o f  receptors  d i r e c t l y ,  o r  by 

The authors s t a t e  t h a t  a g g l u t i n i n s  do no t  appear t o  cause re lease 

Experiments w i t h  ag- 

They reveal  on l y  t h a t  sugars a re  present a t  the  zona 
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react ion  w i t h  non-receptor s i t e s  on the  zona sur face,  i s  a promising ap- 
proach t o  f e r t i l i t y  c o n t r o l .  

5) 
prepared an t i se ra  i n  r a b b i t s  against  s a l i n e  ex t rac ts  o f  homogenized hamster 
ovar ies.  A f te r  absorpt ion w i t h  hamster i n t e s t i n e  and lung, these an t i se ra  
produced a s i n g l e  p r e c i p i t i n  band aga ins t  ovary ex t rac ts  and formed a pre- 
c i p i t a t e  on the  ou ter  sur face  o f  t he  zona pe l l uc ida  o f  hamster eggs.34 
Cross-reaction w i t h  the theca in te rna  ( inner  w a l l  o f  the  ovar ian  f o l l  i c l e )  
ind ica ted  t h a t  the  antiserum was no t  s p e c i f i c  f o r  the zona pe l l uc ida  o r  
was d i rec ted  against  ovar ian  ma te r ia l  adsorbed t o  i t .  The reac t i on  ap- 
peared t o  be spec ies-spec i f i c ,  s ince  i t  d i d  no t  occur when the  absorbed 
antiserum was app l ied  t o  mouse o r  r a t  eggs.35 
zona w i t h  antiserum blocked the  b ind ing  o f  sperm t o  i t  and prevented 
f e r t i l i z a t i o n  from occurr ing.% Evidence t h a t  the  zona pe l  luc ida  may be 
s t rong ly  an t i gen ic  i s  provided by the  s tud ies  of Glass and Hanson,37 who  
prepared an t i se ra  i n  r a b b i t s  against  homogenates o f  mouse eggs i n  umulus. 
These an t i se ra  reacted w i t h  t h e  zonae pe l l uc idae  o f  t he  eggs and w t h  t h e i r  
cumulus c e l l s ,  bu t  a f t e r  absorpt ion w i t h  mouse serum the  zonae pel ucidae 
a lone reacted. Glass and Hanson suggest t h a t  immunization aga ins t  t he  
zona pe l l uc ida  might be a good approach t o  contracept ion.  However t o  be 
p rac t i cab le  i t  would be necessary t o  ob ta in  a non-species s p e c i f i c  com- 
Ponen t . 

lmnunization against  Egg Components - Shivers and h i s  col leagues have 

Coating of t he  hamster 

As may be seen from t h i s  b r i e f  review, Gamete Bio logy i s  uncovering 
a ser ies  o f  novel reproduct ive processes o f  poss ib le  a p p l i c a t i o n  t o  f e r -  
t i l i t y  c o n t r o l .  Although most of these have ser ious  drawbacks, i t  seems 

reasonable t o  expect t h a t  eventua l l y  some may be found which w i l l  lend 
themselves t o  cont racept ive  development. 
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Chapter 25. The Polyether Antibiotics: Monocarboxyllc acid lonophores 

John W. Westley, Hoffmann-La Roche Inc. , Nutley, New Jersey 071 10 

Arltibiotics that affect Membrane Function - Many antibiotics owe their biological 

activity to interference with the normal functioning of  microbial membranes. 

disruption can take the form of a complete breakdown of  membrane structure by 

detergent-like surfactant antibiotics, or  more subtly by causing specific changes in 

membrane permeability towards specific ions. This latter mechanism .is utilized 

by the ionophores. Ionophores are compwnds which render cations lipid-soluble 

and so enable them to pass across membranes, either by the formation of channels 

o r  by acting as mobtle carriers. Polyether antibiotics belong to the mobile carr ier  

class of these cation conductors. 

This 

Examples of the surfactant type antibtotice are the tyrocidins (vhich tnclude the 

cyclic peptide gramicidin S) and the polymixins, produced respectively by Bacillus 

bmvis and Bacillus polymyxa. Although both classes are of the cycltc peptide type, 

tyrocldins are used topically for  Gram-positive infections whereas the polymixins 

are used for  the systemic treatment of  infections caused by Gram-negative bacteria 

such as Pseudomonas. 

The polyene macrolides form a third class of surfactant antibiotics. Typical 

examples are nystatin and amphotericin e which are effective fungicides against 

Candida albicans , Blastomyces derrnatitidis, and other deep mycoses occurring in 

humans and animals. Polyene sensitive fLinSi, protozoa and higher elgae a l l  contain 

sterols i n  their membranes whereas bacteria and blue-grew aigae which are 

reststant to polyenes are free of sterols, suggesting that a polyene-sterol inter- 

action i s  essential In the mechanism of action of this particular class of antibiotics. 

In general, the result of treating sensitive organisms with a surfactant anti- 

biotic i s  a non-specific release of the contents of the cell pool including metal 

cations, phosphate, amino acids and fatty acids. For instance, treatment of 

- Psoudomonas aeruginosa with polymixin at concentrations as low as 25 micrograms 

per mg of dry cell weight causes loss of bot! small molecules and electron dense 

nucleic acids leading to the production o f  so-called "ghost" cells. 

Ionophore Antibiotic? - In contrast to the non-sp-cific release of cel l  contents caused 

by the surfactant antibiotics, the ionopiiores cause specific chmges in the 
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peimeability of certain cations only. Ionophores were f i r s t  described by Moore and 

Pressman who demonstrated that certain peptide, depsipeptide and macrotetralide 

anttbtotics (see Table 1 )  transport alkali metal cations across membranes. Gramicidins 

A, B, and C and alamethicin act by forming channels o r  pores through membranes 

wbereas the other ionophores act by diffusing through membranes with the ion complexed 

in a central cavity of  the ionophore molecule. 

2 

3 
Pressman has shown that coincident with the ionophore catalyzed uptake of cations 

by mitochondria, there i s  an ejection of protons and swelling of the mitochondria1 

particles due to uptake of water. The most effective ionophore in causing these changee 

ts valinomycin (Table l), a depstpeptide produced by Streptomyces fulvissimus. The 

linear gramicidins and nonactin, a macrotetralide antibiotic also cause mitochondria1 

swelltng but are considerably less active in this respect than valinomycin. 

Table 1 - lonophores other than the Polyether Antibiotics 

O-WJ" 
0- VOI 
L- lac 

M A C I 0 T E T R A L I O L  

L- UevaI- D-nor -L- uevd  

0-n0r-L- M.VOI - 0-Her 
I I 

CNNIATIN 
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4 
The structures of the linear pentadecapeptide gramicidins (see Table 1) have 

recently been confirmed by synthesis using the solid-phase Merrif ield technique. 

Synthetic gramicidins B and C caused mitochondrial swelling to an identical 

extent to that observed for the natural products. D.W. U r r y  has demonstrated the 

helical conformation which these peptides are capable of forming and that a head-to- 

head dimer of two gramicidin molecules spans l ipid bilayers and acts as a trans- 

membrane channel affecting ion transport. Harold and Baarda have shown that 

inhibition of Streptococcus faecalis by gramicidins o r  valinomycin was reversed by 

the addition o f  excess K+ ions. 

5 

6 

7 

8 

9 
Alamethicin (Table 1) is toxic to Gram-positive bacteria and this i s  also true of 

tho macrotetralide nonactins which have been demonstrated to uncouple oxidative 

phosphorylation, induce uptake of K+ and simultaneously eject protons from mito- 

chondria.’ Although the term tfmacrotetralidefl has been used to include polyether 

antibiotics ’ , in this review i t  i s  restricted solely to the fvactinsfr illustrated in Table 1 . 
The molecular basis of action of these cation conductors resides in their ability to 

form coordination complexes with cations by multiple hydrogen bonds, o r  dipole i n t e r  

actions with carbonyl oxygen atoms projected towards the center of me complex. Such 

a complex has a hydrophobic exterior capable of solution in the hydrocarbon side- 

chains of the membrane lipids. The existence of such complexes has been demonstrated 

for the nonactin’ ’, valinomycin and another depsipeptide, enniatin . 12 13 

Polyether Antibiotics - Under normal conditions, the inner membrane of ;he mito- 

chondrial particle i s  quite impermeable to cations, but the ionophores just discussed 

(depsipeptides , macrotetralides and peptides) induce 

mitochondria at the expense of energy generated by electron transport. A fourth class 

of ionophore, the polyether antibiotics also render mitochondrial membranes permeable 

to cations but by a different mechanism, passive diffusion down the concentration 

gradient. For instance, mitochondria loaded with potassium ions from previous 

treatment with valinomycin immediately contract on exposure to a polyether antibiotic 

(e..g. nigericin) due to the loss of K+ and the accompanying release of water molecules 

involved in  the hydration of the cations within the mitochondrial matrix. 

transport of cations into the 

14,15 

The polyether antibiotics are produced by various streptomycetes . Although 
16-18 

compounds of this type were f i rs t  isolated 

that the finst structure, that of monensin, 

twenty years ago, it was not unti l 1967 

was solved. Later reports 20-22 stating 
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17,18 
that monensin and three other polyether antibiotics (x-206, nigerictn, and 

d t ~ e m y c i n * ~ )  were effective per 0s in poultry coccidiosis, created considerable 

interest in this class of antibiotic. By early 1975, twenty distinct compounds of the 

polyether type had been reported. 

Table 2 - Structures of Polyether Antibiotics 

OACKBONE 
LENGTU 

Salinomycin 

Dionmnycin 

Ssptornycin 

Antibiotic A204A 
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Table 2 (continued) 

iw - Lawbeid A - 

Antibiotic A23187 - 

The antibiotics are characterized by good in vi t ro activity against many Gram- 

positive bacteria and mycobacteria, but are in general inactive against Gram-negative 

bacteria. They may also have certain specific antifungal o r  insecticidal activity, but 

parenteral toxicity has prevented their use in humans. 

The structures of these compounds (Table 2) have been elucidated almost entirely 

by X-ray analysis of their heavy atom salts. Microanalysis reveals a high oxygen 

content, but the compounds contain few hydroxyl groups. The oxygen atoms are 

accounted for by a number of cyclic ether functions. In addition, the compounds are 

a l l  monocarboxylic acids ranging i n  molecular w i g h t  from 500 to 1000. They are 



Chap. 25 
I onophores Westley 251 - 

characterized by a large number of C-alkyl groups. 

In the crystalline state, a l l  polyether antibiotics analyzed so fa r  exist in a cyclic 

conformation with a hydrogen bond connecting the carboxyl at one end of  the molecule 

to a hydroxyl at the opposite end. The oxygen functions are concentrated in the center 

of the molecule, and the hydrophobic alkyl groups are a l l  on the surface of the complex. 

This accounts fo r  the unusual solubility properties of the antibiotic salts. They are 

virtually insoluble in water, but soluble in solvents such as benzene, ether, and 

chloroporm. 

About one year after the structure of monensin was revealed, simultaneous papers 

on the X-ray analysis of nigericing4 and polyetherin A25 appeared. Soon afterwards 

nigericin, polyetherin A, and X-464, were conclusively shown26 to be identical. Three 

other compounds (helixin C,27 K-178, 

nigericin by paper chromatography. Nigericin and antibiotic X464,'6 now shown to be 

identical, were amongst the original cornpounds of  this class isolated in 1950. 

28 29 
and azalomycin M ) are not separable f rom 

The structure of lasalocid A (formerly known as antibiotic X-537A) which was also 

isolated at that time, was solved 30D31 in 1970 and was the first antibiotic in the poly- 

echar class shown to contain an aromatic ChromOphOre. The other unique structural 

feature of this antibiotic was the presence of three C-ethyl groups. which prompted an 

investigation of its biosynthesis . This in turn produced 32*33 the f i r s t  il lustration of 

the incorporation of a complete butyric acid unit to form a C-ethyl group. 

The next structure to appear in the literature was grisorixin,34 which was found 

to difFer by only a single oxygen atom from nigericin. 

The structure of antibiotic X-2O6l6 was solved35 by X-ray analyses of the silver 

salt and the hydrated free acid form. The X-206 molecule i s  distinguished from the 

other polyether antibiotics by i t s  three lactol rings. Dianemycin was shown" to 

contain an a-P-unsaturated carbonyl group and a 1,2-glycol. 

Recent antibiotics in this class to be reported 37-39 were A-204A and A-2048, 

which were isolated as the complex A-204. They behaved identically to X-20635 on 

TLC, but NMR revealed that A-204A has four o r  five methoxyls and A-2048 has 

three, whereas X-206 contains no methoxyls. Although extremely toxic, A-204 was 

reported to be effective in the treatment of coccidial infections in poultry, as shown 

earlier2' for  monensin, nigericin22 (polyetherin A )D X-206 and dianemycin4' and 

more recently for  I a ~ a l o c i d ~ ~  and ~ a l i n o m y c i n ~ ~ .  

40 
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The structure of dianemycin was solved by X-ray analyses of the potassium, 

sodium and thallium complexes of the antibioticJ4' which revealed two sets of spiro- 

ketal linked rings and for the first time, a tetrahydropyranyl ring linked through an 
acetal-ether bond to the rest of the molecule. A second example of this glycoside- 

like moiety in a polyether antibiotic was demonstrated on X-ray analysis of the s i lver  

salta of antibiotic A-204A. The struchrre of the A-204A salt was found to be very 

similar to grisorixin and in fact, all four polyether antibiotics, A-204A, nigericin, 

grisorixin, and dianemycin have in common a 30-carbon backbone. A fifth anti- 

biotic with a 30 carbon backbone, salinomycin, was recently reported from Japan 

The structure of this antibiotic was solved by X-ray analysis of the p-iodophenacyl 

ester, which revealed a unique tricyclic spiroketal ring system containing an un- 

saturated cyclic ether. X-ray analysis of a p-bromophenacyl ester, derived from the 

novel polyether antibiotic ~ e p t a m y c i n ~ ~  revealed a structure very similar to A-204AJ 

making septamycin the 9 polyether antibiotic s h o w  to have a 30-carbon backbone. 

The structural differences between ~ e p t a m y c i n ~ ~  and the earlier reporteda A-204A 

are the loss of one of the five methoxyls present in A-204A and a change in the con- 

figuration and point of attachment of the glycoside-like branched tetrahydropyranyl 

ring (Table 2). 

# . 

During last year (1974), further studies on the biosynthesis of lasalocid A46 and 

the structure of five natural analogs of the antibiotic47D48 have been reported, 

lasalocid A was isolated from & lasaliensis fermentations at a level of only one part  

in five thousand relative to lasalocid A, and was found to differ from the major 

lasalocid component in both the size and configuration of the terminal cyclic ether. 

These differences in structure led to speculation on the nature of the cyclizatisn 

systems involved in the biosynthesis of lasalocid A and other polyether antibiotics. 

Four isomeric homologs of lasalocid A have also been isolated from cultures of 

- S .  l a~a l i ens i s~ ' .  The homologs each arise by replacement of one of the four 

propionate derived methyls in lasalocid A by an ethyl group, which results in each 

homolog molecule containing four C-ethyls. 

A study on the biosynthesis of monensin4' by & cinnamonensis revealed the 

second example of incorporation of a butyrate unit to form a C-ethyl group. 

Laidlomycin was the f i r s t  polyether antibiotic reported to exhibit activity against 

Mycoplasmas , in particular Acholoplasma laidlawii. 50 In addition to the anti-myco- 

plasma activity, laidlomycin was stated to be a coccidiostat in spite of being quite 
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toxic [mouse iD,(i. p .) 5 mg/kg ] , 

The nineteen polyether antibiotics discussed up to this point all contain only three 

elements: carbon, .hydrogen and oxygen in the approximate range represented by the 

empirical formu!a (C3_4Hg-70)n. In 1974, however, a new divalent-cation ionophore 

A-23187 containing two cyclic ethers in a sp i ro  ring system and a carboxylic acid 

fbnction was reported51 to have a molecular formula C29H37N306. The three nitrogens 

in the molecule were s h o w  by X-ray analysis to be parts of a substituted benzoxazole 

and an a-ketc-pyrrole (see Table 2). 

Coccidiostat activity - Effective levels in feed vs.  Eimeria tenella, and LD 

mice have been published for several polyether antibiotics. Values vary from 0.0017% 

for  A-204 

1 0 c i d ~ ~ '  53 (LDm 146 mg/kg), 0.008% for  X-206 

monensin 

Coccidiostat activity i s  also claimed for laidlomycinm and lysocellin 5&4,65 but no data 

have been published. The success of these compounds as coccidiostats depends on 

their selective toxicity zgainst the parasitic protozoa in  :he intestinal tract of the 

chtcken coupled with relatively poor absorption of drug by the host. 

(p.0.) in  50 

(LOso 8 mg/kg) through 0.004% for  dianemycin3', 0.0075% for  lasa- 

(LDX 44 mg/kg) up to 0.02% fo r  nigericin 

53 17 mg/kg) and 0.01 1% for  

(LD 190 mg/kg) . 22,53 20,54 

Although interest in the polyether mtibiotics was initiated by the discovery of the 

coccidiostat activity of monensina0, considerable attention at present i s  directed 

towards the possible application of these ionophores as cardivascular &gents. In this 

area of pharmacological research, the two antibiotics under most thorough study are 

lasalocid and A-231 87 . 52 

In addition to the twenty polyether antibiotics discussed so far,  more have appeared 
58 in the patent literature. Antibacterial activity i s  claimed for A-21856, and K-5610 

(lysocellin), but duamycin5' also exhibits antifungal activity and A-l30AW has anti- 
63 protozoal activity. Antibiotics A-2869% and B61; BL-58Oa and p 62; salinomycin 

and 1ysocellinwJ6' (see structure below), are all claimed as coccidiostats and in  the 

case of EL-580, antimalarial activity is also noted. 

Me MO 

El 

Lysocell in on 
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A posstble clue to the mechanism involved in the cardiac sympathetic effects of 

the polyethers was the close correlation reported recently66 between the cardiac 

efpects67s68 and the ability of a number of lasalocid derivatives6', to facilitate 

permeation of norepinephrine across artificial membranes. 

The versatility of the polyether antibiotics goes beyond their cardiotonic and 

anti-cocctdial activity. 

published of the influence of these compounds on the extrusion of granules from 

peritoneal mast cells7o, release of acetylcholine from nerve terminals7', ion 

movement across leukocyte plasma membranes7*, calcium release from neuro- 

h y p o p h y s t ~ ~ ~ ,  platelet secretion of ATP74, and effhcts on skeletal muscle of the 

For instance during the last year, reports have been 

76 fros 

Clearly the investigation of these interesting compounds is at a very early stage, 

but the r e s u l t s  already noted indicate possible utility in a number of di%rent areas 
of medicinal chemistry. 
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Chapter 26. A Free Radical Pathology: Superoxide Radical and 

Irwin Fridovich, Department of Biochemistry, Duke University 

Superoxide Dismutases 

Medical Center, Durham, North Carolina 

I n t roduc t i on  - Recent work has shown t h a t  the un iva len t  reduc t ion  o f  
molecular oxygen t o  the superoxide r a d i c a l  ( 0 2 )  i s  a commonplace event 
i n  both b i o l o g i c a l  and non-b io log ica l  ox ida t ions .  Since f r e e  rad l ca l s  
are very reac t ive ,  the generation o f  0; i n  l i v i n g  systems must be viewed 
as a th rea t  t o  t h e i r  i n t e g r i t y .  Ce l l s  which resp i re  and which can thus 
produce O:,  must have evolved s u i t a b l e  defenses against  t h i s  rad i ca l .  
The keystone o f  such defenses i s  prov ided by enzymes which scavenge Oz, 
by ca ta l yz lng  the reac t ion :  1. 05 + 05 + 2H++ H202 + 02. These 
enzymes, which have been named superoxide dismutases, are essen t ia l  f o r  
the s u r v i v a l  o f  r e s p i r i n g  organisms. They have been ex tens i ve l y  s tud ied  
dur ing  t'he past  s i x  years and have been the sub jec t  o f  severa l  reviews1'6. 
I t  would no t  now be wor thwhi le  t o  w r i t e  y e t  another review on superoxide 
dismutases. 

There i s ,  however, an aspect o f  superoxide b io logy  which has very 
recent ly  received a g rea t  deal o f  a t ten t i on ,  which has obvious c l i n i c a l  
s iqn i f i cance  and which has not  been summarized. 1 r e f e r  t o  the  super- 
ox ide pathologies. I t  i s  perhaps not  s u r p r i s i n g  t h a t  a f i n e l y  tuned 
balance between react ions which generate 
scavenge t h i s  rad i ca l  could, on occasion 
consequences. We w i  1 1  begin w i t h  the b r  
superoxi de and superoxi de dismutases and 
r a d i c a l  pathologies. 

05 and the enzymes which 
be upset, w i t h  pa tho log ica l  

e f e s t  poss ib le  i n t roduc t i on  t o  
then w i l l  examine a few f r e e  

The Dangers o f  Superoxide - 0z can c t  both as an ox idant  and a 
reductant, Thus i t  ox id izes  t h i o l s  7 lyphenoisa'10 and dehydrogenase- 

n i  t rob lue  t e t r a z o l  ium13. 

bound N A D H l l  and i t  reduces cytochrome ' 5 p@ , tetranitromethane12 and 

Perhaps the c y t o t o x i c i  t y  o f  0; depends upon . .. . .  . . .  
S U C h  d i r e c t  ox ida t i ons  or reductions, but there  i s  another and a more 
i n t e r e s t i n g  p o s s i b i l i t y .  Thus, 02 might g i ve  r i s e  t o  the awesomely 
reac t i ve  hydroxy l  rad i ca l  (OH.) by reac t i ng  w i t h  H202, as fo l lows:  
1 1 .  
react ion.  There have been several i nd i ca t i ons  o f  the r e a l i t y  o f  t h i s  
react ion.  Thus the conversion o f  methional t o  e thy lene could be caused 
by both 0: and H202, a c t i n g  together, but  not  by 05 or  H O2 a c t i n g  
separately. Furthermore, compounds which scavenge O H * ,  t i t  not  02 or 
H202, prevented t h i s  e thy lene product ion l4.  
most e a s i l y  expla ined i n  terms o f  the Waber-Weiss reac t  
obta ined w i t h  severa l  d i f f e r e n t  reac t i on  systems15'l7. 

05 + H202 j OH' + O H *  + 02. This has been c a l l e d  the Haber-Weiss 

Such r e s u l t s  which are  

A 1 1  reac t ions  which generate 02 w i l l ,  by v i r t u e  o f  
The cont inu ing  f l u x  o reac t i on  ( I ) ,  a l s o  produce 11202. 

react  w i t h  the accumulating H202 t o  generate OH- (11). 

ons, have been 

the d ismutat ion 
0; could then 

I n  t h i s  way i t  
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i s  possib le ,  dur ing normal o x i d a t i v e  metabolism, t o  generate the  hydroxy l  
rad i ca l .  Superoxide dismutases would serve t o  prevent reac t i on  I I  by 
keeping the s teady-state concentrat ion o f  05 van ish ing ly  low. Catalases 
and peroxidases would prevent reac t i on  I I  by min imiz ing the s teady-state 
concentrat ion o f  H202. 
cata lases and peroxidases thus prevents the Haber-Weiss r e a c t i z n  and pro- 
t e c t s  against  t h i s  aspect o f  oxygen t o x i c i t y .  Assuming t h a t  O2 i s  a dan- 
gerous species and tha t  superoxi de dismutases have evolved t o  e l  iminate 
these rad ica ls ,  we must next  i n q u i r e  a f t e r  the ac tua l  sources o f  0:. 

The aerobic  ac t ions  o f  a number o f  enzymes 

The concerted ac t i on  o f  superoxide dismutases, 

The Sources o f  0; - 
produce 02. 
aldehyde oxidase of r a b b i t  l i v e r ,  the d lhyd roo ro t i c  dehydrogenase from 
2mobacter ium orot icum and several f l a v i n  dehydrogenasesh. 
t ranspor t  
produce 0’. This  has been demonstrated w i t h  m i  tochondrial8,19, micro- 
somes20,2? and chloroplasts22’25. Indeed whole c e l l s  o f  the leukocyte 
ser ies  have been shown t o  l i b e r a t e  02 i n t o  the suspending medium when 
they have been ac t i va ted  t o  engul f  bac te r ia  and o ther  paticles26’29. I n  
a d d i t i o n  t o  these obv ious ly  b i o l o g i c a l  sources o f  05, there  i s  a host  o f  
au tox ida t ions  which produce 0;. Amon these are  the au tox ida t ions  o f  
hemoglobins30r31, reduced ferredoxinsg2 cytochrome P450 33, catechol -  
aminesgs16, pyrogal lo11O, h y d r o q u i n o n e ~ g ~  and leuko dyes 13,35936, 
Given these numerous and d iverse sources o f  05, we may con f iden t l y  
a n t i c i p a t e  some product lon o f  05 i n  a l l  r e s p i r i n g  c e l l s .  
o f  superoxide dismutases i n  such c e l l s  makes i t  d i f f i c u l t  t o  est imate the 
r a t e  o f  product lon o f  05 i n  c e l l s  o r  i n  crude e x t r a c t s  of c e l l s .  
there fore  remain ignorant  o f  the q u a n t i t a t i v e  aspects o f  t he  generat ion 
o f  05 by aerobic  c e l l s .  

Among these are the xanth ine oxidase from bovine m i l k ,  the 

The e l e c t r o n  
systems o f  several organel les leak e lec t rons  t o  oxygen and thus 

The u b i q u i t y  

We 

The D i s t r i b u t i o n  o f  Superoxide Dismutases - A1 1 r e s p i r i n g  organisms 
which have been examined have been found t o  conta in  superoxide dismutases. 
Th is  statement appl ies t o  bac ter ia ,  algae, protozoa, fungi ,  p lan ts ,  
insects ,  b i r d s  and mammals. Even moderately s e n s i t i v e  anaerobes conta in  
these enzymes. 
t o  oxygen, do no t  con ta in  r e a d i l y  measurable l e v e l s  o f  superoxide 
d i  smutase. 

Sens i t i ve  anaerobes, which r e a l l y  cannot t o l e r a t e  exposure 

There a re  two classes o f  superoxide dismutases. 
subuni t  weight o f  20,000 and corltains F e ( l l l )  or M n ( l l l ) .  
superoxide dismutase has been found i n  bac te r ia  and i n  the m a t r i x  of 
mitochondria. The ferri-enzyme has been found i n  the per ip lasmic  space o f  
Escher ich ia  a and i n  blue-green algae. The o the r  c lass o f  superoxide 
dismutases conta in  both Cu( l I )and Z n ( l l ) ,  have a subunit weight of 16,000 
and are found i n  the cy toso ls  o f  eukaryo t ic  c e l l s .  The evo lu t ionary  
imp1 i c a t l o n s  o f  the sequence homologies among the var ious superoxide 
d i smutases have been d i s c ~ s s e d 3 ~ .  

One o f  these has a 
The mangani- 

For the purposes o f  t h i s  discussion, the s a l i e n t  f a c t  about the 
d i s t r i b u t i o n  o f  superoxide dismutase i s  t h a t  i t  i s  abundant w i t h i n  the  
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c e l l s  o f  the diverse t issues o f  mammals 38-41; bu t  i s  v i r t u a l l y  absent from 
e x t r a c e l l u l a r  f lu ids42.  This has the consequence t h a t  05 generated ins ide  
c e l l s  i s  no t  l i k e l y  t o  cause acute pathology; whereas 05 generated i n  the 
e x t r a c e l l u l a r  space i s  l i k e l y  t o  damage c e l l  membranes and connective 
t issue, because o f  the lack o f  superoxide dismutase i n  t h i s  compartment4*. 

Examples o f  Free Radical Pathologies 

A. Oxygen T o x i c i t y  - Exposure o f  r a t s  t o  1 atm. 02 causes pro- 
gressive lung damage which culminates i n  death. I f  the r a t s  a re  f i r s t  
exposed t o  0.85 atm. 02, f o r  a few days, they become adapted t o  oxygen, 
such tha t  they can then t o l e r a t e  1.0 atm. 02. This adaptat ion towards 
oxygen has been found t o  c o r r e l a t e  w i t h  an increase n the l eve l  of super- 
oxide dismutase i n  lung43. Bacteria44845 and yeast4b have simi l a r l y  been 
found t o  respond to oxygen by increasing t h e i r  content o f  superoxide 
dismutase and these induct lorn have been shown t o  impart enhanced 
resistance towards the l e t h a l i t y  o f  hyperbar ic oxygen. There i s  a s t r a i n  
o f  the green alga c h l o r e l l a  (HPO) which i s  notably r e s i s t a n t  towards 
oxygen and which has been found t o  contain an unusually h igh  l eve l  o f  
superoxide dismutase47. 
temperatute-sensi t f v e  defect  i n  superoxide dismutase, had a para1 l e l  
defect  i n  to lerance f o r  oxyqen2. 

Conversely, mutants of  E. c o l i  B, which had a 

It fo l lows t h a t  the acute oxygen t o x i c i t y  seen upon exposure t o  
elevated concentrat lons o f  oxygen must be, a t  leas t  p a r t i a l l y ,  due t o  the 
ac t ions  o f  0;. Othetwlse we could no t  account f o r  the p r o t e c t i v e  ac t i on  
o f  superoxide dlsmutase. Oxygen t o x i c i t y  i s  there fore  an acute f r e e  
rad i ca l  pathology. I t i s  tempting t o  speculate t h a t  we s u f f e r  a chronic 
f r e e  rad i ca l  pathology as an inescapable cond i t i on  o f  our aerobic l i v e s  
and t h a t  t h i s  i s  one o f  the causes o f  senescence. 

B. St rep ton ig r i n  and Paraquat T o x i c i t y  - The normal f l u x  o f  0; i n  
r e s p i r i n g  c e l l s  must represent a small f r a c t i o n  of  the t o t a l  oxygen con- 
sumption. Thus most o f  the r e s p i r a t i o n  i n  aerobic c e l l s  i s  due t o  the 
ac t i on  o f  cytochrome oxidase, which i s  known t o  r e  ce oxygen t o  water 
w i thout  re leas ing  Intermediates such as 0; o r  H20~".  We can imagine 
compounds which would increase the ne t  f l u x  o f  05 by shunting e lec t rons  
from the normal e lec t ron  t ranspor t  pathways t o  oxygen i n  un iva len t  steps. 
S t rep ton ig r i n  appears to be such a compound and paraquat (methyl viologen) 
i s  another. 

S t rep ton ig r i n  i s  more t o x i c  t o  E. c o l i  i n  the presence o f  oxygen and 
i t  does increa c the r a t e  o f  r e s p i r a t i o n  and change the pathway o f  e lec t ron  

fo r  f u l l  expression o f  the aerobic t o x i c i t y  o f  s t r e p t o n i g r i n  and i n h i b i t i o n  
o f  cytochrome oxidase, w i t h  cyanide, enhances t h i s  toxicity. I n  add i t i on  
shunting e lec t rons  t o  oxygen, w i t h  phenazlnium methyl su l fa te ,  protected 
against the t o x i c i  t y  o f  streptonigr in50. The reduct ion o f  s t rep ton ig r i n ,  

f low t o  oxygen 8 .  9. A source o f  e lectrons, such as glucose, i s  essent ia l  



- 260 Sect. V - Topics i n  B io logy  Shen, Ed. 

which i s  a paraquinone i n  i t s  ox id i zed  form, t o  he semiquinone rad i ca l ,  
by E. c o l i ,  was demonstrated by epr spectrometry5'. 
n i g r i n  caused s i n g l e  s t rand breaks i n  DNA, when incubated w i t h  a reductant 
p lus  oxygenS2 and superoxide dismutase pro tec ted  the DNA against  t h i s  
attack53. I t  i s  c l e a r  t h a t  s t r e p t o n i q r i n  r e a d i l y  cyc les between the 
quinone and semiquinone forms, i n  the presence o f  a reductant and o f  oxygen 
and that ,  i n  so doing, i t  produces 0;. I s  t h i s  the bas is  of i t s  oxygen- 
dependent t o x i c i t y  i n  v ivo?  An a f f i r m a t i v e  answer i s  provided by the 
repor ts  t h a t  increased i n t r a c e l  l u l a r  leve ls  o f  superoxide dismutase p r o t e c t  
E. c o l i  844 and the ORS s t r a i n  o f  ch lo re l l a47  against  s t rep ton ig r i n .  

I n  v i t r o ,  s t rep to -  

Paraquat (I,l'dimethyl-4,4'bipyridyl ium ch lo r i de )  has been sed as a 
herb ic ide.  
c lose ly  r e l a t e d  t o  paraquat have been shown t o  generate 05 when t rea ted  
w i t h  a reductant p lus oxygen55. Anaerobic incubat ion o f  paraquat, w i t h  
NADPH p lus mouse lung microsomes, l e d  t o  i t s  reduct ion,  w h i l e  aerobic  
incubat ion l e d  t o  a perox ida t ion  o f  the microsomal l i p i d s ,  which could be 
prevented by superoxide dismutaseS6. 
an e f f e c t i v e  source o f  0: f i t s  n i c e l y  w i t h  the f a c t  t h a t  paraquat t o x i c i t y  
i s  most ev ident  i n  the lung, no mat ter  what the rou te  o f  admin is t ra t ion .  
I t  has been repor ted t h a t  repeated intravenous doses o f  superoxide 
dismutase prolonged the s u r v i v a l  o f  r a t s  g iven a l e t h a l  dose o f  paraquat57. 

I t  i s  t o x i c  and t h i s  t o x i c i t y  i s  enhanced by oxygen 5 1  . Compounds 

The no t i on  t h a t  paraquat acts  as 

C. 6-Hydroxydopamine, D i a l u r i c  Acid, e tc .  - When g iven t o  ra ts ,  6- 
hydroxydopami ne accumu 1 ates i n  catechol ami ne-conta i n i ng nerve termi na 1 s 
and destroys them58. 
which c o r r e l a t e  w i t h  ease o f  autoxidation59. 
a l s o  r e a d i l y  ox id i zab le  and i t  exer ts  s e l e c t i v e  t o x i c i t y  on serotonin 
nerve terminals ,  whereas d i a l u r i c  a c i d  a f f e c t s  the B c e l l s  of the pancreas. 
The c y t o t o x i c i t y  o f  these compounds seems t o  r e l a t e  t o  t h e i r  a b r l i t y  t o  
cause the product ion o f  02 i n  the t a r g e t  c e l l s .  The au tox ida t ions  o f  6- 
hydroxydoparni ne, 6-ami n opami ne, 6.7-d i hydroxy tryptami ne and d i  a l u r  i c 
a c i d  do a l l  produce 05 Tg. I n  add i t ion ,  these au tox ida t ions  generate an 
ox idant  capable o f  producing ethy lene from methional. This ox idant  was 
produced only  when both 05 and H202 were present i n  the au tox id i z ing  
reac t i on  mixtures and i t  i s  presumed t o  be O H * ,  generated by the Haber- 
Weiss reaction60. 
e thy lene production. Indeed ethanol i ven  a t  a l eve l  o f  4 g/kq pro tec ted  

Related polyhydroxy compounds have neurotox ic  e f f e c t s  
6,7-Dihydroxy tryptamine i s  

Ethanol o r  benzoate, which scavenqe O H * ,  prevented t h i s  

mice aqainst  the t o x i c i t y  o f  a l l oxan  1% . 
D. Radiat ion - The passaqe o f  i o n i z i n g  r a d i a t i o n  i n t o  oxygenated 

aqueous media generates several rad i ca l s  i nc lud ing  05. When formate i s  
present 05 i s  the major product and t h i s  f a c t  has been ex tens ive ly  
e x p l o i t e d  i n  the use o f  pu lse r a d i o l y s i s  t o  study the mechanism o f  super- 
ox ide dismutase. 
by c e l l s  expozed t o  such rad ia t i on ,  under aerobic  condi t ions,  may be 
mediated by 02. 
r a d i a t i o n  s e n s i t i v i t  es of E. c o l i  B, con ta in ing  d i f f e r e n t  l eve l s  o f  

I t  i s  poss ib le  t h a t  some p o r t i o n  o f  the damage sustained 

One t e s t  o f  t h i s  proposal employed a comparison o f  the  

superoxide dismutase b l  , No s i g n i f i c a n t  d i f fe rences  were observed and 02 
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was thus excluded as an agent o f  r a d i a t i o n  l e t h a l i t y ,  i n s i d e  of E. c o l i .  
Given the advantage o f  h inds igh t ,  t h i s  experiment was doomed from the 
outset .  A l l  o f  these E. c o l i ,  even the ones w i t h  the r e l a t i v e l y  low 
l eve l  o f  enzyme, contained h igh concentrat ions o f  superoxide dismutase. 
Hence damage by i n t e r n a l  ly-generated 05 could no t  have been s i g n i f i c a n t  i n  
any case. I n  cont ras t ,  the suspending medium was devoid o f  superoxide 
dismutase and most o f  the 0; must have been produced i n  the medium, whose 
volume exceeded the c e l l  volume by a f a c t o r  o f  10,000. I t  fo l l ows  t h a t  
superoxide dismutase would be most 1 i k e l y  t o  p r o t e c t  against  r a d i a t i o n  
l e t h a l i t y  when added t o  the suspending medium. 

I n  fac t ,  f o e t a l  c a l f  myoblasts have been repor ted t o  be pro tec ted  
against  i o n i z i n g  r a d i a t i o n  by superoxide dismutase placed i n  the  medium. 
Contro ls  showed t h a t  the enzyme had no e f f e c t  i n  the absnece o f  a rad ia-  
t i o n  chal lenge62. 
Furthermore, i t  was shown t h a t  t h i s  p r o t e c t i o n  occurred on ly  under aerobic  

- Acholeplasma l a i d l a w i  i were s imi  l a r l y  protected. 

condit ions63. The a p p l i c a t i o n  o f  photochemical o r  enzymatic sources of 
Oz gave r e s u l t s  s i m i l a r  t o  thae obta ined w i t h  i o n i z i n g  rad ia t i on .  Thus 
the per ip lasmic  superoxide dismu ase of E. c o l i  B pro tec ted  these c e l l s  
against  exogenous sources o f  05 k5. Photobacterium le iognath i  and 
Bacteriophage R - 1 7  were 
by superoxide dismutase 61: . ro tec ted  agaTnst a photochemical source o f  02 

I t  appears t h a t  03, whether qenerated i ns ide  the c e l l  by enzymatic 
reac t ions  o r  the a p p l i c a t i o n  o f  hyperbar ic  oxygen, s t r e p t o n i g r i n ,  para- 
quat, 6-hydroxydopamine, etc., o r  generated ou ts ide  the c e l l  by i o n i z i n g  
r a d i a t i o n  o r  by photochemical o r  enzymatic processes, i s  a de le te r ious  
agent. It seems l i k e l y  t h a t  a t  l eas t  p a r t  o f  i t s  c y t o t o x i c i t y  i s  a c t u a l l y  
due t o  OH- generated by i n t e r a c t i o n  o f  02 w i t h  H202. 
f r e e  rad i ca l  patholog ies,  superoxide dismutase prov ided pro tec t ion .  

I n  a l l  of these 

Superoxide Dismutase Pharamcology - Since exogenous 05 can damage 
enzymes, v i ruses,  mycoplasmas, bac te r ia  and mammalian c e l l s ,  we must 
i n q u i r e  whether there  are e x t r a c e l l u l a r  sources o f  0; i n  mammals. 
course, i o n i z i n g  r a d l a t i o n  i s  such a source but  exposure t o  i t  i s  i n f r e -  
quent. S i m i l a r l y ,  exposure t o  in tense l i g h t  i n  the presence of metabol- 
i c  o r  d i e t a r y  photosens i t i zers  i s  an in f requent  source. These are spec ia l  
cases and w i l l  not  be f u r t h e r  considered. I n  cont ras t ,  the product ion o f  
subs tan t i a l  amounts o f  05 by ac t i va ted  phagocytes26'29 i s  an everyday 
source . 

O f  

Consider the fo l l ow ina  chain o f  events. Local sepsis o r  rauma 
r e s u l t s  i n  the release o f  substances which a t t r a c t  phaqocytes6'. These 
leukocytes migra te  t o  the s i t e ,  become a c t f v s t e d  and so proceed t o  secrete 
05 and H z ? ~ .  It has been Sham t h a t  0; and H2O2. generated enzymat ica l ly ,  
depolymerizes the hya lu ron ic  acid, which i s  responsib le  f o r  the v i s c o s i t y  
o f  synovia l  f lu id42.  Superoxide dismutase o r  cata lase o r  hydroxy rad i ca l  
scavengers, such as manni to l ,  prevented t h i s  depolymerization. The 
loca l i zed  product ion o f  0;  and H202 thus damages adjacent c e l l  membranes 



- 262 Sect. V - Topics in Biology Shen, Ed. 

and connectlve t issue. Thls damage leads t o  a f u r t h e r  I n f l u x  o f  phagocytes 
which i n  tu rn  become ac t l va ted  and release more 05 and H202. Thls s e l f -  
exacerbating process r e s u l t s  i n  Inflammation. I n  such a case we might 
expect t ha t  superoxlde dlsmutase, i n j e c t e d  I n t o  the a f fec ted  area, would 
minimize the damage caused by the 05, secreted by the phagocytes. 
thus exer t  an anti- inf lammatory a c t l v i  ty. 

It might 

I t  Is extraordinary,  but t rue,  t h a t  prolonged attempts t o  i s o l a t e  an 
ant i - lnf lamriatory p ro te ln  from bovine l i v e r  f l n a l l y  resu l ted  I n  the 
i s o l a t l o  o f  superoxlde dlsmutase, wl thout knowledge of I t s  enzymatlc 
a c t i v i t y  26 . Thls p r o t e i n  was named o rgo te ln  and Palosein an I 
used I n  the treatment o f  a v a r l e t y  o f  Inflammatory processes g7-69. Orgotein 
o r  Paloseln ( r e a l l y  superoxlde dlsmutase) i a poor ant lgen and appears t o  
be safe f o r  repeated parentera l  app l l ca t l on  SO . 
humans and has been reported to re1 ieve 0 s t e o a r t h r l t I s 7 ~ .  
such as these support the no t l on  t h a t  02 Is Involved i n  the inflammatory 
process. 
In te rced ing  and o f  decreaslng the seve r l t y  of  t h i s  process. 

has been 

It Is belng tes ted  I n  
C l i n i c a l  r e s u l t s  

Superoxide dlsmutase appears t o  c o n s t i t u t e  a new way o f  
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Chapter27. S i l i con  i n  Biology and Medicine 

M. G .  Voronkov, I n s t i t u t e  o f  Organic Chemistry 
664033 Irkutsk,  USSR 

In t h e  world w e  l i v e  i n ,  t h e  bas i s  of inanimate nature  i s  s i l i c o n .  
Inorganic s i l i c o n  compomds a r e  involved i n  s i l i c a t e  building mater ia ls  
(cement, br ick)  , g las s  and ceramics. Organosilicon compounds , s i l i c o n e s ,  
a r e  used i n  many branches of  human p rac t i ce .  We a r e  i n  constant contact 
with s i l i c o n  compounds i n  drinking water and i n  inspired a i r  (as s i l i c o n -  
containing dus t ) .  In addition, man inges t s  d a i l y  about 0.5 g of s i l i c o n  
from foodslY2, especial ly  those of vegetable o r ig in .  Despite t h i s ,  
s i l i c o n  does not  seem t o  accumulate i n  t h e  organism ( i t s  content i n  t h e  
human body does not exceed several  grams) and seems t o  produce no e f f ec t  
Epon it. A l l  t h e s e  f a c t s  l ed  s c i e n t i s t s  t o  bel ieve s i l i c o n  t o  be i n e r t  
and u s e l e s s l ~  3. 

This p reva i l i ng  conviction was shaken by a discovery made i n  1963 
i n  t h e  laboratory of t h e  present author. We showed t h a t  within a new and 
at t h a t  time unstudied c l a s s  of organosil icon compounds with general 
formula RSi (OCH2CH2) 3N, c a l l e d  by us "s i la t ranes" ,  t he re  were substances 
with very high and spec i f i c  biological  a c t i v i t y l .  
1 -a ry l s i l a t r anes  (R = aromatic subs t i t uen t )  which exhibited a s t rong ana- 
l e p t i c  e f f e c t  and were highly tox ic  f o r  warm-blooded animals (LDso = 
0 .1  - 10 mg/kg). 
t he  marketing of  a new rodenticide,  1 - (p-chlorophenyl)silatrane5. This 
compound i s  r ap id ly  and completely inact ivated i n  poisoned rodents, so 
t h e i r  corpses are not harmful t o  other  animals. 

These substances were 

The high t o x i c i t y  of  l - a r y l s i l a t r a n e s l Y 4 , 5  f a c i l i t a t e d  

The s t r i k i n g  biological  ac t ion  of  1 -a ry l s i l a t r anes  was pointed out 
by us several  times1,6-9. 
1 -a ra lky l s i l a t r anes  as well as c e r t a i n  carbofunctional de r iva t ives  of  
1 -a lky l - s i l a t r anes  are highly tox ic .  1 -a ry l - s i l a t r anes  induce a high 
ac t iva t ion  of  t h e  background electrical a c t i v i t y  of  t he  cortex and some 
subcortex s t r u c t u r e s  of  t h e  brain.  The t o x i c i t y  of  s i l a t r a n e s  ranges 
great ly  depending on t h e  nature  of  R subs t i t uen t  (0.1-5,000 mg/kg). We 
have prepared s i l a t r a n e s  o f  low t o x i c i t y  posessing a wide spectrum of 
physiological e f f e c t s  ( for  example, narcot ic  o r  depressant).  This wide 
range o f  biological  a c t i v i t y  o f  s i l a t r a n e s ,  mainly due t o  t h e  nature  o f  
t he  R subs t i t uen t  a t  t h e  s i l i c o n  atom, as well as t h e i r  high permeability 
through t h e  c e l l  membranes, r e su l t i ng  possibly from a high d ipo le  moment 
and spherical  shape o f  t h e  s i l a t r a n e  system, make s i l a t r a n e s  a r a the r  
promising object  of  pharmacological and biochemical s tud ie s .  

Not only 1-aryl-  but a l s o  some 1-heteryl-  and 

These findings convinced us t h a t  a number o f  der ivat ives  of t h i s  
element could play a s i g n i f i c a n t  r o l e  i n  v i t a l  processes.  
r e s u l t s  were reported i n  t h e  monograph "Silicon and Life" i n  19711. 
book deals  with a thorough analysis  of  highly sca t t e red  data  i n  t h e  world 
l i t e r a t u r e  concerning the  s i l i c o n  content of microorganisms, p l an t s  and 

Our preliminary 
The 
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animals, t h e  possible  r o l e  o f  t h i s  element i n  t h e i r  l i f e  a c t i v i t y ,  and t h e  
biological  ac t ion  of s i l i c o n  compounds. 

Science-f ic t ion w r i t e r s  have suggested t h a t  somewhere i n  t h e  
universe the re  e x i s t s  a si l icon-based l i f e  instead of a carbon-based l i f e .  
Recent s c i e n t i f i c  data,  however, do not support such a concept. 
say with confidence t h a t  si l icon-based l i f e  i s  impossible on planets  with 
environments similar t o  those on t h e  Earth. But perhaps somewhere i n  t h e  
f a r thes t  corners o f  t h e  Cosmos--for example, on compartively cold p l ane t s  
with ammonia atmosphere or on p lane t s  burned by t h e i r  sun t o  temperatures 
ruinous fo r  a l l  l ife-forms known. 
l i v ing  material based on c e r t a i n  s i l i c o n  polymer compounds cannot be ex- 
cluded. 
r o l e  i n  t he  o r ig in  of  l i f e .  
propert ies ,  these compounds served as a matrix on which t h e  simplest or- 
ganic molecules taken from the  world ocean evolved t o  complex p ro te in  
bodies. 
an important r o l e  i n  t h i s  process. 
phorus comprising t h e  l i v i n g  material  or iginated from t h e  penetrat ing 
r ad ia t ion  a f f ec t ing  t h e  s i l i c a  v i a  t h e  following nuclear r eac t ion  t h a t  
occurred a t  t h e  prebiological s tage of  our planet ' s  ex i s t ence l l .  The 

We may 

The p o s s i b i l i t y  of  t he  existence o f  

Indeed on ea r th  natural  s i l i c o n  compounds played a s i g n i f i c a n t  
First, due t o  t h e i r  adsorption and c a t a l y t i c  

The sun and cosmic rays o r  even impact waves10 might have played 
There i s  a hypothesis t h a t  t h e  phos- 

3osi. -> 31si 8- )31P, 

o p t i c a l l y  a c t i v e  quartz forms might have given rise t o  t h e  present asym- 
metry of  natural  organic compounds, Final ly ,  highly porous s i l i ca  and 
s i l i c a t e s  enabled microorganisms inhabi t ing t h e i r  pores t o  survive en- 
vironmental e f f e c t s .  
and si l icates,  t h e  s i l i c o n  could not but intrude in to  t h e  protein s t r u c t u r e  
under formation and thus comprise one of  t h e  pr incipal  elements of  l i v i n g  
nature and its protoorganisms. This is confirmed by the  f a c t  t h a t  even 
nowadays s i l i c o n  i s  of g rea t  importance f o r  many organisms a t  a low s t age  
of evolutionary development1 , 2.  

In the  course o f  biogenesis on the surface of  s i l i c a  

Many representat ives  of  t he  simplest  l i f e  forms use s i l i c o n  from 
t h e  environment, f o r  example, t o  form s h e l l ,  test and skeleton. 
s i l i c o n  content of  ex i s t ing  so ca l l ed  "prehis tor ic"  plants  (ho r se - t a i l s  , 
bryophytes, ferns)  i s  very high. There even e x i s t  " s i l i c a t e  bacter ia"  
which inhabit  s o i l  and destroy rocks. In the processes of  l i f e  a c t i v i t y  
these bac te r i a  r e l ease  potash, phosphorus, s i l i c o n  and some t r a c e  elements 
absorbed by p l an t s ;  this act ion explains t h e i r  appl icat ion i n  ag r i cu l tu re  
as f i n e  f e r t i l i z e r s l 2 .  O f  special  i n t e r e s t  are bac te r i a  which synthesize 
organosilicon der ivat ives ,  including those containing a Si-C bond from 
mineral compounds of  s i l i c o n .  
first l i v ing  beings t h a t  appeared on land. 
destroyed the  s i l i c a t e  cover of  the ear th ,  prepared t h e  ground f o r  l i f e  of  
higher organisms7. 
f o r  s i l i c o n .  

The 

The s i l i c a t e  bac te r i a  a r e  possibly t h e  
I t  was they who, having 

Some bac te r i a  a r e  ab le  t o  s u b s t i t u t e  t h e i r  phosphorus 
Some p lan t s  a l s o  exhibi t  similar a b i l i t y .  This enabled us t o  
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advance the  hypothesis of t'non-phosphorus l i f e "  where t h e  heredi tary in-  
formation i s  recorded and r ea l i zed  v i a  the  s i l i c o n  analogues of  DNA and 
RNA. 
phosphoric acid from nucleic  acids,  which play the main r o l e  i n  both t h e  
protein biosynthesis and heredi tary character  transmission6, 7. The pos- 
s i b l e  existence and r o l e  i n  v i t a l  processes of  such p a r t i a l l y  " s i l i c i f i e d t t  
nucleic acids ,  a r e  being invest igated.  
NDA and RNA preparations contain appreciable amounts of s i l i c o n .  

I t  i s  most l i k e l y  t h a t  s i l i c i c  acid is  ab le  t o  p a r t i a l l y  replace 

We have already shown t h a t  t he  

S i l i con  compounds a l so  play an important r o l e  i n  t h e  organisms a t  
higher s tage o f  evolutionary development. These include, fo r  example, 
higher c u l t u r a l  plants ,  herbs and t r e e s .  
species amount t o  15-20% of t h e  dry p l an t  weight2. 
which contain r e l a t i v e l y  high proportions of s i l i c o n  and e f f ec i en t ly  
ass imilate  it from s o i l  were even ca l l ed  "s i l iceoust t  species .  
only imparts mechanical s t r eng th  ( fo r  instance,  t o  ce rea l  s t a l k s )  but 
a l so  promotes t h e  important p ro tec t ive  functions of  p l an t s .  S i l i con  com- 
pounds added t o  cu l tu re  solut ions increase t h e  growth of p l an t s ,  t h e i r  
v i a b i l i t y ,  crop capacity and s t a b i l i t y  t o  lodging, drought, f r o s t ,  r a d i -  
a t ion  and fungal infect ions,  improve assimilat ion of phosphorus and o the r  
n u t r i t i o u s  elements from s o i l .  A t  t h e  same time, a s i l i c o n  content of 
s o i l  below normal make the  p l an t s  s e n s i t i v e  t o  fungal and bac te r i a l  in-  
fect ions and decreases cropping power. 

The s i l i c o n  contents of  these 
The p l an t  species 

Si l icon not 

The r o l e  of s i l i c o n  i n  v i t a l  a c t i v i t y  of p l an t s  has been l i t t l e  
studied. I t  i s  known, however, t h a t  t h i s  element is  present i n  p l an t  
t i s s u e s  p a r t l y  as organosil icon compounds ( s i l i c i c  e s t e r s  of  carbohydrates 
and p ro te ins ) , l j 2 ,13  and p a r t l y  as s o l i d  mineral compounds - s i l ica ,  
s i l i c i c  ac ids  and s i l i c a t e s  including insoluble p a r t i c l e s ,  "phyto- 
l i t h ~ ~ ~ ~ ~ 1 4 , ~ ~ .  There were a l so  found i n  p l an t s  spec i f i c  enzymes-- 
"silicases"--which promote t h e  conversion of  mineral s i l i c o n  t o  organo- 
s i l i c o n  compounds. 

In higher animals and man, s i l i c o n  is present only i n  s l i g h t  
amounts (ca .  of  body weight), although it i s  contained i n  almost a l l  
t i s s u e s  and organs. Among other  bio-elements found i n  mammals, s i l i c o n  
holds a modest f i f t e e n t h  place,  giving way t o  magnesium, f luorine,  i ron 
and zink. The highest  s i l i c o n  content i s  found i n  connective t i s sues ,  
skin (especial ly  i n  epidermis), lungs, glands (adrenal , thyroid and 
pancreas, lymph nodes), bone, dental  enamel and h a i r .  

In mammals s i l i c o n  compounds are present i n  t h r e e  p r inc ipa l  forms: 

1. Water-soluble inorganic compounds capable of  passing through 
c e l l  walls which can be r ead i ly  eliminated from the organism ( o r t h o s i l i c i c  
acid and ortho- and o l i g o - s i l i c a t e  i ons ) .  

vents and containing Si-0-C groups (ortho- and o l i g o - s i l i c i c  e s t e r s  o f  
carbohydrates, proteins ,  s t e r o i d s ,  choline,  l i p i d s ,  and phospholipids). 

ca t e s )  whose surface i s  always covered with a chemisorbed l aye r  of  

2 .  Organosilicon compounds and complexes soluble  i n  organic s o l -  

3. Insoluble s i l i c o n  polymers (po lys i l i c i c  acids ,  s i l i c a ,  s i l i -  
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organic substances. 

Si l icon i s  essent ia l  f o r  normal functioning of e p i t h e l i a l  and con- 
nective t i s sues ,  t o  which it imparts strength,  e l a s t i c i t y  and permeability 
by serving as  an agent which holds t h e  kerat in  and collagen macromolecules 
together.  
normalizes t h e  permeability of walls and increases t h e i r  e l a s t i c i t y .  
Si l icon compounds play an important r o l e  i n  many physiological, immuno- 
logical ,  pathological and gerontological processes. For example, s i l i c o n  
induces t h e  biosynthesis of  collagen and t h e  formation o f  bonv t i s s u e s l g .  
Si l icon compounds a r e  a l s o  of great importance f o r  t h e  growth o f  ha i r  and 
na i l s  in  man, feathers  i n  birds ,  and ha i r ,  horns and hoofs in,animals. 
Si l icon compounds increase t h e  s t a b i l i t y  of c e l l  membranes, a f f e c t  lyso- 
some&, 25 and accumulate i n  mitochondrions . 

In blood-vessels s i l i c o n  prevents t h e  deposit ion of l i p i d s ,  

Most of  t h e  s i l i c o n  passing i n  t h e  alimentary tract i s  eliminated 
in  t h e  feces. However, a portion o f  t h i s  s i l i c o n  i s  absorbed i n  t h e  duo- 
denum and then enters  t h e  blood. 
s te ro id  and thyroid hormones. 
is maintained a t  a constant level  by t h e  kidneys. 
s i l i c o n  are  excreted i n  t h e  b i l e l 6 .  
organosilicon der ivat ives  occurs i n  t h e  l i v e r  under t h e  conditions of 
exogenous feedingl5. 
ated by t h e  endocrine26 and nervous16 systems. The hormonal regulat ion 
of s i l i c o n  metabolism i s  determined by sex and age; t h e  reduction of 
hormonal a c t i v i t y  with age seems t o  be associated with a general decrease 
i n  t h e  s i l i c o n  content o f  t h e  organism. When t h e  nervous system i s  ex- 
c i ted  the  s i l i c o n  content of t h e  blood flowing from the brain increases,  
and when it i s  inhibi ted t h e  s i l i c o n  concentration i n  t h e  blood drops. 
I t  seems l i k e l y  then t h a t  s i l i c o n  par t ic ipa tes  i n  t h e  transmission and 
enhancement of nervous f i b e r  excitationl6.  The s i l i c o n  accumulation i n  
t h e  opt ic  nerve t i s s u e  with age seems t o  be caused by an adaptation 
mechanism which counterbalances t h e  a l t e r a t i o n  of t h e  eye medium with age. 

This absorption i s  controlled by t h e  
The concentration of s i l i c o n  i n  t h e  blood 

Very low amounts o f  
The synthesis o f  v i t a l l y  important 

The metabolism of s i l i c o n  i n  the organism is  regul- 

Si l icon takes an ac t ive  par t  in  t h e  metabolism of calcium and some 
o ther  elements (P,Cl,F,Na,S,Al,Mo,Co) and l i p i d s  as  well .  The metabolism 
o f  s i l i c o n  compounds re leases  s i l i c i c  acid which l inks  physiologically 
important cat ions (Mg,Cu,Fe e t c  .) by forming insoluble s i l i c a t e s .  This 
process may be re la ted  t o  t h e  e f fec t  of s i l i c o n  on a number of  enzymes 
systems i n  p lan ts  and animals. 

eases such as  a therosclerosis ,  cancer, 2o  leprosy, tuberculosis,  diabetes ,  
h e p a t i t i s ,  encephal i t i s , l6  goi t re ,  c e r t a i n  types of dermatites,  skin 
erysipelas1 6, and with some processes of senescencel, 21. For example, i n  
t h e  case of malignant neoplasm, t h e  s i l i c o n  content of t h e  tumor i s  much 
higher than t h a t  of unaffected t i s s u e s ,  t h e  s i l i c o n  being transported t o  
the  tumor from other  organs which become depleting i n  t h i s  elementl, 16,20-22. 
The l i v e r  proteins  of pa t ien ts  suffer ing from cancer display an increased 
a b i l i t y  t o  l ink  sil icon23. 

The disrupt ion of s i l i c o n  metabolism i s  associated with some d i s -  

In t h i s  connection, t h e  proposed appl icat ion 
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of s i l i c o n  compounds f o r  chemotherapy of woundsl, 9931-33 seems r a the r  
promising. In the case of  a therosclerosis  t he  s i l i c o n  content i n  t h e  con- 
nective t i s s u e  decreases sharply. This r e s u l t s  i n  a drop i n  e l a s t i c i t y  of 
a r t e r i a l  walls due t o  t h e  disappearance of  e l a s t i n  responsible f o r  t h e i r  
r e s i l i e n c e  and i n  t h e  increase o f  t h e i r  permeability t o  l i p i d s .  The s i l i -  
con content of skin and arterial  vessels  a s  well as  bony t i s s u e s  and the  
a b i l i t y  of t he  organism t o  a s s imi l a t e  s i l i c o n  decrease with age and a r e  
c losely connected with t h e  processes of  senescence. 
ex t r ace l lu l a r  and plasma s i l i c o n  content of  t h e  organism increases  with 
age26. The s i l i c o n  concentration i n  t h e  blood of  pregnant women, nursing 
mothers and new-born chi ldren i s  extremely high. 

A t  t h e  same time, t h e  

A lack of s i l i c o n  intake (man d a i l y  a s s imi l a t e s  20-30 mg Si02) 
causes " s i l i c o t i c  anaemia". This may be associated with a high calcium 
content ( the antagonist  of s i l i c o n )  i n  drinking water o r  a lack of  bio- 
l og ica l ly  u t i l i z a b l e  s i l i c o n  i n  food, a5 i n  ref ined foods. 
on s i l i con - f r ee  d i e t  f o r  two weeks d i sp lay  poor development of  feather  
and skeleton and very t h i n  l e g  bones. 
increases t h e  growth o f  chicks by as much as  35% and normalizes t h e  deve- 
lopment of feather  and skeleton27,28. 
t o  drinking water a t  a concentration of 800 mg of Si02 per l i t e r  increases 
body weight gains o f  male lambs as well as feeding e f f ec t iv i ty29 .  
logous experiments show increased body weight gains of  weanling male r a t s  
by about 6 % .  These a l l  suggest t h a t  r ead i ly  assimilated s i l i c o n  prepar- 
a t ions  added t o  food and drinking water might be very useful  not  only t o  
young stock, pregnant women, nursing mothers and r a c h i t i c  chi ldren,  but 
a lso fo r  healthy people, especial ly  i f  they a r e  o ld .  There a r e  reasons 
t o  suggest t h a t  i n  t h e  near fu tu re  compounds containing s i l i c o n  (mainly 
organos i l i c o n  compounds) w i  11 become e f f e c t i v e  medicinal preparations.  
In France, f o r  instance,  ce r t a in  organosil icon medicinal preparation, DNR 
and RDN, proposed by Prof.  N .  Duffaut have begun t o  be used. They a r e  
l i k e l y  t o  be r a t h e r  e f f e c t i v e  i n  t h e  treatment of cardiovascular diseases ,  
cancer and v i rus  in fec t ions .  

Chickens fed 

0.003% of s i l i c o n  added t o  t h e  d i e t  

The addi t ion of  "soluble s i l i c a "  

Ana- 

An in t ens ive  search f o r  biological ly  a c t i v e  organosil icon compounds 
ca r r i ed  out under the  author 's  guidance has led t o  t h e  discovery of s i l i-  
con der ivat ives  which exhibi t  a n t i b l a s t i c ,  a n t i s c l e r o t i c ,  ant icoagulat ive,  
analept ic ,  na rco t i c ,  psychotropic, an t ipy re t i c ,  ganglion-blocking, 
bac t e r i c ida l ,  fungicidal , zoocidal , i n sec t i c ida l ,  chemosteril izing and i n -  
s e c t  r epe l l i ng  effects19 6-9. 
growth o f  connective t i s s u e  and hair have a l s o  been found58,59, 
special  i n t e r e s t  a r e  absolutely non-toxic organosil icon compounds ("mival" 
f9nigugent1) having s p e c i f i c  and e f f e c t i v e  antitumor e f f e c t s  on animals31. 
The mechanism of  t h e  a n t i b l a s t i c  a c t i v i t y  i s  qu i t e  d i f f e r e n t  from t h a t  of 
a l l  previously known anticancer drugs. The new s i l i c o n  compounds stimu- 
l a t e  t h e  p ro tec t ive  react ions o f  t he  organism and cause a s t r i c t l y  local  
formation of collagen, thus intensifying t h e  development o f  connective 
stroma which i n h i b i t  t h e  development of tumorous parenchyma. I t  i s  i n t e r -  
es t ing t h a t  t he  effectiveness of antitumorigenic preparations is  consider- 
ably r a i sed  when used together with migugen and i ts  analogs. We have a l s o  

Some substances which g rea t ly  in t ens i fy  t h e  
O f  
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found organosilicon compounds e f fec t ive ly  accelerat ing t h e  genesis o f  
other  connective t i s sue ,  especial ly  i n  pathogenic processes. 

We a r e  searching f o r  organosilicon compounds having a favorable 

Studies i n  t h i s  f i e l d  a r e  
e f fec t  on t h e  metabolism of calcium and l i p i d s  which w i l l  be used in  
prophylaxis and therapy of a therosclerosis ,  
a lso being car r ied  out by other authors39. 

A new c l a s s  of antimicrobial substances of t h e  XYZSiCH2CH2NRR1 type 
distinguished f o r  t h e i r  wide range of  a c t i v i t y  and ef fec t ive  suppression 
of pathogenic microorganisms were a l s o  found54. Some of these compounds 
were rather  more ac t ive  than widely used a n t i b i o t i c s  such a s  streptomycin 
and nystat in  and af fec t  t h e  s t r a i n s  of pathogenic microorganisms r e s i s t a n t  
t o  well-known a n t i b i o t i c s .  
t a in ing  three  o r  two readi ly  hydrolyzing subst i tuents  on t h e  s i l i c o n  atom, 
we8 and l a t e r  American sc ien t i s t s35  obtained new preparations able t o  form 
s t a b l e  antimicrobic coatings on t h e  surface of materials.  

On t h e  basis  of compounds of  t h i s  type con- 

Among compounds of  t h e  RR'NCH2 (OR1)3 type and t h e i r  der ivat ives  
w e  found substances repe l l ing  bloodsuckers. 
and i ts  der ivat ives  a l so  possess an insect-repel lent  e f f e c t  (on mosqui- 
toes)40. 

1,3,5,7-Tetrasylaadamantane 

Triorganyl s i 1 an01 s and t riorganyl i SOC yana tos  i lanes as  we1 1 a s  
some s i l a t r a n e  der ivat ives  were found t o  display an inh ib i t ing  (narcotic) 
effect. 
blood systems were discovered. 
biological membranes. 
s i l i c o n  has been r e p O r t e d 4 1 ~ 4 ~ .  
l ished i n  1971,4~36 and hundreds of papers have appeared a f t e r  t h e  publi-  
cat ion of our book1. 
made i n  t h e  USA i s  worth special  notice;  it deals  with t h e  depression of  
male reproductive function of mammals under t h e  e f fec t  of phenylmethyl 
subst i tuted s i l a n e s  and siloxanes (in par t icu lar ,  heptamethylphenyl- and 
hexamethyl-2 , 6-cis-diphenylcyclotetrasiloxane)~~J38. 
consis tent  with t h e  da ta  which show t h a t  sodium s i l i c a t e  administered per 
0s t o  r a t s  reduces t h e  b i r t h  r a t e  by 70-80%30. 

Organosilicon compounds a f fec t ing  coagulative and anticoagulative 
They a r e  believed t o  a f f e c t  the  surface of 

An anticoagulative e f fec t  of inorganic compounds of 
Several reviews i n  t h i s  f i e l d  were pub- 

Among t h e  l a t e s t  s tud ies  on t h i s  problem, a discovery 

These r e s u l t s  a r e  

Much a t ten t ion  has been given recent ly  t o  t h e  synthesis of s te ro id  
organosilicon d e r i ~ a t i v e s ~ ~ ~ 4 4 .  New organosilicon der ivat ives  of  chol- 
es te ro l  have been synthesized45. Much work is  being done in  search f o r  
organosilicon an t i rad ia t ion  agents,46 coronary vasodilators of the R3Si 
(CH2)nON02 type ,47 antiinflammation drugs and analgesics ( t r i a l k y l s i l y l -  
methyl isothiuronium and guanidinium s a l t s )  ,48 insect ic ides  (subst i tuted 
t r is i lylamines of  the  (R3Si),N(SiR$HzX) 
stomach u lcer  ,59 and insect-repellents60. 

oncogenous virusess0. However, despi te  t h e  avai lable  da ta  on t h e  a n t i -  
tumor e f fec t  of a number of s i l i c o n  compounds it was firmly established 

type) ,49 preparations against  

I t  has been recent ly  shown t h a t  s i l i co- tungs t ic  acid s a l t s  i n h i b i t  
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t h a t  l iquid polyorganylsiloxanes had a carcinogenic effect51 ~ 5 ~ .  
discovery has dampered the  use o f  i n j ec t ions  of  l i qu id  s i l i c o n e s  t o  in -  
crease female b reas t  s i z e .  

This 

The s t u d i e s  of  t h e  metabolism of  s i l i c o n  compounds ca r r i ed  out 
recent ly  i n  t h e  USASS-56 indicate  t h a t  compounds of t h i s  type undergo i n  
the  organism a biological  oxidation and oxidizing dealkylationS3. On 
systemic administration of  various organosil icon compounds almost a l l  t h e  
dose i s  eliminated i n  t h e  f i r s t  48 hours,56 suggesting t h a t  accumulation 
of t h i s  element i n  t h e  organism i s  un l ike ly .  

Organosilicon medicinal preparations of  t h e  fu tu re  w i l l  include 
substances i sos t ruc tu ra l  t o  known b io log ica l ly  a c t i v e  organic compounds. 
The corresponding organosilicon compounds a r e  of ten e a s i e r  t o  synthesize 
and cheaper than t h e i r  organic analogs. 
der ivat ives  of  well-known drugs a r e  beginning t o  come in to  p r a c t i c e .  
Preparation of  t h i s  type61 may d i f f e r  from t h e i r  predecessors i n  t h e i r  pro- 
longed ac t ion ,  absence o f  b i t t e r  t a s t e ,  b e t t e r  permeabili ty through c e l l  
membranes, e t c .  

Some organosilicon 0- and N- 

We are witnesses t o  the  b i r t h  of  a new branch of s i l i c o n  chemistry - 
the  chemistry, biochemistry and pharmacology of b io log ica l ly  a c t i v e  o r -  
ganosilicon compounds, i . e . ,  bio-organosilicon chemistry. Its aims should 
include a de ta i l ed  study of  t he  r o l e  of  s i l i c o n  i n  l i v ing  organisms and in  
the  physiological processes and pathological and geronthological changes 
occurring i n  them, t h e  search f o r  new compounds o f  t h i s  element with high 
and s p e c i f i c  biological  a c t i v i t y ,  and the  study of t h e  possible  p r a c t i c a l  
appl icat ion of  such compounds i n  medicine, veter inary p rac t i ce ,  p l an t  
growing and o t h e r  branches of  human a c t i v i t y .  
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Section VI - Topics in Chemistry 

Editor: R. E. Counsell, University of Michigan, Ann Arbor, Michigan 

Chapter 28. Reactions of Interest in Medicinal Chemistry 

Matthias C. Lu and D. L. Venton, Department of Medicinal Chemistry, 
College of Pharmacy, University of Illinois, Chicago, Illinois 60680 

Publication of the following useful reference books of general interest 
in 1974 includes: Volume 4 of Reagents for Organic Synthesis by Mary Fieser 
and Louis F. Fieser, Organic Syntheses, Collective Volume 5 ,  edited by Henry 
E. Baumgarten, Heterocycles in OrRanic Synthesis by A. J. Meyer, Volume 2 of 
Compendium of Organic Synthetic Methods by Ian T. Harrison and Shuyen Harrison, 
Organometallics in Organic Synthesis by J. M. Swan and D. St. C. Black, Volume 
21 of Organic Reactions edited by W. G. Dauben, and Volume 28 of Synthetic 
Methods edited by W. Theilheimer S. and A. G. Karger. 

Reviews - New alkylation methods,l the use of oxyphosphoranesY2 chromium(I1) 
salts, 5 sodamide-containing ' complex bases' , 
borane6 in organic synthesis have been reviewed. 

carbon suboxide , and thexyl- 
Of particular interest is 

a monthly absiract entitled, Current Highlights in Heierocyclic Chemistry, 
which was initiated in 1974. The abstract is published under the auspices of 
the International Society of Heterocyclic Chemistry, W. W. Paudler and F. D. 
Popp, editors. 

Aldehydes and Ketones - Et3SiH effectively reduces N-alkylnitrilium ions, 
prepared in situ from nitriles and Et O+BF4-, to N-alkylaldimines (RCH=NEt) 
which upon mild acid hydrolysis af foras aldehydes in good yields. Alde- 
hydes are also obtained from alkyl halides y& alkylation of the lithium salt 
of 1-methylthiomethyl N,N-dimethyldithiocarbamates and subsequent hydrolysis 
of the alkylated dithiocarbamates in the presence of H e . 8  

Hg*/CH30H 
Li-$ scH3 scH3 t RClH(OCH3)2 

Rx - R-C$ 
SE-N(CH3) 2 Sg-N(CH3) 2 

S S 

Both lo and 20 alkyl bromides containing other sensitive functionality 

A very simple, efficient and selective method for 
such as unsaturation are oxidized in excellent yields to aldehydes or ke- 
tones by AgBF4 in DMSO.9 
the transformation of acyl chlorides into aldehydes involving triazolium 
salts has been described. lo 

thallium ethoxide followed by acid hydrolysis of oxazoline intermediates 
provides a nice entry for the formation of a-hydroxy aldehydes.'l 

Treatment of ketones with tosylmethylisocyanide in the presence of 

8 TlOEt 0-N H~O+ OH - R+-H 
2 00 R O  

R-C-R' + TS-CH~NZC 
200 
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A facile method for the one-carbon homologation of ketones to a-alkyl 
aldehydes which may be extended to the synthesis of other a-substituted 
aldehydes has been reported. 12 

- 1) - n-BuLi, -78O R 1) /-Br 

2) RCOR' R' 2) H30f R' CHO 
cN-CH< _____c 

n-(2-Methoxyallyl)nickel bromide, prepared from 2-methoxyallyl bromide 
and nickel carbonyl, is an 
moiety into reactive organic substrates under mild neutral conditions. 13  

excellent reagent €or introducing the acetonyl 

H30+ 3 [ RzH3 ] - RCH2CCH3 

RCOR~\ [ R-[TCH3] R-F-CH2CCH3 ?H FI 
R' 

Several new or improve methods for the preparation of a,B-unsaturated 
aldehyde&-16 and ketones'' have a eared as well as methods for the synthesis 
of 1,4-diketones,18 4-ketoaldehydes Pr; and y-ketoesters. 20 
Reductions - Aldehydes and ketones are reduced by alkylsilanes to alcohols 
in aqueous acid media; in carboxylic acid as solvent, carboxylate esters and 
symmetrical ethers are formed. 21 

2-Aminoalcohols can be easily prepared from cyanohydrins, 22 or a-amino 
acids23 by diborane reduction without loss of the halogen substituents or 
hydroxyl groups. 

Selective reduction of the benzene ring in quinolines and isoquinolines 
can be achieved with PtO 
H2S04 or CF3COOH) in yiefds ranging from 53 to 98%. 

in a strongly acidic mediE (such as conc-HC1, 

2-Phenoxy-1,3,2-benzodioxaphosphole represents a new reducing agent 
that readily converts sulfoxides to sulfides under mild conditions and 
high yields (87-95%). 25 

Oxidations - With steroidal alcohols, specific oxidation of 2O hydroxyl 
groups in the presence of lo hydroxyl groups with chlorine and pyridine 
has been reported.26 
cyclic ethers involves treatment of diol with diaryldialkoxysulfurane 
Ph2S(ORF)2,where R~ = C6H~C(CF3)2 at room temperature for 10-20 min.27 
Alternatively, epoxides can be prepared in excellent yield y& epoxidation 
of olef ins with peroxycarbonic acids28 or substituted peroxycarbamic acids. 29 

A convenient one-step synthesis of epoxides and other 
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These agents  have the  advantage over t h a t  of peroxycarboxylic ac id  i n  t h a t  
the  r e a c t i o n  medium remains e s s e n t i a l l y  n e u t r a l  during t h e  ox ida t ion  reac- 
t i on .  
i n  t h e  prev ious ly  inaccess ib l e  "K-region" have been reported.  30931 

Two new r o u t e s  t o  a rene  oxides  of carcinogenic  aromatic  h drocarbons 

The oxida t ion  of t r i m e t h y l s i l y l  enol  e t h e r s ,  i n  hexane wi th  ;-chloro- 
perbenzoic a c i d ,  followed by t reatment  of t h e  crude r e a c t i o n  mixture  w i t h  
ac id  o r  bas  
of ketones." S imi la r ly ,  esters, l ac tones ,  and ketones having an eno l i zab le  

provides  a facile method f o r  t h e  s p e c i f i c  a-hydroxylation 

1 )  MCPBA 

2) H ~ O +  o r  OH- 

methine o r  methylene group are a-hydroxylated i n  good y i e l d  (80435%) and 
without  contamination by ox ida t ive  cleavage by-products w i th  molybdenum 
peroxide Moo5 *Py*HMPA complex. 33 

Organometallic Reagents - Phenylselen 1 bromide and acetate undergo e l ec t ro -  
p h i l i c  trans-1,2 add i t ion  t o  01e f ins . l ;~  The adducts  so lvolyze  r e a d i l y  i n  
a c e t i c  ac id  o r  a lcohols  and ox ida t ion  of t h e  r e s u l t i n g  products  a f f o r d s  
a l l y l i c  acetates and e t h e r s  i n  high overall y i e ld .  

The a d d i t i o n  of l i t h ium and Grignard r eagen t s  t o  isocyanides  not  con- 

The l i t h i u m  aldimines are versatile r eagen t s  which can be  used as 
t a in ing  a-hydrogens proceeds by an a-addi t ion t o  produce metallo-aldimines. 
35936 
precursors  €or  t he  p repa ra t ion  of aldehydes, ketones,  a-diketones, a-hydroxy- 
ketones,  a-keto ac ids ,  a- and B-hydroxy a c i d s ,  and n i t r i l e s .  

Amines and Nitr i les  - Amines can be prepared by t h e  r e a c t i o n  of O-mesftyl- 
enesulfonylh droxamine and a v a r i e t y  of organoboranes under very  mild 
condi t ions.  3T 

CH3 

R3B o r  R2BH + H2NOS02 D C H 3  - R-NJ32 

CH3 

Several new reagents  f o r  demethylation o r  dea lky la t ion  of 3 O  amines o r  
4O ammonium compounds have appeared i n  t h e  l i t e r a t u r e .  38-41 
milder  condi t ions  and b e t t e r  y i e l d s  are repor ted .  

Re la t ive ly  

Aldehydes when t r e a t e d  wi th  NH20S03H a t  room temperature, g ive  h igh  
y i e l d s  of t he  corresponding oximino-0-sulf on ic  ac id  (RCH=NOS03H) from which 
s u l f u r i c  ac id  i s  el iminated t o  f u r n i s h  n i t r i l e s  .42 S imi l a r ly ,  acid-catalyzed 
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r e a c t i o n  of aldoximes and o r tho  esters a f f o r d s  t h e  n i t r i l e s  u s u a l l y  i n  high 
y i e l d .  43 
complex-talyzed hydros i ly l a t ion  of a c r y l o n i t r i l e  and i t s  d e r i v a t i v e s ,  t o  
aldehydes o r  ketones provides an e x c e l l e n t  rou te  f o r  t h e  syn thes i s  of a,B- 
unsa tura ted  n i t r i l e s  (92-98% y ie lds )  .44 

Addition of a - s i l y l p r o p i o n i t r i l e s  , e a s i l y  prepared by a rhodium 

R3 S i H  

(Ph3P) 3RhC1 SIR3 2) R2R3C=0 CN 

1 )  iPr2NH, 2-BuLi 
R'CH=CHCN - R'CH2VHCN : R 2 3  R C=7-CH2R' 

R'  = H ,  CH3, Ph 

Crom Ethers  and Their  Synthe t ic  Applicat ions - Crown e t h e r s ,  a class of macro- 
c y c l i c  po lye thers  which have a remarkable a b i l i t y  t o  s o l u b i l i z e  a l k a l i  metals 
i n  non- o l a r  a p r o t i c  so lven t s  have found new and u s e f u l  s y n t h e t i c  appl ica-  
t i ons .  48-48 For in s t ance ,  poor nuc leophi les  such as f l u o r i d e s  , so lub i l i zed  
as t h e  potassium sal t  i n  CH CN o r  benzene conta in ing  1,4,7,10,13,16-hexaoxa- 
cyclooctadecane (18-crown-63 becomes s u f f i c i e n t l y  nuc leoph i l i c  t o  r e a c t  
smoothly and q u a n t i t a t i v e l y ,  a t  room temperature, w i th  a v a r i e t y  of organic  
subs t r a t e s .  45 This  'naked' f l u o r i d e  reagent  , thus ,  provides  a f a c i l e  and 
e f f i c i e n t  means of ob ta in ing  organic  f l u o r i n e  compounds i n  high y i e ld .  I n  
a similar fash ion ,  t he  'naked' acetate46 and cyanideb7 are e x c e l l e n t  r eagen t s  
f o r  preparing organic  acetates and n i t r i l e s ,  r e spec t ive ly .  

Reduction of alkoxysulfonium salts formed by a l k y l a t i o n  of su l fox ides  
wi th  Magic Methyl (methyl f luo rosu l fona te )  proceeds r e a d i l y  wi th  NaBH CN i n  
the  presence of crown e t h e r s  t o  g ive  t h e  s u l f i d e s  i n  e x c e l l e n t  y i e l d  ?85-91%). 

@ 
49 

Crown e t h e r s  a l s o  f i n d  a p l i c a t i o n  i n  many two-phase r e a c t i o n s  of 
carbanions and halocarbenes. 5g-53 
phase t r a n s f e r  c a t a l y s t .  

I n  these  r e a c t i o n s  crown e t h e r  is  used as 

P ro tec t ive  Groups and Their Removal - t -Buty ld imethyls i ly l  and t r i - i sopropyl -  
s i l y l  p ro t ec t ing  groups f o r  t h e  p ro tec t ion  of 2'-  and 2 ' ,5 ' -pos i t ions  i n  
r ibonucleos ides  are r e a d i l y  prepared, are n i c e l y  c r y s t a l l i n e ,  and overcome 
most of t h e  problems a s soc ia t ed  wi th  c u r r e n t l y  used p ro tec t ing  groups .54 

Carboxyl groups masked as an oxazol ine are i n e r t  t o  Grignard r eagen t s  
and l i t h ium aluminum hydride.  
from e i t h e r  t h e  ac id  01: ester by t reatment  wi th  1 , l -d imethylaz i r id ine  and 
subsequent rearrangement o r  by d i r e c t  formation wi th  2-amino-2-methyl-1-pro- 
panol. 

The carboxyl func t ion  may be masked s t a r t i n g  

The carboxyl group i s  regenerated by ac id  h y d r ~ l y s i s . ~ ~  

H2N 
RCOOH <> RCOOH 

J; 
a,a-Dicyanoethyl acetate, r e a d i l y  a c c e s s i b l e  from t h e  r e a c t i o n  of 

a c e t i c  anhydride wi th  a l k a l i  cyanide, e f f e c t s  smooth N-acetylat ion and i s  
capable of d i sc r imina t ive  a c t i o n  between hydroxyl and amino func t ions .  56 
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Several useful methods for removal of protecting groups have been re- 

ported in 1974. 
ing with lithium a-propyl mercaptide in HMPA with few side reactions.57 The 
reaction of anhydrous ferric chloride in acetic anhydride converts a variety 
of ethers to the corresponding acetates, affording a mild versatile reagent 
for the cleavage of ethers .58 
in the characterization and purification of carbonyl substances with the 
finding that the 
bleach solution,T9 or with N-bromosuccinimide in methanol. 6o Cleavage of the 
benzyloxycarbonylamine protecting groups from S-benzylcysteine-containing 
peptides can be attained by alladium-catalyzed hydrogenation when liquid 
ammonia is used as solvent. 6!, 62 

Basic nitrogens protected by benzyl groups allows deblock- 

Tosylhydrazones should be more useful 

are readily removed in one step by treatment with commercial 

Carboxylic Acids and Derivatives - A general synthesis of y-butyrolactones 
from readily available olefins and carboxylic acids in a simple one-step 
process has been reported. The general reaction consists of the addition 
of a carboxylic acid having an a-hydrogen atom across the double bond of 
an olefin in the presence of stoichiometric amounts of metal oxidants.63 

R5, 17 
CH-C-OH - 

R6' 

0 

Oxazolines may be used to homologate acetic acids64 and to prepare 
either R or S dialkylacetic acids from a readily available oxazoline by merely 
reversing the order of alkyl introduction. 65 

1) LDA, R'X 
2) LDA, RX R' 

H ~ J ~ ~ ~ C O ~ H  (S) - (+) 
3) H+ R cHYoY Ph ' 
1) LDA, RX R 

2) LDA, R'X R' 
3) Kt- 

H+CO~H (R) - (-1 
0 Me 

The use of t-butyl-a-lithio esters shows promise for the general syn- 
thesis of a-mono= and dialkylated ketones that are difficult t o  prepare by 
other means. 66 A facile synthesis of acid-esters via monodemethylation of 
a dimethyl ester by 1,l-dimethylhydrazine and subsequent conversion of the 
resulting trimethylhydrazonium ester has been reported. 67 
banions of carboxylic acids and esters has been extended to the 
of malonates, phosphonoacetates, a-selenyl and sulf inyl esters; " a ,  B-unsatur- 
ated carboxylic e~ters;~g and monoesters of malonic acids.7o 

in high yield," while the use of boron trifluoride etherate- 
alcohol system for esterification has been reviewed. 72 
boxylation of primary acids with lead tetraacetate in the presence of cupric 

The use of a-car- 
ynthesis 

Boron triha des catalyze the conversion of esters to amides 

Oxidative decar- 
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acetate a f f o r d s  a new r o u t e  t o  a-methylene lac tones .  73 

279 - 

A mild and s e l e c t i v e  means f o r  e f f e c t i n g  the  hydro lys i s  of n i t r i l e s  t o  
amides i n  near  n e u t r a l  media a t  room temperature using chloropentaamineru- 
thenium(II1) ch lo r ide  [(NH ) RuC1]C12 i n  which the  r e s u l t i n g  amides r e q u i r e  
no f u r t h e r  p u r i f i c a t i o n  has  been repor ted .  74 Isomerizat ion of aldoximes t o  
amides is e f f e c t e d  by hea t ing  t h e  former i n  t h e  presence of s i l i c a - g e l  and 
appears t o  i v e  b e t t e r  y i e l d s  and c l eane r  products  than the  n i c k e l  a c e t a t e  
procedure. 75 Polystyrene r e s i n s  bear ing mixed carbonic  carboxyl ic  anhydride 
func t ions  have been synthesized and u t i l i z e d  t o  prepare  amides and anhydrides 
from amines nd carboxyl ic  ac ids ,  r e spec t ive ly ,  i n  high y i e l d s  under mild 
condi t ions .  

3 5  

7% 

C-C and C=C Bond Formation - 
or tho  a l k y l a t i o n  of aromatic amines. S t a r t i n g  wi th  a n i l i n e s  o r  N-alkylated 
a n i l i n e s  bear ing o r tho ,  meta, or  para s u b s t i t u e n t s  (electron-donating o r  
electron-withdrawing), or tho-alkylated a n i l i n e s  re prepared t h e  i n t e r -  
mediacy of an g-alkyl-a-thioalkoxy s u b s t i t u e n t .  7'f A new procedure f o r  d i r e c t  
i n t roduc t ion  of a l k y l  and a lkenyl  s u b s t i t u e n t s  i n t o  he t e rocyc l i c  n u c l e i  has  
been repor ted .  
by an alkylidinephosphorane and t h e  r e s u l t i n g  he te rocyc l i c  y l i d e  converted 
i n  s i t u  e i t h e r  by hydro lys is  i n t o  an a l k y l  d e r i v a t i v e  of t h e  he te rocycle  
o r  by r e a c t i o n  wi th  a carbonyl compound i n t o  an  a lkenyl  d e r i v a t i v e  of t he  
heterocycle .  78 

A genera l  process  has  been developed f o r  t h e  

A s u i t a b l e  leaving group on the  he te rocycle  i s  d isp laced  

Under t h e  appropr i a t e  condi t ions  of t i m e  and temperature, d ian ions  from 
a v a r i e t y  of 6-keto esters generated using 1 equiv of sodium hydride and 1 
equiv of 1-buty l l i th ium o r  methyl l i thium o r  2 equiv of l i t h ium di i sopropyl -  
amide r e a c t  wi th  a range of a l k y l a t i n g  agents  t o  produce y-alkylated products  
exc lus ive ly  i n  good y i e l d .  79 

a-Phenylthio ketones and aldehydes may be a lky la t ed  a t  carbon bear ing  
s u l f u r  and subsequent ly  the  s u l f i d e  func t ion  of t h e  a lky la t ed  phenyl thio ~ 

ketones may be r e g i o s p e c i f i c a l l y  replaced by an a l k y l  s u b s t i t u e n t  through 
reduct ive  a l k y l a t i o n  as a means of e f f e c t i n  
methylene ad jacent  t o  a carbonyl func t ion .  86 a-Methoxyvinyllithium and re- 
l a t e d  spec ie s  can be used t o  prepare a c y l  anion equiva len ts  of u se fu l  syn- 
t h e t i c  va lue .  
conta in  v i n y l  e t h e r s  which may be f u r t h e r  e labora ted  o r ,  more usua l ly ,  con- 
ve r t ed  by mild ac id  t reatment  t o  t h e i r  corresponding carbonyl compounds i n  
high y i e ld .  81 

geminal d i a l k y l a t i o n  a t  a 

The r e a c t i o n  products  of t hese  spec ie s  wi th  e l e c t r o p h i l e s  (E') 
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Elimination of a-sulfinyl carbonyl compounds to their a,B-unsaturated 
derivatives forms the basis for the synthesis of a,B-unsaturated esters 
utilizing the anion of methyl 2-phenylsulfinylacetate and the corresponding 
halides. 
corresponding lefin, offers a novel substitution at the allylic position 
of an olefin. 88 

Use of a-allylpalladium complexes, directly available from the 

5, 9 M  B 9 
RCH2X + PhSCH=COCH3 - RCH=CHCOCH3 

M = Na+, Li+ 

The dianion of the B-keto sulfoxide can be alkylated exclusively on 
the y-carbon atom with a variety of auCyl halides; the resultant a-phenyl- 
sulfinyl ketones undergo ready elimination of benzenesulfenic acid 
providing a new general route to alkyl vinyl ketones.83 

9 9 
P h S x  - Ph!x- - phs& - o< 
0 0 

R R 

A new method for the preparation of diallylic sulfones from ally1 alco- 
hols allows extension of the Ramberg-Backlund olefin synthesis to synthesis 
of the corresponding trienes. 84 
halides followed by reductive cleavage of allylated sulfones offers a new 
method for the preparation of geometrically pure 1,5-dienes. 85 
of ketone and carboxylate enolates with benzyl sulfide, followed by sulf- 
oxide elimination, gives a-methylene ketones and carboxylic acids. 86 

Coupling of allylic sulfones with allylic 

Alkylation 

Treatment of epoxides with Ph PLi-THF followed by H202-AcOH gives, by a 
single inversion, 8-hydroxydiphenyfphosphine oxide. The latter can be frag- 
mented stereospecifically to olefins upon treatment with an appropriate base. 
A second method involves thermal decomposition of sulfoximines prepared from 
the appropriate epoxides. 88 Alkylation of benzyl phenyl selenides (prepared 
from benzyl halides) with alkyl or arylalkyl halides followed by oxidation 
to the selenoxide and elimination results in high yields of trans-alkenes. 89 

87 

1) PhSe-Na+ R' CH-SePh H202 R;/H - R2 - 
H 

I R'CH Br - 
2) P ~ ~ N L I  CH2R2 
3) R2CH2Br 

1-Chloro-4-chloro (bromo)methoxybutane and 1,4-bis [chloro (bromo)methoxy]- 
butane are effective chloro (bromo)-methylating agents of wide utility circum- 
venting the need to use the carcinogenic chloromethyl ethers 

Miscellaneous - A new synthetic procedure for the direct preparation of 
thiol esters from carboxylic acids and thiols using diethyl phosphorocyanidate 
[NCPO(OEt) 2] or diphenyl phosphorazidate [N3PO(OPh) 21 as a condensing agent 
has been described.91 Unsymmetrical sulfides are easily prepared in one step 
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under mild condi t ions  from t h e  r e a c t i o n  of t r i a l k y l  phosphates o r  phosphin- 
ate and a l k y l  m e r ~ a p t i d e . 9 ~  

R ~ S -  - x\9 P-0- + R'-S-R 2 + x\ 0 
X' X' 

*-OR' 

X = OR' ,  Ph 

Conversion of primary a lcohols  to a l k y l  ch lor idesg3  and f luo r idesg4  i n  
the  presence of phase- t ransfer  c a t a l y s t s  has been repor ted .  

A novel and covenient conversion of 17-ketosteroids  i n t o  t h e i r  18-nor 
d e r i v a t i v e s  via 
methods f o r  t he  s ide-chain d e  r ada t ion  f 

t h e i r  oximes i n  t h r e e  s t e p s  has been descr ibed.95 Improved 
anos t e ro l  were repor ted  which 

preserve  t h e  ac id-sens i t ive  A 8 -olef i n .  98 , 93 
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Chapter 29. Radioimmunoassays 

F. Kohen, Y. Koch, and H. R. Lindner, Department of Hormone Research, 
Weizmann Institute of Science, Rehovot, Israel. 

The technique of radioimmunoassay (RIA) introduced in 1960 by Yalow and 
Bersonl for  the measurement of plasma insulin has now been expanded to include 
the detection of minute amounts of a wide variety of substances of biological interest, 
including steroid hormones and drugs that are not antigenic per se. It has become 
the method of choice for the measurement of most protein and polypeptide hormones. 
Thus, a number of complete commercial kits and antisera are now available for 
clinics1 use. Several comprehensive books and reviews of this technique have been 
written2-''. This review will focus on the methods and applicatlons of RIA. 

Fundamental considerations - RIA is a saturation assay technique, using the anti- 
body (Ab) as a specific binding agent. In this method the antigen (Ag) to be measured 
competes with a labeled derivative (Ag*) for the binding sites of the antibody. After 
equilibration, the antigen bound to antibody is physically separated from the free 
antigen, and the label on the antigen either in the bound (B) or  free state (F) is 
measured and compared with the corresponding value for standard solutions of the 
antigen, The competing reactions can be summarized as shown below: 

* * 
Ag + A+b + Ag Ab 
(F) Ag (B) 

dt 
AgAb 

RIA procedures depend on the following prerequisites: (i) production of antisera 
with a high affinity and specificity for the antigen; (ii) preparation of labeled antigens; 
(iii) standardization procedures; (iv) separation techniques; (v) assay validation and 
expression of the results. 

(i) Production of antisera - Antibody production depends, among other factors, on 
the nature of the immunogen and the animal species used for immunization. 

The immunogen - Proteins of molecular weight in excess of 5,000 are immunogenic 
without modification. The smaller polypeptides (mol. wt. 1,000-5,000, e. g. oxytocin, 
gastrin, 'vasopressin) have low immunogenicity and may be conjugated to carrier 
molecules such as synthetic polypeptides (polylysine), 
pyrrolidone)12 or natural protein molecules13 (albumins, thyroglobulins). Smaller 
molecules (steroids, l4 drugs, l5 hypothalamic releasing hormones 
molecular weight of -c 1,000 are not antigenic but can function as haptens, i. e. 
they may be rendered antigenic by covalent attachment to a macromolecule. Most 
conjugation methods involve the formation of a peptide bond between the hapten and 

or  polymers (polyvinyl 

16 ) with a 
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the carr ier  molecule. If the hapten already contains a free amino roup (e. g. ampheta- 

linked unchanged to the protein. Alternatively, a carboxyl group can be introduced 
easily into the molecule by using a symmetrical o r  ambidentate reagent (succinic 
anhydride, carboxymethyl oxime, thioacids), one end of which attacks a reactive 
position on the hapten (e. g. OH, C=O, halogen, double bond conjugated with a keto 
group, phenolic ring) while the other serves to fashion an amide bond with the carr ier  
However, convenient general methods for preparing amino derivatives of haptens 
have not been elaborated. The mixed anhydride20, the Shotten-Baumann21 or  the 
carbodiimide22 reactions have been used for the condensation of carboxyl derivatives 
with carrier.  The glutaraldehyde condensation reaction23 has been described for 
amino derivatives Other condensation reactions that have been used include the 
Mannich reaction2'. F o r  drugs that are totally unreactive in their native forms 
(e. g. diphenylhydantoin) their reactive congeners (in this case p-hydroxyphenytoin) 

25 have been employed as antigen . 

mines") or  a free carboxyl group @arbituratesl8, prostaglandins 79 ), i t  can be 

14 . 

Species immunized - Guinea pigs o r  rabbits have been commonly used. Other 
species such as  rats, chickens, sheep, ewes, goats have also been immunized, and 
the bigger species are usually used for the production of second antibodies for assays 
of the double antibody type which require relatively large volumes of serum26. The 
general met hod of inducing antibody formation is to inject by various routes (intra- 
peritoneally, subcutaneously, intravenously o r  directly into the lymph nodes) the 
pure antigen mixed with Freund's adjuvant into a number of animals27. Several 
immunization schedules have been described28. The antisera that are thus generated 
a re  tested for their titer, affinity and specificity28. 

(ii) Preparation of labeled antigen - A prerequisite for a sensitive RIA is  the 
availability of a purified antigen which has been labeled with a radioactive nuclide, 
though many alternative types of label are now being used for i m m u n ~ a s s a y ( e n z y m e s ~ ~ ,  
spin-labe130, phage31, etc). 
being $-emitters, have been used for iodinating the tyrosyl or  histidyl residues of 
highly purified and preferably homologous peptide hormones. The iodination pro- 
cedure involves release of nascent iodine from Na1251 o r  Na1311 which is  brought 
about by the use of oxidizing agents such as chloramine TJ2, iodine m o n ~ c h l o r i d e ~ ~ ,  
chlorine o r  sodium h y p ~ c h l o r i t e ~ ~ ,  by an  electrolytic process35 o r  by enzymic 
iodination using lactoperoxidase36. 

The isotopes of iodine, particularly 1251 and 1311a 

Recently the use of a solid phase iodination technique using lactoperoxidase 
coupled to polyacrylamide has been reported37. Alternatively, the iodination can be 
carried out on an active acylated agent like 3-@-hydroxypheny1)propionic acid N- 
hydroxysuccinimide ester  which is then conjugated to the protein38. The labeled 
antigen can be purified by electrophoresis, gel-filtration, o r  ion-exchange d-iroma- 
t ~ g r a p h y ~ ~ .  Haptens, such a s  steroids, prostaglandins and various drugs are 
available commercially labeled with p emitters (3H or  14C). The low specific 
activity of 1%-labelled compounds severely limits their usefulness. There has 
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also been an interest in the provision of f-emitters for some of these assays, since 
sensitivity can be improved by the use of a labeled antigen with high specific activity. 
The requirement is to introduce a 3--ray emitting radionuclide into the hapten. 
Advantage has been taken of the availability of the carboxyl derivatives of haptene 
which were linked to the carrier to form the immunogen. These carboxyl derivatives 
were first  conjugated to tyrosine methyl ester, tyramine or  histamine and subsequently 
iodinated and purified. These iodinated tracers were then used as labels in  RIA 
provided that they showed an affinity to the antibody close to that of unaltered haptenlo.  
For  phenolic steroids , histamine w a s  f i rs t  iodinated and then conjugated to estradiol- 
6-(0)-carboxymethyloxime40. A new development in t h i s  area is  the  use  of 75Se 
labeled eteroida41 as  an a l t ernat ive  t o  1251-labeled s t ero ids .  

(iii) Standardization procedures - Quantitation of the results of a given RIA i s  based 
upon comparison of responses given by test materials with those given by a standard 
examined in the same assay. Validity of such assays require that the standards 
show tmmunochemical identity with the substances assayed. With standards that 
can be obtained in a pure form (drugs, steroids) results obtained with any pure 
preparation as standard are comparable. However, with those substances not 
completely characterized (peptide hormones) , disparate assay results can be ob- 
tained because of dissimilarity between the substance in the test sample and the 
standard. Non-identity can occur either because of natural varlattons of the sub- 

o r  because of artifacts produced from in-vitro handling of the standard42. 
Thus, for assays applied routinely in a clinical laboratory it is important to evaluate 
what molecular forms of a hormone an assay is intended to measure, to develop 
assays with defined specificity and to relate the estimates to a particular reference 
material. A service of standards and reference material is provided by the World 
Health Organization (WHO), by the National Pituitary Agency (Bethesda, Maryland) 
and by the National Institute for Biological Standards and Control (Hampstead, London). 

(iv) Separation techniques - The end point of saturation analysis involves the 
determination of the relative proportion of labeled antigen that is free and antigen 
that is bound to the antibody, Advantage has been taken of the physiochemical or 
immunological differences between free and bound moieties. Separation of the two 
moieties can be accomplished in the following ways:43 

(a) Fractional precipitation of the bound fraction using organic solvents (ethanol, 
dioxane o r  polyethylene glycol) or  salts (ammonium sulphate); 

(b) separation on the basis of molecular size (gel filtration) or  electrophoretic 
mobility (electrophoresis on starch gel, cellulose acetate, etc); 

(c) adsorption of free fraction (dextran-coated charcoal, talc, sillcates); 

(d) immunological precipitation of the bound fraction using an antiserum directed 
against 'J -globultn (double antibody techniques). 
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An alternative to these methods is the use of solid-phase RIA wherein the antibody 
is introduced either in the form of a coating on discs o r  tubes or  linked to a finely 
divided solid phase or  as a copolymer43. 

(v) Assay validation and expression of results - A reliable antiserum is  the ultimate 
requirement for  any RIA. Five main crt teria have been used to assess the relia- 
bility of RIA: precision, sensitivity, specificity, accuracy and reproducibility. 
These aspects of RIA have been described in detail by E k i n ~ ~ ~  and M i d g l e ~ ~ ~ .  
Several co-ordinate systems for dose response curves in RIA are in common use. 
A number of calculator and computer programs4'~ 47 have been written for the 
statistical analysis of assay data and for  the optimal assay design. Of these 
programs, the Rodbard47 program is widely used, and is applicable to any satu- 
ration analysis assay. The results are usually expressed in terms of mass, 
molarity or  of a particular reference preparation. 

Applications 

RIA has been applied a s  an analytical tool in various fields such as  endo- 
crinology, clinical pharmacology, haematology, virology and oncology. Since it 
i s  not possible in the space available to cover all the applications of this method, 
emphasis will be given only to those assays that proved of clinical value. 

Endocrinology - The substances that have been assayed in the whole endocrine 
system can be categorized in the following way: (i) peptide and protein hormones; 
(ii) non-peptide hormones; (iii) non-hormonal substances. 

(i) Peptide and Protein Hormones 

human pituitary  hormone^^^^ 51J placental hormones50, thyroid5' and paratkyroid 
hormones53, gastrointestinal hormones54, and vasoactive peptide hormones55, 56 
have been published. Each subject will be treated very briefly and only those 
methods that have a direct impact on human medicine will be given. 

48,49 Several review articles on RIA methods of hypothalamic pe tides 

Hypothalamic Peptides - The physiological aspects of the hypothalamic peptides 
have been discussed elsewhere in this volume ( Chapter 2 1  ). So far,speciflc RTA 
methods have been described only for two hypothalamic releasing hormones 
(luteinizing hormone-releasing hormone, LH-RHl'. 48 and thyrotropin releasing 
hormone, TRH4'). Basal values for  serum LH-RH have been reported57. However, 
attempts to measure TRH in human plasma have so far proved u n s u c ~ e s s f u l ~ ~ .  

Pituitary Hormones 

The chemistry and physiology of these hormones are covered in another 
survey in this volume (Chapter 21) . The heterogeneity of the protein hormones58, 
the poor immunogenicity of the peptide hormones5g, and the difficulty in preparing 
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pure labeled antigens3g have been some of the major problems in the development 
of specific RIA methods for these hormones. 

Glycoprotein Hormones: Thyroid Stimulating Hormone, TSH, Luteinizing Hormone, 
LH, Follicle Stimulating Hormone, FSH - Antisera raised against the intact hor- 
mones were non-specific due to the similarity of the a subunits of these hormones50. 
Recently specific RIA methods using the p subunit a s  an immunogen have been 
described for LHsO, TSH5O and FSHsl. The RIA of LH and FSH has been applied 
in studies in reproductive physiologys2. 

Adrenocorticotropin Hormone, ACTH - The problems involved in the development 
of a RIA method for ACTH has been revieweds3. The RIA of ACTH in plasma has 
applications in the diagnosis of Cushing's syndrome and in cases of primary and 
secondary adrenal deficiencys3. 

Prolactin - The RIA of human prolactin has been revieweds4. The immunoassay 
of prolactin has been used in the investigation of patients with pituitary tumors and 
with inappropriate lactations4. 

Human Growth Hormone, HGH - The RIA of HGH rovided the first  quantitative 
estimates of basal HGH concentrations in plasma6' The measurement of HGH by 
RIA has been used in the diagnosis of acromegalysd and in screening patients with 
suspected HGH deficiencys5. 

Posterlor Pituitary Peptides: Vasopressin, Oxytocin, Neurophysin - The RIA of 
vasopressin provided basal values of this hormone both in plasmagB and in urines7. 
The RIA of oxytocin has been revieweds8. The RIA of vasopressin has potential 
applications in the diagnosis of diabetes insipiduss9 and that of oxytocin in studies 
on animals9 and human parturttion70. The RIA of neurophysinsg is relatively 
recent and has been confided to studies in which there was a release of oxytocin 
and/or vasopressin. 

Placental Hormones: Human Chorionic Gonadotropin, HCG, Human Placental 
Lactogen, HPL 

The structure, function and relationship of HCG to the glycoprotein hormones 
(LH, TSH, FSH) have been reviewed 71. Thus, antisera raised against intact HCG5' 
reacted with all the glycoprotein hormones whereas those raised against HCG p 
subunit" were specific, and were used for the measurement of HCG by RIA in the 
presence of physiological amounts of LH. The estimation of HCG by RIA has been 
applied in the early detection of pregnancy5* and in the diagnosis of choriocarcinoma50. 
The estimation of HPL by RIA has been used in monitoring placental function and 
fetal well-be ing50. 
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Thyroid and ParathyroidHormones: Calcitonin, CT, Parathyroid Hormone, PTH - 
The estimation of CT in plasma by RIA has been applied in the diagnosis of hyper- 
~ a l c e m i a ~ ~ .  High levels of CT havebeen reported in patients with medullary 
carcinoma of the thyroid gland73. The development of a RIA for human P T H  has 
been rather difficult due to the heterogeneity of PTH53 and to the lack of a human 
reference preparation. The RIA of the plasma concentration of human PTH has 
many applications in the differential diagnosis of hypercalciuria and the management 
of renal failure by dialysis53. 

Hormones of the Gastrointestinal Tract 

RIA methods have been published for some of the peptide hormones of gastro- 
intestinal tract whose amino acid sequence has been elucidated (secretin, 

and pro-insulin) that are secreted by the pancreas. Of these hormones, the 
estimation of human insulin74 is widely used for the routine investigation and 
diagnosis of hypoglycaemia. The RIA of serum gastrin is of diagnostic value in 

cholecystekinin, glucagon and C - ~ e p t i d e ) ~ ~  and for the protein hormones 72a;:&, 

patients with suspected Zollinger-Ellison syndrome 75 . 

Vasoactive Peptide Hormones: Bradykinin, Angiotensin I and Angiotensin II - 
RIA methods have been reported for the vasoactive peptide hormones b r a d ~ k i n i n ~ ~ ,  
angiotensin 156 and angiotensin I156. Of these, the RIA of angiotensin I is used 
clinically for estimation of plasma renin 76. However, the lack of an 
internationally accepted standard for renin makes it difficult to compare results 
obtained in various l a b ~ r a t o r i e s ~ ~ .  

(ii) Non-Peptide Hormones: 

This group consists of the steroids, prostaglandins and hormones of the 
thyroid gland. 

Steroids - Several RIA methods 77* 78 have been published for the determination of 
natural steroids secreted by the adrenal (mineralcorticosteroids7~ and glucocorti- 
costeroids)80 and by the gonads81. 82 (estrogens, androgens, progestagens). 
Recently RIA methods have been reported for synthetic steroids which are used as 
drugs ( c ~ n t r a c e p t i v e ~ ~  and anti-inflammator~8~ steroids). Earlier antisera w e r e  
generated by using as immunogen steroids coupled to the carrier via their existing 
functional groups, and antisera thus produced were non-spec i f iczp .  However, 
more specific antisera w e r e  obtained when the antigen used for immunization w a s  
coupled to the carrier molecule through reactive groups introduced into the steroid 

of good specificity, conventional methods of purification, including solvent parti- 
tion and chromatography have to be carried out for the measurement of some of 
these steroids from biological fluids. Recently RIA methods without extraction 
and chromatography have been reported for estriols5 and estradio186. 

skeleton at  positions remote from the existing functional groups 14381, 82. In spite 
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Prosta landins - RIA methods have been published for prostaglandins such as E, 
for some of the metabolites (15-keto, 13,14-dihydro-PGE~~~, and 

15-keto, 13,14-dihydro-PGF~,~~). An inclusion of a chromatographic step proved 
to be necessary for the measurement of these prostaglandins from biological fluidsa7. 

Hormones of the Thyroid Gland - RIA methods have been developed recently for 
the two thyroid hormones, thyroxine (T4)90 and triidothyronine V3)'OJ 91. The 
estimation of both of these hormones by RIA is useful in evaIuating thyroid function. 

(iii) Non-Hormonal Substances 

RIA techniques for cyclic nucleotides have been reported by S t e i n e r e l .  92. 
Low concentrations of these nucleotides in body fluids and tissues have been 
measured by RIA methodsg2. 

Clinical Pharmacology - The application of RIA to pharmacology has been reviewedl5. 93. 
RLA methods have been published for the cardiac lycosidesg4, for morphine and 
opiate alkaloidsg5, for lysergic acid derivativesg8, for tetrahydr~cannabinol~~, for 
anti-convulsants (barbituratesl8 and phenytoin25), for  a m p h e t a r n f n e ~ ~ ~  and for 
phenothia~inesl~.  It has, thus, been possible to measure by RIA low concentrations 
of these drugs in blood, and in some cases to monitor treatment. 

Haematoloa - RIA methods have been applied to the measurement of some of the 
ly tic f actorsg7 (fibrinogen, f ibr inogen degradation products , fib rinopep tide 8, 

plasmlno en, plasmin and prothrombin), of vitamin B12, g8 of ferritingg and erythro- 
poietin"'. The determination of serum ferritin concentrations by RIAg9 promises 
the most convenient, direct assessment of body iron stores. 

Virology - RIA techniques have been applied for the detection and meaurement of 
viral antigendo' (hepatitis B antigen) and antiviral antlbodieslol. These methods 
have been in the order of l o 2  - lo3  times more sensitive than other laboratory 
tests commonly used for diagnostic purposes (e. g. complement fixation). 

Oncology - RIA techniques have been applied for the detection of tumor secreting 
antigensio2. of these, the RIA of fetal antigens [ cr-fetoproteinloZ and carcino- 
embryonic antigen (CEA)] lo3 is quite promising. There are indfcations that 
estimation of plasma CEA in patients with gastrointestinal carcinoma can provide 
a guide for monitoring treatmentlo3. 

Conclusion 

The number of applications of RIA is growing at a fast rate. Exten- 

Future changes in 
sions and modifications of RIA include the immunoradiometric and "sandwich" 
or "2-site" assays which utilize labeled antibdiesl04. 
RIA will be, whenever possible, to substitute specific biological receptors 
for the antibody in the assay. 
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Chapter 30. Vitamin D and i ts  Metabolites 

Joseph L. Napoli, Department of Biochemistry 
The University of Wisconsin, Madison, Wisconsin 

Introduction - I n  the  las t  decade the re  has been intense i n t e r e s t  i n  t he  
study of vitamin D ’ s  metabolism and t h e  function of i ts  metabolites i n  the  
maintenance of calcium homeostasis. Research has focused on elucidat ing 
the r o l e  of t he  various D metabolites i n  mediating spec i f i c  aspects of 
calcium uptake and mobilization; and on invest igat ing the  biosynthet ic  
control  of these metabolites by calcium, phosphate and parathyroid hormone. 
I n t e r e s t  i n  vitamin D ’ s  metabolism is  rooted i n  Carlsson‘s’ observation 
of a time lag between dosage with vitamin D and onset of physiological 
response. However, e a r l y  invest igat ions f a i l e d  t o  uncover any ac t ive  
metabolites of vitamin D , 2 - 4  which implied t h a t  t he  vitamin worked d i r e c t l y  
t o  e l i c i t  physiological responses. This conclusion w a s  proven erroneous 
upon the advent and use of powerful new t o o l s  which permitted the  inves- 
t i g a t i o n  of vitamin D a t  physiological doses. These w e r e :  t h e  synthesis  
of vitamin D3 of high spec i f i c  a c t i v i t y ;  56 t h e  development of new chroma- 
tographic methods which were capable of separating vitamin D and i t s  metab- 
o l i t e ~ ; ~ - ’  and t h e  coming of age of nmr and mass spectrometry. 
excel lent  reviews cover these aspects.‘ 

Several 

Metabolites - There a r e  two natural  sources of vitamin D3-diet and endoge- 
nous synthesis.  I n  m a m m a l s ,  i n t e s t i n a l  absorption of cholecalciferol  (D3) 
and 7-dehydrocholesterol (7-DHC) is a f a c i l e  process,  whereas ergocalci-  
f e r o l  ( D 2 )  is  only poorly absorbed.”’lg 7-DHC is a l s o  an intermediate i n  
the  biosynthesis of cholesterol  and thus occurs i n  a l l  t i s s u e s  which syn- 
t h e s i z e  cholesterol .  Mammalian t i s s u e  can not dehydrogenate cholesterol  
t o  7-DHC.” I n  t h e  epidermis, 7-DHC is  i r r ad ia t ed  t o  D3. Epidermis syn- 
thes i zes  7-DHC, but t he  predominant source of t h i s  s t e r o l  i s  most l i k e l y  
l i v e r  and g a s t r o i n t e s t i n a l  t r a c t  - t i s s u e s  t h a t  are the major si tes of 
cholesterogenesis.  2 1  

Work by DeLuca’s group i n  t he  1960’s demonstrated t h e  existence of 
biological ly  ac t ive  metabolites of D 22 and establ ished t h a t  D3 is meta- 
bolized t o  25-hydroxy-D3 (25-OH-D3) . a 3 r 2 4  Present ly ,  25-OH-D3 is con- 
sidered t h e  major c i r c u l a t i n g  form of D O-’ 

3’ 

The 25-hydroxylation of D3 occurs i n  hepatic microsomes 2 5 r 2 6  and is 
catalyzed by an enzyme which requires  molecular oxygen and NADPH,25 but in- 
h i b i t o r  s tud ie s  f a i l e d  t o  demonstrate t h a t  t h i s  mixed-function oxidase is 
cytochrome P-450 dependent. 27 The D3-25-hydroxylase is stimulated by a 
spec i f i c  cytoplasmic protein,  which probably p ro tec t s  D3 from oxidat ive 
degradation by non-specific peroxidases. This supposition is supported by 
the observation t h a t  t he  antioxidant diphenyl-p-phenylenediamine promotes 
25-hydroxylation i n  t h e  absence of cytoplasmic protein.  2 8  

Physiological amounts of D3 dramatically decrease the  a c t i v i t y  of 
rat  25-hydroxylase within th ree  hours a f t e r  dosage. 2 5 - 2 9  The r a t e  of 
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onset ,  magnitude, and duration of t h i s  e f f e c t  is  dose dependent; however, 
very large doses of D3 can overcome t h i s  e f f e c t . 2 5  
r a t  , Haussler and co-workers3 reported t h a t  chick 25-hydroxylase a c t i v i t y  
w a s  not diminished by dosage with 10 I U  of D3 (10 IU=0.65 nmol). 
reported t h a t  chick kidney and i n t e s t i n e  metabolized D3 t o  a compound 
which co-migrated with 25-OH-D3, and t h a t  these hydroxylations were un- 
regulated.  DeLUca I s  group' ' confirmed t h e  appearance of t h e  kidney and 
i n t e s t i n a l  moiety which co-migrated with 25-OH-D3, but  questioned the 
i d e n t i t y  of t he  compound. 
ra t  kidney and i n t e s t i n e  d id  not  metabolize D3 s ince t h e  plasma of hepa- 
tectomized rats remained f r e e  of I3H]25-OH-D3 f o r  as long as 1 2  hours 
a f t e r  dosage with [3H]D3. Bhattacharyya and DeLuca2' confirmed t h a t  10 I U  
of D3 did not i n h i b i t  t h e  chick 25-hydroxylaseI but  went on t o  e s t a b l i s h  
t h a t  larger  doses (20 and 50 I U )  d id  r e s u l t  i n  diminution (63 and 83%, re- 
spect ively)  of 25-hydroxylase a c t i v i t y .  Thus f present ly ,  t he  mammalian 
25-hydroxylation of D3 mdst be considered a regulated process which occurs 
only i n  l i v e r .  
l a t i o n  are unknown. 

In  c o n t r a s t  t o  t h e  

They also 

These fu r the r  experiments demonstrated t h a t  

The mechanism and physiological s ignif icance of t h e  regu- 

Both D3 and 25-OH-D3 are bound t o  spec i f i c  c a r r i e r  p ro t e ins  i n  chick, 
ra t  and human plasma.31 I n  the  ra t ,  one p ro te in ,  d i s t i n c t  from albumin, 
binds both D3 and 25-OH-D3. This p ro te in  demonstrates an overwhelming 
preference f o r  25-OH-D3, i n  v i t r o .  The binding half-time of  25-OH-D3 is 
9 minutes, whereas t h a t  of D3 is about 2.5 days. Human3' 3 2  and 
plasma contain two d i f f e r e n t  c a r r i e r  proteins .  One, which is d i s t i n c t  
from albumin, binds both D3 and 25-OH-D3. A second, which co-migrates 
with albumin on acrylamide g e l  e lectrophoresis ,  binds only D i t s e l f .  
v i t r o ,  25-OH-D3 is p re fe ren t i a l ly  bound by the 25-OH-D/D p ro te in ,  whereas 
the  D protein binds the  parent  vitamin and t h e  metabolite equivalently.  
In  the chick, D2  and 25-OH-D2 a r e  bound poorly t o  the  25-OH-D/D p ro te in  
r e l a t i v e  t o  25-OH-D3 and D3. 
about equally recept ive t o  D3 and D2 and t h e i r  25-hydroxylated metabolites.  
According t o  DeLucaI3' t h e  lower a f f i n i t y  of t h e  chick c a r r i e r  p ro t e in  t o  
D2 and 25-OH-D2 may explain,  i n  p a r t ,  t he  increased metabolic degradation 
and the consequent lower eff icacy of these compounds with respect  t o  t h e  
D3 compounds i n  curing chick r i c k e t s .  

In 

R a t  and human 25-OH-D/D c a r r i e r  p ro t e ins  are 

There is no indicat ion t h a t  physiological concentrations of 25-OH-D3 
a c t  d i r e c t l y  t o  mediate calcium or  phosphate homeostasis. 
i s ,  however, 2-5 times more ac t ive  than D3 i n  curing r i c k e t s  and a c t s  
f a s t e r  than D3. 

The metabolite 

In the kidney cortex mitochondria, 25-OH-D3 is hydroxylated t o  e i t h e r  

Both 1 ,25-diOH-D342 and 
lCiI25-dihydroxy-D3 (1,25-diOH-D3) 5-3 a or  24,25-dihydroxy-D3 (24,25-diOH- 
D3) 39-41 depending on physiological circumstances. 
24 , 25-diOH-D3' 
respect ively,  t o  give lCi,24,25-trihydroxy-D3 (1,24,25-triOH-D3). The la- 
hydroxylase is a cytochrome P-450 dependent mixed-function oxidase, ' 1 ' , ' 
which is phybgenetically widely d i s t r ibu ted .  Studies have demonstrated 
i t s  presence i n  various species  of Amphibia, Aves, Manunalia, Osteichthyes, 
and Rept i l ia .  The 24-hydroxylase remains t o  be studied. 

' ' undergo fu r the r  hydroxylation on the 24 and la pos i t i ons ,  
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R =R =R =R =H 

D3: 1 2 3 4 

25-OH-D3: R =OH, R =R =R -H 
1 2 3 4- 

1,25-diOH-D3: R =R =OH, R =R =H 
1 2  3 4  

24,25-diOH-D R =R =OH, R =R =H 
3: 1 3 2 4  

25,26-diOH-D3 : R1=R4=OH, R =R =H 
2 3  

1,24,25-triOH-D3: R =R =R =OH, R =H 
1 2 3  4 LA R2 ,,\*' 

HO 
1,25-DiOH-D3 is the most physiologically significant form of D3. 'O-" 

This metabolite acts directly on all known vitamin D mediated calcium 
homeostatic control points. It promotes intestinal calcium absorption, 
increases serum phosphate concentrations ,' 
bone. With respect to the latter, it is literally infinitely more effec- 
tive than D3 itself in isolated bone cultures. It acts more rapidly than 
D3 and when parenterally administered is 10-15 times more potent than D3.' 
The biological activity of 1,25-diOH-D3 has been demonstrated in chick, 
rat, dog, and man.'' 

and mobilizes calcium from 

The dihydroxylated metabolite found in the highest concentration in 
the blood of rat4' and manz4 is 24,25-diOH-D3. 
this metabolite is manifested subsequent to its hydroxylation to 1,24,25- 
triOH-D3.44 
versing the course of rickets. It acts by preferentially stimulating in- 
testinal calcium absorption; and has little activity in promoting bone 
calcium mobilization. It is about 67% as effective as 1,25-diOH-D3 in its 
intestinal activity.43 
triOH-D3 is unknown. 

The biological activity of 

The latter metabolite is about 60% as effective as D3 in re- 

The significance of both 24,25-diOH-D3 and 1,24,25- 

Other metabolites of D3 exist. At least seven metabolites more polar 
than 25-OH-D3 can be detected in the plasma of pigs fed large dietary 
amounts of D3 (2.5 rng/day). Only one other than 24,25-diOH-D3 has been 
isolated and identified as 25 , 26-dihydroxy-D (25 , 26-diOH-D3) . This 
metabolite has no rachitic healing activity" but is about 12.5% as active 
as D3 in promoting intestinal calcium absorption. 5 1  It is ineffective 
in promoting bone calcium mobilization. Significantly, 25,26-diOH-D3 is 
inactive in bilaterally nephrectomized rats, indicating that this metabo- 
lite, like 24,25-diOH-D3, must undergo la-hydroxylation before it can ex- 
ert physiological action.'l 
lation occurs has been reported. Nor is the significance of this metabo- 
1 it e known. 

No direct attempt to prove that this hydroxy- 

1,25-DiOH-D3 and Calcium Homeostasis - Both ionic and hormonal control of 
the la-hydroxylase have been demonstrated. The renal tubule production of 
1,25-diOH-D3 is closely regulated by calcium, 2 - 5  phosphate , parathyroid 
hormone (PTH) 5 7 , 5 8  calcitonin," and 1,25-diOH-D3 itself.60-62 
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1, 

3 bone i n t e s t i n e  (1,25 , 26-triOH-D 

Hypocalcemia s t imulates  t he  la-hydroxylase t o  produce 1 , 25-di0H-D3?’- 
54 whereas normal and hypercalcemia decrease the  a c t i v i t y  of t h e  hydroxy- 
l a s e  so t h a t  24 , 25-diOH-D3 becomes t h e  major metabolite of 25-OH-D3. 
Parathyroidectomized 
This can be corrected by administration of PTH. The l i n k  between PTH and 
1,25-diOH-D3 was strengthened by t h e  demonstration t h a t  PTH o r  cycl ic  AMP 

1 7  s t imulate  the  synthesis  of 1,25-diOH-D3 i n  i so l a t ed  r ena l  tubule cells .  

animals l o se  t h e  a b i l i t y  t o  respond t o  hypocalcemia. 5 7  

1,25-DiOH-D3 may i n h i b i t  i t s  own synthesis  by more than one mecha- 
nism. 
ac t iva t ing  t h e  la-hydroxylase.60 
administration of 1,25-diOH-D3 and decreased la-hydroxylase a c t i v i t y  argues 
against  a d i r e c t  e f f e c t  of t he  metabolite on t h e  hydroxylase.61 
t i o n ,  actinomycin D prevents t he  inh ib i t i on  of the hydroxylase by 1,25- 
diOH-D3. Thus Larkins e t  a l .  , 6 1  pos tu l a t e  t h a t  1,25-diOH-D3 st imulates  
t h e  production of  the calcium binding protein (CaBP) known to  be present  
i n  kidne 6 3  Since the  la-hydroxylase is  known t o  be s e n s i t i v e  t o  ca l -  
c ium , 55-y; enhanced calcium entry i n t o  r ena l  cells  mediated by newly syn- 
thesized CaBP may explain the  inh ib i to ry  e f f e c t  of 1,25-diOH-D3 on i ts  
own synthesis.  

Vitamin D d e f i c i e n t  animals do not respond t o  hypercalcemia by de- 
But a t i m e  l a g  of 150 minutes between 

In  addi- 

The demonstration of s e l e c t i v e  accumulation of 1,25-diOH-D3 i n  the  
parathyroid glands of D d e f i c i e n t  chicks was considered a preliminary 
indicat ion of negative feedback control  of t h i s  metabolite on PTH secre- 
t ionP4 The c r u c i a l  test  of whether 1,25-diOH-D3 ac tua l ly  decreases PTH 
secret ion has not yet  been reported.  

DeLuca and Tanaka47 have developed evidence which suggests,  a t  least  
i n  the  ra t ,  t h a t  1,25-diOH-D3 is a l s o  involved i n  phosphate t r anspor t  act- 
ing independently of i t s  involvement i n  calcium transport .  Vitamin D de- 
f i c i e n t ,  hypophosphatemic rats with normal calcium l eve l s  responded t o  
dosage with e i t h e r  25-OH-D3 o r  1,25-diOH-D3 by increasing serum phosphate 
concentrations.  
mobilization but d a i l y  dosage stimulated t h i s  e f f e c t .  
cium transport  system w a s  a l s o  st imulated,  but continued t o  function 
several  days a f t e r  serum phosphate levels dropped. Thyroparathyroidecto- 
mized r a t s  fed phosphate-deficient d i e t s  a l s o  demonstrated an increase i n  
serum phosphate. In  con t r a s t ,  t h e  s e n s i t i v i t y  of nephrectomized ra ts  t o  
the  phosphate concentrating a b i l i t y  of 1,25-diOH-D3 w a s  severely decreased. 

With a s ing le  dose t h e r e  w a s  no concommitant calcium 
The i n t e s t i n a l  cal-  



299 Chap. 30 Vitamin D ,  Metabolites Napoli - 

It was concluded t h a t  1,25-diOH-D3 a c t s  i n  t h e  absence of PTH t o  increase 
serum phosphate by stimulating t h e  r ena l  tubular reabsorption of phosphate. 
This is  i n  con t r a s t  t o  t h e  conjunctive function of 1,25-diOH-D3 and PTH 
which, while promoting serum c a l c i u m  increases,  s t i m u l a t e  t he  renal  excre- 
t i o n  of phosphate. ' I 

PTH and 1,25-diOH-D3 a c t  i n  conjunction t o  promote bone calcium mo- 
L i t t l e  is known about t he  molecular mechanisms of b i l i z a t i o n .  ' o t * ' '' 4-1 

t h i s  process; but s ince  several  hours e lapse between exposure of bone t o  
PTH and 1,25-diOH-D3 and observable physiological e f f e c t s ,  bone calcium 
mobilization i s  thought t o  involve a complex biochemical ac t ion  - perhaps 
calcium t r anspor t  protein induction. This speculation i s  supported by t h e  
observed prevention of bone calcium mobilization i n  r a t s  by actinomycin 
D . 6 6  F a c i l i t a t e d  t r anspor t  is  a l s o  indicated by an increase i n  cyc l i c  AMP 
l eve l s  i n  bone c e l l s  upon dosage with PTH and 1,25-diOH-D3.67 

1,25-DiOH-D acts without PTH t o  s t imulate  calcium uptake from in t e s -  
t i n e  t o  blood. lo-" U on kidney excret ion,  t h i s  metabolite associates  
with a c a r r i e r  protein" and t r ans loca te s  t o  t h e  i n t e s t i n e  where it appears 
t o  concentrate i n  the order: duodenum>ileum>jejunum.6e I n  the i n t e s t i n a l  
c e l l  , 1 , 25-diOH-D3 binds with a cytoplasmic receptor protein6 9-7 ' which 
t r anspor t s  it t o  the nucleus.72 Some evidence is avai lable  which suggests 
t h a t  i n  t h e  nucleus t h e  metabolite is associated with the  chromatin. ' I 6 9  1 

72,73 

d i f f e r e n t  from the  cytoplasmic receptor.  74 
produced which suggests t h a t  t he  primary act ion of 1,25-diOH-D3 i n  t h e  i n -  
t e s t i n e  is t o  s t i m u l a t e  mFNA and protein synthesis.  5-77 Spec i f i ca l ly ,  
1,25-diOH-D3 has been linked with the  appearance of an i n t e s t i n a l  CaBP , 

This complex may be i n  equilibrium with a nuclear receptor protein 
Further I evidence has been 

6-7 ' 

Several of t h e  cr i ter ia  which def ine hormones a r e  s a t i s f i e d  by 1,25- 
It  i s  biosynthesized i n  minute amounts i n  one organ i n  response 

It then t r a v e l s  t o  s p e c i f i c  t a r g e t  
diOH-Dj. 
t o  spec i f i c  physiological s t imuli .  
orgals  where it e l ic i t s  spec i f i c  responses. 
present ly  considered a kidney hormone. ' O- '  

Consequently 1,25-diOn-O3 i s  

Analogs - The elucidat ion of t he  metabolic f a t e  of D3 p r i o r  t o  the  appear- 
ance of i t s  physiological e f f e c t s  has had tremendous p r a c t i c a l  appl icat ions.  
Vitamin D deficiency diseases  r e su l t i ng  from l i v e r  malfunction o r  t h e  i n -  
duction of t h e  hepatic microsomal xenobiotic metabolizing system by drugs 
can now be successful ly  t r ea t ed  with 25-OH-D3. Likewise , D deficiency 
syndromes r e su l t i ng  from chronic r ena l  f a i l u r e  can be successful ly  t r ea t ed  
with 1 , 25-diOH-D3. ' 
25-diOH-D3 has made s u b s t i t u t e s  f o r  t h i s  hormone extremely desirable .  
Several analogs are already i n  use. The synthet ic  approaches t o '  I ' 
and methods of testing''rm of these analogs have been thoroughly reviewed. 

However , t he  expense and l imited a v a i l a b i l i t y  of 1 , 

Perhaps t h e  most important analog of t he  hormone is la-hydroxy-D3 
(1-OH-D ) .  This analog w a s  f i r s t  synthesized and evaluated by DeLuca's 
group.83 Since then several  other  r epor t s  have been pub l i~hed . '~ - ' '  
t h e  chick, 1-OH-D3 is reportedly a s  e f f e c t i v e  as the  hormone i n  a l l  phases 

In  
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of calcium and phosphate homeostasis.” I n  con t r a s t ,  i n  t he  ra t  1-OH-D3 i s  
about  0.5 t i m e s  as e f f e c t i v e  as 1,25-diOH-D3 and 2.5 times more e f f ec t ive  
than D3. Therefore, species differences,  compound pur i ty ,  and tes t  con- 
d i t i o n s  are under fu r the r  evaluation. ” It is not known i f  1-OH-D3 under- 
goes 25-hydroxylation p r i o r  t o  act ing.  l-OH-D3 is ac t ive  i n  anephric 
r a t s . 8 3  
hypercalcemia, more ac t ive  o r a l l y  and, r e l a t i v e l y  easy t o  synthesize. 
Currently ~ - o H - D ~  is successful i n  t h e  treatment of human osteomalacia 
stemming from a va r i e ty  of causes.9’-93 

In comparison t o  t h e  hormone, l-OH-D3 is less prone t o  produce 

Lam, Schnoes and DeLucaq4 have a l s o  synthesized and t e s t e d  la-hy- 
droxy-D2 (1-OH-Dz).  
Orally,  it is  equipotent with D 2 .  I n t r ape r i tonea l ly ,  it is  3 times more 
e f f ec t ive  than D2 i n  both bone and i n t e s t i n e .  

This agent i s  s imi l a r  i n  a c t i v i t y  t o  1-OH-D3 i n  ra t .  

A t h i r d  potent analog of 1,25-diOH-D3 is 3-deoxy-la-hydroxy-D3 (3- 
deoxy-l-OH-D3). In  rats,  t h i s  agent is  as e f f ec t ive  a s  1-OH-D3 i n  pro- 
moting i n t e s t i n a l  calcium absorption, but only about 86% as e f f e c t i v e  
with respect  t o  bone calcium r n o b i l i ~ a t i o n . ’ ~  
more e f f e c t i v e  than 1,25-diOH-D3 i n  both bone and i n t e s t i n a l  responses. 
I t  is not known i f  t h i s  compound undergoes 25-hydroxylation p r i o r  t o  mani- 
f e s t i n g  biolo i c a l  a c t i v i t y .  

In chicks, it w a s  1 .5  times 
9 6  

It almost c e r t a i n l y  does not undergo 3-hy- 
droxylation. 9% 

The isomeric 24-hydroxy-D3’s (24-OH-D3) were synthesized and resolved, 
but no s t r u c t u r a l  assignments were made. 9 7  

equal t o  t h a t  of 25-OH-D3 i n  rats. 
spond t o  these agents,  one concludes t h a t  they must undergo la-hydroxyla- 
t i o n  p r io r  t o  producing physiological responses. 

Both possess a c t i v i t y  nearly 
Since nephrectomized rats do not re- 

Two other  less potent analogs have been i n  use f o r  some time. The 
dihydrotachysterols (DHT2 and DHT3) a r e  considered analogs of 1,25-diOH- 
D3 because they have a hydroxyl group i n  a locus s imi l a r  t o  the la-posi t ion 
of the hormone.13 
OH-DHT3 has been shown t o  be the  a c t i v e  25-OH-DHTj is  100 t i m e s  
less e f f e c t i v e  than 1,25-diOH-D3. 
blood calcium l eve l s  s ince  i t s  metabolism t o  25-OH-DHT3 is  not feedback 
regulated. Bone calcium mobilization responds l i n e a r l y  t o  increasing 
doses of 25-OH-DHT3, whereas 20 I U  of  t h i s  agent is  optimal i n  promoting 
i n t e s t i n a l  calcium absorption i n  the  r a t .  

In the  case of DHT3 t h e  25-hydroxylated metabolite,  25- 

Nevertheless , DHT3 is use fu l  i n  r a i s i n g  

Final ly ,  5,6-trans-D3 i s  e f f e c t i v e  i n  increasing blood calcium l e v e l s  
i n  humans with chronic r ena l  f a i l u r e  but is  about 100 times less potent 
than 1,25-diOH-D3 and s l i g h t l y  less potent than DHT3.99f1D0 
analog of 1,25-diOH-D3 since it has a hydroxy group i n  the approximate 
locus of the  la-hydroxy group of 1,25-diOH-D3. 

It too is an 

A s e r i e s  of analogs showed t h a t  biological  a c t i v i t y  is s e n s i t i v e  t o  
changes i n  t h e  side-chain of 25-OH-D3. O 1  

26,27-bisnor-25-OH-D3 were 10 t i m e s  less e f f e c t i v e  than 25-OH-Dj i n  stimu- 
l a t i n g  i n t e s t i n a l  t ransport  and bone calcium mobilization. They were 

O 2  Both 26-nor-25-OH-D3 and 
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v i r t u a l l y  inact ive i n  anephric r a t s .  I n  con t r a s t ,  the  26-nor and 26,27- 
bis-nor analogs of 5,6-trans-D3 were a c t i v e  but were 100 times l e s s  po- 
t e n t  than 25-OH-D3. An analog of 25-OH-D3 with the side-chain shortened 
by one carbon, 24-nor-25-OH-D3, was poor i n  st imulating i n t e s t i n a l  pro- 
cesses ,  but w a s  a c t i v e  i n  bone. Compounds with the side-chain reduced t o  
t h a t  of a 2G-hydroxylated-pregnane (pregcalciferol)  were almost devoid of 

1-OH-D: R2=R3=OH 
3-deoxy-1-OH-D: R = H I  R =OH 2 3 

5 , 6-trans-D 

D2: R1= \f9/c 
‘25:26 

D3: R1= 
27 - 

pregcalciferol :  R 1 = Y O H  

I t  is tempting t o  draw conclusions about t he  s t r u c t u r a l  requirements 
of D3 metabolites and analogs necessary t o  e l i c i t  b iological  responses a t  
t i s s u e  receptor sites from the above information. However, the s i t u a t i o n  
is much too complex. 
l i tes and analogs have widely d i f f e r i n g  a f f i n i t i e s  f o r  t h e  r a t  plasma 25- 
OH-D/D c a r r i e r  p ro t e in  i n  v i t r o .  The order of a f f i n i t y  is: 25-OH-D3(1) > 
25-OH-Dz > 24-nor-25-OH-D3 > 26,27-bis-nor-25-OH-D3 > 5,6-trans-27-nor- 
25-OH-D3 > 25-OH-DHT3(6) > 1,25-diOH-D3(35) 5,6-trans-25-OH-D3 > D3(lOO) 
> D 2  > DHT3(1000) >> 5,6-trans-D3. The numbers following seve ra l  of the 
e n t r i e s  represent  t he  amount needed r e l a t i v e  t o  25-OH-D3 t o  displace [3H1- 
25-OH-D3 completely from the  c a r r i e r  protein.  Even a t  concentrations 1000 
times g rea t e r  than 25-OH-D3 5,6-trans-D3 cannot f u l l y  displace the metabo- 
l i t e .  

Belsey e t  a l .  p’ have shown t h a t  various D3 metabo- 

Despite the complexities, some co r re l a t ions  can be drawn. The a c t i v i -  
t y  of 3-deoxy-l-OH-D3 suggests t h a t  t h e  3-hydroxyl group is  not important 
t o  the ul t imate  expression of biological  a c t i v i t y ,  but perhaps serves only 
a s  a recognition f ac to r  i n  intermediary metabolism.95 The nature of t he  
a c t i v i t y  of t he  pseudo-1-hydroxy compounds (5,6-trans-D3 and 25-OH-DHT3) 
suggests t he  importance of a p a r t i c u l a r  a t t i t u d e  i n  space f o r  t h e  la-hy- 
droxyl group. That is ,  although l i b e r t i e s  can be taken with the  configura- 
t i on  i n  the A r ing ,  the most potent compounds present ly  known a r e  those 
with t h e  A r ing  of D.  D2  and D3 side-chains appear t o  be funct ional ly  
equivalent i n  man. A hydroxyl a t  the 24-position can be subs t i t u t ed  f o r  
a hydroxyl a t  the 25-position. B u t  decreases i n  the length of the side- 
chain a l t e r  the magnitude and the  spectrum of a c t i v i t y .  P a r t i a l  removal 
of t he  side-chain r e s u l t s  i n  an inac t ive  agent. The apparent importance 
of the 25- and la-hydroxyl groups needs fu r the r  c l a r i f i c a t i o n .  
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F u t u r e  r e s e a r c h  i n  t h e  area of t h e  a c t i o n  of v i t a m i n  D ' s  metabolites 
and ana logs  a t  t h e  molecular level w i l l  undoubtedly a d d r e s s  i t s e l f  to t h e  
many q u e s t i o n s  raised i n  t h e  l a s t  decade.  
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Chapter 31. Prodrug Approach i n  Drug Design 

A.A. Sinkula, The Upjohn Company, Kalamazoo, M I .  

General - Three approaches t r a d i t i o n a l l y  have been u t i l i z e d  i n  the search 
f o r  new drugs' and a l l  embrace the concept o f  t he  lead compound. The f i r s t  
i s  t he  general screen approach i n  which substances from a wide v a r i e t y  o f  
sources are tes ted  f o r  general pharmacological e f f e c t .  Any promising leads 
are f u r t h e r  tes ted  f o r  s p e c i f i c  b i o a c t i v i  ty. The second invo lves  mimicking 
na ture  by des ign ing compounds t h a t  e x e r t  an e f f e c t  s i m i l a r  t o  a n a t u r a l l y  
occur r ing  substance. 
b o l i t e s  evolved from t h i s  approach. 
nature and invo lves  modi fy ing a known drug t o  improve one proper ty  o r  m in i -  
mize an undesi rab le one. The medic ina l  chemist has two op t ions  i n  t h i s  re -  
gard: (1 )  I n  conjunct ion w i t h  the  b i o l o g i s t ,  he can prepare analogs o f  a 
lead compound i n  an attempt t o  increase potency, broaden o r  narrow the  
spectrum o f  therapeut ic  a c t i v i t y ,  decrease o r  e l im ina te  t o x i c i t y  and s ide  
e f f e c t s  and/or enhance o ther  des i rab le  p roper t i es  absent i n  the lead com- 
pound. Preparat ion o f  such analogs can be considered chemical ly  and b io -  
l o g i c a l l y  i r r e v e r s i b l e  s ince  the  lead compound i s  no t  regenerated i n  v i v o  
o r  ( 2 )  Preparat ion o f  prodrug de r i va t i ves  o f  a parent  drug molecule can be 
undertaken t o  modify some undesi rab le p roper ty  o f  t h a t  molecule. I n  t h i s  
instance, however, the parent  molecule i s  regenerated in v ivo.  Proper t ies  
t h a t  can be mod i f ied  us ing  the  prodrug approach inc lude (=alteration o f  
t he  t ime course o f  the  drug i n  v i vo  such t h a t  t ranspor t ,  t i s s u e  d i s t r i b u -  
t i o n ,  exc re t i on  and metabolism are modif ied, ( b )  enhancement o f  b ioava i l a -  
b i l i t y  by inc reas ing  aqueous s o l u b i l i t y ,  ( c )  inc reas ing  p a t i e n t  acceptance 
by e l i m i n a t i n g  pain on i n j e c t i o n ,  b i t t e rness ,  tar tness,  odor and gast ro-  
i n t e s t i n a l  i r r i t a t i o n  caused by drugs (d )  enhancement o f  s t a b i l i t y  o f  the  
f i n a l  drug product and ( e )  improvement o f  drug formulat ion.  

The syn the t i c  s te ro ids ,  prostaglandins and ant imeta-  
The t h i r d  approach i s  chemical i n  

This rev iew w i l l  focus on use o f  the  prodrug concept i n  the  design o f  
drugs w i t h  improved pharmaceutical , physicochemical and b i o l o g i c a l  prop- 
e r t i e s .  The emphasis o f  t h i s  area o f  medic ina l  chemistry has p r i m a r i l y  
been chemical i n  nature bu t  w i t h  r a p i d  advances i n  the  areas o f  quan t i t a ted  
S A R ' S ~ ' ~  and the  b i o l o g i c a l  and clinical-pharmacokinetic d i s c i p l i n e s ,  t he  
t h r u s t  i n  present  and f u t u r e  e f f o r t s  i n  t h i s  f i e l d  l o g i c a l l y  w i l l  s h i f t  t o  
an i n t e r d i s c i p l i n a r y  approach. 
"a substance which i s  converted a f t e r  admin i s t ra t i on  t o  the  ac tua l  sub- 
stance which combines w i t h  receptors" .  
o f  administered drugs t h a t  are the  t r u e  a c t i v e  drug species as w e l l  as 
l a t e n t i a t e d  drugs. I n  t h i s  contex t  then, p r i o r  chemical mod i f i ca t i on  i s  
n o t  requi red and i n  a l l  p r o b a b i l i t y  t he  metabo l i te  could be admin is tered 
d i r e c t l y .  Th is  i s  indeed the  case w i t h  oxyphenbutazone which i s  a b i o a c t i v e  
metabo l i te  o f  phenylbutazone and responsib le  f o r  i t s  u r i c o s u r i c  e f f e c t 5 .  

drug l a t e n t i a t i o n  as " the  chemical m o d i f i c a t i o n  o f  a b i o l o g i c a l l y  a c t i v e  
compound t o  form a new compound, which upon i n  v i vo  enzymatic a t tack  w i l l  
l i b e r a t e  the parent  compound"6. 

A prodrug has been de f ined by A l b e r t 4  as 

This  d e f i n i t i o n  inc ludes  metabol i tes 

Harper f u r t h e r  e laborated on t h e  prodrug concept by d e f i n i n g  t h e  term 

He a l s o  s t ressed the necess i ty  o f  a 
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knowledge o f  b io logy  i n  the  r a t i o n a l  design o f  such compounds. Prodrugs 
have a l so  been c a l l e d  r e v e r s i b l e  der iva t ives7-12 and b i o r e v e r s i b l e  der iva-  
t i v e ~ ~ ~  b u t  f o r  purposes o f  s i m p l i c i t y  t he  term prodrug w i l l  be used through- 
ou t  t he  d iscuss ion.  Several reviews have been w r i t t e n  deal ing,  i n  pa r t ,  
w i t h  prodrugs14-16. Recent reviews concerning r a t i o n a l  prodrug design 
have s t ressed an i n t e r d i s c i p l i n a r y  approach i n v o l v i n g  Hansch co r re la t i ons ,  
chemistry, b io logy  and c l i n i c a l  p h a r m a c o k i n e t i c ~ l ~  ,I7. 

P r i o r  t o  embarking on a syn the t i c  prodrug program, one should consider  
the  f o l l o w i n g  fac to rs :  (1)  What func t i ona l  groups on the  parent  drug mole- 
cu le  a re  amenable t o  chemical mod i f i ca t i on?  Molecules conta in ing  a l c o h o l i c  
hydroxyl , t h i o l  , and amine groups, carboxyl i c  ac ids and ketones are custom- 
a r i l y  u t i l i z e d  f o r  t h i s  purpose. 
s e l e c t i v e l y  mod i fy ing  a p a r t i c u l a r  drug molecule? Many drugs conta in  a 
v a r i e t y  o f  f unc t i ona l  groups having s i m i l a r  chemical r e a c t i v i t i e s  toward 
the  modi fy ing in termediate.  Advantage may have t o  be taken o f  d i f f e rences  
i n  s tereochemist ry  o r  chemical r e a c t i v i t y  o f  t he  func t i ona l  groups invo lved.  
( 3 )  Are chemical in termediates a v a i l a b l e  a t  reasonable cos ts?  Drugs are 
f requen t l y  very expensive t o  produce and f u r t h e r  chemical mod i f i ca t i ons  can 
become economical ly p r o h i b i t i v e  i f  s t a r t i n g  ma te r ia l s  a re  expensive. 
tunate ly ,  most commonly used in termediates are  a v a i l a b l e  a t  reasonable costs. 
( 4 )  Synthesis and p u r i f i c a t i o n  o f  the  prodrug should i d e a l l y  be simple. Syn- 
theses i n v o l v i n g  many steps u l t i m a t e l y  decrease y i e l d s  o f  prodrug and i n -  
crease y i e l d s  o f  undesi rab le s ide  products. Unequivocal one o r  two s tep 
syntheses permi t  opt imal  y i e l d s  t h a t  i nvo l ve  a minimum o f  p u r i f i c a t i o n .  
(5 )  The prodrug should be chemical ly  s tab le  i n  bu lk  form and compatible w i t h  
i ng red ien ts  i n  the  dosage formulat ion.  Problems t h a t  may occur inc lude drug 
polymorph changes i n  suspension formulat ions,  s o l u t i o n  degradat ion phenomena 
i n  l i q u i d  formulat ions,  me l t  back and cak ing i n  s t e r i l e  products and i n t e r -  
ac t ions  i n  s o l i d  dosage fo rmula t ions  (eu tec t i c  mixtures, chemical i n t e r a c -  
t i o n s  o f  prodrug w i t h  exc ip ien ts ,  l ub r i can ts ,  e t c . ) .  ( 6 )  T o x i c i t y  o f  the  
d e r i v a t i v e  p o r t i o n  o f  the  prodrug must be considered due t o  the  advent o f  
increased emphasis by the  var ious federa l  regu la to ry  agencies o f  m u l t i -  
species t o x i c o l o g i c a l  t e s t i n g  o f  a l l  new drug e n t i t i e s .  A number o f  r e l a -  
t i v e l y  nontox ic  d e r i v a t i v e s  i nc lude  a v a r i e t y  o f  a l i p h a t i c  and aromatic 
a lcohols ,  amines and ca rboxy l i c  ac ids as w e l l  as inorgan ic  and organic 
a c i d  and base s a l t  combinations. Amino a c i d  d e r i v a t i v e s  have a l so  been 
commonly used f o r  t h i s  purpose. ( 7 )  The parent  drug molecule must be re -  
generated from the  prodrug i n  v ivo.  The exc lus ive  purpose o f  the  der iva-  
t i v e  moiety i s  t o  modify some unwanted physicochemical o r  pharmacologic 
p roper ty  o f  the parent  molecule. I n  v i v o  l a b i l i t y  can be enhanced by 
j u d i c i o u s  choice o f  d e r i v a t i v e .  I n  the  case o f  es te rs  o r  amides, chemical ly  
ac t i va ted  d e r i v a t i v e s  can be made conta in ing  e l e c t r o n  withdrawing subs t i t u -  
ents  t o  promote ease o f  hydro lys is .  The propens i ty  o f  t he  prodrug toward 
-- i n  v i vo  enzymatic hyd ro l ys i s  i s  c r i t i c a l  s ince most prodrugs per  se are  
devoid o f  b i o a c t i v i t y .  Fur ther ,  i n  c e r t a i n  s i t u a t i o n s  ( a n t i b i o t i c  chemo- 
therapy), regenerat ion t o  the  parent  b i o a c t i v e  species i s  impor tant  f o r  
e a r l y  onset o f  ac t i on .  I n  cases where the  prodrug i s  used t o  mask b i t t e r  
t a s t e  o r  odor, improve absorpt ion,  e l i m i n a t e  pa in  on i n j e c t i o n ,  decrease 
o r  e l im ina te  g a s t r i c  d i s t ress ,  e tc . ,  r a p i d  regenerat ion t o  the parent  drug 
i s  essen t ia l  s ince  the  pharmacokinetic behavior o f  t he  parent  molecule 

(2 )  Are syn the t i c  methods a v a i l a b l e  f o r  

For- 
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should be maintained as c l o s e l y  as poss ib le .  The on ly  d i f f e rence  between 
the  prodrug and parent  drug should be the e l i m i n a t i o n  o f  t he  undesi rab le 
p roper ty  i n  question. Thus, s i t u a t i o n s  o f  t h i s  type necess i ta te  a s h o r t  
h a l f - l i f e  f o r  the  prodrug. The a l t e r a t i o n  o f  t h e  pharmacokinetics o f  t he  
parent  drug v i a  the  prodrug becomes necessary when the  t ranspor t ,  d i s t r i -  
bu t ion ,  s i t e  o r  t i s s u e  l o c a l i z a t i o n ,  metabolism o r  exc re t i on  o f  t he  parent  
molecule necess i ta te  mod i f i ca t ion .  This occurs when one wants increased 
depot b i o a v a i l a b i l i t y  ( long  a c t i n g  a n t i b i o t i c s ,  neuro lep t ics ,  s t e r o i d s )  o r  
l o c a l i z e d  drug a c t i v i t y  (cancer chemotherapy). I n  these cases, an extended 
h a l f - l i f e  f o r  the  prodrug i s  des i rab le .  For prodrugs intended t o  be hydro- 
l yzed i n  the  g a s t r i c  contents, aceta ls ,  ke ta l s  and ethers can be u t i l i z e d  
t h a t  hydro lyze i n  a c i d i c  media. Prodrugs intended t o  e x h i b i t  slow hyd ro l ys i s  
(depot a c t i v i t y )  inc lude long chain a l i p h a t i c  es te rs  and d e r i v a t i v e s  s t e r i -  
c a l l y  hindered a t  o r  near the  s i t e  o f  hyd ro l ys i s  ( v i t am in  A a,a-dimethyl- 
palmi ta te ,  s t e r o i d  es ters ) .  Water so lub le  prodrugs can be synthesized t o  
enhance b i o a v a i l a b i l i t y  o f  t he  parent  drug. Molecules conta in ing  carboxy l  
o r  amine moie t ies  a re  e a s i l y  converted t o  water  so lub le  s a l t s  o r  complexes. 
A l coho l i c  hydroxyl func t ions  can be e s t e r i f i e d  w i t h  d e r i v a t i v e s  con ta in ing  
amine o r  carboxyl func t ions  t h a t  can be s o l u b i l i z e d  v i a  a s a l t .  This tech- 
nique a l lows the  chemist t o  ad jus t  t he  h y d r o p h i l i c / l i p o p h i l i c  balance o f  
t he  parent  molecule t o  a r r i v e  a t  t he  proper s o l u b i l i t y  bo th  i n  water and 
t i s s u e  membrane. Phosphate o r  s u l f a t e  es ters  can be made t h a t  ensure ade- 
quate aqueous so l  ubi 1 i ty  (s te ro ids  , c l  i ndamyci n ) .  A wide v a r i e t y  and com- 
b i n a t i o n  o f  de r i va t i ves  a re  a v a i l a b l e  t o  the  medic ina l  chemist f o r  mod i fy ing  
the  physicochemical c h a r a c t e r i s t i c s  o f  t he  parent  drug molecule. 

Physicochemical - The chemical mod i f i ca t i on  o f  a parent  drug molecule t o  
form i t s  prodrug invo lves  a1 t e r i n g  c e r t a i n  physicochemical p roper t i es  o f  
t h a t  molecule. A l t e r a t i o n  o f  aqueous s o l u b i l i t y  o f  the  parent  molecule 
v i a  the  prodrug approach i s  the  pr imary method whereby b i o a v a i l a b i l i t y  (ab- 
so rp t i on )  i s  enhanced. 
a molecule f requen t l y  improves drug passive absorpt ion through epi  the1 i a l  
t i s s u e  and i s  due t o  the  increase i n  the b i o l o g i c a l  membrane-water p a r t i t i o n  
c o e f f i c i e n t .  The s tud ies  o f  Hansch and coworkers c o r r e l a t i n g  i n  v i t r o  
p a r t i t i o n i n g  behavior (octanol -water)  w i t h  the b i o l o g i c a l  response have 
been ex tens ive ly  reviewed18,19. Using the  octanol-water model system, these 
c o r r e l a t i o n s  between the  logar i thms o f  the  b i o l o g i c a l  response (BR) and 
l i p i d - w a t e r  p a r t i t i o n  c o e f f i c i e n t s  (PC) can be e i t h e r  l i n e a r  o r  pa rabo l i c  
i n  nature. 

The a d d i t i o n  o f  l i p o p h i l i c  (hydrophobic) groups t o  

The s implest  form o f  t h i s  r e l a t i o n s h i p  i s  

l o g  (BR) = a + b l o g  (PC) Eq. 1 

and has been proposed by several workers20-22. 
t o  a form o f  equation 2 

Equation 1 can be rearranged 

(BR) = 1 
a t b/PC Eq. 2 

and 
aPP 
the  
Par 

provides a b e t t e r  s t a t i s t i c a l  f i t  f o r  much o f  Hansch's data. It can be 
i e d  t o  l i n e a r  as w e l l  as non l inear  data23. 
r o l e  o f  l i p o p h i l i c i t y  on drug absorpt ion and t ranspor t ,  a wide range of  
i t i o n  c o e f f i c i e n t s  should be considered. 

To r e a l i s t i c a l l y  evaluate 

I n  a study o f  the  s t ruc tu re -  
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a c t i v i t y  r e l a t i o n s h i p s  o f  a ser ies  o f  t r iazenoimidazoles and n i  trosoureas, 
Hansch e t  a124 found a parabo l ic  r e l a t i o n s h i p  between a c t i v i t y  (1/C) and 
1 ipoph i  1 i c character  of the  prodrug de r i va t i ves .  For the  n i  trosoureas , i t  
was found t h a t  when l o g  P (P = octanol-water p a r t i t i o n  c o e f f i c i e n t )  was 
p l o t t e d  vs. l o g  l / C  (C=molar  concentrat ion o f  drug producing a 75% i n -  
crease of l i fespan o f  mice inocu la ted  w i t h  L1210 leukemia c e l l s ) ,  n i t r o s o -  
urea prodrugs having values o f  l o g  P near zero o r  negat ive were the  most 
b ioac t i ve .  An extens ion o f  t h i s  study by Montgomery e t  a125, us ing  four teen 
n i t rosoureas  and Lewis lung carcinoma ( i n  mice), found the  h ighes t  a c t i v i t y  
when l o g  P was between -0.20 and t1.34. This s tudy d i d  n o t  cons ider  e lec-  
t r o n i c  and s t e r i c  e f f e c t s  and t h e i r  r o l e  i n  ant i tumor a c t i v i t y .  A s i m i l a r  
parabo l ic  r e l a t i o n s h i p  was found f o r  the  t r iazenoimidazoles.  
Ross26 demonstrated a l i n e a r  r e l a t i o n s h i p  between l o g  PC (e ther-water)  and 
c a r c i n o s t a t i c  a c t i v i t y  o f  a se r ies  o f  monosubsti tuted 5-az i r id ino-2 ,4-d in i -  
trobenzamides. 
and e a s i l y  hydrolyzed de r i va t i ves .  One f u r t h e r  study i l l u s t r a t i n g  the  u t i l -  
i t y  o f  t h e  Hansch approach i n  prodrug des i  n was c a r r i e d  o u t  w i t h  a homolo- 
gous ser ies  o f  nandrolone a l i p h a t i c  e ~ t e r s ~ ~ , ~ ~ .  A binomial r e l a t i o n s h i p  
was found between l o g  anabol ic  a c t i v i t y  (weight  increase i n  l e v a t o r  a n i )  and 
l o g  p a r t i t i o n  coe f f i c i en t  ( e t h y l  oleate-H20). The r e l a t i o n s h i p  was para- 
b o l i c  and b i o a c t i v i t y  was r e l a t e d  t o  d i s t r i b u t i o n  ( h y d r o p h i l i c - l i p o p h i l i c  
balance) These es ters  are known t o  hydro lyze ( v i a  esterase)  
p r i o r  t o  e x h i b i t i n g  anabol ic  b i ~ a c t i v i t y ~ ~ .  A s tudy o f  tes tos terone es ters  
revealed s i m i l a r   correlation^^^. It can thus be seen t h a t  mod i f i ca t i on  o f  
a parent  molecule t o  a l t e r  i t s  h y d r o p h i l i c l l i p o p h i l i c  balance p lays an i m -  
po r tan t  r o l e  i n  the  u l t i m a t e  b i o a c t i v i t y  o f  the  parent  molecule. 
a c t i v i t y  i s  a r e f l e c t i o n  o f  t he  absorpt ion and t ranspor t  ( w i t h  subsequent 
b ioconvers ion t o  the a c t i v e  parent  molecule) of the  prodrug molecule t o  the  
s i t e  o f  ac t i on .  
l i p o p h i l i c i t y  on absorpt ion has been wr i t ten12.  

S o l u b i l i t y  - Since most drug molecules are  e i t h e r  weak ac ids o r  bases, d i s -  
soc ia t i on  and s o l u b i l i t y  o f  the drug i n  b i o l o g i c a l  f l u i d s  and absorp t ion  are  
a l l  i n t e r r e l a t e d  phenomena. Usua l ly  the  union ized form o f  a drug i s  absor- 
bed more e f f i c i e n t l y  than i t s  i o n i c   specie^^^^^^ and i s  due t o  the  f a c t  t h a t  
the  increase i n  the  p a r t i t i o n  c o e f f i c i e n t  o f  t he  f r e e  a c i d  o r  base vs. the  
prodrug d e r i v a t i v e  i s  much grea ter  than the  corresponding decrease i n  aqueous 
s o l u b i l i t y .  I n  a homologous ser ies,  aqueous s o l u b i l i t y  o f  t he  prodrug (e.g. 
a ser ies  o f  prodrug es te rs )  would decrease by a f a c t o r  o f  4.0 f o r  each addi- 
t i o n a l  methylene u n i t .  
than do s t r a i g h t  chain  derivative^^^. 

impor tant  i f  one des i res  t o  r a t i o n a l l y  design a prodrug f o r  a s p e c i f i c  i n -  
d i c a t i o n .  
mina t ion  o f  s o l u b i l i t i e s  and p a r t i t i o n  c o e f f i c i e n t s  i n  a homologous ser ies  
o f  prodrug de r i va t i ves .  

B i o l o g i c a l  - While l i t t l e  i s  known concerning the v a r i e t y  and complexity o f  
enzymes and enzyme systems i n  the human organism and t h e i r  e f f e c t  on drug 
hydro lys is  and metabolism, the re  remains a body o f  l i t e r a t u r e  a v a i l a b l e  t h a t  

Khan and 

The h ighes t  a c t i v i t y  was found w i t h  the  more h y d r o p h i l i c  

o f  the  esters .  

This b i o -  

A more d e t a i l e d  d iscuss ion o f  the  i n f l uence  o f  prodrug 

Branched cha in  d e r i v a t i v e s  decrease s o l u b i l i t y  l ess  

The choice o f  modi fy ing group and type o f  chemical l inkage becomes 

Much va luable -- i n  v i t r o  i n fo rma t ion  can be obtained by the  de ter -  
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a1 lows fo r  q u a l i t a t i v e  p red ic t i ons  concerning drug substrate-enzyme i n t e r -  
ac t ions .  Cer ta in  enzymes are  ub i  u i t ous  i n  t h e i r  d i s t r i b u t i o n  (e.g. es te r -  
ases) wh i l e  o thers a re  l o c a l i z e d  9 amidases). The l i v e r ,  t he  most impor tant  
organ invo lved i n  drug metabolism, contains a v a r i e t y  of esterases, phos- 
phatases , reductases , amidases, etc. t h a t  c o n s t i t u t e  the organisms most i m -  
po r tan t  l i n e  o f  defense (metabolism) t o  administered f o r e i g n  substances ( i n  
t h i s  case drugs). Other organs and t i s s u e  conta in  c e r t a i n  s p e c i f i c  enzyme 
systems indigenous t o  t h a t  t i ssue.  Several enzymes responsib le  f o r  t he  hy- 
d r o l y s i s  o f  a v a r i e t y  o f  prodrug l inkages have been reviewed12. 
e a r l i e s t  i n d i c a t i o n  o f  enzymatic a c t i v i t y  toward a ser ies  o f  prodrug sub- 
s t r a t e s  can be obtained us ing  i n  v i t r o  enzyme preparat ions.  Von Daehne e t  
a134 u t i l i z e d  the  serum enzymes from a v a r i e t y  o f  animal species t o  de te r -  
mine the  comparative h a l f - l i f e  o f  hyd ro l ys i s  o f  the  prodrug p i v a m p i c i l l i n  
HC1. 
the  dog and t h e  human. A representa t ive  se r ies  o f  acyloxymethyl es te rs  o f  
a m p i c i l l i n  was s tud ied  us ing  10% human ~ e r u m ~ ~ a s  the  enzyme source. 
S im i la r  s tud ies  have been performed by D i t t e r t  e t  a136 w i t h  a ser ies  o f  
carbonate es ters  o f  s a l i c y l i c  ac id ,  

Perhaps the  

Also s tud ied  were the  g a s t r i c  and i n t e s t i n a l  mucosal homogenates from 

Prodrugs and Pro tec t i ve  Groups - The medic ina l  chemist i s  f requen t l y  con- 
f ron ted  w i t h  the  synthes is  o f  an i n t e r e s t i n g  drug molecule t h a t  invo lves  
severa l  steps. I n  many cases i t  becomes necessary t o  e n l i s t  the a i d  o f  a 
p r o t e c t i v e  group. The j u d i c i o u s  use o f  p r o t e c t i v e  groups f requen t l y  deter-  
mines the d i f f e r e n c e  between success o r  f a i l u r e  f o r  a g iven synthesis. I n  
the  same way the  medic ina l  chemist u t i l i z e s  h i s  knowledge o f  chemical reac- 
t i v i t y  d i f fe rences  w i t h i n  func t i ona l  groups i n  a molecule t o  achieve syn- 
t h e t i c  success, so a lso  can he u t i l i z e  h i s  knowledge o f  chemistry and b io -  
logy  i n  the  r a t i o n a l  approach t o  the  design o f  prodrugs. Elements o f  t h i s  
approach inc lude  chemical synthesis, i n  v i t r o  s tud ies  (chemical and b i o -  
l o g i c a l  l a b i l i t y  o f  t he  prodrug) , physicochemical cons iderat ions ( s o l u b i l i t y ,  
p a r t i t i o n i n g  s tud ies) ,  choice o f  appropr ia te  animal models f o r  i n  v i v o  evalu- 
a t i o n  o f  p e r t i n e n t  prodrug biopharmaceutic and pharmacokinetic parameters and 
u l t i m a t e l y  c l i n i c a l  pharmacokinetic cons iderat ions.  Prodrugs can thus be con- 
s idered as drugs conta in ing  spec ia l i zed  nontox ic  p r o t e c t i v e  groups u t i l i z e d  
i n  a t r a n s i e n t  manner t o  a l t e r  c e r t a i n  p roper t i es  n o t  des i red  i n  the  parent  
molecule. Several s i m i l a r i t i e s  and d i s s i m i l a r i t i e s  e x i s t  between t h e  r a t i o n -  
a l e  f o r  the  use o f  prodrugs and p r o t e c t i v e  groups. 
t e c t i v e  groups has been ex tens i ve l y  re~ iewed3~ ’39  and many o f  these same 
groups have been u t i l i z e d  i n  the  chemical design o f  prodrugs. 

Types o f  Prodrugs - A l iphat ic -a romat ic  es te rs  - Esters can be formed i n  
which the  parent  molecule cons t i t u tes  the a c y l  p o r t i o n  o r  the  a l c o h o l i c  
po r t i on .  Many classes o f  drugs admin is tered v i a  severa l  rou tes  o f  admini- 
s t r a t i o n  f o r  a mu l t i t ude  o f  reasons have been mod i f ied  us ing  the  es te r  
prodrug approach. Table I i l l u s t r a t e s  some examples o f  t h i s  type o f  prodrug. 

The chemistry o f  pro- 
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Phos hate e s t e r s  - The abundance of phosphatases (orthoester phosphohydro- 
' h m a n  organism12 make phosphate e s t e r  prodrugs the logical 
choice for  a variety of uses i n  drug therapy. 
highly water soluble, making i t  a su i tab le  candidate for  solubi l iz ing l ipo- 
ph i l ic  drugs  via the covalent phosphate e s t e r  bond. These prodrug e s t e r s  
have been used for  several indications including enhanced bioavai labi l i  ty  
and rapid onset of a c t i v i t y  w i t h  steroidss5, local izat ion o f  a c t i v i t y  i n  
cancer chemotherapy w i t h  d ie thyls t i lbes t ro l  14 ,  decrease of bi t terness  of 
an t ib io t icss9 ,  elimination of pain on injection60'62, and decrease o f  GI 
s ide  effect^^^,^^. 

This type of e s t e r  i s  usually 

Nitrate  and s u l f a t e  e s t e r s  
b u t  examples e x i s t  where t h e i r  use seems warranted. 
n i t r a t e ,  a coronary vasodilator,  i s  metabolized in man t o  pentaerythritol  
t r i n i t r a t e  and possesses a greater vasodilator a c t i v i t y  than the parent 
molecule65. The transformation from the te t ra  t o  the t r i e s t e r  occurs pri- 
marily i n  the l iver  and i s  catalyzed by the enzyme glutathione-organic 
n i t r a t e  reductase66. Various aspects of n i t r a t e  e s t e r  metabolism have been 
reviewed67. Sulfate e s t e r  prodrugs are  rare  b u t  have been used on occasion 
w i t h  questionable resu l t s .  T h u s ,  s u l f a t e  es te rs  of s teroids6* and the nar- 
co t ic  antagonist n a l o ~ o n e ~ ~  have been synthesized b u t  exhibited no advan- 
tages over the parent molecules. Corticosteroid su l fa te  e s t e r s 6 4 y 7 0  have 
been used f o r  parenteral administration of poorly soluble s te ro ids  and when 
used ora l ly ,  exhibited a s ign i f icant ly  diminished incidence of gas t r ic  hem- 
orrhaging over the parent d rug .  

Special e s t e r s  of an t ib io t ics  have been prepared t o  take advantage of  the 
excellent GI absorption exhibited by such prodrugs.  
e s t e r s  of a wide variety of penic i l l ins  and cephalosporins have been pre- 
pared. The chemistry and biology o f  these unique prodrugs has been re- 
viewed17. 

have found 1 imited use i n  prodrug chemotherapy 
Pentaerythri to1 t e t r a -  

, 

T h u s ,  acyloxymethyl 

Amide - Amide prodrugs have been used only t o  a limited extent due t o  t h e i r  
r e l a t i v e  s t a b i l i t y  i n  vivo. 
cer ta in  GI r n i c r o o r g z i s l ,  the l iver7*  and cer ta in  types of neoplastic 
t i s s ~ e ~ ~ , ~ ~ .  Advantage can be taken of this enzyme local izat ion i n  the de- 
sign of prodrugs used i n  s i te -spec i f ic  chemotherapy. This approach was em- 
ployed by Tsou e t  a172 i n  the synthesis of a se r ies  of nitrogen mustard 
amide (carbamate) prodrugs. 
bisazir idinyl  formate, was found t o  possess good antitumor a c t i v i t y  i n  the 
D u n n i n g  leukemia system. Several mixed amide-ester prodrugs of erythro- 
mycin have been prepared i n  an e f f o r t  t o  increase the bioavai labi l i ty  as  
well as eliminate the b i t t e r  t a s t e  properties of this useful ant ibiot ic1 ' .  
Several of the derivatives exhibited improved bioavai labi l i ty  and t a s t e  
charac te r i s t ics  b u t  a t  l e a s t  one derivative exhibited an unusual drug-in- 
duced enteropathy syndrome (accumulation of l ip id  i n  macro phage^)^^. Other 
studies u t i l i z i n g  the amide prodrug approach have been ~ n d e r t a k e n ~ ~ , ~ ~ .  

Peptide (amino acid)  - 
the presence i n  v i v o  of a c lass  of hydrolases known as proteolytic enzymes 
or  peptidases. 

The dis t r ibut ion of amidases i s  localized i n  

One der ivat ive,  1,1'-(2,2-dirnethylpropylene) 

This type of prodrug linkage i s  bioreversible due t o  

These enzymes are  present i n  duodenal and in tes t ina l  epi-  
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t h e l i u m  and c a t a l y z e  the  h y d r o l y s i s  o f  e s t e r  and amide as w e l l  as p e p t i d e  
b ~ n d s ~ ~ , ~ ~ .  C e r t a i n  of these enzymes a r e  known t o  form enzyme-substrate 
complexes w t h  s p e c i f i c  amino ac ids.  
t i d e ,  amide and e s t e r  bonds formed w i t h  a r g i n i n e  and l y s i n e .  
peptidases 
a r e  formed i n  n e o p l a s t i c  t i s s u e  and 

d e r i v a t i v e  has a l s o  been s t u d i e d e 2  as a means of l o c a l i z i n g  the  mustard 
"warhead" i n  n e o p l a s t i c  t i s s u e .  G lyc ine  and a l a n i n e  e s t e r s  o f  ch lorphenesin 
were made t o  p r o v i d e  water s o l u b l e  d e r i v a t i v e s  s u i t a b l e  f o r  i n j e c t i 0 r - 1 ~ ~ .  

Carbamate prodrugs have been used p r i m a r i l y  as t r a n s p o r t  groups f o r  drugs 
e x h i b i t i n g  r e s t r i c t e d  d i s t r i b u t i o n  i n  t h e  body. 
z i n g  enzymes per  se probably  do n o t  occur  i n  v ivoe4,  n o n - s p e c i f i c  amidases 
and esterases a r e  probably  respons ib le  f o r  h y d r o l y s i s .  
penet ra te  t h e  b lood-bra in  b a r r i e r ,  Verb iscar  and Aboode4 prepared a s e r i e s  
o f  carbamate e s t e r s  o f  phenethylamine, amphetamine, ephedrine and hydroxy- 
amphetamine. The o-carbomethoxyphenyl and o - n i  t ropheny l  carbamate e s t e r s  o f  
amphetamine were shown t o  r a p i d l y  e n t e r  mouse b r a i n  and r e a d i l y  hydro lyze.  
A s i m i l a r  r a t i o n a l e  has been used w i t h  d i e t h y l  s t i l b e s t r 0 1 ~ ~  and a l k y l a t i n g  
agents 86. 

Thus, t r y p s i n  a c t s  e x c l u s i v e l y  on pep- 

Peptidases 
The carboxy- 

r e  known t o  hydro lyze  b o t h  e s t e r  and amide l inkages .  
1 cineamide n i t r o g e n  mustard prodrugs 

have been made t o  e x p l o i t  t h i s  f a c t 8  3,L . A t ryp tophan n i t r o g e n  mustard 

Al though carbamate hydro ly -  

I n  an a t tempt  t o  

- Azo - Prodrugs c o n t a i n i n g  t h e  azo l i n k a g e  have been used t o  some e x t e n t  i n  
d rug  therapy. 
Pron tos i  1 (p-[ (2,4-diaminophenyl )azo]benzenesul fonamide) t o  s u l f a n i  lamidee7. 
Conversion o f  prodrug t o  b i o a c t i v e  species occurs m a i n l y  through the  i n t e r -  
v e n t i o n  o f  g u t  m i c r o f l o r a ,  t h e  azo l i n k a g e  be ing  reduced by azoreductase 
enzymes. T h i s  same phenomenon i s  a l s o  known t o  occur  w i t h  s a l i c y l a z o s u l f a -  
p y r i d i n e ,  an agent used i n  t h e  c h r o n i c  t rea tment  o f  u l c e r a t i v e  c o l i t i s .  The 
azo l i n k a g e  i s  s p l i t  i n  t h e  G I  t r a c t  r e l e a s i n g  s u l f a p y r i d i n e  and 5-aminosal- 
i c y l i c  a ~ i d * ~ , ~ ~ .  The a c t i v e  agent appears t o  be s u l f a p y r i d i n e .  Azoreduc- 
tase  enzymes a r e  a l s o  present  i n  t h e  l i v e r  and severa l  n i t r o g e n  mustard azo- 
benzene d e r i v a t i v e s  were prepared as s e l e c t i v e  c y t o t o x i c  agents f o r  use i n  
l i v e r  cancerq0. I t  was thought  t h a t  t h e  a c t i v e  a l k y l a t i n g  agent would be 
enzymat ica l l y  re leased i n  t h i s  s p e c i f i c  t i s s u e .  Th is  i s  an impor tan t  con- 
s i d e r a t i o n  i n  c e r t a i n  types o f  n e o p l a s t i c  d isease i n  which t h e  r e l a t i v e l y  
t o x i c  a l k y l a t i n g  agent must be l o c a l i z e d  t o  p revent  systemic t o x i c i t y  t o  
t h e  organism. 
such as sarcoma 180q1, adenocarcinoma 755q2 and lymphoid leukemia L1210. 

Phosphamide - Such d e r i v a t i v e s  have been u t i l i z e d  v i r t u a l l y  e x c l u s i v e l y  i n  
cancer chemotherapy i n  a number o f  v a r i a t i o n s  ( c y c l i c  phosphoramide, phos- 
phorodiamid ic  a c i d ) .  
phosphamide [2- ( b i  s (2 -ch lo roe thy l  )amino) tetrahydro-2H-l,3,2-oxazaphosphori ne- 
2-oxide] and isophosphamide[3-( P - ~ h l o r o e t h y l ) 2 - (  2 -ch lo roe thy l  )amino t e t r a -  
hydro-l,3,2-oxazaphosphorine-2-oxide]. The metabolism o f  these compounds i s  
complex and severa l  metabo l i tes  have been suggested as respons ib le  f o r  cy to -  
t o x i c  a c t i v i t y  i n c l u d i n g  4-hydroxy-and 4-hydroperoxycyclophosphamideq3~q4, 
4-ketocyc l  ophosphamideqs , N ,N-bis (2-ch l  o r o e t h y l  )phosphorodiamidic ac idq6 , 
chloroacetaldehydeq7 and a c r ~ l e i n ~ ~ - ~ ~ ~ .  
t i v e  a c t i v i t y  on a v a r i e t y  o f  n e o p l a s t i c  t i s s u e  and t h e i r  pharmacokinetics 

The most famous example i s  t h e  convers ion o f  t h e  prodrug 

Azo reductase enzymes a r e  found as w e l l  i n  n e o p l a s t i c  t i s s u e  

Notable among t h e  prodrugs i n  t h i s  area a r e  cyc lo -  

These drugs appear t o  have se lec-  
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have been Enzymes involved in metabolism are found in liver 
microsomes and probably consist o f  a variety of amidases, oxidoreductases 
(aldehyde o~idase)~'+, NADPH, N and 0 dealkylaseslo4, and p h o ~ p h o r o a m i d a s e ~ ~ ~ .  
Cyclophosphamide metabolism has recently been reviewed l o6 .  

Glycoside - Prodrugs containing this linkage are found in nature as well as 
designed synthetically. 
uses including enhancement of resorptionlo7 9 O8 and absorption log, increased 
aqueous solubilityllO, facilitate transport111s112, and as protective 
groupslo7. Naturally occurring glycosides such as amygdalin and cycasin are 
hydrolyzed by gut microorganisms to mandelonitrile and methylazoxymethanol 
r e ~ p e c t i v e l y ~ ~ .  The cardiac glycoside lanatoside C is hydrolyzed after oral 
administration to bioactive digoxin and involves both acidic and bacterial 
hydrolysisll3. An excellent review of semisynthetic cardiac glycosides (in- 
cluding prodrugs) has recently appeared1''+. 

This type of prodrug is employed for a number of 

Ether - Ethers have not been used extensively in prodrug design because of 
their high resistance to enzymatic hydrolysis and metabolism. 
classes of drugs however have been modified using an ether linkage. Tri- 
methylsilyl ethers have been made of chloramphenico1115, prostaglandins116 
and norepinephrine' 17. A series of prostaglandin a1 koxytetrahydropyranyl 
ethers have been prepared for control led release o f  parent prostaglandin 
to avoid gastric side effects1ls. Several 1,3,5(10)-estratrien-17fi-yl enol 
ethers exhibited oral activity equal to or greater than estradiol and dis- 
played prolonged parenteral uterotropic activi ty119. 
acid catalyzed (gastric pH). 

Acetal and ketal - These prodrug derivatives have found some utility for 
oral administration since they revert to the parent compound under acidic 
conditions. 
oral resorption of this druglo*. Ketals of digitoxigenone and digoxigenone 
and acetals of digitoxigenin and digoxigenin were synthesized in an attempt 
to reduce toxicity of the parent glycosides120. Other acetals have been 
employed as protective groups in prodrug synthesis121. Normally, acetal, 
ketal and ether derivatives find limited utility in prodrug design. 

Several 

Ether hydrolysis is 

Convallotoxin acetals and ketals were prepared to enhance 

Conclusion - This review demonstrates that it is frequently possible to 
design reversible drug derivatives (prodrugs) on a rational basis. These 
derivatives can be designed so that they are free of some undesirable prop- 
erty of the parent molecule and yet retain its desired biological activity. 
Two major factors are important in the design of such prodrugs (1 )  determina- 
tion of what physicochemical properties are required in order to eliminate 
the undesired effect in the parent molecule; and (2) selection of a chemical 
linkage that alters this effect, Selection of a potential prodrug linkage 
also requires a knowledge of those enzymes or enzyme systems that catalyze 
their hydrolysis. Orally administered prodrugs rely on enzymes present in 
the gut, blood and liver to regenerate the parent drug whereas parenterally 
administered prodrugs encounter enzymes found in the circulation and liver. 
Enzymes indigenous to specific tissue provide the rationale for the design 
o f  site activated prodrugs. 
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Chapter 32 The Molecular Aspects o f  Membrane Function 
John S .  Baran, Searle Laboratories, Skokie, I l l i n o i s  

The primary purpose of t h i s  report  i s  t o  expose the medicinal chemist 

Since molecules which are associated w i t h  or are  a par t  

Finally the most recent highlights advancing the understanding of 

t o  the recent evidence for  the molecular nature of cel l  membranes and 
their components. 
of cel l  membranes can be receptors for  regulatory agents, important 
regulator-receptor interact ions which were recently s tud ied  will be iden- 
t i f i e d .  
the biosynthesis and chemistry of selected membrane components will be 
discussed. Evidence f o r  membrane-associated inherited or ac u'red 
diseases is  reported by Wallach in chapter 22 and elsewhere. ? - 3  

In re la t ing molecular aspects of c e l l u l a r  membranes t o  ce l lu la r  
processes, one must rea l ize  t h a t  a medicinal chemist is  ultimately con- 
cerned w i t h  preparing substances t h a t  will change the r a t e  of a given 
enzyme reaction usually found w i t h i n  a c e l l .  I f  the enzymatic reaction 
which i s  ultimately t o  be controlled i s  represented simply by equation (1) 

- A cofactors, - B (1) 
en ryme 

i t s  r a t e  can be changed for  a given amount of substrate  A by 
( a )  a l t e r i n g  the absolute quantity of the enzyme o r  by 
( b )  regulating the energy required ( i . e .  entropy o r  enthalpy) 

t o  place tha t  system i n  the activated ~ t a t e . ~ ' ~  
I t  has been established t h a t  process ( a )  can be effected either by sub- 
s t r a t e s  and end products associated w i t h  t h a t  enzyme reaction or by 
inducer hormones such as the s te ro id  hormones and thyroxine. 
stances en ter  the cel l  and i n  combination w i t h  receptors eventually ac t  
on the nuclear material t o  induce protein synthesis via increased synthe- 
sis  of m-RNA and L-RNA. Process (b )  , which provides the necessary signal 
for  proper energy requirements t o  ac t iva te  a par t icular  i n t r a c e l l u l a r  
enzyme system, i s ,  i n  addition t o  cofactors,  controlled by 

These sub- 

1. ligands such as ions,  neurotransmitters such as catechol- 
amines, acetychol ine, t r ipept ides ,  macromolecular peptide 
hormones and antigens, 

2 .  simple nutr ients  such as sugars, amino acids ,  f a t t y  acids ,  
3 .  supramolecular complexes such as viruses,  bacter ia ,  f u n g i ,  

other c e l l s ,  
4. and other molecules such as tox ins ,  l e c t i n s ,  and nucleic acids. 

Each of these l igands,  1 th rough  4 ,  express t h e i r  action by f i r s t  
binding t o  a complementary molecule called a receptor, found on a cellu- 
l a r  o r  in t race l lu la r  membrane. The i n i t i a l  interact ion (ligand & recep- 
tor), alone or i n  combination w i t h  another molecule, i n i t i a t e s  a complex 
programmed response exemplified by the activation of the adenyl or guanyl 
cyclase system, which generates the energy requirements f o r  the par t icular  
enzymatic reaction represented by equation (1). This report  will be re- 
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s t r i c t e d  t o  the novel aspects of the s t ruc ture ,  biosynthesis and chemistry 
of molecules associated w i t h  or contained i n  membranes and primarily w i t h  
those t h a t  b i n d  the regulatory ligands ident i f ied i n  process ( b ) .  
Membrane Structure and ComDonents - The presently accepted working model 
for  the cytoplasmic ce l l  membrane of an eukaryotic cell  i s  based primarily 
on studies of the red blood ce l l  ( R B C )  membrane.1,2,8,9 The membrane com- 
position of leukocytes, c e l l s  o f  the l i v e r ,  pancreas and other t i s sues  
have also been studied. The model depicted i n  Figure 1, 

$ Fatty Acid Acyl CH20R' 
I f a t t y  acid acyl 

I II f a t t y  acid acyl 

R ' =Usual 1 y s atu rated 

R"=Usual l y  unsaturated R"0CH 

CH2070X 
0- 

1 Glyco-Protei n Acidic - - Phospho- - 1 i p i d  CH3 ( C H 2 )  12CH=CHCHCHCH2X 
Neutral /-= ~ H E I I ; I R  

2 - 1 i p i d  - a R=H X=OH 3-dehydro 
b R=C17H3$0 X=Gal61+3GalNHAc- 

Phospho- \.=--/ 
3-- - Glyco-Li p id  , - B 1+[ NANAa2+3]Ga 1 B1+4G1 c0 

Inter- - 
ce l l  u l  a r  Cytoplasm 
space F i g .  1 

which f i t s  most o f  the experimental evidence, shows a c e l l  membrane as 
an organized boundary. 
posed of glycerophosphol i p i d s  of the chol ine type [L, X=CH2CH2Nt(CH3)3]and 
glycolipids l i k e  &which are derived from sphingosine. The inner,  i n  
this case cytoplasmic, monolayer of  the membrane l i p i d  bi layer  i s  made 
mostly of acidic  glycerophospholi ids exemplified by 1, where x=CH2CH2NtH3, 
CHzCHzN + (CH3)3, CH CH(NH3)t(COOH!, CH~CHOHCHZOH,  and inosi to1 

integral  and peripheral proteins respectively,  are  composed of amino acids 
and carbohydrates. The re la t ive ly  l e s s  polar amino acids are  mostly i n -  
corporated i n t o  the integral  proteins.  The more polar amino acids,  l i k e  
ser ine ,  threonine, hydroxylysine, hydroxyproline, cysteine and asparagi- 
nine, which form glycosidic linkages w i t h  carbohydrates, are  found more 
abundantly i n  the protein portion which i s  exposed on the outer layer  o f  
the membrane. 
brane protein,  the oligosaccharide portion i s  found on the external 

The external monolayer of a l i p i d  bilayer i s  com- 

Imbedded 
and p a r t i a l l y  imbed 5 ed proteins,  which have often been designated as  

When glycolipids and glycoproteins form a par t  of the mem- 
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surface of the  membrane. 
the  g l yco l  i p i d s  and g lycopro te ins  are D-gl ucose (a), N-acetyl -D-gl ucosa- 
mine (a) , D-xylose (3c) ,  D-gal actose (x) , N-acetyl -D-gal actoseami ne 
(g), L-arabinose (3fr;- U-rnannose (a), L-fucose (*), and N-acet lneura-  
m in i c  a c i d  (4b) .  Cholestero l  , o the r  minor l i p i d s  and water a re  a 7 so con- 
ta ined  i n  c e l l  membranes. 
are avai 1 able. 1 9  10 

The carbohydrates which are incorporated i n t o  

Recent repo r t s  on t h e i r  s t r u c t u r e  o r  f unc t i on  

D A 3 
- a a-D-Glc H 
- b U-D-GICNHAC H 
c a-D-Xyl H a - a-D-Gal H 
- e a-D-GalNHAc H 
- f a-L-Ara H 
p a-D-Man H 

(a) L-FUC H 

k 

- - 

4 

s” (b )  NANA 

NHAc H H OH 
OH H H OH 
OH H OH H 
NHAc H OH H 
OH H OH H 

H OH H OH 

OH H OH H 
H H H N H  

Ac 

F 
CH20H 
CH20H 
H 
CH20H 
CH20H 
H 
CH20H 

- 

CH3 

~ H ~ O H  
Kri 

Ligand-Membrane Receptor I n t e r a c t i o n  - The r e p o r t  w i l l  continue by concern- 
i n g  i t s e l  f p a r t i c u l a r l y  w i t h  s t r u c t u r a l  aspects o f  t he  o l  i gosaccharide 
po r t i ons  o f  g lycopro te ins  and g lyco l  i p i d s  associated w i t h  membranes. 

t o  be invo lved w i t h  l i sand- receptor  ac t ions  and i n  many cases the  carbo- 
The g lycopro te ins  and g l y c o l  i p i d s  associated w i t h  membranes are known 

hydrate s t r u c t u r e  o f  the macromolecule i s  a t  
(Table 1) .  

GLYCOLIPID OR GLYCOPROTEIN 

G l y c o l i p i d  (RBC) 
Glycophori n-g l  ycopro te i  n o f  
e ry th rocy te  

Component a ( o r  Band 111) 
g lycopro te in  o f  e ry th rocy te  
Glycoprote in  
Glycoproteins o f  nerve c e l l s  

TABLE 1 

LIGAND 

Cholera Toxin 
F l u  v i rus ,  
L e c t i n  

I on 

I n s u l i n  
Chol i n e  , 
5 -Hydro xy- 
t ryptami  ne 

1 east  p a r t i  a1 l y  known 

FUNCTION 

Macromolecul a r  recogn i t i on  
Recogni t i on, i n f e c t i  v i  ty  , 
c e l l  d i v i s i o n ,  contains MN 
and ABCH b lood group ant igen 
Transport 

Hormone Receptor1] 
Neurotransmi t t e r  
receptors12 9 13 

Ligand - Membrane Receptor S t ruc tu re  - S t ruc tu re  e l u c i d a t i o n  o f  animal 
c e l l  g lycoprote ins i nd i ca tes  t h a t  c e r t a i n  p r e d i c i t i o n s  can be made f o r  the 
p o s i t i o n  o f  a s p e c i f i c  carbohydrate i n  a given o l igosacchar ide chain. Fuc 
and NANA, which are l i n k e d  t o  o the r  hexoses a t  t he  l a  and 2ct anomeric 
hydroxyl p o s i t i o n  respec t ive ly ,  have on ly  been found a t  t he  te rmina l  pos i -  
t i o n  i n  the o l igosacchar ide p o r t i o n  o f  the g l ycop ro te in  or g l y c o l i p i d  of 
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animal c e l l s .  The o ther  carbohydrates have been found a t  the te rmina l  o r  
i n t e r n a l  p o s i t i o n  of o l igosacchar ides and l i n k e d  ~1 o r  6 a t  the anomeric 
hydroxyl group, depending on the carbohydrate t o  which i t  i s  attached. 
GlcNHAc, Gal , GalNHAc, and Man, when l i n k e d  i n t e r n a l l y ,  can p a r t i c i p a t e  
i n  branching a t  more than one p o s i t i o n  o the r  than the  anomeric hydroxy l .  
These hyd roxy l i c  pos i t i ons  have been found t o  be 4 f o r  Glc, 3, 4 o r  6 f o r  
GlcNHAc, 2, 3, 4 o r  6 f o r  Gal , 3 and 6 f o r  GalNHAc, and 2 , 3 and 6 f o r  
Man. Xyl and Ara have repor ted  t o  be found r a r e l y  i n  animal g lycoprote ins,  
abundantly i n  the p l a n t  kingdom. Carbohydrates are l i n k e d  t o  p ro te ins  o r  
l i p i d s  a t  the  anomeric C-atom and the  O-atom o f  the hydroxyaminoacid o r  
l i p i d .  When Asn or Cys p a r t i c i p a t e  i n  the  l inkage t o  the  carbohydrate, 
the  attachment i s  a t  t he  N-atom of the amide o r  S-atom, respec t ive ly .  
f o l l o w i n g  glycoaminoacid 1 inkages have been demonstrated: 
o r  S-cysteine; GlcNHAc t o  Asn; Xyl t o  Ser; Gal t o  HydroxyLys, Ser, Threo 
o r  Cys; GalNAc t o  Ser o r  Threo; Ara t o  HydroxyPro; and Man t o  Ser o r  
Threo. 
aspects o f  the  carbohydrate and pept ide  p o r t i o n  o f  l y c  p ro te ins  and 
receptor  s t ruc tu re  and i n t e r a c t i o n s ,  are a v a i l a b l e . f 4 - 1 E ~ 7 ~  

aspects o f  membrane-associated g l yco l  i p i d s  and g lycopro te ins  . 
gangloside 2b and r e l a t e d  gangl ios ides may normal ly  have impor tant  r o l e s  
i n  the regu la t i on  o f  c e l l  growth and c-AMP mediated resp0nses .1~  I t  was 
confirmed t h a t  the  gang1 i o s i d e  2b s p e c i f i c a l l y  i n t  r a c t s  w i t h  choleraexo- 
en tero tox in  by p r e c i p i t a t e  f o r m Z i o n  and t o x i c i t y . 5 0  The i s o l a t e d  carbo- 
hydrate moiety o f  the gangl ios ide,  i .e. , & minus ceramide, n e i t h e r  pre-  
c i p i t a t e d  choleragen no r  i n t e r f e r e d  w i t h  the  reac t i on  o f  the  t o x i n  and i t s  
antibody. However, polyacrylamide gel e lec t rophores is  revealed a s p e c i f i c  
i n t e r a c t i o n  between the s ia loo l igosacchar ide  and the choleragen. 
t i c a l  r e s u l t s  were found w i t h  s i a l o  sugar d e r i v a t i v e  prepared by reduc t i ve  
amination o f  2b,  fo l lowed by N-acety la t ion  o f  the  glucose u n i t  a t  the  
reducing end. 

256,000 was i s o l a t e d  from human RBC membranes.gq I t  i s  r i c h  i n  NANA, Gal 
and hexoseamines. The i n t a c t  substance prevented attachment t o  e ry th ro -  
cytes o f  unheated and heated, smooth and rough 1 ipopolysaccharide and 
p r o t e i n  l ipopolysacchar ide o f  a l l  gram-negative bac te r ia  tested.  I t  d i d  
n o t  reac t  w i t h  o ther  b a c t e r i a l  antigens and the re fo re  i s  r e f e r r e d  t o  as 
"1 ipopolysaccharide receptor . "  Strong evidence has accumulated t h a t  the 
l i p i d  A p a r t  o f  t he  l ipopo lysacchar ide  i s  responsib le  f o r  attachment t o  
t i s s u e  components. 

Glycophorin , the major  s ia log l ycop ro te in  o f  the  human RBC, has 
y ie lded  f o u r  unique glycopeptides a f t e r  t r y p t i c  d iges t i on  which were 
character ized w i t h  respect  t o  i t s  amino a c i d  and carbohydrate composi 
and receptor  a c t i v i t i e s  f o r  phytohemeaggl u t i n i n s  and in f l uenza  v i r u s .  
The physiochemical p roper t i es  and molecular weight of t h e  monomeric u n i t  
o f  t he  major g lycopro te in  were described.23 
cha rac te r i za t i on  o f  t he  1 i p o p h i l  i c  fragment o f  human RBC membrane and the  

The 
Glc t o  ceramide 

Recent e x c e l l e n t  reviews, which descr ibe the  d e t a i l e d  molecular  

Advances have r e c e n t l y  been made i n  the e l u c i d a t i o n  o f  the molecular  
The 

Iden- 

A novel , physiochemical ly homogeneous l i p  l ycop ro te in  w i t h  MW 

$Jon 
I s o l a t i o n  and p a r t i a l  
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monomeric u n i t  of the  major g l ycop ro te in  were repor ted.  

minor g l ycop ro te in  o f  human RBC.24 Freeze f rac tu re  and f reeze-etch and 
molecular l a b e l l i n g  s tud ies  e luc ida ted  the  n ure of i n t e r a c t i o n  o f  the  

The p r i n c i p a l  h igh  a f f i n i t y  receptor  f o r  Concanavalin A i s  the 

minor g lycopro te in  and the  p r o t e i n  spec t r i n .  % 
A hypothe t ica l  model f o r  t he  carbohydrate chain o f  H-2 g lycopro te ins  

was presented on the  ba ' s  of sequence ana lys is  o f  carbohydrates i n  H-2b 
and H-2d glycopeptides." I n  t h i s  case, evidence i s  presented which i n -  
d i ca tes  H-2 g lycopro te ins  do n o t  need carbohydrate moie t ies  t o  r e t a i n  
an t igen ic  a c t i v i t y .  
va r iab le  s i a l i c  ac id  content.!? It was found t h a t  an IgE myeloma p r o t e i n  
conta ins 4 o l igosacchar ide u n i t s  per  heavy chain, one o f  which conta ined 
on ly  mannose and N-acetylglucoseamine and the o ther  th ree  B-glycopeptides 
contained neuramini c a c i d  ga l  actose fucose, mannose and N-acety l -  
glucoseam e. The complete sequencing of these o l  igosaccharides was 
r e p o r t e d . j l  The o l igosacchar ide u n i t s  o f  the  B-glycopeptides appear t o  be 
c lose ly  r e l a t e d  t o  the  neuraminic ac id -conta in ing  glycopeptides o f  IgG, 
IgM and IgA. 

S t r u c t u r a l  s tud ies  on an ace ty l cho l i ne  receptor  from Torpedo c a l  i- 
f o r n i c a  show t h a t  i t  conta ins 5-6% carbohydrate and has two b ind ing  
s i t e s .  12 Dopamine-8-hydroxyl ase, which i s  p a r t l y  membrane bound, was 
found t o  be a te t ramer ic  g l y c o p r ~ t e i n . ~ ~ , ~ ~  Studies o f  i t s  b ind ing  t o  
Con A i n d i c a t e  t h a t  i t  has a h i g h l y  branched polysaccharide p o r t i o n  which 
contains mannose and glucose as terminal  residues. 

Lectin-Receptor B ind ing and S t ruc tu re  - The a b i l i t y  o f  l e c t i n s ,  which are 
c e l l - a g g l u t i n a t i n g  p ro te ins  occur r ing  p r i m a r i l y  i n  p lan ts ,  t o  p a r t i c i p a t e  
i n  s e l e c t i v e  b ind ing  t o  casvohydrate u n i t s  o f  receptors  on c e l l  membranes 
has been w e l l  estab l ished.  Recent s tud ies  center  around e l u c i d a t i o n  of 
the nature o f  b ind ing  t o  l e c t i n s  and s t ruc tu res  which serve as receptors  
f o r  them. 

Heteroge i t y  o f  the  HL-A an t igen may be due t o  

Receptor glycopeptides f o r  pea hemagglut inin o f  Group B human RBC and 
f o r  Con A from c a l f  thymocytes were 
spect t o  t h e i r  carbohydrate content .  33 ,33  I n  the  former case, the re -  
ceptor, which has a molecular  weight o f  about 4000, shows a 32 times 
h igher  receptor  s i t e  b ind ing  a c t i v i t y  than does the monomer glucose. 
glycopeptide receptor  f o r  pea hemagglut inin from r a b b i t  RBC was i s o l a t e d  
and a p a r t i a l  s t r u c t u r e  was assigned t o  it. 
s i t e  a c t i v i t y  f o r  the  pea hemagglut inin i s  due t o  the presence o f  two 
galactose u n i t s  on non-reducing terminals  o f  the  saccharide chain, i n  
s p i t e  o f  the  f a c t  t h a t  the  pea a g g l u t i n i n  i s  n o t  i n h i b i t e d  by t h i s  sugar. 
I n  add i t ion ,  the  nature o f  Con A b ind ing  t o  receptors  has been bas on 
s tud ies  o f  nmr spect ra w i t h  N - t r i  f l  uoracety l  CI and 8-gl ucoseamine ,!l and 
specifi5Jij60f b ind ing  t o  p a r t i c u l a r  hydroxy l  groups on the  carbohydrate 
mo i e t y  . 
have been e luc idated.9q The tox ins  appear t o  have one b ind ing  s i t e  f o r  

01 ted  and charac ter ized  w i t h  r e -  

The 

About 90% of t he  receptor-  

The mec nism o f  ac t i on  o f  the t o x i c  l e c t i n s  ab r in  and r i c i n  
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galactose-containing carbohydrates, whereas nontoxic aggl utinins present 
in the same seeds have two binding s i tes .  I t  appears t h a t  these lectins 
have a haptomer moiety responsible for b ind ing  and an effector moiety 
responsible for specific toxication. Bandeiraea sim l ic i fol ia  lectin has 
been the f i r s t  a-D-galactop ran syl binding lectin le-B- a n t i -  lectin) t o  be 
purified and c h a r a c t e r i ~ e d . ~ ~ . ~ ~  The nontoxic agglutinins present in the 
seeds of Abrus precatorius and Ricinus comnunis were separated from ricin 
and a b r i n  and  the nature of their carbohydrate binding was studied. 
Excellent immunochemical studies on the specificity of soybean 
w i t h  selected mono- , d i -  , and oligosaccharides were reported. 
Glycerophosphol ipids and Lipid-Protein Interactions - An abundance of re- 
search has been reported in recent years on the unction of phospholipids. 
References t o  earl ier  reviews are avai 1 able . 1-45 Phospholipids have been 
directly implicated in supporting the activity of enzymes (phospholipid 
dependenctb and restraining their maximum activit ies (phospholipid con- 
s t ra in t ) .  I t  i s  s t i l l  unclear how phospholipids support enzyme activi- 
t ies  a t  the molecular level. In  this regard, D-B-hydroxybutyrate dehydro- 
genase, which has been purified t o  homogeneity, was shown for the f i r s t  
time t o  specific ly require phosphatidyl choline [I,X=CH2CH2Nt(CH3)3] for 
enzyme activity.$S The apoenzyme which i s  devoid of lipid i s  incapable of 
binding D P N H ,  i t s  coenzyme. 
interactions between lipid and protein i n  plasma lipoproteins i s  such t h a t  
phospholipids are an absol Ute requirement for corn na t ion  w i t h  apol ipopro- 
tein in order t o  carry f a t  in serug7!&oproteins.ti Phospholipid b i n d i n g  
t o  human apo-LDL was also studied. 
strated with Nat-Kt ATPase i n  phospholipid vesicles. 
Biosynthesis of Glycoproteins - After the primary assembly of a peptide 
chain which i s  under RNA control, the attachment of the f i r s t  sugar via 
transferases occurs while the peptide i s  attached t o  the polyribosome o r  
shortly thereafter. This i s  an outcome of the kin t ’  s nd high specifi- 
city of the transferase for an acceptor molecule. 1g-16358  I t  i s  not  known 
i f  the carbohydrate transferases responsible for the peripheral sequences 
are exclusively Golgi enzymes. Since the Golgi membrane may fuse w i t h  the 
plasma membrane, i t  i s  not  unlikely t h a t  glycosyl transferases exist  a t  
the surface of the cel l .  From an overall p o i n t  of view, oligosaccharides 
o f  glycoproteins can be synthesized i n  three known ways: 1950-53 

1) Carbohydrates are transferred stepwise from their  nucleotide 
derivatives to growing carbohydrate chains of proteins. 

2 )  Carbohydrates are transferred t o  a growing ol igomeric carbo- 
hydrate which i s  linked t o  a polyprenol (see Table 2 )  
intermediate until a final transfer t o  the protein moiety. 

3 )  Carbohydrate nucleotides as we1 1 as polyprenol 1 inked carbohy- 
drates serve as immediate precursors for a stepwise formation 
of the glycoprotein. 

jig’ lJtinin 

I t  was also reported t h a t  the nature of  

Sodium ion ansport was demon- i 6  

Evidence for the exi tence of the third possibility was provided for man- 
nose in yeast cells.S3 The enzymatic synthesis of (Man)tj-(GlcNAc)2-PP- 
Do1 i chol and ( G 1  cNAc) -PP-Do1 i chol by mammal i a n ,  mi crosomal systems and 
evidence for the transfe o the oligosaccharide portion of the glycolipid 
t o  protein was reported. 54-56 A system i n  human lymphocytes t h a t  uti l izes 
dolichol phosphate as a carrier of mannosyl residues for the synthesis of 
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a glycoprotei n or complex polysacchari des was studied. 57 GDP-mannose i s  
the mannosyldonor, b u t  o ther  sugars can also be transferred t o  l i p i d  
intermediates. 

found as receptors i n  cel l  membranes, resu l t s  show tha t  gangliosides are 
n o t  synthesized a t  the surface membrane. As w i t h  membrane glycoproteins , 
these glycolipids appear t o  be glycosylated i n  the endoplasmi r iculum 
and Golgi apparatus d u r i n g  transport  t o  the surface membrane. $8 , !% 
Progress i n  Chemistry - I t  i s  beyond the scope of t h i s  chapter t o  review 
advances i n  the synthesis of a l l  membrane components such as  proteins ,  
ol i gosacchari des , glycopep t i  des and 1 i p i  ds . 
portant review a r t i c l e s  and selected highlights i n  the chemistry of mem- 
brane components important t o  the medicinal chemist are  given. 

A review on the synthesis of phospholipids i s  available.60 W i t h i n  
the l a s t  year a b r i e f ,  versa t i le  synth s i s  o f  3-dehydrosphinganine61 and 
the synthesis of Tay-Sachs globiosideYg2 which can represent a model for 
glycolipid synthesis,  were reported. Structural  s tudies  us ing  220 Hz 
PMR proved useful i n  analysis of glycol ipids.63 Combined mass spectro- 
metry and vapor phase chromatography o f  methylated gang ioside derivatives 
afforded s t ructural  information on the e n t i r e  m ~ ] e c u l e . ~ ~  The preparation 
and properties of  phosphatidal ethanolamine ( 1 , R  =CH=CHR,  R = f a t t y  acid 
acyl, X=CHpCH2NtH3) , an important intermediate i n  plasmalogen synthesis , 
was descri bed.65 The novel displacement of cycl i c  sul f i  te and phosphate 
es te rs  of 2-0-benzylglycerol provided a f a c i l e  route t o  the s i l v e r  s a l t s  
of ~- l -acyl-2-0-benzyl-glycerol-3-  osphates , which are  important inter- 
mediates i n  phospholipid synthesis.@ Th  synthesis o f  1-stearoyl-2- 

In regard t o  the synthesis of glycolipids of the sphingolipid type 

However , references t o  im- 

oleyl-phosphatidyl inosi tol  was achieved. 87 

ranosyl -D-gal actose , Lil 6-O-~-D-gal actofuranosyl -D-gal actopyranose , 88 

promoted by mercuric bromide and oxide, $5 and complete f 5  C and H nmr 

01 igosaccharides and glycopeptides , which form a segment of natural 
glycoproteins and whose synthesis were reported d u r i n g  the l a s t  year,  are  
2-acetamido-2-deoxy- -0-a-L-fucopyranosyl l-D-gl ucose , 6-0-a-L-fu py- 

4-0-~-D-m nnosyl -L-rhamnopyranose ,70 3-and 4-0-B-D-gal actopyranosyl -L- 
rhamnose 
peptides u t i l i z ing  ser ine and t h r e ~ n i n e . ~ ~  
hydrate chemistry which should be included are reports on homogenous 
Koenigs-Knorr reaction w i t h  cycl ic  pol yet her^,^^ s tereoselect ivi  ty  o f  the 
reaction a1 kyl -@-gal actopyranoside and D-xyl opyranosi peracetates 

Additional reviews i n  carbohydrate chemistry are  available.  

(a lso called antigen c a r r i e r  l i p i d s ) ,  which play an important role  i n  
ol igosaccharide d lycoprotein biosynthesis , were reported by several 
research groups. 3B-88 The polyprenols f a l l  in to  several groups, depending 
on their source and on the number and stereochemistry of isoprene uni ts  i n  

3-glycosyloxyprol ines ,72 and selected 8-D-g1 ucopyranosyl d i -  
Important advances i n  carbo- 

spectroscopy of permethyl ated a and B-D-gal actopyranose and 

The is01 ation and s t ructural  characterization of the polyprenols, 
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$1 
the oligomeric chain (see Table 2). Controlled prenol homologation whic 
now allows the sequential synthesis of E or Z prenol units was reported. 

TABLE 2 

POLYPRENOL 
Betul aprenol 
Ficaprenol 
Do1 ichol 

STRUCTURE 
w -T -T - C i T i i Z c  -OH 

ISOPRENE UNIT 
w=Termi nal 

W-T-T-T- ( c ) ~ - ~ - c - o H  T=trans ( E )  
W-T-T-C- ( C )  12-16-S-OH C=cis (Z)  

S=Saturated 

In summary then, the increased knowledge of the molecular aspects of 
membrane components should allow the medicinal chemist to  u t i l i ze  models 
in the design of new substances. These would control ligand-receptor 
binding, and thus important biological reactions relating t o  hormonal 
control , cell -cell and cell -macromolecule interactions. Instead of 
modifying the ligand, as  has been successfully done in the past, the 
chemist can concern himself w i t h  receptor modification. The immunologist 
has been successful in th i s  sense by providing us active and passive 
innnunity. On the other hand,  the chemist can now design substances which 
could control glycoprotein or glycol ipid synthesis and interactions by 

1) attempting t o  control specific glycosyl transferases or glyco- 
sidases w i t h  synthetic acceptors for which they may be highly 
speci f i  c , 

2) attempting t o  control 1 igand-receptor interactions by providing 
false exogenous receptors which would compete with the intact  
membrane receptor for different 1 igands , and 

3) controlling glycoprotein synthesis with specific carbohydrate 
donor nucleotides o r  polyprenol s .  
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Chapter 33. Organocopper Reagents 

J. P. Marino, Department of Chemistry 
University of Michigan, Ann Arbor, Michigan 

Several very comprehensive reviews on various aspects of organocop- 
per reagents have appeared in the period between 1972-1973. Normantl has 
covered both organocopper(1) compounds and organocuprates in synthesis, 
while G. H. Posner has reviewed the conjugate additions of organocuprates 
in 1972.2 In 1973, A. E. Jukes3 reviewed the Organic Chemistry of Cop- 
per, and H. 0. House surveyed a number of important reaction types of 
organocopper reagents in his Robert Welch Le~ture.~ The intent of this 
chapter is to minimize duplication of material covered in the above re- 
views and to concentrate on the chemistry of organocopper reagents which 
has emerged since 1973. 
ganized on the basis of structural-types of copper reagents. 

The presentation of this material will be or- 

General Comments - The versatile and sometimes uniquely selective be- 
havior of organocopper reagents renders them comparable in synthetic 
utility to Grignard and organolithium rea ents. 
that the problems of thermal instability,$ oxygen sensitivity and struc- 
tural complexity associated with the use of organocopper reagents re- 
quire the utmost of care in experimental handling. 
plexities, organocopper reagents have emerged as a unique and indis- 
pensable class of synthetic reagents. 

It is already recognized 

Despite these com- 

Alkylcopper Reagents - The most significant and recent contribution to 
the understanding of conjugate additions of dialkyl cuprates to enones 
comes from House's correlation of enone-reduction potentials with 1,4-. 
additions. As a qualitative rule, unsaturated esters and ketones which 
have reduction potentials lying in the range of minus 1.64 up to 2.3 
volts react rapidly with lithium dimethylcuprate to form conjugate ad- 
dition products. It has also been pointed out by House that with less 
reactive enones, raising the reaction temperatures increases the com- 
petitive deprotonation to form the corresponding enolates. 

From a synthetic standpoint, reports of dialkylcuprate reactions have 
emphasized a 1:l stoichiometry of copper reagent to substrate. 
ketone synthesis has appeared which involves the reaction of dialkylcup- 
rates with S-alkyl and S'-arylthioesters.S The yields of ketones are 
quite good (60-go%), and complete utilization of both alkyl groups of the 
organocuprate is accomplished. 

A general 

Et20 
R2CuLi + 2R'COSR'' -> 2R'-GO-R 

-loo 

Two groups have reported on the reactions of a-halocarbonyl com- 
pounds with dialkylcuprates in 1973. Normant has studied the reaction of 
lithium dimethylcuprate with a-dichloroesters6 as well as a comparison of 
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copper enolates of a-chloroesters with their magnesium and lithium coun- 
terpart~.~ 
at room temperature leads to the formation of a-chloro-a-methylesters to- 
gether with equal amounts of nonchlorinated a-methylesters. The same re- 
action performed at -70' produces a-chloro ester enolates which can be 
quenched to the a-chloroester, or upon heating to room temperature can be 
transformed into a-methyl ester enolates. 

The action of lithium dimethylcuprate on a ,a-dichloroesters 

Me2CuLi + C12CRC02Et 

RCHCl-CO2Et R-CH-C02Et 
I 
Me 

The reaction of dialkylcuprates with a,a'-dibromoketones at -78' 
produces high yields of a-monoalkylketones, presumably 
intermediates. 
symmetrical dibromoketones. 

cyclopropanone 
This procedure is mild but unfortunately is limited to 

RCH2-CO-CHRR' -78' 
Et20 ' RCHBr-CO-CHBrR + RJCuLi 

Considerable interest has been generated in achieving the alkylation 
organocopper conjugate ad- of enolate ions generated regiospecifically 

dition reactions. 
enolate generated from the conjugate addition to enone _1 in the construc- 
tion of the valeranone skeleton 2. 
stereoselective but the overall yield for this process is low. 

Posner' has used the intramolecular alkylation o€ the 

This two-step sequence is highly 

& - M*[).,..&j -.;.b - 2 

25-30% 

As part of an application to syntheses of decalins, copper enolates 
have also been trapped by a-silylvinyl ketones in a Michael type 
addition. 
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+ 

98% 

A facile synthesis of B-substituted enones from enones utilizes the 
selenoxide elimination method after trapping a copper enolate with phenyl- 
s eleneny 1 bromide. 

1) Ph2CuLi 

2) PhSeBr 

Ph Ph 

55% 72% 

Lithium dialkylcuprates react well with enol acetates of B-di- 
ketones1 and a-dithiomethylene ketones to yield the corresponding $- 
alkyl-a,B-unsaturated ketone. 

A x  .A> Me CuLi u 
91% 

& 95% 

Methylcopper(1) derivatives which contain an a-substitutuent such as 
cyano15 or carbethoxy16 react selectively with ally1 halides to give, re- 
spectively, y,b-unsaturated nitriles and y,b-unsaturated esters in good 
yields. 

CuCH2E + R2C=CHCH2Br + R2C=CHCH2CH2E 
E=CN or C02Et 

Full details have been reported on the mechanism and synthetic as- 
pects of reactions of dialkylcuprates with tosylates. l7 
cuprate adds to both primary and secondary tosylates in high yield while 
more substituted alkylcuprates give high yields only with primary to- 
sylates (70-100%), l7 The opening of simple epoxides with organocuprates 

Lithium dimethyl- 
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usually gives the alcohol derived from attack at the least substituted 
carbon.18 
in ether as the solvent. Epoxides of cycloalkenes yield predominately 
the trans-alkylcycloalkanols in good to excellent yields. 

Such epoxide openings are usually sluggish and go best at 25" 

Allylcopper Reagents - The role of sulfur-stabilized allyl anions in syn- 
thesis has gained considerable momentum in recent years. 
lithium reagents have received the most attention, much less chemistry 
has been reported on the corresponding allylcopper species. Yamamoto has 
reported the preparation of a polymeric isopropylthioallylco per reagent 
which was generated from the corresponding lithium species. lg This allyl- 
copper reagent reacts with allyl halides y& a SN2' type mechanism and 
undergoes alkylation in high yield, exclusively y to sulfur. 

While the allyl- 

r- I 

87% 

A partial solution to the age-old problem of preferential a-alkyla- 
tion of anions derived from unsaturated esters was reported recently. 
Copper dienolate 2, formed from the corresponding lithio species and 
cuprous iodide, gave substantially reater amounts of y-alkylation (A:?, 
44:56) with simple allyl bromides. 2% 

5 C 0 2 E t  + cz C02Et 
C02Et + CH2=CH-CH2Br -> 

cu 
3 - 5 - 4 - 

Vinylcopper Reagents - During the past few years, the intense interest in 
terminal-vinylcopper reagents revolved around synthetic approaches to 
prostaglandins. Sih has reported full details on the reactions of 2- 
alkylcyclopentenones with vinylcuprates such as 5. 
prepared from the corresponding lithium species which in turn are ob- 
tained by metallation of the trans-vinyl iodide. 
is highly stereospecific and yields diastereomeric trans-isomers. 

The vinylcuprate is 

The conjugate addition 
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A very efficient conjugate addition of the analogous cis-divinyl- 

In this case the resulting 13-~&-prostaglandins were stereo- 
cuprate to prostanoid precursors was utilized in another total synthesis 
of PGE1. 
specifically transformed into the natural 13-trans-15a-PGE's. 2 2  

Several new vinylcopper synthons were described in 1974. Corey re- 

Reagent 7 is pre- 
ported a mixed vinylcuprate L which accomplishes the overall synthetic 
feat of conjugate addition of acetylene to an e n ~ n e . ~ ~  
pared from the corresponding vinyllithium species and a copper acetylide. 
Oxidative elimination of a tri-2-butyl tin moiety releases the acetylene 
in the final step. r 1- 

Bu3SnCH=CH PrCX-Cu, 
Bu3Sn-CH=CHLi 

P r - C d  

SnBu3 
93% 64% 

Vinylcuprates which contain an a-trimethylsilyl moiety have been re- 
ported and used as latent acyl anions and enolate carbanion equivalents. 
Thus, cuprates of general structures 8 and 9 have been prepared from their 
lithio precursors and added in high yields to enones.24 
conversion of the resulting vinyl silanes to carbonyl functions is, how- 
ever, still a difficult process to effect in high yield. 

The subsequent 



332 Sect. VI - Topics in Chemistry Counsell, Ed. - 

A new mixed cuprate containing an acrylate ligand has been shown to 
specifically alkylate ally1 halides to yield nonconjugated dienic 
esters.25 
- cis-a-methylenebutyrolactones. 

The adduct from cyclohexenyl bromide serves as a precursor to 

r 1 

C02R 
yuyo2~ + -78' > 

Li r 

This same acrylate synthon can be added in high yields to the car- 
bony1 group of most enones and simple ketones to give adducts such as 
- 10 and g.26 

11 
C02R - 10 - 

The generation of functionalized vinylcopper reagents by the addi- 
tion of alkyl cuprates to acetylenes has received considerable attention 
in recent years. The conjugate addition of polymeric organocopper re- 
agents as well as organocuprates to acetylenic esters, ketones, amidee 
and acids has been reported to proceed via cis-addition. 
vinylcopper species can be quenched at low temperatures to yield tri- 
substituted alkenes stereospecifically. '27 

The resulting 

The stereoselective --addition of alkylcopper reagents to various 
propargylic alcohols, ethers, bromides and acetates has been reported. 2 8  
The regiospecific and stereospecific addition of alkylcopper reagents to 
alkoxy and thioalkoxyacetylenes has led to the formation of vinylcopper 
reagents. Carbonation of these vinylcogger intermediates leads to high 
yields of unsaturated carboxylic acids. 
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86% 

The intramolecular addition of an organometallic reagent to a car- 

When di-z-butylcop- 
bony1 group is a formidable synthetic operation because of generation of 
the metal-carbon bond in the presence of a ketone. 
per lithium is treated with keto-vinyl iodides such as l2, a vinylcopper 
reagent is generated which is capable of intramolecular cyclization to 
form an allylic alcohol.30 

- 12 90% 

Copper Hydrides - The use of copper hydrides as reducing agents has re- 
ceived some attention in recent years. 
solubilized Cu(I)H*PR3 was capable of functioning as a reducing agent. 3 1  
Masamune has demonstrated that a mixed copper hydride reagent, 13, pre- 
pared from lithium trimethoxyaluminum hydride and cuprous iodide cleanly 
affected the reductive removal of halide and tosylate groups.32 
reagent was shown to displace bromide with retention and mesylate groups 
with inversion of configuration. 

Initially, it was shown that 

This 

r 1 

2LFAlH(OMe)3 + CuI .+> L J  CuH-Reagent 

13 - 
- 13 + R-X -> R-H (85-100%) 

X=C1, Br, OMS 
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Selective reductions of a,B-unsaturated carbonyl compounds have been 
accomplished with several classes of mixed copper hydride "ate" complexes 
of general structure 1 4 . 3 3 ' 3 4  

Et 0 RLI + CuH A> LiCuHR 
14 - 

When R=-Bu, t-Bu, L-Pr, an excess of the reagent reductively re- 
moves allylic tosylates in high yield and reduces cyclohexanone to cyclo- 
hexanol quantitatively. 3 3  The conjugate reduction of enones proceeds in 
high yield at -4OOC and does not reduce the ketone or ester groups under 
such conditions. 
mixed cuprates has also been used for selective enone reductions (2, 
R = 0 - ~ B u ,  -S-Ph, 1-pentyne). 

An analogous set of hetero-substituted and acetylenic 

Yo (CHO 0 + 14 (R=1-pentyne) --> -780 

86% 

Mixed Cuprate (I) Reagents - Some of the practical limitations of various 
organocuprate reagents includes the use of thermally unstable E- and 
- tert-alkyl cuprates and the need for a large excess of copper reagent to 
obtain high conversions. The advent of using inert ligands as part of 
the mixed cuprates enhances the stability of the cuprates in some cases 
and maximizes the efficiency of transferring desired organic ligands. 
The preparation of various hetero-substituted mixed alkyl cuprates can 
easily be accomplished by the followi.ng scheme. 35 

Het-H + BuLi 4 Het-Li ~cuI> Het-Cu 

Het-Cu + RLi *> [Het-CUR]- Li' 

Het: t-BuO; PhO; t-Bus; PhS; Et2N- - - 
The stability of these mixed cuprates follows an order of 

PhS>PhO>t-BuO>t-BuS-Et2N. The (PhSCuR)Li reagent is the most effective 
for selective conjugate addition and substitution reactions using 
secondary and tertiary alkyl R-groups. 

Mixed cuprates in which R and R' groups are differently hybridized 
carbon ligands also show selective transfer of one ligand. 36'37 Mixed 
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cyanoalkyl cupratesl 
lithium reagents. * have been prepared from cuprous cyanide and alkyl- 

CUCN + RLi -> [R-CU-CN Li] 

1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 

29. 
30. 
31. 

88-100% 
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A-l3OA, 253 AH 7725, 84 
A-204A, 251, 252 AH 7921, 14 
A-204B, 251 AHR-1911, 122 
A-218, 253 AHR-2244, 4 

A-23187, 253 AHR-3084, 31 
A 9145, 121 AHR-3018 (apazone), 178 

A-28695AY 253 alamethicin, 247, 248 
Abbott 31699, 65 alclofenac, 176 
Abbott 40656, 6 14-0-alkyl adriamycin, 148 
AC 1802 (aprindine, Lilly 99170), allicin, 188 

65 alprenolol, 52, 56, 57 
acebutolol (M & B 1780381, 52 amantadine (1-adamantanamine hyro- 
2-acetamido-2-deoxy-D-gluconolac- chloride), 165, 166 

tone, 241 amidobenzimidazole, 155 
l-acetyl-2-picolinoylhydrazine, 138 amidoximes, 147 
acetylsalicylic acid (aspirin), 99 amikacin, 109, 110, 111, 112 
acetylsalicylic acid esters, 311 7-aminoactinomycin D, 137 
6I-N-acetyl sisomicin, 110 6-aminodopamineY 260 
acid proteases, 152 2'-amino-2'-deoxy-5-fluorouridine, 
acridine orange, 137 135 
4'-(9-acridinylamino)-methanesulfon- 6'-amino-6'-deoxy gentamicin A, 110 

acriflavine, 152 l-N-[(S)-4-amino-2-hydroxybutyryl] 
acrolein, 150, 313 gentamicin Cl, 110 
ACTH4-10, 25 l-N-[(S)-3-amino-2-hydroxypropionyl] 
ACTH (adrenocorticotropin) , 206, gentamicin C1, 110 

288 2-amino-lY6-naphthyridine-3-carboni- 
actinomycin D, 124, 131, 137, 142, trile, 72 

14 6 aminopterin, 134 
actinomycins, 122 8-aminoquinolineY 154 
act ino t iocin , 155 p-aminosalicylic acid, 187 
1-adamantanamine hydrochloride amoxicillin, 112 

(amantadine) , 165 , 166 amphetamine, 21, 23, 24, 41, 44 
adenine arabinoside (ara-A, arabino- d-amphetamine, 46, 194 

syladenine), 149, 165 1-amphetamine, 46 
adenosine , 151 amphetamine carbamate esters, 313 
adenosine deaminase inhibitors, 151 amphetamines, 285, 290 

anilide, 138 aminoglutethimide , 150 

amphotericin B y  120, 121, 122, 123, 
124, 125, 126, 127, 144, 189, 246 

ampicillin, 112, 125 
ampicillin acyloxymethyl esters, 310 
amygdalin, 314 
angiotensin I, 289 
angiotensin 11, 289 
2,2'-0-anhydro ara C, 135 
2,2'-anhydro-arabinofuranosyl-5- 

anisomycin, 156 
anthracyclines, 148 
antianxiety drugs, 194 
antidepressant drugs, 194 

fluorocytosine, 135 

adenosine diphosphate (ADP), 105 
S-adenosyl-L-homocysteine, 133 
S-adenosyl-L-methionine, 133 
ADP (adenosine diphosphate), 105 
8-adrenoceptor blocking drugs, 196 
adrenocorticotropin (ACTH), 206, 

288 
adriamycin, 131, 137, 142, 144, 

145, 146, 152, 168 
aflatoxin (mycotoxin), 120 
AG 19-417, 102 
AH 5158, 63 
AH 6556, 84 
AH 7079, 84 
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antidiuretic hormone, 197 
antiviral antibodies, 290 
apazone (AHR-3018), 178 
apomorphine, 195 
aprindine (AC 1802, Lilly 99170), 

65 
ara-A (arabinosyladenine, adenine 

arabinoside) , 149, 165 
9-(B-D-arabinofuranosyl)guanine 

cyclic 3’,5’-phosphate, 135 
1-8-D-arabinofuranosyl hypoxanthine, 

165 
1-8-D-arabinofuranosyl uracil 

(ara-U), 165 
arabinosyladenine (ara-A, adenine 

arabinoside) , 149, 165 
ara-C (cytosine arabinoside, cytar- 

abine), 135, 136, 149, 151, 
164, 165 

ara-C benzoate, 151 
ara-U (1-8-D-arabinofuranosyl 

arginine, 133, 136 
arginine-vasopressin (AVP) , 208 
arginine-vasotocin (AVT) , 208 
aryltriazin, 155 
ascorbic acid, 189 
asparaginase, 143 
asparagine, 133 
aspiculamycin, 157 
aspirin (acetylsalicylic acid), 99 
A W  (arginine-vaspressin), 208 
AVT (arginine-vasotocin) , 208 
axenomyc in, 15 7 
AY-22093, 83 
AY-22,469, 95 

AY- 24,609, 95 
AY-24,696, 95 
azalomycin M, 251 
azamino acid, 136 
azaperone (R 1929), 3 
azaserine, 149 
azathioprine (Imuran@), 174 
5-aziridino-2,4-dinitrobenzamides, 

azolimine (Cl-90748), 72 
azouracil, 155 
66-40B, 110 
baclofen, 34 
barbiturates, 290 

uracil), 165 

AY-23,028 (butaclamol) , 4 

309 

Batamote, 121 
Bay 4503 (propiram fumarate), 12 
Bay 5097 (clotrimazole), 120, 123, 

126, 156 
BCG, 142, 144, 146 
BCNU, 144, 145, 147 
bencyclane (EGYT 2011, 102 
benorylate (Win 11450), 100 
benzanilids, 157 
benzimidazole , 156 
benzimidazoles, 121 
benzodiazepines, 30, 32, 33 
benzofuran, 155, 156 
berberinol thiophosphamide, 138 
besunide, 73 
biogenic mines, 195 
bis (2-choroethyl)amine, 137 
N,N-bis(2-chloroethyl)hydrazine, 137 
26,27-bisnor-25-hydroxy-D3, 300 
bisobrin (EN-16611, 104 
BL-580a, 253 
BL-3459, 101 
BL-P1654, 112 
BL-S217, 112 
BL-S640, 112 
b leomyc in, 145 
bonaphton (6-bromonaphthoquinone), 

boric acid, 124 
bradykinin, 75, 289 
BRL 4664, 4 
BRL 6155, 64 
BRL 8988, 112 
5-bromo-2’-deoxyuridine, 135 
2-bromo-a-ergocryp tine, 150 
6-bromonaphthoquinone (bonaphton), 

BS 100/141, 63 
bucloxic acid, 177 
bufetolol (Y-6124), 52 
bufuralol (Ro..3-4787), 52, 53 
bunitrolol (KO 1366), 52 
bupicomide (Sch 10595, fusaric acid 

burimamide (SKF 91923), 91 
butaclamol (AY-23,028), 4 
l,bbutanediol, 31 
butirosin, 110 
butorphanol, 12 
y-butyrolactone, 31 
C-3 (capobenic acid), 67 

167 

167 

amide), 62 
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C-4632, 177 
caffeine, 21, 23, 24, 150 
calcitonin, 289 
camazepam (SB 5833), 5, 32 
camptothecin, 144 
candicidin, 189 
candihexin I, 122 
candihexin 11, 122 
capobenic acid (C-3), 67 
capreomycin, 114 
carbazole, 155 
carbenicillin, 103, 110, 112 
carbidine, 4 
carbodiimide, 143, 148 
carcinoembryonic antigen (CEA), 

cardiac glycosides, 290 
CEA (carcinoembryonic antigen), 

CCNU, 145 
cef amandole , 111 
cef azolin, 111 
cefoxitin, 111 
centrophenoxine , 150 
cephacetrile , 111 
cephalexin , 111 
cephalosporin acyloxymethyl esters, 

cephalothin , 111 
cephaloridine, 111 
cephalosporin, 111 
cephamycin C, 111 
cepharin, 111 
cerolysin, 126 
cerulenin , 114 
cetyltrimethylamonium bromide, 

chenodeoxycholic acid, 189 
chlorambucil, 136 
chloramphenicol-3-hemisuccinate, 

chloramphenicol trimethylsilyl 

chlordemethyldiazepam, 31 
chloroacetaldehyde, 313 
N6- [ 3-chloro-2-butenyl] adenosine, 

l-(p-chlorophenyl)silatrane, 265 
chloroquine, 157 
6-chlorouracils, 127 
chlorozotocin (DCNU), 145 

2 90 

290 

312 

245 

3 11 

ethers, 314 

174 

chlorphenes in, 14 7 
chlorphenesin alanine ester, 313 
chlorphenesin glycine ester, 313 
2- (p-chlorophenyl) -4-phenyl thia zole- 5- 

chlorpromazine, 43, 194 
chlorthalidone, 61 
cholecalciferol (D3) , 295 
cholecystekinin, 289 
cholera, 197 
cholesterol, 125, 126, 127, 136 
cholestyramine, 185, 187 

cimetidine (SKF 92334), 92 
cinanserin, 147, 174 
cinerubins, 148 
citrovorum factor, 144 

C1-88893 (clazolimine) , 72 
C1-90748 (azolimine) , 72 
clazolimine ((21-88893) , 72 
clenbuterol (NAB 3651, 81 
clindamycin, 111, 113, 114, 155 
clindamycin palmitate, 311 
clobazam, 32 
clofibrate, 182, 184, 185, 186, 189, 

311 
clonidine, 61, 196 
clorazepam, 32 
clotrimazole (BAY 5097), 120, 123, 

126, 156 ~ 

clozapine (Leponex ), 2 
cocaine, 146 
coccidioidin, 122 , 123 , 124 
coenzyme Q l o ,  64 
colchicine , 185 , 217 
colestipol, 187 
convallotoxin acetals, 314 
convallotoxin ketals, 314 
cordacin, 137 
corticosteroid sulfate esters, 312 
C-peptide, 289 
cycasin, 314 
cyclacillin, 112 
cyclandelate, 23 
cyclic CMP, 150, 193 
cyclic nucleotides, 290 
cycloeudesmol, 122 
cycloheximide, 124 
cyclophosphamide (Cytoxan@) , 126, 

132, 142, 144, 145, 174, 313 

acetic acid, 178 

CI-775, 54, 55 

C1-720, 188 
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L-cysteine, 133 
cytarabine (ara-C, cytosine arabi- 

noside), 135, 136, 149, 151, 
165 

rabine) , 135, 136, 149, 151, 
164, 165 

cytosine arbinoside (ara-C, cyta- 

66-40DY 110 

5,6-L-D3 , 300 
D2 (ergocalciferol) , 295 

D-40 TA (estazolam), 6, 30 
dactylarin, 155, 156 
dapsone, 124 
daunomycin, 131, 137 
daunorubicin, 142, 152 
DBC, 188 
DDS, 155 
DDT, 199 
1-deamino-8-D-arginine vasopressin, 

7-deazaadenosineY 135 
8-deazafolic acid, 133 
1-deaza-N-methylfolic acid, 133 
3-deazauridineY 135 
dechlordemethyldiazepam, 31 
7-dehydrocholesterol (7-DHC), 295 
N-demethyldiazepam, 30, 31 
4-deoxy butirosin A, 110 
4-deoxy butirosin B, 110 
l-(2-deoxy-D-ribofuranosyl)-4- 

pyridone , 135 
2"-deoxygentamicin C2 , 110 
2-deoxyglucose, 166, 214 
3-deoxy-la-hydroxy-D3, 300 
4'-deoxy-kanamycin A, 110 
5' -deoxy-4' - (methyl thio) adenosine, 
4-deoxyneosamine C, 110 
4"-deoxy-4"-oxoerythromycin, 113 
2'-deoxy-6-selenoguanosineY 135 
desoxycorticosterone, 74 
dexamethasone, 150 
DFP (di-isopropyl fluorophosphate) , 

151 
DH-990, 187 
7-DHC (7-dehydrocholesterol), 295 
dialdehyde-adenosine derivatives, 

dialuric acid, 260 
1 , 3-diaminobenzo [ f ] quinazoline , 

104 

133 

15 2 

134 

1,3-diamino-7,8,9,10-tetrahydropyri- 

dianemycin, 249, 251 
diazoxide (Hyperstat') , 5, 196 
dibutyryl cyclic AMP, 193 
- cis-dichlorodipyridine (cis-PPC), 144 
3',5'-dichlorohomofolic acid, 134 
3' ,5'-dichloro MTX, 134 
dideoxybutirosin A, 110 
diethyl dithiocarbamate, 143, 147 
diethylstilbestrol, 312, 313 
diftalone, 177 
digitoxigenin acetals, 314 
digitoxigenone ketals, 314 
digoxigenin acetals, 314 
digoxigenone ketals, 314 
digoxin, 314 
15-keto , 13 , 14-dihydroprostaglandin 

E2, 290 
15-keto, 13,14-dihydroprostaglandin 

F2a, 290 
dihydrotachysterols, 300 
24,25-dihydroxy-D3, 296 
25,26-dihydroxy-D3, 297 
L-dihydroxyphenylalanine (L-dopa, 

levodopa), 42, 45, 47 
6,7-dihydroxytryptamineY 260 
diiodohydroxyquinoline, 156 
dilazep, 102 
dimethylchlortetracycline, 218 
16,16-dimethyl-prostaglandin E2 

5- (3,3-dimethyl-l-triazine) imidazole 

N ,N-dime thy1 tryp tamine , 
diminazene aceturate, 155 
diphenylhydantoin, 285 
diphenylsulfone-R (TAHDS), 155 
2, 3-diphosphoglycerateY 23 
disodium cromoglycate (Intal') , 198 
disodium phosphonacetate (PAA), 166 
disopyramide, 66 

mido [ 4,5-c] isoquinoline, 134 

methyl ester, 93 

4-carboxamideY 136 
45 

DJ-1461, 65 
DKA-9, 176 
DOPA, 195 
dopamine , 14 9 
doxycycline, 114 
DS-511, 72, 73 
DTIC, 144, 145 
duamycin, 253 
EGYT 201 (bencyclane), 102 



341 - COMPOUND NAME AND CODE NUMBER INDEX 

electroshock therapy, 194 
EM 49, 155 
emetine, 145 
EN-1661 (bisobrin), 104 
enniatin, 248 
enterotoxin, 197 
ephedrine carbamate esters, 313 
epidihydroquinidine, 154 
epinephrine, 149 
ergocalciferol (Dp) , 295 
ergosterol, 125, 126 
erythromycin, 113, 125 
erythromycin A carbonate, 113 
erythromycin D, 113 
erythromycin thiolesters, 311 
erythropoietin, 290 
estazolam (D-40 TA), 6, 30 
estradiol, 289 
estradiol-6-(0)-carboxylmethyloxime), 

1,3,5(10)-estratrien-l78-yl en01 

estriol, 289 
estrogen, 185 
etafenone, 67 
ethacrynic acid, 197 
ethanol, 195 
ether, 194 
ethidium, 149 
ethoheptazine, 12 
3'-ethylfolic acid, 134 
ethyl a-hydroxybutyrate glycolate, 

everninomicin B, 114 
everninomicin C, 114 
everninomicin D , 114 
5-FC (5-fluorocytosine, flucytosine), 

120, 121, 123, 125, 126, 127 
f enaperone, 3 
fenbendazole, 157 
fenclofenac, 176 
fenoprofen, 175 
fenoterol (Th 1165A), 81 
ferritin, 290 
a-fetoprotein, 290 
fibrinogen, 290 
f ibrinolysin, 152 
fibrinopeptides, 290 
filipin, 125 
flavine dinucleotide, 105 
florenal (benzyl fural benzene), 

286 

ethers, 314 

31 

167 

flucytosine (5-FC, 5-fluorocytosine), 
120, 121, 123, 125, 126, 127 

f lumizole, 178 
1-f luorcodeine, 13 
f luorene, 155 
fluorescein, 137 
5-fluorocytosine (5-FC, flucytosine), 

120, 121, 123, 125, 126, 127 
5-f luoro-2'-deoxyuridine, 135 
5-fluorodeoxyuridine, 149 
2-f luoro-5 ' - (e thy1 thio) adenosine, 
5-fluoropyridinemethanol, 189 
5-f luorouracil, 142, 143, 144, 145 
fluphenazine alkyl esters, 311 
fluphenazine decanoate, 2 
f lurbipro f en, 176 
folic acid, 133, 134 
follicle stimulating hormone (FSH), 

2-formyl-4-(~-aminophenyl) pyridine 

1-f ormylisoquinoline , 135 
3-formylrifamycin SV, 114 
fortimycin B, 110 
FPL 55712, 84 

FSH (follicle stimulating hormone), 

furobufen, 176 
furosemide, 197 
fusaric acid, 42, 62 
fusaric acid amide (bupicomide, Sch 

10595), 62 

133 

207, 288 

thiosemicarbazone, 135 

FR-10612, 112 

207, 288 

G-130, 22 
G-137, 104 
G-418, 111 
gastrin, 284, 289 
gentamicin, 109, 110, 111, 112, 114 
gentamicin A, 110 
gentamicin C1, 111 
GH (growth hormone), 206 
gitoxin pentaacetate, 311 
glaziovine, 6 
glucagon, 193, 289 
8-1, 3-glucasase, 126 
glucaro (1+4) lactone, 241 
D-glutamic acid, 134 
glutaric acid, 134 
glycoprotein hormones, 207 
glycyrrhetinic acid, 197 
GnRH (gonadotropin releasing hormone), 

202, 203 
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gonadotropin releasing hormone 

gramicidin A, 247 
gramicidin B, 247, 248 
gramicidin C, 247, 248 
gramicidin S, 246 
griseofulvin, 123, 124, 127 
grisorixin, 251, 252 
growth hormone (GH), 206 
growth hormone release-inhibiting 

(GnRH), 202, 203 

hormone (somatostatin), 202, 
2 04 

guanabenz (Wy-8678), 63 
guanethidine, 196 
guanidinepyrimidine, 154 
guanosine 5'-monophosphate, 166 
H64/52, 54 
H87107, 52, 53, 56 
H93/26 (metoprolol), 51, 52, 53, 

55, 56 
halofenate, 187 
haloprogin, 122 
helixin C, 251 
hematoporphyrin, 137 
heparin, 105 
hepatitis B antigen, 290 
heroin, 195 
hexachlorophene, 127 
hexadene macrolids, 122 
hexamethyl-2,6-cis-diphenylcyclo- 

tetrasiloxane, 270 
hexame thylmelamine, 144 
hGH (human growth hormone), 202, 

206, 288 
Hoe 440 (tiamenidine), 63 
homocordalyn, 138 
homocysteine, 133 

human chorionic gonadotropin, 288 
human growth hormone (hGH), 202, 

206, 288 
human placental lactogen, 288 
hyalodendrin, 122 
hybrimycin C1, 110 
hybrimycin C2, 110 
hybrimycin 3, 110 
hycanthone, 148, 156 
Hydergine@, 23 
hydrazine sulfate, 151 
hydrochlorothiazide, 197 
hydrocortisone acetate, 311 

HP-129, 100 

hydrocortisone sodium succinate, 311 
hydroxyamphetamine carbamate esters, 

25-hydroxycholesterol, 213 
4-hydroperoxycyclophosphamide, 313 
4-hydroxycyclophosphamide, 313 
la-hydroxy-D2, 300 
la-hydroxy-D3, 299 
25-hydroxy-D2, 296 
24-hydroxy-D3, 300 
25-hydroxy-D~, 295 
la, 25-dihydroxy-D3, 296 
6-hydroxydopamine, 260, 261 
8-hydroxyerythromycin A, 113 
5-hydroxy-2-formylpyridine, 135 
9-E-9-B-hydroxyhexahydrocannabino1, 

6-hydroxypyranon, 155 
N-hydroxypyridones, 122 
6-hydroxyquinazolines, 122 
4-hydroxyquinoline-3-carboxylate, 

5-hydroxytryptophan, 43, 45 
hydroxyurea, 145, 152 
hypothalamic horm nes, 202 

ICI 50172 (practolol), 52, 55, 56, 

ICI 66082, 51, 52, 53, 55, 56 
ICI 74917, 85 
ICRF-159, 142, 143, 144 
ID-540, 5, 32 
ID-4708, 3 
idoxuridine (5-iodo-2'-deoxyuridine, 

IDU), 148, 164, 165, 167 
IDU (idoxuridine, 5-iodo-2'-deoxy- 

uridine), 148, 164, 165, 167 
IL-19,552 (pipothiazine palmitate), 

2 
imidazole, 155 
imidazole carboxamide riboside, 151 
imidazole derivatives, 120, 121, 126 
imipramine, 40 
indapamide (S-15201, 73, 74 
indomethacin, 83 
indoramin, 62, 81 
inicarone (L-70351, 104 
insulin, 143, 148, 193, 198, 289 
interferon, 161, 162, 163, 199 
5-iodo-2'-deoxyuridine (IDU, idox- 

uridine), 148, 164, 165, 167 

313 

15, 16 

155 

ibuprofen (Motrin 8 ) *  175 

57, 58 
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ISF 2123, 65 
isoaminopterin, 134 
isocyanates, 149, 150 
isofolic acid, 134 
iso-lasalocid A, 252 
isophosphamide, 313 
isopropyl atropine (Sch lOOO), 82 
di-isopropyl fluorophosphate (DFP) , 

3'-isopropylfolic acid, 134 
isoproterenol, 193, 195 
- d-isoproterenol, 196 
j osamicin, 113 
K-178, 251 
K-308, 177 
K-309, 177 
K-5610, 253 

151 

kanamycin B, 110 
ketazolam (U-28,774), 5 
7-ketocholesterol, 182 
4-ketocyclophosphamide, 313 
ketoprofen (Orudis?, 175 
ketovariotin, 127 
kidamycin, 114 
kitasamycin (leucomycin A 6), 113 
KE 1173 (mexiletine), 66 
K6 1366 (bunitrolol), 52 
Kij 1439, 55 
ku j imyc ins, 
L-6569, 63 
L-7035 (inicarone) , 104 
L-8109, 177 
L-8142, 64 
L-8412, 66 
L-9146, 66 

11 3 

lacto-N-neotetraosylceramide, 214 
laidlomycin, 252 
lanatoside C, 314 
lapachol, 152 
lasalocid (X-537A, Ro 2-2985), 66, 

lasalocid A, 251, 252 
LB-46 (pindolol), 52, 55, 56, 58 
lecithin, 136 
leucomycin A 6 (kitasamycin), 113 
levamisole, 143, 147, 157 
LH (luteinizing hormone), 207, 288 
Lilly 99170 (AC 1802, aprindine), 65 
Lin 14 18 (sultopride), 5 
lincomycin, 113, 114, 155 
lincomycin carbonate esters, 311 

251, 253 

lipotropin, 6 
lithium, 40, 41, 43, 193 
lithocholate, 216 
lividomycin, 110 
lividomycin A, 115 
LL 21-945, 53, 54 
local anesthetics, 195 
loperamide, 18 
L-PAM (phenylalanine mustard), 142, 

144 
Lu 10-022, 3 
lucanthone (miracil-D) , 148 
luteinizing hormone (LH), 207, 288 
luteinizing hormone/follicle- 

stimulating hormone releasing 
hormone (GnRH), 202, 203 

287 
luteinizing hormone-releasing hormone, 

LVP (lysine-vasopressin), 208 
lymphokine, 151 
lysergic acid, 290 
lysergic acid diethylamide, 44 
L-lysine, 134 
lysine-vasopressin (LVP), 208 
lysocellin, 253 
22M13, 36 
42MA, 36 
M & B 178038 (acebutolol), 52 
M & B 22,948, 85 
magnesidin, 114 
magnesium pemoline, 21, 23, 24 
7(@-mandelamido cephalosporanic 

acid, 112 
mandelonitrile, 314 
maridomycin, 113 
mebendazole, 157 
megalomicins, 113 
melanotropin (MSH), 206 
melanotropin release-inhibiting factor 

melanotropin releasing factor (MRF), 

mercaptoalkylamine, 147 
mercaptoalkylguanidine, 147 
6-mercapto purine riboside, 149 
mescaline (3,4,5-trimethoxyphenyl- 

mesotocin, 208 
methadone, 195 
methaqualone, 30 
methionine, 46, 133 

(MIF), 202, 204 

202, 204 

alanine), 45 
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methotrexate, 133, 134, 142, 143, 

methoxyacridine , 154 
6-a-methoxy-carbenicillin, 112 
7-a-methoxy-cephalosporin, 112 
5-methylamino-1-formyl-isoquinoline 

methylazoxymethanol, 314 
4-methylburimamide, 91 
methyl-CCNU, 144, 145 
(t) -3'-methylcephalothin, 112 
2,2 ' - (methylenediimino) b is-1, 3 , 4- 
6'-N-methyl gentamicin Cla (XK-62-2; 

4-methylhistamineY 91 
7-methyl MTX, 134 
N-methyl-N-nitrosourea, 133 
methyloxazepam, 31 
methylphenidate, 23, 24 
15(R)-methyl-prostaglandin E2 

methyl ester, 93 
15(S)-methyl prostaglandin E2 

methyl ester, 93 
methysergide, 43 
9-methylstreptimidoneY 163 
a-methyl-p-tyrosine, 41, 42, 43 
metiamide (SKF 92058), 92 
metitepin, 3 
metoprolol (H93/26), 51, 52, 53, 

metronidazole, 155 
mexiletine (KO 1173), 66 
miconazole, 120, 123, 126 
MIF (melanotropin release-inhibit- 

ing factor) , 202, 204 
migration inhibitory factor, 151 
minicycline , 114 
minoxidil, 62, 196 
miracil-D (lucanthone) , 148 
mithramycin, 152 
mitomycin-C , 152 

144, 145, 146, 215 

thiosemicarbazone, 135 

thiadiazole, 138 

sagamicin), 110 

55, 56 

MJ-8592-1, 72 
MJ-10459-2, 64 
MK 950 (timolol), 52 
moctamide, 187 
molindone (Moban@) , 2 
monensin, 248, 251, 252, 253 
morphine, 146, 194, 290 
MRF (melanotropin releasing factor) , 

202, 204 

MSH (melanotropin) , 206 
mutamicin 1, 110 
mutamicin 2, 110 
mycotoxin (aflatoxin), 120 
N36095, 66 
NAB 365 (clenbuterol), 81 
nafcillin, 113 
naloxone, 16, 195, 312 
nandrolone aliphatic esters, 309 
nandrolone decanoate, 311 
nandrolone phenylpropionate, 311 
naphthoquinone, 154, 156 
naphthothiophene, 154 
naproxen, 175 
narcissus alkaloids , 168 
natriuretic hormone, 74 
neamine, 111 
nefopam (Acupan@) , 12 
neomycin, 114, 130 
neuraminidase, 148 
neurohypophyseal hormones, 202, 208 
neurophysin, 209, 288 
neurotensin, 63, 202 
nicergoline, 61 
nicotinic acid, 185, 188 
niflumic acid, 178 
nigericin, 248, 249, 251, 252 
niridazole, 156, 157 
7-nitroactinomycin D, 137 
5-nitrobenzyl sulfones, 121 
5-nitrobenzyl sulfoxides, 121 
nitrofurantoin, 122 
nitrogen mustard, 136, 142, 146, 150 
nitrogen mustards, 215 
nitrogen mustard glycineamide, 313 
nitroimidazoles, 121, 156 
nitroimidazole sulfide, 155 
nitroimidazole sulfoxide, 155 
nitrophenylsulfonyl acetanilide, 155 
nitropyrrole derivative, 122 
nitrosoureas, 149, 309 
nitrothiazole, 155 
nitrothiazolylurea , 156 
nitrovinylfuran, 155, 156 
nitrovinylimidazole, 155 
nonactin, 247 
norepinephrine trimethylsilyl ethers, 

314 
26-nor-25-hydroxy-D3, 300 
nystatin, 121, 122, 123, 125, 126, 246 
OPC-1085, 53 
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opiate alkaloids, 290 
orgotein, 262 
oryzoxymycin, 114 
oxamniquine (UK 4271), 156 
7-oxa-11-prostynoic acid, 17 
oxazepam, 31 
oxoline, 167 
oxoprozin, 177 
oxotremorine, 194 
oxprenolol, 52, 56, 63 
oxyphenbutazone, 306 
oxyprothepin decanoate (WFB-9977), 

oxytocin, 75, 202, 208, 284, 288 
PAA (disodium phosphonacetate), 

166 
P-113 (saralasin acetate), 63 
palosein, 262 
papaverine, 149, 193, 199 
paraquat, 260, 261 
parathyroid hormone (PTH), 289, 

paromomycin, 110 
patricin (SPA-S-132), 155 

2 

297 

P-B 845 C1, 3 
PC-183, 112 
PCNU, 145 
penf luridol, 2 
penicillin, 111 
penicillin acyloxymethyl esters, 

pentaerythritol tetranitrate, 312 
pentobarbital, 194 
pepstatin, 143, 152 
pep tide hormones, 202 
perhexilene maleate, 67 
perlapine, 30 
4-peroxycyclophosphamide, 132 
phenanthrene aminoalcohol, 154 
phenanthrenemethanol (WR 33063), 

phenethylamine carbamate esters, 

phenformin, 106 
phenothiazine, 154 
phenothiazines, 290 
phenoxybenzamine, 81 
phentolamine, 63, 81 
phenylalanine mustard (L-PAM), 

phenylbutazone, 306 

312 

154 

313 

142, 144 

phenylglyoxal, 136 
phenytoin, 285, 290 
phorbol-myristate-acetate, 199 
phosphatidylcholine, 216, 219 
phosphatidylethanolamine, 216, 219 
phosphotungstates, 149 
pindolol (LB-461, 52, 55, 56, 58 
pipothiazine palmitate (IL-19,552), 2 
piracetam, 22, 23 
pirprofen (Su-21524), 177 
pituitary hormones, 202, 206 
pivampicillin HC1, 310 
plasmin, 290 
plasminogen, 290 

podophyllotoxin, 146 
poly(ammonium acrylate), 137 
poly A, 199 
poly A:U, 150 
polyene antibiotics, 125, 126 
polyetherin A, 251 
polyethylene imines , 148 
poly I:C, 137, 148, 149 
polyionines, 148 
poly 1:poly C, 162, 163, 165 
poly I: poly Clpoly-1-lysine carboxy- 

polymethacrylic acid, 147 
polymyxin, 114, 246 
polynucleotides, 162 
polyoxyethylene ethers (Triton W R ) ,  

polyphloretin phosphate (PPP), 102 
poly(sodium acrylate), 137 

PPP (polyphloretin phosphate), 102 

practolol (ICI 50172), 52, 55, 56, 

prazosin, 62 
prednisolone sodium succinate, 311 
primidone, 33 
PRL (prolactin), 206, 288 
probucol, 187 
pro-diphenylhydantoin, 33 
prodolic acid, 177 
progesterone, 86 
pro-insulin, 289 
prolactin (PRL), 206, 288 
propanediamine, 163 
3- (0- tolyloxy) -1,Z-propanediol hemi- 

PM-33, 6 

methylcellulose complex, 162 

14 4 

poly u, 199 

PR-D-gZ-EA, 85 

57, 58, 189 

succinate ester, 311 
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4' -0-propionyl megalomicin A 

propiram fumarate (Bay 4503), 12 
propranolol, 52, 53, 55, 56, 58, 

d-propranolol, 57 
prostaglandin, 194 
prostaglandin A, 290 
prostaglandin A1, 64 
prostaglandin Ap, 75, 76 
prostaglandin alkoxy-tetrahydopyranyl 

ethers, 314 
prostaglandin D2, 101 
prostaglandin E, 290 
prostaglandin El, 17, 64, 100, 149, 

prostaglandin E p ,  17, 75, 76, 195 
prostaglandin esters, 311 
prostaglandin F, 290 
prostaglandin F2a, 75, 76, 138 
prostaglandin G2, 101 
prostaglandin H2, 101 
prostaglandin trimethylsilyl ethers, 

3 14 
prothrombin, 290 
proxazole, 23 
PTH (parathyroid hormone), 289, 297 
purpuromycin, 121 
pyran copolymer, 137, 146, 147 
pyrazapon, 32 
pyrazinoquinoline, 156 
pyrbuterol, 80 
p yr id ineme t hano 1, 
pyridoxal, 155 
pyridoxal phosphate, 152 
4-[p- (p- [ 4-pyridylaminol-phenylcar- 

pyrimethamine, 154 
quassin, 155 
quazodine, 196 
quinacrine (Atabrine@) , 146 
quinazolinemethanol, 154 
quinolinecarboxylate, 155 
quinolinemethanol (WR-30090), 154 
quinoline methanols, 154 
8-quinolinols with copper, 127 
quinolone, 154 
quinones , 152 
quinuclidines, 178 
QX-572, 66 
R 1929 (azaperone), 3 

(XK-41-B2), 113 

189 

195, 220 

15 4 

bamoy1)anilinol quinoline, 138 

reserpine, 41, 43, 194, 196 
ribavirin (l-6-D-ribofuranosyl-1, 2, 

4- triazole-3-carboxamide, 
VirazoleB) , 166 

6-O-(B-D-ribofuranosyl) paromomine, 
110 

ribonucleotide reductase, 152 
ribostamycin, 110, 115 
rifampin, 113, 115, 125 
rifamycin, 114, 125, 144, 148, 168 
rifamycin S, 114 
rimantadine, 166 
RMI-11749, 72 
RMI-11842, 72 
RMI-14514, 188 
Ro 2-2985 (lasalocid, X-537A), 66 
Ro 3-1428 (TYA), 101 
Ro 3-4787 (bufaralol), 52, 53 
rosamicin (Sch 149471, 113, 155 
rubromycin, 121 
S-1520 (indapamide) , 73, 74 
S-2395, 52 
sagamicin (XK-62-21, 110 
SaH-41-178, 36 
salbu tamol, 81 
salicylamides, 122 
salicylanilides, 122 
salicylazosulf apyridine , 313 
salicylic acid carbonate esters, 

310, 311 
salinomycin, 251, 252, 253 
saponin, 126 
saralasin acetate (P-113), 63 
SAS-643, 5 
SAS-646, 5 
SB 5833 (camazepam), 5, 32 
SC-13504, 34 
SC-28763, 155 
Sch 1000 (isopropyl atropine), 82 
Sch 10595 (bupicomide, fusaric acid 

Sch 14947 (rosamicin), 113, 155 
Sch 17726, 111 
scopoline, 14 
scotophobin, 25 
Secholex, 189 
secretin, 289 
septamycin, 252 
sesquiterpene, 122 
sisomicin, 110 
SKF 24260, 62 

amide), 62 
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SKF-59962, 112 
SKF-62698 (tienilic acid), 71 
SKF-91923 (burimamide) , 91 
SKF-92058 (metiamide), 92 
SKF-92334 (cimetidine), 92 
sodium butyrate, 149 
sodium dipropylacetate, 34 
sodium nitroprusside, 61 
somatomedin, 207 
somatostatin, 202, 204 
sotalol, 52, 56, 57 
soybean trypsin inhibitor, 151 
SP-1, 16 
SP-106, 16, 31 
SPA-S-132 (patricin), 155 
spec t inomyc in, 115 
spermidine, 150 
spermine, 150 
spherulin, 122, 123, 124 
spironolactone, 150 
SQ 10,996, 34 
SQ 18,506, 122 
SQ 20,881, 63 
SQ 65,396, 6 
ST-91, 67 
ST-9067, 188 
sterols, 120, 125 
streptokinase, 104, 143, 144, 152 
streptolysin 0, 126 
streptomycin, 113, 114 
streptonigrin, 152, 259, 261 
streptovaricin, 168 
s t rep to zo t ocin , 145 
strychnine, 217 
styryl-nitroimidazole, 155 

SU-21524 (pirprofen), 177 
substance P, 64, 202 
sulbenicillin, 112 
7-(a-~ulfophenylacetamido) cephalo- 

sultopride (Lin 14 18), 5 
sydnones, 178 
T4 (thyroxine), 290 

TAHDS (diphenylsulf one-R) , 155 
tamoxif en, 150 
taurine, 34 
tebrophen, 167 
testosterone esters, 309 
tetracycline, 114, 125, 127 

SU-13437, 186 

sporanic acid, 112 

TA-414, 14 

tetrahydrocannabinol, 290 
Ag-tetrahydrocannabinol, 30, 33, 147, 

tetrahydroquinolines, 156 
tetrahydrouridine, 151 
tetramisole, 144, 147 
1-tetramisole, 155 
tetranitromethane, 257 
1,3,5,7-tetrasylaadamantane, 270 
TGM, 145 
Th 1165A (fenoterol), 81 
A*-THC, 15 
A9-THC, 15, 19 
theophylline, 193, 196, 199 
thiabendazole, 124 
thiadiazoles, 154 
thiethylperazine, 47 
thiocarbamic acid, 122 
5-thiocyanato-2’-deoxyuridine, 135 
thiolphosphate, 147 
thiophene, 156 
thioridazine, 47 
thioxanthene, 156 
thymidine, 135 
thymoxamine, 81 
thyroid stimulating hormone (TSH) , 

thyrotropin releasing hormone (TRH) , 

D- thyroxin, 185 
thyroxine (Tq), 290 
tiamenidine (Hoe 440), 63 
tibric acid, 187 
ticarcillin, 112 
tienilic acid (SKF 62698), 71 
tilidine, 12 
tilorone, 142, 143, 147, 174 
timolol (MK 9501, 52 
tobramycin, 109, 112, 114 

14 8 

207, 288 

202, 205, 287 

tolamolol (U.K. 6558-Ol), 51, 52, 
55, 56 

tolbutamide, 193 
tolmetin, 176 
tolnaf tate, 124 
N-a-tosyl-L-lysylchloromethane, 242 
transfer factor, 122, 123 
Trenimon(2,3,5-tris-ethylenimino-l, 4- 

TRH (thyrotropin releasing hormone), 

triamcinolone acetonide, 86 

benzoquinone), 136 

202, 205, 287 
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triazenoimidazoles, 309 
triazinate (TZT) , 145 
triazines, 156 
triazolam (U-33,030), 6, 30 
trichloroethanol carbonate ester, 

triclosan, 127 
trifluorothymidine, 165 
tri-gentisic acid, 242 
la, 24,25-trihydroxy-D3, 296 
triidothyronine (Tg), 290 
3,4,5-trimethoxyphenylalanine 

(mescaline), 45 
Triton WR (polyoxyethylene ethers), 

144 
troleandomycin (TAO? , 86 
tryptophan, 151 
L-tryptophan, 31, 42, 43, 45 
TSH (thyroid stimulating hormone), 

207, 288 
tubercidin, 156 
tubocurarine, 199 
5-tungsto-2-antimonate, 138 
tunicamycin, 127 

tyrocidins, 246 
TZT (triazinate), 145 
U-28,774 (ketazolam), 5 
U-31,920 (uldazepam) , 5 
U-32,802A, 3 
U-33,030 (triazolam), 6, 30 
U-35,777A, 3 
UK 4271 (oxamniquine), 156 
UK 6558-01 (tolamolol), 51, 52, 55, 

uldazepam (U-31,920), 5 
urokinase, 104 
USVC 6524, 34 
valinomycin, 247, 248 
variotin, 127 
vasopressin, 75, 284, 288 
verapamil, 65 
verdamicin, 109 
vermiculine, 136 
vernamycin B2, 115 
vinblastine, 146, 217 
vinblastine amides, 146 
vincristine, 131, 144, 145, 146 
vlomycin, 114 
VIP, 64 
vitamin A, 148 

311 

TYA (Ro 3-1428), 101 

56 

vitamin B12, 290 
WFB-9977 (oxyprothepin decanoate), 

2 
W8011, 86 
warfarin, 143, 152 
Win 11450 (benorylate), 100 
WR-30090 (quinoline methanol), 154 
WR 33063 (phenanthrenemethanol), 154 
Wy-8678 (guanabenz) , 63 
Wy-14643, 188 
Wy-23049, 102 
X-206, 249, 251 
X-464, 251 
X-537A (lasalocid, Ro 2-2985), 66, 

251, 253 
X-5108, 155 
XK-41-A1, 113 
xK-41-A~~ 113 
XK-41-B1, 113 
xK-41-B~ (4"-0-propionyl megalomicin A), 

11 3 
XK-4141, 113 
XK-62-2 (sagamicin), 110 
Y-6124 (bufetolol) , 52 
Y-7131, 5 
YL-704, 113 
YP-279, 62 

A 5  
B 6  
c 7  
0 8  
€ 9  
F O  
G 1  
H 2  
1 3  




