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PREFACE 

This third annual volume seeks to maintain the original a ims  of 
the ser ies :  namely, to  present critically and briefly new and significant 
contributions in  various fields of medicinal chemistry which appeared in  
the l i terature during the past year ,  and to suggest directions in  which 
future advances may occur. In line with these aims, it is appropriate 
that each new volume differ f rom previous ones by changes in  subjects 
discussed and in viewpoints presented. 
many changes: one new section editor, a number of new authors, differ- 
ent chapter titles, additions and deletions of topics discussed, and the 
inclusion of the Second Medicinal Chemistry Award Address. 

The present volume contains 

The names of contributors a r e  familiar to most workers in  the 
field of Medicinal Chemistry as those of highly productive scientists. 
The t ime they have devoted to writing and editing represent "extra" con- 
tributions which are very much appreciated. 

Many favorable comments and constructive cr i t ic isms on the 
More of these will be gratefully received. se r ies  have been received. 

Fo r t  W a s hington, Pennsylvania 
June, 1968 

Cornelius K. Cain 

V 



AWARD ADDRESS 

B i o l o g i c a l  A c t i v i t y :  A M e d i c i n a l  Chemis t ' s  V i e w  

Sydney A r c h e r ,  Associate Director o f  Research 
S t e r l i n g - W i n t h r o p  Resea rch  I n s t i t u t e ,  R e n s s e l a e r ,  N, Y. 

D e l i v e r e d  on t h e  o c c a s i o n  o f  t h e  p r e s e n t a t i o n  o f  t h e  Second 
Award i n  M e d i c i n a l  Chemis t ry  a t  t h e  E l e v e n t h  N a t i o n a l  Medic- 
i n a l  Chemis t ry  Symposium o f  t h e  American Chemical S o c i e t y .  

Lava1 U n i v e r s i t y ,  Quebec ,  Canada 
J u n e  25, 1968 

M r .  Chairman,  D r .  S u t e r ,  l a d i e s  and  gen t l emen ,  l e t  m e  
t a k e  a moment t o  s a y  how d e e p l y  g r a t e f u l  and honored  I a m  t o  
be d e s i g n a t e d  t h e  r e c i p i e n t  o f  t h e  1 9 6 8  Award i n  M e d i c i n a l  
Chemis t ry .  I would l i k e  t o  t h a n k  my f r i e n d s  who nominated  m e  
and  t h e  committee who selected m e  f o r  t h i s  great  honor .  I 
would a l s o  l i k e  t o  t h a n k  my p r e s e n t  and  fo rmer  associates  a t  
S t e r l i n g - W i n t h r o p  Research I n s t i t u t e  whose c o n t r i b u t i o n s  have  
made t h i s  a c c o l a d e  poss ib le .  I have  appended a l i s t  o f  my co- 
a u t h o r s  w i t h  whom I have been p r i v i l e g e d  t o  p u b l i s h  papers on 
m e d i c i n a l  c h e m i s t r y  and  a l l i e d  s u b j e c t s  o v e r  the p a s t  q u a r t e r  
c e n t u r y .  To a l l  my b e n e f a c t o r s ,  known and unknown, I want  t o  
express my h e a r t f e l t  t h a n k s .  

Most o f  u s  h e r e  t h i s  e v e n i n g  a re  v i t a l l y  i n t e re s t ed  i n  
t h e  e f f e c t  of chemica l  s t r u c t u r e  on biological  a c t i v i t y ,  and  
b e i n g  c h e m i s t s ,  w e  know someth ing  a b o u t  c h e m i c a l  s t r u c t u r e .  
But what  is biological  a c t i v i t y ?  I s h a l l  n o t  attempt t o  answer 
t h i s  q u e s t i o n  d i r e c t l y ,  b u t  I w i l l  draw from my own e x p e r i e n c e  
t o  t r y  t o  show how v i t a l l y  i m p o r t a n t  i t  is f o r  t h o s e  engaged  
i n  f i n d i n g  c l i n i c a l l y  u s e f u l  drugs t o  appreciate t h e  n a t u r e  of 
b i o l o g i c a l  a c t i v i t y .  

What do w e  mean when w e  say t h a t  a compound is a c t i v e ?  
F i r s t ,  i t  is i m p l i c i t l y  u n d e r s t o o d  t h a t  p r o p e r l y  c o n t r o l l e d  
e x p e r i m e n t s  were carr ied o u t  and  t h a t  c e r t a i n  b i o s t a t i s t i c a l  
r e q u i r e m e n t s  were f u l f i l l e d .  I f  t he  a s s a y  e x p e r i m e n t s  i n -  
v o l v e  cell-free s y s t e m s ,  t h e n  biological  e f f e c t s  w i l l  depend 
p r i m a r i l y  on  t h e  r e l a t i v e  a f f i n i t y  and  i n t r i n s i c  a c t i v i t y  of 
t h e  t es t  d r u g .  As soon  as a l i v i n g  o rgan i sm is u s e d ,  a 
p e r m e a b i l i t y  factor  comes i n t o  p l a y ,  fo r  example, i n  ce l l -  
f r e e  s y s t e m s  c h l o r a m p h e n i c o l  and  its a c e t y l  a n a l o g  i n h i b i t  
p r o t e i n  s y n t h e s i s  whereas  i n  l i v i n g  s y s t e m s  it is o n l y  t h e  
a n t i b i o t i c  which is a c t i v e .  D i f f e r e n c e s  i n  p e r m e a b i l i t y  be- 
tween t h e  d r u g s  have  been invoked  t o  e x p l a i n  t he  r e s u l t s .  
When o n e  t u r n s  t o  mammalian s y s t e m s  a complex of o t h e r  f a c t o r s  
must  be reckoned  w i t h .  I n  t h e  case of o r a l l y  a d m i n i s t e r e d  
d r u g s  biological a c t i v i t y  may be a f f e c t e d  by o n e  or  more o f  t h e  

vii 
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following: biopharmaceutic a v a i l a b i l i t y ,  transformation i n  
the gas t ro in t e s t ina l  t r a c t ,  absorption from the gut ,  binding 
t o  blood components and o ther  t i s s u e s ,  t ransport  t o  and up- 
take by t a r g e t  organs, r a t e  of excret ion,  enzymatic destruct-  
ion and possible  enzymatic ac t iva t ion .  There a re  probably 
o ther  f ac to r s  which have been overlooked, b u t  the list is 
impressive enough t o  make one wonder how drugs ever a re  
successful ly  developed. F ina l ly ,  an ind i r ec t  but nevertheless 
extremely important f ac to r  is the relevance of the laboratory 
models t o  the desired c l i n i c a l  a c t i v i t y .  O u r  work i n  the area 
of non-narcotic analgesics  i l l u s t r a t e s  how important t h i s  
aspect of biological  a c t i v i t y  r e a l l y  is. 

Ever s ince  morphine had been found t o  be addict ing,  
e f f o r t s  have been made t o  f i n d  a s t rong  analgesic of compar- 
able  potency devoid of i t s  addict ing propert ies .  Among the 
e a r l i e r  agents t o  be ser ious ly  proposed as  a so lu t ion  t o  t h i s  
problem was heroin. Despite many fu r the r  t r i a l s  w i t h  other  
agents by the mid-1950's success was s t i l l  t o  be achieved. 
Much knowledge had been gained: the techniques of c l i n i c a l  
evaluation were improved, quant i ta t ion  of drug-dependence was 
perfected a t  Lexington and analgesic assays i n  rodents were 
developed t o  the point  where quant i ta t ive  as  well a s  qua l i ta -  
t i v e  predict ion of c l i n i c a l  a c t i v i t y  was extremely accurate.  
Most l abora tor ies  s e t t l e d  on some var iant  of Eddy's mouse hot- 
p l a t e  t e s t  o r  the D'Amour-Smith r a t  t a i l  f l i c k  procedure. 

Nathan Eddy performed many invaluable serv ices  fo r  the 
segment of the s c i e n t i f i c  community in te res ted  i n  t h i s  problem. 
For example, he and h i s  colleagues published a s e r i e s  of 
papers i n  1954-1956 i n  the Bullet in  of the World Health 
Organization which reviewed c r i t i c a l l y  the s t a t e  of laboratory 
and c l i n i c a l  knowledge of analgesics up t o  t h a t  time. These 
authors suggested t h a t  the following s t r u c t u r a l  fea tures  a re  
necessary t o  produce morphine-like analgesia:  

1. The presence of a cen t r a l  carbon atom bearing no hydrogen. 
2. An aromatic r i n g  m u s t  be attached t o  t h i s  carbon atom. 
3. A basic nitrogen atom must  be the terminus o f  a shor t  

chain,  preferably of two carbon atoms attached t o  the 
cen t r a l  carbon atom. 

4. The nitrogen atom must  be subs t i t u t ed  w i t h  small a lkyl  
groups. 

Shortly a f t e r  these papers appeared, Everette l a y  and 
Eddy himself discovered tha t  replacement of the methyl group 
i n  meperidine ( I )  by a phenethyl group enhanced analgesic 
a c t i v i t y .  Similar observations were independently i n  
our laboratory by Grumbach and Elpern and by a Kerck 
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group.  
a n i l e r i d i n e  (11) and p iminod ine  (111) i n t o  c l i n i c a l  med ic ine .  

These o b s e r v a t i o n s  c u l m i n a t e d  i n  t h e  i n t r o d u c t i o n  of 

Meper id ine  A n i l e r i d i n e  P imi  no d i n e  
I I1 111 

These newer meper id ine  d e r i v a t i v e s  v i o l a t e d  t h e  f o u r t h  of 
Eddy 's  p o s t u l a t e s ,  b u t  despi te  t h i s  r e f r e s h i n g  s t r u c t u r a l  
d e p a r t u r e ,  t h e  compounds were able to  s u b s t i t u t e  f o r  morphine 
i n  dependent  add ic t s .  O t h e r  s t r u c t u r a l  v i o l a t i o n s  f o l l o w e d ,  
c u l m i n a t i n g  i n  E t o n i t a z e n a  (IV) which managed t o  c i r cumven t  
j u s t  a b o u t  a l l  o f  the p o s t u l a t e d  r e q u i r e m e n t s  y e t  proved  t o  

IV 

be s e v e r a l  hundred t i m e s  a s  p o t e n t  as  Korphine -- and  a t  
e q u i - a n a l g e s i c  doses, j u s t  a s  a d d i c t i n g .  

F r o m  t he  pha rmaco log ica l  and  c l i n i c a l  s i d e ,  l i t t l e  pro-  
gress had been made, e x c e p t  t h a t  i t  was much easier  t o  
d e t e r m i n e  c l i n i c a l  a c t i v i t y  and  p h y s i c a l  dependence l i a b i l i t y .  
However, i n  1954 ,  Beecher and  Lasagna made the  remarkab le  
d i s c o v e r y ,  conf i rmed  by Keats and  T e l f o r d  i n  1956, t h a t  
n a l o r p h i n e ,  a n a r c o t i c  a n t a g o n i s t ,  was a n  a n a l g e s i c  i n  man 
comparable  i n  p o t e n c y  to  morphine.  T h i s  o b s e r v a t i o n  took 
a n  added s i g n i f i c a n c e  when it was recalled t h a t  n a l o r p h i n e  
was i n e f f e c t i v e  i n  t h e  h o t - p l a t e  and t a i l  f l i c k  tests.  
F u r t h e r  c l i n i c a l  s t u d i e s  by H a r r i s  and  I sbe l l  a t  Lex ing ton  
conf i rmed  the  b e l i e f  t h a t  n a l o r p h i n e  d i d  n o t  and  c o u l d  n o t  
s u p p o r t  morphine a d d i c t i o n .  On the  c o n t r a r y  i t  pre- 
c i p i t a t e d  a n  a b s t i n e n c e  syndrome i n  morphine-dependent  
addic t s .  D i r e c t  a d d i c t i o n  s t u d i e s  i n  post-addicts r e v e a l e d  
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t h a t  it did not induce a morphine-like dependence. 

I t  occurred t o  u s  t h a t  the problen: l a y  not on the  
chemical, but on t h e  b io logica l  s i d e .  I t  should be noted 
t h a t  nalorphine niet a l l  of Eddy ' s  s t r u c t u r a l  rcquirenlents. 
The t r i v i a l  chemical modification of exchanging an a l l y 1  f o r  
a methyl group exerted a profound e f f e c t  on t h e  pharmacologi- 
c a l  and c l i n i c a l  p roper t ies  of the new drug. Perhaps our 
hallowed labora tory  t e s t s  co r re l a t ed  b e t t e r  w i t h  addict ion 
l i a b i l i t y  than c l i n i c a l  analgesic  potency. When Eddy ' s  review 
a r t i c l e s  were exanlined from t h i s  vantage point, i n t e r e s t i n g  
co r re l a t ions  en,erged. With the l i m i t s  of accuracy of the  ex- 
perinlental data  the Spearman rank order  coe f f i c i en t  co r re l a t -  
ing human addic t ion  l i a b i l i t y  w i t h  mouse a c t i v i t y  was j u s t  a s  
high a s  t h a t  c o r r e l a t i n g  t h i s  l a t t e r  parameter w i t h  c l i n i c a l  
potency. We cul led  seven well-studied analgesics  frorr. t h i s  
group and d i d  a rank order  co r re l a t ion  on the following para- 
meters: D'Amour-Smith potency, mouse t a i l - f l i c k  potency, 
c l i n i c a l  potency, and a b i l i t y  t o  support morphine addict ion.  
The r e s u l t s  a r e  summarized i n  J h a r t  I .  

\=HART I 

FOUR PAPANETER RANK ORDER ZORRELATIONS O F  SEVEN ANALGESICS 

Methadone 
Isomethadone 
Llepe r i d  i ne 
Ke tobemidone 
Zodeine 
Morphine 
- d-Propoxyphene 

Mouse v s .  Rat G .  93 
Mouse v s .  hlan 0 . 9 3  
Nouse v s .  Addiction 0.99 

Mouse R a t  Man Addiction --- 
1 2 2 1 
4 3 4 4: 
5 5 5 5 
2 1 1 2 
7 7 6 6 
3 4 3 3 
6 6 7 7 

Rat v s  . h:an 0.63 
Rat v s .  Addiction 0.8s 

I t  is c l e a r  what would happen t o  the co r re l a t ion  of 
labora tory  a c t i v i t y  w i t h  c l i n i c a l  analgesia  i f  nalorphine 
were included. T h i s  ana lys i s  l e d  u s  t o  conclude t h a t  the bio- 
l og ica l  a c t i v i t y  t h a t  was being Ilieasured had no pos i t i ve  
relevance t o  the c l i n i c a l  goals t h a t  were being sought. 
Zompounds t h a t  were ac t ive  would almost c e r t a i n l y  induce a 
morphine-like physical dependence i n  man, a s i t u a t i o n  we were 
t ry ing  t o  avoid. On the bas i s  of these considerat ions we 
adopted a new t a c t i c a l  approach. On the b io logica l  s i d e  we 
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e v a l u a t e d  compounds a s  n a r c o t i c  a n t a g o n i s t s  and rejected 
D 'hour -Smi th  p o s i t i v e  compounds from f u r t h e r  e v a l u a t i o n .  On 
the  chemical s ide w e  c o n f i n e d  o u r  s y n t h e t i c  e f f o r t s  to  those 
classes o f  compounds which f e l l  w i t h i n  t h e  scope  of Eddy's  
p o s t u l a t e s ,  except t h a t  w e  a l lowed the  choice of  the  N-alkyl 
s u b s t i t u e n t  t o  be guided by the  a c t i v i t y  a s  a n t a g o n i s t s .  

One o f  t he  first compounds s t u d i e d  was the  N-ally1 
a n a l o g  o f  nieperidine which proved to be devoid  of a n t a g o n i s t  
a c t i v i t y .  S ince  l e v a l l o r p h a n  was a known n a r c o t i c  a n t a g o b i s t  
of unknown, a t  l e a s t  t o  u s ,  c l i n i c a l  a n a l g e s i c  a c t i v i t y ,  w e  
were i n t e r e s t e d  i n  examining t h e  co r re spond ing  cyc lop ropy l -  
methyl a n a l o g  as  a n  a n t a g o n i s t .  We were a f f o r d e d  t h i s  oppor- 
t u n i t y ,  b u t  i n  a s u r p r i s i n g  way.  

S e v e r a l  y e a r s  ago I w a s  requested to  i n v i t e  Marsha l l  
Gates  to d i s c u s s  a t  a b u s i n e s s  meet ing  o f  o u r  D i v i s i o n  
e d i t o r i a l  po l i cy  changes t h a t  the  J o u r n a l  of t h e  American 
Chemical S o c i e t y  was i n s t i t u t i n g .  He g r a c i o u s l y  consen ted  
t o  accept the  i n v i t a t i o n  and a t  d i n n e r  t h a t  Sunday even ing  
I c a s u a l l y  i n q u i r e d  abou t  h i s  research program. To my 
as ton i shmen t  he related how h e  thought  t h a t  the  n a r c o t i c  
a n t a g o n i s t  approach a f f o r d e d  t h e  best hope f o r  f i n d i n g  a 
non-addic t ing  s t r o n g  a n a l g e s i c  and t h a t  he had a graduate 
s t u d e n t  p r e p a r i n g  N-cyclopropylnormorphine and N-cyclo- 
propylmorphinan! As a r e s u l t  of  t h i s  meet ing ,  t h e  S.W.R.I. 
group dec ided  t o  fo rego  work i n  t h e  morphinan series and to  
c o n c e n t r a t e  i ts e f for t s  i n s t e a d  i n  t h e  benzomorphan ser ies .  
W e  were p l e a s e d  when D r .  Gates  a c c e p t e d  o u r  o f f e r  t o  t es t  
h i s  series of a n t a g o n i s t s  and l a t e r  one member o f  t h i s  series, 
cyc lo rphan ,  t u r n e d  o u t  t o  be an  ex t r eme ly  a c t i v e  a n a I g e s i c .  

As is w e l l  known by now, w e  s y n t h e s i z e d  a l a r g e  number 
of benzomorphans and e v a l u a t e d  s e v e r a l  i n  t h e  c l i n i c .  Only 
two have been s u b j e c t e d  to  t h e  rigorous examinat ion  f o r  
p h y s i c a l  dependence capacity i n  Lexington .  Nei ther  c y c l a -  
z o c i n e  n o r  pen tazoc ine  s u b s t i t u t e  for  morphine i n  dependent  
s u b j e c t s  nor  do t h e y  induce  a morphine- l ike pr imary  
dependence i n  p o s t - a d d i c t s .  There is no r e a s o n  t o  b e l i e v e  
t h a t  t h e  o t h e r  n a r c o t i c  a n t a g o n i s t s  would behave d i f f e r e n t l y .  
Some of t h e  n a r c o t i c  a n t a g o n i s t s  which have been s t u d i e d  o v e r  
t he  past  s e v e r a l  y e a r s  are  shown i n  C h a r t  11. The c l i n i c a l  
a n a l g e s i c  a c t i v i t y  is r e c o r d e d  i n  t h e  l a s t  column of Table  I.  
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CHART I1 

R = CH2CH=CH2 (Win 19,362) R = CH2CH=CH2 ( S m  10047) 
R = CH2CH=C(CH3& (Win 2 O * S 4 )  R = CH2CH=C(CH3)Z (Pentazocine) 

R = CH2CH=CHCl (Win 29M) 
R = CH CH-CH2 ( C y c l a z o c i n e )  

R = CH +CH2 (Win 23,030) 
\CHZ/ 

27 I 
CHz-CHZ 

Na  10x0 ne N a l o r p h i n e  R = CH2CH=CH2 Levallorphan 

R = CH2C*>H~Cyc iorphan  

R = CH2CH2CH3 N I H  6076 

‘CH2 
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The search f o r  a s u i t a b l e  b io logica l  a s s a y  i n  t h i s  f i e l d  
is c o n t i n u i n g .  A few y e a r s  ago  Sam I r w i n ,  t h e n  a t  S c h e r i n g ,  
and  Harold Elumberg of Endo Labs i n d e p e n d e n t l y  suggested 
t h a t  the phenylquinone  w r i t h i n g  t es t  d e v i s e d  sometinie ea r l i e r  
was s u i t a b l e  for  d e t e r m i n i n g  a n a l g e s i c  a c t i v i t y  of n a r c o t i c  
a n t a g o n i s t s .  Har r i s  a n d  Pear l  i n  o u r  l a b o r a t o r y  e x t e n d e d  
t h e i r  o b s e r v a t i o n s  and  i n i t i a l l y  agreed t h a t  this t e c h n i q u e  
was u s e f u l .  Anne P i e r s o n  and  I were s k e p t i c a l .  I t  had been 
f e l t  for  some t i m e  and  r e c e n t l y  conf i rn led  by 2liernov o f  
Ciba t h a t  a n a l g e s i c  t e s t  p r o c e d u r e s  which are  based o n  t h e  
r e d u c t i o n  o f  w r i t h i n g  are r a the r  n o n - s p e c i f i c .  Our r e s e r v a -  
v a t i o n s  were based on  the  knowledge t h a t  some of t h e  compounds 
s t u d i e d  were power fu l  p o l y s n y a p t i c  b l o c k i n g  a g e n t s  and  it 
seemed l i k e l y  t h a t  t h e  r e d u c t i o n  i n  w r i t h i n g  c o u l d  be t h e  
r e s u l t  of t he  nluscle r e l a x a n t  a c t i v i t y  of the  d r u g s  r a t h e r  
t h a n  t h e i r  a n a l g e s i c  p r o p e r t i e s .  We had i n  hand a number 
of n a r c o t i c  a n t a g o n i s t s  of c l i n i c a l l y  de t e rmined  a n a l g e s i c  
p o t e n c y  and  t r i e d  t o  s e t t l e  t h i s  q u e s t i o n  by compar ing  t h e i r  
po tency  i n  t he  w r i t h i n g  t e s t  w i t h  t h e i r  a c t i v i t y  as  musc le  
r e l a x a n t s  as  measured by t h e i r  a b i l i t y  t o  c a u s e  treated niice 
t o  f a l l  o f f  a n  i n c l i n e d  s c r e e n .  The r e s u l t s  are  r e c o r d e d  
i n  Tab le  I .  

The Spearman r a n k  o r d e r  c o e f f i c i e n t s  f o r  w r i t h i n g  vs. 
c l i n i c a l  a c t i v i t y  and  musc le  r e l a x a n t  a c t i v i t y  v s .  c l i n i c a l  
a c t i v i t y  were 0.67  and  0.7 r e s p e c t i v e l y .  The c o e f f i c i e n t  for 
r e l a x a n t  v s .  w r i t h i n g  a c t i v i t y  was 0.8. These r e s u l t s  con- 
firmed o u r  s k e p t i c i s m  o f  t h e  v a l u e  o f  the  w r i t h i n g  t es t  i n  
p r e d i c t i n g  a n a l g e s i c  a c t i v i t y  of n a r c o t i c  a n t a g o n i s t s .  
Al though a s u i t a b l e  s m a l l  an ima l  s c r e e n i n g  p r o c e d u r e  for 
e v a l u a t i n g  the  a n a l g e s i c  p o t e n t i a l  of n a r c o t i c  a n t a g o n i s t s  is 
n o t  y e t  a t  hand,  e f for t s  i n  t h i s  d i r e c t i o n  s h o u l d  c o n t i n u e .  

Great  e f f o r t  had been expended t o  f i n d  a non-add ic t ing  
s t r o n g  a n a l g e s i c ,  b u t  i t  was n o t  u n t i l  the  l i m i t a t i o n s  of the  
l a b o r a t o r y  models were r e c o g n i z e d  t h a t  s u b s t a n t i a l  progress 
was made. I n  a s e n s e  the  s t a t u s  o f  research i n  schis to-  
somiasis was s imilar .  Drug e v a l u a t i o n  i n  mice l e d  to  t h e  dis- 
c o v e r y  of Miracil D ,  t h e  f i r s t  o r a l l y  e f f e c t i v e ,  non-me ta l l i c  
schistosomicidal a g e n t .  Many c o n g e n e r s  were s y n t h e s i z e d ;  
some of which were a c t i v e  i n  m i c e .  However, t e s t s  i n  primates 
were e r r a t i c  and  c l i n i c a l  p r o g r e s s  w a s  d i s a p p o i n t i n g .  A s  w e  
s h a l l  See, the d i f f i c u l t y  l a y  n o t  w i t h  the  inadequacy  of t h e  
l a b o r a t o r y  models  b u t  w i t h  a n o t h e r  aspect of b i o l o g i c a l  
a c t i v i t y .  

I n  a 1961 p a p e r  e n t i t l e d  "The S t r u c t u r e - A c t i v i t y  Relatim- 
s h i p  i n  S e v e r a l  Schistosomicidal Compoundsff Gonner t  summarized 
the  progress t o  date .  Some of t h e  compounds he d i s c u s s e d  are 
shown i n  Chart  111, together w i t h  t h e  i n d i c a t i o n s  of a c t i v i t y  
i n  c e r t a i n  species. 



TAELE I 

Results of Writhing Test ,  Incl ined Screen Test 
and C l in i ca l  Potency of Narcotic Antagonists 

Writhing Test ED50 Inc l ined  Screen Cl in ica l  Equivalent 
(95% confidence l i m i t s )  EDs0 f s .e .  10 mg of 

Sompound mg/kg of case S.C.  mg/kg of base S . C .  Morphine Su l f a t e  

Win 19,362 16.5 (12.0-22.8) 37.5 f 1.8 5.0 

SKF-10047 23.5 (16.0-34.8) 24 f 1.5 15.0 + 
Pentazoc ine 3.8 (2.1-6.8) 33 f 3.7 30.0 

Win 20,264 5 . 2  (4.2-6.4) 38 f 3.0 40.0 
+ Win 29M 25.3 (14.5-44.3) 23.5 - 2.5 2 . 0  4- 

Win 23,030 0.195 (0.130-0.293) 5.5 f 0.3 1 . 0  

Cyclazocine 0.115 (0.07-0.2) 2.95 .17 0.25 

Nalorphine 29.0 (20.1-41.8) > 200 Questionable 

Naloxone 103 (83.1-27.7) 67% a t  200 Inac t ive  

Leva 1 lo rp  ha n 23.6 (13.9-40.1) 39.8 f 4.2 1 2  

C yc 1 orphan 0.055 (0.033-0.091) 15 2 0.89 0.18 

f + 
NIH 6076 35.0 (18.4-66.5) 54.2 - 4.0  
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CHART I11 

1 

CH3 CH3 

Miracil D Miracil A 

+ Mouse - 

(& 1 
I 

CH3 

Mirasan 

Nouse ++ 
Monkey o 
Man 0 

Mouse + 
Monkey +++ 
Man ++ 

S-688 

Mouse ++ 
Monkey ? 
Man 0 

I 

PC-1941 

"depends on s p e c i e s  of i n f e c t e d  h o s t "  
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GGnnert conc luded  t h a t :  

1. "Jn s e v e r a l  classes o f  compounds t h e  s c h i s t o s o m i c i d a l  
a c t i v i t y  depends  o n  a E - s u b s t i t u t i o n  o f  a methyl  group and  
a basic s ide c h a i n .  

2. The e f f i c a c y  may be i n c r e a s e d  by t h e  a d d i t i o n  o f  a 
s u b s t A t u e n t ,  p a r t i c u l a r l y  a c h l o r i n e  atom i n  a n  a l p h a  
p o s i t i o n  t o  t h e  me thy l  group.  

3. The biological a c t i v i t y  depends o n  t h e  genus o f  t h e  h o s t  
even  when t h e  same s t r a i n  of t h e  paras i te  is used for 
i n f e c t i o n  . I' 

& n n e r t  warned t h a t  "the above c o n c l u s i o n s  as  t o  the  
s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  are  based on  the  presumpt ion  
t h a t  t h e  compounds themse lves  and  n o t  one  o f  t h e i r  meta- 
bol i tes  are r e s p o n s i b l e  for  t h e  s c h i s t o s o m i c i d a l  a c t i v i t y " .  
S t r u f e  t r i ed  t o  i d e n t i f y  the  a c t i v e  metabolite of Miracil D 
b u t  was n o t  s u c c e s s f u l .  Despite S t r u f e ' s  f a i l u r e ,  the  n o t i o n  
persisted t h a t  the  schistosomicidal a c t i v i t y  of Yi rac i l  D 
was mediated t h r o u g h  one  of its metabolites.  Why s h o u l d  t h e  
6-chloro a n a l o g  of Y i r a c i l  D be a b o u t  three times as  a c t i v e  
i n  t h e  mouse, y e t  be t o t a l l y  i n a c t i v e  i n  t h e  monkey? Why 
s h o u l d  Miracil D i t s e l f  be much more a c t i v e  i n  the monkey, 
t h e  species i n  which the  metabolism is m o s t  e x t e n s i v e ?  
These are just  two q u e s t i o n s  which  c o u l d  be answered by the 
i s o l a t i o n  of a b i o l o g i c a l l y  a c t i v e  metabolic p r o d u c t .  

hycanthone  as  a microbiological t r a n s f o r m a t i o n  p r o d u c t  o f  
Miracil D and  its s u b s e q u e n t  e v a l u a t i o n  as a schistosomici- 
da l  a g e n t  i n  h a m s t e r s  f u r n i s h e d  the f i r s t  major c l u e  t h a t  
led t o  the  s o l u t i o n  of the  problem. S t u d y  of the chemica l  
properties o f  hycanthone  showed t h a t  it w a s  e x t r e m e l y  
s e n s i t i v e  t o  a c i d  so t h a t  special  p r e c a u t i o n s  had t o  be 
t a k e n  when s e a r c h i n g  f o r  its p r e s e n c e  i n  t h e  u r i n e  of 
monkeys medicated w i t h  Miracil D. I n i t i a l  examina t ion  of 
s u c h  monkey u r i n e s  r e v e a l e d  l i t t l e  if a n y  of the  p u t a t i v e  
metabolite.  I t  seemed p o s s i b l e  t h a t  the  metabol i te  might  be 
excreted a s  a c o n j u g a t e  of g l u c u r o n i c  acid.  P r e - t r e a t m e n t  
of t h e  a p p r o p r i a t e  u r i n e s  and  s u b s e q u e n t  i s o l a t i o n  r e v e a l e d  
t h a t  n e x t  t o  Miracil  D s u l f o x i d e ,  hycanthone  was the  m o s t  
abundan t  u r i n a r y  metabolite. On t h e  bas i s  of t h e s e  r e s u l t s  
we were encouraged  t o  b e l i e v e  t h a t  h y d r o x y l a t i o n  of t h e  
me thy l  g roup  was t h e  k e y  metabolic s tep .  A r e  other congene r s  
metabolized s i m i l a r l y ' ?  We t u r n e d  o u r  a t t e n t i o n  t o  6-chloro 
Miracil D (V) because  t h i s  d r u g  is three times as  a c t i v e  as  

The i s o l a t i o n  and  i d e n t i f i c a t i o n  i n  o u r  laboratories o f  
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Miracil D i n  m i c e ,  y e t  i t  is i n e f f e c t i v e  i n  monkeys. If 
a c t i v a t i o n  by h y d r o x y l a t i o n  is t h e  key  s tep ,  t h e  hydroxy 
a n a l o g  V I  s h o u l d  be d e t e c t a b l e  as  a niouse u r i n a r y  metabolite, 
b u t  n o t  a s  a monkey c o n v e r s i o n  p r o d u c t .  Accord ing ly ,  V I  was 
p r e p a r e d  as  shown i n  C h a r t  IV. 

CHART I V  

P r e p a r a t i o n  and  A c t i v i t y  o f  6-Chlorohycanthone 

0 NHCH2CH$(C2H5) H2CH$(c2H5) 2 

/ 

s I  
c1 " 

I 
21 

dH3 CH2OH 

V V I  

6 -Ch lo romi rac i l  D 6 - C h l o r o h y c a n t h o ~ e  

Miracil D Hycanthone 

E D 5 0 ( m i c e )  = 13.3 n,g/kg 

ED50(mice)  = 46.G mg/kg 

EDso(hamster ,) = 6 . 0  mg/kg 

EDg0(hamsters) = 0.53 mg/kg 

The h y d r o x y l a t e d  compound V I  was e a s i l y  detected i n  t h e  
u r i n e  of mice med ica t ed  w i t h  V ,  b u t  d e s p i t e  a c a r e f u l  s e a r c h  
i n  u r i n e  o f  monkeys s i m i l a r l y  t r ea t ed ,  w e  were unab le  t o  
f i n d  V I  even  i n  trace amounts.  The c o n v e r s i o n  p r o d u c t  VI 
is much less a c t i v e  a s  a s c h i s t o s o m i c i d a l  a g e n t  t h a n  
hycanthone  i n  h a m s t e r s ;  the  a p p a r e n t l y  greater a c t i v i t y  o f  
V i n  mice a s  compared w i t h  Miracil D is a r e s u l t  of more 
e f f i c i e n t  enzymat i c  h y d r o x y l a t i o n  ra ther  t h a n  of its 
i n t r i n s i c  s c h i s t o s o m i c i d a l  a c t i v i t y .  
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Do a l l  t r i - c y c l i c  congene r s  o f  Miracil D have  t o  be 
a c t i v a t e d  by h y d r o x y l a t i o n  of t h e  4-methyl group'? We 
answered t h i s  q u e s t i o n  i n  a n  i n d i r e c t ,  b u t  much less t i m e -  
consuming manner. We p r e p a r e d  a se r ies  o f  h y d r o x y l a t e d  
a n a l o g s  o f  hycanthone  and  compared t h e i r  s c h i s t o s o m i c i d a l  
a c t i v i t i e s  i n  h a m s t e r s  w i t h  t h a t  o f  t h e i r  p r e c u r s o r s ,  as  
shown i n  T a b l e  11. 

Regardless o f  t he  t y p e  o f  s u b s t i t u t i o n :  r ep lacemen t  
o f  t h e  6-H by 6-irl (11-2), r ep lacemen t  o f  S by 0 ( IS-3) ,  
r e d u c t i o n  of r i n g  A (11-41, o x i d a t i o n  o f  S t o  SO (11-5) o r  
change i n  t h e  s i d e - c h a i n  (II-6), t h e  h y d r o x y l a t e d  metabolite 
is t h e  more a c t i v e  compound. We take t h i s  as  s t r o n g ,  i f  n o t  
c o n c l u s i v e  e v i d e n c e ,  t h a t  i n  t h i s  series metabolic a c t i v a t i o n  
is a g e n e r a l  r e q u i r e m e n t  for  s c h i s t o s o m i c i d a l  a c t i v i t y .  

ment h e l d  a lso far t h e  s t r u c t u r a l l y  simpler compounds o f  
Y i r a s a n  class.  We focused  o u r  a t t e n t i o n  on  Mi rasan  i t s e l f  
and t h e  p i p e r a z i n e  a n a l o g  S-688 and  p r e p a r e d  t h e  corres- 
pond ing  hydroxymethyl  d e r i v a t i v e s  b o t h  by p u r e l y  chemica l  
and  microbiological methods.  E e f o r e  biological e v a l u a t i o n  
w e  p r e d i c t e d  t h a t  Mirasan would be more e f f e c t i v e  i n  t h e  
mouse t h a n  i n  t h e  hams te r  because  o f  t h e  much g r e a t e r  quan- 
t i t i e s  o f  t h e  c o r r e s p o n d i n g  h y d r o x y l a t e d  metabolite i n  t h e  
u r i n e  o f  mice medicated w i t h  Mirasan  t h a n  i n  t h e  u r i n e  o f  
h a m s t e r s  t reated s i m i l a r l y .  

We were interested i n  d e t e r m i n i n g  whe the r  t h i s  r e q u i r e -  

The r e s u l t s  shown i n  T a b l e  111 conf i rmed  o u r  pre-  
d i c t i o n .  The s i m i l a r i t y  i n  p o t e n c y  i n  mice between Mirasan  
(11s-1) a n d  its metabolites (ISI-2) s u g g e s t  t h a t  (a) t h e  
enzymat i c  c o n v e r s i o n  is q u i t e  e f f i c i e n t ;  (b) t h a t  meta- 
bolic d e g r a d a t i o n  and  possible  e x c r e t i o n  o f  t h e  l a t t e r  is 
q u i t e  r a p i d  o r ,  (c) a combina t ion  of  both e f f e c t s  is 
o p e r a t i v e .  The i n t e r s p e c i e s  and  intercompound d i f f e r e n c e s  
i n  t h e  S-688 p a i r  (111-3 and 111-4) are  even  more s t r i k i n g .  
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TABLE I1 

Schis tosomic idal  A c t i v i t y  i n  Hamsters of a S e r i e s  
of Congeners of Miracil D and Hycanthone 

Schis tosomic idal  A c t i v i t y  
Compound ED50 mg/kg p.0.  i n  Hamsters 

hCH20H RBCH3 
0 NHCHZCH~N (C2H5) 2 - 

0.93 8 .0  

0 NHCHZCHZN (C2H5) 2 
2. I i  I 

c1 a 
3 .  

4. 

5 .  

6 .  

A 
H2CH2N(C2H5) 2 

\ / 

a 5 H 2 c H $ ( c 2 H 5 )  2 

R 

6 . 0  

10 .6  

4 .8  

3 .1  

1 .8  

'> 25 

22.5 

> 50 

7 . 8  
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TABLE I11 

S c h i s t o s o m i c i d a l  A c t i v i t y  of Y i r a s a n  and Its C o n g e n e r s  i n  
Mice and H a m s t e r s  

S c h i s t o s o m i c i d a l  A c t i v i t y  
E D 5 0  m d k g  

C o m p o u n d  Mice Hamsters 
1. 

NHCH2CH2N (C2H5 13.0 

2. 
71 

3. 

H3C& N 

4. 

CH CH / 2 2, 
NH 

‘CH2CH2’ 

c1 
CH CH 
/ 2 2, 

15.0 

7.5 

1.7 

c1 
\ 

5. 

6 -  c1 93 

- 

36 

45 

9.0 

84 

3.75 

> 400 

225 
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A t  the  Annual Meeting of the AEerican Society of 
Tropical Medicine and Hygiene i n  New Yorlr i n  1964, a group 
from Abbott Laboratories discussed a s e r i e s  of S-688 analogs 
of which 111-5 was the most i n t e r e s t i n g .  Because of i t s  
s t r u c t u r a l  and b io logica l  s i t i i l a r i t i e s  t o  S-688 we thought 
t h a t  t h i s  compound owed its a c t i v i t y  t o  metabolic hydroxyla- 
t i on  a l so .  Accordingly, when we returned t o  Rensselaer vie 
prepared 111-5 and 111-6 and compared t h e i r  schis tosomicidal  
a c t i v i t i e s .  We were unable t o  confirn: the high potency of 
111-5 claimed by the o r i g i n a l  au thors ,  b u t  t h i s  may be due 
t o  d i f fe rences  i n  pharmaceutical a v a i l a b i l i t y  of the  two 
d i f f e r e n t  samples -- a f a c t o r  o f t en  neglected a t  the screen- 
ing l e v e l .  IIowever, the pred ic tab ly  g rea t e r  a c t i v i t y  of 
111-6 i n  both spec ies  l e n t  credence t o  our deductions. 

T h i s  exerc ise  i n  appl ied Liochemistry has served t o  
c l a r i f y  some of the bewildering s t r u c t u r e - a c t i v i t y  r e l a t ion -  
sh ips  which  have developed i n  t h i s  area of schis tosomicidal  
research over the p a s t  two decades. The therapeut ic  s ign i -  
f icance of t h i s  work is ano-ther s t o r y  which w i l l  be t o l d  i n  
due time. Suf f ice  i t  t o  say now t h a t  prel iminary c l i n i c a l  
t r i a l s  w i t h  hycanthone a re  very encouraging. I n  Braz i l  
Pe l legr ino  has reported h i s  e a r l y  experience i n  t r e a t i n g  
about f i f t y  p a t i e n t s  s u f f e r i n g  from 2. mansoni i n fec t ion .  
A t  doses of about 2.0 mg t o  3.0 mg/lrg given d a i l y  f o r  f i v e  
days over 80% cure r a t e s  were achieved and p e r s i s t e d  f o r  
severa l  months a f t e r  treatment.  

I t  is my view t h a t  the  conventional wisdom concerning 
s t r u c t u r e - a c t i v i t y  r e l a t ionsh ips  l e t  u s  clown i n  the two 
problems which I have just discussed. I n  the case of the 
analgesic  a n t a g o n i s t s , f a i l u r e  was due t o  a l ack  of relevance 
of the labora tory  niodels t o  the des i red  c l i n i c a l  goals.  I n  
the case of the schis tosomicidal  a g e n t s , i t  was due t o  an 
underestimation of the  importance of metabolic ac t iva t ion .  
ALout f i f t e e n  years ago D r .  I )e t lev Bronk asked the author of 
a bio logica l  paper what he rileant by "act ivi ty" .  I hope t h a t  
I have shown this evening t h a t  t h i s  question has a s  much con- 
temporary s igni f icance  as i t  d i d  o n  the day i t  was asked. 



xxii AWARD ADDRESS 

Co-Authors on Medic ina l  Chemistry Pape r s  
and A l l i e d  S u b j e c t s  

A lbe r t son ,  N. F. Klenk, M. 

Alexander ,  E . J .  K u l l n i g ,  R. K. 

Arnold,  A.  Lands, A. M. 

Auerbach, Id. E. 

B e l l ,  M. R. 

Becker ,  T. J. 

B e r b e r i a n ,  D. A.  

Bergman, A .  J. 

B i rd ,  J. G. 

Bolen, C. H. 

Braemer, A. C. 

Dennis ,  E. W.  

Diana,  G. D. 

Dickinson ,  W .  B. 

F i shburn ,  B. B. 

F r e e l e ,  H. 

F r o e l i c h ,  E. 

Fruehan,  A .  

Jackman, M. 

Hagget t ,  E. 

Harris, L. S. 

H a s k e l l ,  T. H. 

H o m i l l e r ,  E. D. 

Hoppe, J. 0. 

Ki rchne r ,  F. K. 

Lape, H. 

Lewis,  T. R. 

LOrenz, R. R. 

M a r t i n i ,  C. M. 

McAulif f , J. P. 

Merola ,  A.  J .  

Nachod F. C. 

P e r u z z o t t i ,  G. 

P fa f f enbach ,  P. 

P i e r s o n ,  A.  K. 

P r a t t ,  M. 

Rosenberg, F. J .  

R o s i ,  D. 

Schulenberg ,  J. 

S l i g h t e r ,  R. G. 

Sobel, S. D. 

S u t e r ,  C. M. 

T u l l a r ,  B. F. 

Unser,  M. J. 

Wet te rau ,  W. F. 

Wylie,  D. W. 

Z e n i t z ,  B. L. 

I. 

W. 



Section I - CNS Agents 
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Chapter I. Antipsychotic and Anti-anxiety Agents 
Irwin J. Pachter and Alan A. Rubin 

Endo Laboratories, Inc., Garden City, New York 

Newer Compounds in Clinical Trial 

the potential antipsychotic activity of Mannich bases of tetra- 
lonesl 2-Piperidinomethyl-1-tetralone (NA-86, 1) was reported 
to be approximately one-third as potent as chlorpromazine in 
blocking conditioned avoidance and antagonizing stimulant'eff.e-cts 
of amphetamine in Sodents? 
depressant effects; compound 2 was less active than 1 and more 
active than 3. Alkyl groups on the aromatic ring enhanced 

2 activity and N-702 (4) was most potent of a series of tetralones. 

In 1959 the first of a series of papers appeared describing 

Extending chain length decreased CNS 

0 - C  H& H2 3 

H3 
H 

1, n = 1; R=H 3 ,  n = 3; R=H 
2, n = 2; R=H 4, n = 1; R=CH3 5 

The reported contribution of pyrrole nuclei to the sedative 
action of ketone derivatives4 encouraged the synthesis of rela- 
tives of 4 in'which the benzene ring was replaced by pyrrole. 
Molindone (EN-1733, 5 ) ,  which is two to three times as potent 
as chlorpromazine in the rat, was among the most active and 
least toxic of the potential antipsychotic agents of the new 
series?r6 Aspects of its profile suggestive of antidepressant 
activity have been reported?l8 Two published studies describe 
the effective antipsychotic action of molindone in chronic 
schizophrenics. Unusual euphoria was noted in some patients. 

A new indole derivative, U-22394 (6), incorporates a part 
of the iboga alkaloid structure. U-22394 antagonizes the 
aggressiveness of fighting mice, is active in blocking conditioned 
avoidance, is hypothermic and anorexigenic and displays trypt- 
amine-like activity in mice:' In chronic schizophrenics , U-22394 
did not show antipsychotic activity12 Patients lost weight, 
suggesting possible anorexigenic effect. 

9,lO 

WH \ 

CH3 

6 

H2792cH3 
CH3 

8 
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4-Phenylbicyclo(2,2,2)octan-l-amine(EXP 561,7), a potential 

antipsychotic of unusual structure, was studied in chronic with- 
drawn schizophrenics. A worsening of their condition was re- 
ported13 

methyl-6-methoxy-lI3,5-triazine (8l4is therapeutically effective 
in treating chronic schizophrenics. 

Catapres (2-(2,6-dichlorophenylamine)-2-imidazoline, 9) uncovered 
useful anti-anxiety effects at 1 mg. per day and decreased 
agitation in psychotic patients at higher doses. Two attempts 
to confirm these findings in the United States were unsuccessful. 
The drug was of no benefit to patients with agitation resulting 
from chronic psychotic illness. 

Several case reports were cited to show that 2-amino-4- 

European studies with the effective antihypertensive drug 

15,l 

In preliminary studies with the potential analgetic compound 
aletamine (lo), subjects reported "relaxed feeling blended with 
stimulation". To assess psychotropic potential, the drug was 
given to chronic schizophrenics. N o  psychotropic action was 
observed up to the time that limiting side effects caused 
termination of the study;' 

O(-Methyl-p-tyrosine (MK-781,11) inhibits tyrosine hydroxy- 
lase. Animal experiments showed that the compound reduced 
norepinephrine and dopamine levels in mouse and rat brain. Mild 
sedation or tranquilization was observed in monkeys and dogs. 
Two studies have been published assessing the potential value 
of d-methyl-p-tyrosine in schizophrenics. The compound was 
found to be without antipsychotic effectf8 #19 

The remarkably effective new drug for the treatment of 
delirium tremens, chlormethiazole (12) 20-22 provided control of 
extremely disturbed patients who proved y3manageable with 
conventional tranquilizers and sedatives. 

3 12 13 14 H 

Trioxazine (131, previously described as a mild tranquilizer 
and effective daytime sedative, was evaluated for the treatment 
of chronic psychotic patients at doses as high as 2100 m . per 
Trioxazine appears to raise blood sugar levels. 231'4 Opinions 
differ as to whether it causes g l y c ~ s u r i a ? ~ , ~ ~  

day. Useful psychotropic properties were not dis layed. 2 3  

Morfolep (141, satisfactory in the management of petit mall 
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was ineffective in treatment of psychomotor excitation. 26 
4,7-Bridged isoindolines were most potent of a new series 

of butyrophenones. 2-[3-(p-Fluorobenzoyl)propyl1-4-methyl-4,7- 
epoxyperhydroisoindoline (15) produced depression in rats for 
over six hours at a dose of less than 1 mg./kg. A reference 
to clinical efficacy of 15 was cited?7 

- 

-(CH 1 3 [ 0  
a c H 2 C H 2 N H ( C H 2 ) 3  

15 '2 H5 16 
Another new butyrophenone, CI-601 (161, was found $0 possess 

neuroleptic propertie but at doses which produced marked 
extrapyramidal tremor. 

bears a third heterocyclic nucleus!4 It is more potent and longer 
acting than perphenazine as an anti-emetic in dogs and as an 
inhibitor of conditioned avoidance response in rats. 
effective and rapidly-acting antipsychotic agent in man. 

I 6  
A new phenothiazine derivativ chlorimpiphenine (17), 

IfOis an 

H 

17 18 

Five clinical studies have been published describing the 
action of the ew acridane SKF 14,336 (18) in acute and chronic 
schizophrenia. 3 r * 3 5  It has been described as notably effective 
with mild side  effect^!^*^' slower in onset of action34t35 and 
less active than chlorproma~ine?~ and limited by high incidence 
of side  effect^?^,^^ An attempt has been made to explain the 
different results obtained!' 

Oxypendyl (19), prothipendyl (20) and MK-741 (21) were 
evaluated for antipsychotic properties. Each was said to have 
no likely place in the management of chronic schi~ophrenia?~'~' 

19, B=hydroxyethylpiperazino 21 
20, Bsdimethylamino 

The properties of flupenthixol (22) were compared with 
those of clopenthixol (23) and chlorprothixene (24) ?gFlupen- 
thixol was least sedative and most active in blocking conditioned 
reflexes in animals. It was least sedative and most effective 
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in patients with paranoid-hallucinatory schizophrenia. Chlor- 
prothixene and clopenthixol were more effective in treating 
patients with psychomotor agitation. 

Pinoxepin (25) was compared with thioridazine in a co- 
operative double-blind study. The drugs were equipotent. The 
former produced more extrapyramidal symptoms while the latter 
displayed more notable cardiovascular side effects. 

40 

J ~ H C H ~ C H ~ B  

22, X=CF3; B=hydroxyethylpiperazino 
23, X=C1 ; B-hydroxyethylpiperazino 
24, X=C1 ; B=dimethylamino 

25 

A new benzodiazepine, RO 5-4556 (26), proved effective in 
treatment of anxiety, tension and depre~sion?~ 42 Side effects 
were minimal. Human mental and motor performance were not 
affected? 

3 

27 28 

C 

Isoquinazepon (SAH-1123, 271, a benzodiazepine relative, was 
found to be without consistent anti-anxiety or antidepressant 
effect in man?4 Collagen disease symptoms were reported following 
isoquinazepon administration to two  patient^?^ 

ing rage activity in mice without producing ataxia. In studies 
conducted in outpatient populations given medication for anxiety 
psychoneurosis, chlorethate was more effective than phenobarbital 
and equivalent in efficacy to meprobamate. 46 

Methysergide (1-methyl-D-lysergic acid butanolamide), which 
attenuates or prevents the adverse effects of bufotenine, was 
evaluated a an antipsychotic drug. In one study it was reported 
ineffecti~e?~ in another it was said to have a deleterious effect?' 

In 1966, diphosphopyridine nucleotide was publicized in the 
lay press as an effective drug for short term treatment of 
schizophrenia. This prompted further studies which found DPN to 
be of no therapeutic value to acute or chronic schi~ophrenics?~' 52 

anxiety was vividly de~cribed:~ Although the drug appears to be 

Chlorethate (28) was as selective as meprobamate in suppress- 

47,48 Bufotenine has been detected in the urines of schizophrenics. 

The value of diphenylhydantoin in treating depression and 
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of little value to patients with psychoses severe enough to re- 
quire h o s p i t a l i ~ a t i o n ? ~ , ~ ~  it may prove valuable to neurotic 
 outpatient^?^ ,55 Carbamazepine , another anticonvulsant, may be 
even more effective25 

Newer Structures of Interest 

30 produces locomotor depression in mice at 1 mg./kg?* Compound 
31 blocks conditioned avoidance in rats?’ Compound 32 is equal 
to chlorpromazine in blocking the aggressive behavior of fight- 
ing mice60 Compounds included in structure 33 showed tranquilizing 
and antidepressant actions without impairing alertness6l Compound 
34, derived from 5-methoxytryptamine and pyridoxal, causes mice 
to be aggressive for weeks after single 

- 

Compound 29 is superior to tetrabenazine in mice?7 Compound 

32 

33 34 

Notable Miscellany Relating to Clinical Drugs 

cations for use of butaperazine dimaleate, fluphenazine enanthate, 
haloperidol and thiothixene in treating schizophrenia. 

The cholesterol lowering effects of trifluperidol, reported 
in 1966, were confirmed in further s t ~ d i e s 6 ~ 1 ~ ~  By contrast, 
haloperidol in large doses produced no lowering of serum choles- 
terol values or any deviation from the normal sterol patterns of 
patients in the study. 

drawn after 12 weeks of medication. Neither withdrawal symptoms 
nor evidence of drug dependence was observed. In this respect 

The Food and Drug Administration approved New Drug Appli- 

Tybamate in doses as high as 9 g. per day was abruptly with- 
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tybamate differs from meprobamateG5 

- 

oxazepam is produced in dogs as a metabolite of chlordia- 

epo i def) Seventeen c h lorp romaz i ne met abol it e s we re i S 0 1 ated 
from urine of ps chotic patients in quantity sufficient for 
~haracterization!~ Identification is simplified by the publication 
of infrared and ultraviolet absorption spectral data for chlor- 

promazine and 14 of its possible metabolite~?~ Butyrophenone 70-74 
metabolism, distribution and excretion studies were described. 
p-Fluorobenzoylpropionic acid and p-fluorophenaceturic acid were 
identified as metabolites. 

includes important chapters on phenothiazines, butyrophenones 
and the biochemical basis of mental d i s e a ~ e ? ~  An entire issue 
of the International Journal of Neuropsychiatry was devoted to 
publication of a comprehensive symposium on haloperidol!6 A 
compilation of data, primarily structural, on 690 sychotropic 
drugs and related compounds a ~ p e a r e d ? ~  Haloper idol" and thio- 
thixene7' have been reviewed with regard to clinical potential. 

Central Nervous System Function of Neurohumoral Amines 
In the past year, research emphasis has focused on the 

possible central transmitter functions of the catecholamines, 
norepinephrine and dopamine and the indolamine, serotonin. Three 
excellent reviews have considered this subject from the stand- 
points of transmitter criteria5)O catecholamine activitye1 and 
amine influence on various affective statesf2 Pertinent data 
have been obtained from the following lines of investigation: 

specific neuronal circuits in the central nervous ~ y s t e m ? ~  ,89 

74 

Psychopharmacological Agents, Volume I1 was published. It 

1) Identification of amine-containing structures along 

2 )  Microelectrophoretic alteration of electrical activity 
in central neurons of the cat by neurohumoral amines. 84-88 

3 )  Uptake of radioactive norepinephrine in hy othalamic nerve 
endings and accumulation in dense-core vesicles?' lg2 Uptake of 
serotonin of the ventral part of the subarachnoid space?l 

4) Mechanisms of uptake (transport across nerve cell mem- 
branes) and accumulation (binding at intraneuronal vesicles) 
catecholamines and serotonin essentially similar by in vitro 
and in vivo96,97 techniques except for special pharmacologic 
conditions'8 99 

amine d e p l e t o r ~ ? ~ ~ - ~ ' ~  Conflicting roles of serotonin in regulating 
body temperature. 

Antipsychotic Drug Mechanisms 
Current theories of antipsychotic drug action are based on 

the observations that phenothiazines and related drugs increase 
the concentration of catecholamine metabolites in the brain (see 
Porter and Stonelo6). This effect has been attributed either to 
a direct activation of catecholamine neurons or to a compensatory 
feedback mechanism initiated by central catecholamine receptor 
blockade or by reduction of amine storage capacitya07 Whatever 
the underlying events may be, antipsychotic drugs do modify central 

85-95 

5) Mystery of s ecific amine function unsolved by selective 

103-105 
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catecholamine mechanisms. 

bios nthesis 
sine1°7-108 Chlorpromazine also accelerated cerebral catecholamine 
depletion in rats pretreated with a tyrosine hydroxylase in- 
hibit~r;'~-~~' The lattfflexperiments using histochemical 
fluorescence techniques were taken to signify an increase in 
nerve impulse activity triggered by catecholamine receptor block- 
ade and implemented by a compensatory feedback mechanism. The 
former could be treated in a similar hypothetical fashion, in- 
creased catecholamine biosynthesis representing a natural 
corollary to receptor blockade and enhanced catecholamine release. 
This cyclic process of blockade, synthesis and release would be 
interrupted when drug action diminished and adequate levels of 
intraneuronal catecholamines became re-established;l2-ll3 The 
finding that chlorpromazine blocked the central neuronal uptake 
of H3-norepinephrine is germane to this thesis and consistent 
with the drug's action at peripheral sympathetic neurons;l4 

Certain pharmacologic .actions of chlorpromazine have also 
been associated with central catecholamine function. Reduction 
of brain catecholamine levels in rats by inhibition of tyrosine 
hydroxylation enhanced the usual chlorpromazine-induced effects 
of hypothermia, potentiation of barbiturate hypnosis and blockade 
of a conditioned avoidance response$15 That conditioned avoidance 
responses are dependent upon the activation of central catechol- 
amine neurons has been demonstrated by histochemical and 
pharmacologic studies;l6 

Lithium salts, used successfully for some years in the 
management of manic states,l18 have recently been found to pre- 
vent rela ses in manic-depressive psychoses and recurrent de- 
pressionsf19 Several lines of investigation have converged on 
the thesis that lithium may modify catecholamine function. In 
vitro data obtained from subcellular brain functions suggest 
that lithium effectively suppresses catfqbolamine activity by 
either increasing norepinephrine uptake or decreasing nor- 
epinephrine stimulation of phosphatase activity$*' In in vivo 
studies, lithium altered H3-norepinephrine metabolism in rats 
by increasing the ratio of deaminated to 0-methylated metabolites, 
suggestin enhanced intraneuronal inactivation of norepineph- 
rinell4 , I f 2  Finally Corrodi et a1123 found that the administra- 
tion of lithium and a tyrosine hydroxylase inhibitor accelerated 
the depletion of norepinephrine from central neurons. These re- 
sults indicate that lithium increases cerebral norepinephrine 
neuron activity either directly or by a receptor blockade-feed- 
back mechanism. 

- 
For example, chlorpromazine enhanced central catecholamine 

vivo by increasing the hydroxylation of tyro- 

The Biochemistry of Schizophrenia 
Information continues to accumulate concerning .the biochemical 

nature of schizophrenia despite the overwhelming and often for- 
bidding com lexities involved therein. Several comprehensive 
reviews75 ,134-126 and one detailed research approach12' have 
appeared in the past year. 

Considerable effort has been directed toward the identifi- 
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cation of amine metabolites in the urine of schizophrenics. Most 
of tnese studies have their origin in the hypothesis advanced 
fifteen years ago by Osmond et in which pathologic trans- 
methylation of catecholamines was considered to be a critical 
factor in the body's production of hallucinogenic, mescaline- 
like derivatives. This hypothesis was supported by the 1962 
report of Friedhoff and van WinklelZ9 which described the occur- 
rence of 3,4-dimethoxyphenethylamine ("pink spot" on paper 
chromatograms) in schizophrenic urine. In the past year, a number 
of groups have attempted to confirm this finding, but on1 
investigation was s u b ~ t a n t i a t i v e ~ ~ ~  two others supportive 31r132 
and five others negative?33 ,137 The possibility still exists that 
the "pink spot" is not a ring-methoxylated phenethylamine but 
rather a nonspecific metabolite derived from a dietary source, 
drug therapy or intestinal flora peculiar to life in an in- 
stitution. 

the administration of methyl donors (L-methionine) or methyl 
acceptors (niacin, niacinamide) to schizophrenic patients in order 
to exacerbate or alleviate, respectively, the psychotic state. 
Although L-methionine appeared to intensify some schizophrenic 
symptoms (see K e t ~ ) ~ ~ ~ ,  i13fid not increase the urinary levels of 
N- or 0-methylated ami y f g .  Moreover, the beneficial results re- 
ported by Hoffer et a1 on the use of methyl accept0 gf,&g schizo- 
phrenia have not been confirmed by other investigators. 

phrenia concerns the presence in the blood of an abnormal protein 
constituent. Heath and his colleagues have redirected their efforts 
on the protein factor, taraxein, along immunologic lines. ~n a 
series of three they reported that (1) schizophrenic 
serum contains an antibody that combines with neural cell nuclei, 
especially in the septal-basal caudate region of the brain, (2) 
the principle in schizophrenic serum which modifies the behavior 
of monkeys migrates with the gamma globulin fraction and ( 3 )  the 
similarity between the antibrain antibody produced in sheep and 
taraxein suggests that the latter is an antibody specific for brain. 
These interesting findings should provide the impetus for additional 
confirmatory and innovative investigations. 

A plasma factor in schizophrenics, isolated by Frohman some 
years ago, was reported to raise the lactate-pyruvate ratio in a 
medium of incubating chicken erythrocytes. Re-evaluation of this 
fraction indicated that its action on carbohydrate metabolism 
probably reflects certain environmental influences rather than 
factors directly concerned with ~chizophrenia;~~ Other investigators 
could not alter the glucose metabolism of human leukocytes in- 
cubated with schizophrenic serum. 

Although undetectable i studies+25 bufotenine was 
found in schizophrenic urine!7'2B'fP5 Agents which exacerbated 
symptoms (e.g. tranylcypromine) increased bufotenine excretion and 
those which caused c inical improvement (e.g., trifluperidol) 

1 One 

Another aspect of the transmethylation hypothesis involves 

A second general area-of inquiry into the etiology of schizo- 

decreased excretion. 47.145 
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As the search for a biochemical basis of schizophrenia 
continues, Weil-Malherbe124 emphasizes "the necessity of a 
blind design in this area of research even though the in- 
vestigators be capable men of unquestioned integrity". 
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Chapter 2. Antidepressants, Stimulants, Hallucinogens 

M. A. Davis, Ayerst Laboratories, Montreal, Canada 

I. ANTIDEPRESSANTS 

Chemistry - There were continued efforts to develop new thymoleptic agents 
of which imi ramine is the prototype. 
has appeared' and several important findings, dealiy mainly with tricyclic 
agents, were presented at a Symposium held in Milan 
of the tricyclic compounds frequently possess neuroleptic and antihistamin- 
ic rather than thymoleptic properties. The thiophene analogue (L) did 
exhibit a significant anti-reserpine effect which was weaker, however, than 
that found with the usual thyr~oleptics~. 
sessed antireserpine and central cholinolytic actions . Replacement of an 
aromatic ring in the dibenzocycloheptene series gave 2 which had antireser- 
pine activity . Mention was made of 10-keto-imipramine (ha) as a clinically- 
effective antidepressant, although a preliminary report d s  not indicate 
pronounced pharmacological properties (ref. 2 , pp. 205, 397). 

A number of basically-substituted phenylindenes and -indans having 
spatial orientations similar to those of the tricyclic drugs W ~ S  prepared. 
Of these >the most interesting as a potential antidepressant (prevention 
but not reversal of reserpine-ptosis) was 2. It was more potent than imi- 

A review of antidepressant drugs 

. Hetero analogues 

The dibenzo epine (2) also pos- t 
5 

tion product of strychnine (7) was reported to possess imipragine-like 
action in rats and there were no signs of convulsant activity . 
(g), which is structurally unrelated to the known psychotropic drugs, 
possesses pharmacological properties found in both the neuroleptics and the 
thymoleptf6s. It could be of value where the combination of these drugs is 
indicated 
the aryloxyacetamide,mefexamide (2) and an analogue of Y-aminobutyric acid 
(10). The former possesses several of the important properties of imipra- 
mine in animals as is relatively free fran side effects while the latter, 
despite a favourable neuropharmacological profile, gave poor clinical 
results (ref. 2, pp. 208, 222, 360). 

A number of Compounds related to tranylcypromine (e.g. 11, trans) 
exerted antidepressant effects in animals qualitatively similar to those of 
the parent drug without, however, modifying brain or liver MA0 activityll. 
A indanamine (12) was reported to be a very potent, long-acting and cumula- 
tive MA0 inhibitor with a marked selectivity for brain MAO12. 

Pharmacology - An extensive pharmacological investigation of hepzidine (13) 
has revealed the expected autonomic effects together with several proper-' 
ties found in the thymoleptics (antagonism of reserpine, tetrabenazine and 
serotonin; central cholinolytic action)13. 

Molindone 

. Other novel compounds reported at the Milan Symposium were 

The benzylpiperidine 14 and the 
-adrenergic blocking agent propanolol (InderalR) were suggested for 
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CHCH2 CH2N ( CH3 ) 
\ 

3 - 2 - 1 - 

- 4a,X=C=O R=H: G35.259 
- 4b,X=CH2 ,R=Cl: G34, 586;AnafranilR - 5 MJ-1986 6 - 

7 - 8 molindone - 
(EN - 1 7 3 3A) 

3 
HCZC -CH2 -N -CH 

12 su-11,739 - 11 - 10 - 

clinical trial as antidepressants on the basis of their dose-related re- 
versa1 of Ditran-induced behaviour. I4,l5 In a study of the cholinolytic 
properties of imipramine, amitriptyline and their N-desmethyl analogues, it 
was suggested that the drugs act by adrenergic rather than by cholinergic 
mechanisms Their central effects resembled those of hyoscine rather than 
atropine . A correlation was claimed, however, between antidepressant 
and central cholinolytic activity . Imipramine was found to ossess 
analgetic activity comparable to that of aspirin and codeine p8 in the 
phenylquinone writhing test; related tricyclic compounds were even more 
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active 
Lapin i0 has reported a procedure for distinguishing between antidepress- 
ants and cholinolytics based on the qualitative differences in reserpine- 
antagonism and behavioural effects. 

The dibenzocycloheptene derivative noradnamine (g), a proposed 
metabolite of norepinephrine (NE), has been suggested as a causative factor 
in depression. The hypothesis was supported by the finding that 2 was a 
potent inhibitor of COMT 21 and that when given intracerebrally to mice it 
caused marked akinesia and hypothermia; it failed, however, to potentiate 
barbiturate narcosis 22 and was shown not to be the mediator of NE-induced 

23  , Its sympathomimetic effects (i.v.) were exerted via akinesia in mice 
adrenergic pathways, through a release of endogenous catecholamines 

These drugs also enhanced the hyperthermic phase of reserpine 

24 . 

13 hepzidine - 
(Bs -7051) 

14 pimetine - 
(IN -3 7 9) 

15 noradnamine - 

Biochemistry - There has been a vast amount of work reported on the bio- 
chemical processes involved in the affective disorders and space require- 
ments preclude an ffe>$ifh,e jcg,verage. 
appeared in 1967 
electrolyte balance and membrane transport 28(cf, ref. 2, p.80). Li+ had no 
effect on brain NE content but when given together with a tyrosine hydroxy- 
lase inhibitor (methyl ester of dl a-methyltyrosine it depleted NE; this 
effect was related to the Li+ content in the brain 'I. Pretreatment of 
animals with Li+ caused an increased uptake of NE by synaptosomes, possibly 
accounting for its anti-manic effect32. 
inactivation of NE (by deamination), resulting in lower levels of the amine 
available to central adrenergic receptors 3 3 .  
was found to be the most specific inhibitor of the "adrenergic membrane 
pump" yet found. 
take of 3H-NE but was devoid of anticholinergic properties 3 4 .  
a three-year study of catecholamine excretion patterns in depressive 
patients were reported 3 5 .  

Several very useful reviews have 
Lithium salts may interfere with 

Li+ also increases intraneuronal 

The phthalan Lu3-010 (16) 

It was as active as protriptyline in inhibiting the up- 
Results of 

In general, elevated urinary NE levels reflect- 
the highest levels occurred during the ed acute psychological distress-and 

most intense period of depression. 

The role of dopamine was stud 
rily reversed the reserpine-induced 
response (CAR) and dopamine was the 
course of the reversal correlated w 

ed by several groups. 1-DOPA tempora- 
suppression of the conditioned avoidance 
suggested mediator since (i) the time 
th the rise in brain dopamine levels 
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and (ii) the reversal was blockedby prior treatment with a DOPA-decarboxyl- 
ase inhibitor 3 6 .  
selective reduction of dopamine levels in reserpine-treated mice 37. 
action of dopamine itself was studied using the selective inhibitors of NE 
synthesis, disulfiram (Antab~se~),~ and diethyldithiocarbamate (DDC) 39 .  

ed in human urine; the results differ from those where unlabelled material 
was used 40. Methods were reported for the estimation of plasma levels of 
desmethylimipramine (DMI) in patients receiving imipramine 41’ 42.  
rates of N-demethylation in vitro of a series of tricyclic psychotropic 
drugs were studied 43. 
epine (17a) (see below) in rat brain 44 although 17b was found in the urine 
of humaKFreceiving the tertiary amine 4 5 .  
previous workers, no DMI was found in rat brain after administration of 
imipramine 44,  
itive inhibition of para-hydroxylation, thus raising its levels in brain 
and circulation 46. 
can selectively block the reserpine-resistant uptake-concentration 
mechanism in central serotonin neurons . 

A similar conclusion was reached in a study of the 
The 

About 70% of the radioactive dose of labelled imipramine was recover- 

The 

There was no evidence of demethylation of dibenz- 

In con=st to the results of 

DMI may potentiate the effects of amphetamine by a compet- 

It was recently shown that imipramine, unlike DMI, 

47 

16 LU 3-010 - 

/CH3 
H CH N 

R 
17a R=CH dibenzepine (Noveril ) 

17b R=H 
3’ - 

- 

Clinical - Methods for evaluating psychotropic drugs were reviewed 48 to- 
gether with a valuable cautionary note on the assessment of results . 49 
I 

A novel urazole derivative (18) showed antidepressant effects in a prelim- 
inary trial; it was effective in the DOPA potentiation test in animals and 
was not a MA0 inhibitor 50.  
was claimed to be as effective as imipramine with respect to speed of 
action, degree of effectiveness and nature of side effects 51. Pharmacol- 
ogically, the drug was classed between imipramine and amitriptyline 5 2 .  
The indole derivative (19) was also reported to be an effective agent with 
lower toxicity and fewerside effects than imipramine 53J 54. 
(175) has gained clinical acceptance in Europe in cases where an anti- 
depressant with mood-elevating properties is indicated 55-57. 
were generally not severe and the drug was reported to be particularly 
effective in combination with electroshock 58. There has been increased 
interest in the use of lithium carbonate. It is effective in psychoses and 
manic-depressive disorders and has the important property of stabilizing 
mood and preventing periodically-recurring episodes of mania. It does not 

In a controlled trial13-chlorimipramine (2) 

Dibenzepine 

Side-effects 



Sect. I - CNS Agents Biel, Ed. 18 - 
exhibit significant CNS depressant properties. 
but careful control of the dosage is required, especially when the drug is 
used prophylactically 59, 60. 
ed recently 61 . 

comprehensive review 62. 
(cf. 1966 Annual Reports, p. 16), amitriptyline was reported to be of value 
when given with chlordiazepoxide 630r with protriptyline (20)64 while -9 20 
when given with meprobamate, was effective in cases of neurotic depression 
in a well-designed trial 65. 
with MA0 inhibitors, a regimen contraindicated by some, was reported to re- 
sult in a good improvement rate without causing serious side-effects (ref. 
2, p. 336; ref. 62, p. 7). Several imipramine-resistant patients were 
benefited when reserpine was given concomitant1 

6g; increased intestinal peristalsis was observed . 
The possible role of steroid hormones in depression has received 

attention and the induction of mood and behavioural changes by the 
oral contraceptives was discussed 67. 
correlation between elevated 17-hydroxycorticosteroid levels and depressive 
states were revi wed 28,68J69a. 
problem 69bJ 70-7f. An interesting rationale for future psychoendocrine 
research was presented which emphasized the need to study the interrela ion- 
ships of the steroid hormones, biogenic amines and electrolyte balance k8 . 
Mention was made of a pilot study where patients previously resistant to 
antidepressants were benefited by prednis one 73. The opportunity to 
develop novel psychoactive steroids remains a challenge to medicinal chem- 
ists. 

Side-effects are infrequent 

Instances of cutaneous reactions were report- 

The trend towards combining psychoactive drugs has been covered in a 
In addition to its combination with perphenazine 

The combination of tricyclic thymoleptics 

marked vasodilatation and 

The conflicting reports on a possible 

Recent papers have not resolved the 

Pr O Y l b Y O i  i N 4 r  

R 
- 18 (A-10749) - 19 iprindole 

m i n d o l e  

11. CENTRAL STIMULANTS 

20 protript line 
yivacti1'- 

- 

Chemistry - In contrast to the efforts in the field of antidepressants, 
relatively little work on central stimulants was reported. The structure- 
activity relationship of amphetamine derivatives was studied by a molecular 
orbital method 74. 
with those compounds having the lmest negative charge on the ring carbon 
atom ortho to the side-chain and with the lowest dipole moment arising from 

The greatest central stimulant effect was associated 
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the conjugated portion of the molecule. 
gen-bonding to the $-centre of the receptor. 
of amphetamine and nore hedrine (2) were essentially devoid of stimulant 
and pressor activities 75. Mannose amphetamine sulfonate (a) was some- 
what more active and longer-acting as a locomotor stimulant than d- 
amphetamine sulfate; the related mannamine (2) was inactive 76. 
number of 2-phenylindolizines caused CNS stimulation or depression in mice, 
depending on the dose; compound 23 produced stimulation in cats 77. 
synthesis of diphenylisopropylamGes 24), claimed to have long-acting 
stimulant properties, was described 78- The method involved Friedel-Crafts 
reaction of ephedrine with aromatic hydrocarbons or heterocyclic compounds. 

The results suggested that hydro- 
The a-trifluormethyl analogues 

A 

A new 

C H CHCHNH2 
+ @ 12:(CH3)2 

- 21 R=H,OH 23 

C H CH CH(CH3)NH3 
6 51 I 

6 5  2 
R CF3 

\ N /  6 5  

C H CHCHNH2 + @ 12:(CH3)2 
C H CH CH(CH3)NH3 

6 51 I 
6 5  2 

R CF3 

HOCH~*SO~- \ N /  6 5  

24 - 
C2H5 

25 - 

Biology - The naphthyridine derivative (25) was more potent than ampheta- 
mine as a locomotor stimulant. The effect was antagonized by reserpine and 
phenoxybenzamine but not by a-methyltyrosine or the selective serotonin 
(5-HT) depletor, p-chlorophenylalanine. It was suggested that the compound 
acts altering NE uptake or by releasing NE from the storage pool 79. A 
series of tryptamines exhibited stimulant activity (body tremors in mice) 
which was related to their ability to inhibit the uptake of 5-HT; the 
stimulant effects correlated in part with their MA0 inhibitory pro erties . 
p-carbolines related to harmine, while more potent MA0 inhibitors ‘O, did 
not interfere with 5-HT uptake and were not stimulants 81. 
relatively simple animal behavioural test which can distinguish between 
central excitants, antidepressants and depressants was described 82. 
method is based on the latency period to enter a hole of predetermined 
diameter. 

in previous Annual Reports (1965, p.23; 1966, p. 18). Further evidence was 
presented supporting the view that the central stirnulatory effect is depend- 
ent on the availability of newly-synthesised NE 8 3 , 8 4 .  
direct action on central NE receptors 85 or a modulation of the degree of 
inhibition of MA0 86. It was also proposed that the locomotor effect is 
associated with NE while dopamine may be involved in the stereotyped be- 

81 

A new and 

The 

The question of the mechanism of action of amphetamine was discussed 

Others suggested a 
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39,87,88 
havioural patterns 

Clinical - Some improvement was observed in retarded children treated with 
cypenamine (26); the drug caused no untoward side-effe~ts.~~ A controlled 
trial of U-23,807A (5) in patients with neurotic-, involutional-, or reactive 
depression indicated that the drug-treated cases fared no better, and pass- 
ibly worse, than those receiving placebo ’’. The basic ester meclofenoxate 
(a), reported to possess central stimulant properties in animals ”, had 
no beneficial effect in geriatric patients with disorders of memory or men- 
tal concentration 92. Further reports on magnesium pemoline (Q)(cf .1966 
Annual Reports, p. 18) indicated that the dru is of little clinical value 
in increasing memory performance or learning g 5 ~  94, although others have 
found it effective when given over a period of time 95. It was suggested 
that its action on the CAR in rats 96 is due to an effect on performance 
systems rather than on learning and memory processes 97 The ability to 
influence brain RNA 98 or protein synthesis was dispute: ”. 
compound, thozalinone (s), was not superior to placebo in patients with re- 
active or endogenous depression loo. 
nts and the problems of dependence have been reviewed 101,102. 

- 

A related 

The use and abuse of central stimula- 

(C 6 5 2 1  H ) -CCHCH2NH2 

&6H5 OH 

- 2 6 cypenamine - 27 U-24807A 

28 meclofenoxate 
(centrophenoxine) 
LucidrilR 

2 9  Mg pemaline 
CvIer t - -- 30 thozalinone - - 

111. HALLUCINOGENS 

Chemistry - Considerable interest in the field of hallucinogenic agents was 
shown and notable developments included studies of novel phenethylamines 
having striking activity and important investigations of marihuana compon- 
ents. The latter topic was covered in an excellent review which in- 
cluded several citations of the 1967 literature. 
the hallucino ens was published 
in genkral lo’, 
Interesting accounts of the qearch for psychoactive drugs from native plants 
have been described Io8. 

made in recent years and several syntheses were reported in 1967. 
ticular interest was the elegant method of MechNl,am et al. 109involving 
condensation of (-)-verben01 with olivetol to give the psychoactive 

-- 

An extensive monograph on 
as well as shorter surveys of the field 

and the psychotomimetic glycollates in particular Io7. 

Significant advances i n  the chemistry of the cannabinoids have been 
Of par- 

( - ) -A 
-- 

-3  4-trans-tetrahydrocannabinol (THC)(z) which in turn was converted to 

- - ( - ) -A i THC(32); the overall yield of 32 was 21%. Using a similar approach, 
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a Swiss group developed a one-step preparation of (-)a 'lo and quantitativ- 
ely isomerised it to (-)z 'I1. 1T9ese workers also developed a direct pre- 
paration of (-)-cannabidiol (33) which could readily be converted to (-)z or (-)% (cf. ref. 109): A two-step synthesis of (-)31 involving 
resolution of an intermediate (34)'13 - and a somewhat lengthypreparation of 
dl-3J and The unnatural (+)-enantiomor h of 31 was 
prepared 13,113 and found to be devoid of ataxic activity lo'. No pyroly- 
tic cyclisation of cannabidiol to THC or isomerisation of 32 to 31 during 
the smoking of hemp was observed 

'14 were reported. 

It was suggested that theTl-THC- 
acid (35), found in-Mexican hemp, is decarboxylated 
the a c z  had no effect in the mouse catalepsy test 
A3-THC was biologically inactive 'I7. 

5Hll 

34 -- 

'gHll 
1 

32 A -THC -- 

1 
35 A -THC acid - 

Using animal tests which are predictive of 
in man, Smythies and co-workers investigated 

on storage to form A~-THC; 
'I6. An analogue (*)of 

33 cannabidiol - 

\ 

/ OH 

36 - 
p sychot omime t i c activity 
the nineteen possible 

methoxylated phenethylamines. Three compounds were active in disrupting 
behaviour: 2,3,4,5,6)2,3,4,5)3,4, S(mesca1ine) the others being inactive. 

derivatives were active while 4-methoxyamphetamine was the most potent 
hallucinogen tested 'I9. This finding has important implications with res- 
pect to the 4-methoxylation of the catecholamines, tyramine or amphetamine 
itself. Many of the known psychotropic amphetamines possess ring-substitu- 
tion patterns identical to those of natural essential oils. Two novel 
methylenedioxy derivatives (37,38), prepared from apiole and dillapiole 
respectively, exhibited effects in humans which were described as intoxica- 
ting rather than psychotomimetic Two new hallucinogenic cactus alka- 
loids (3, 2) have been identified i21.  

In the amphetamine series the tri-(2,4,5)3,4,5 I t2,4,6) and 3,4-dimethoxylated 
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Ln3 

- 37 R=OCH3,R2=H (DMMDA) 2 macromerine 
- 38 R=H, R2=OCH3(DMMDA-2) 

40 gigantine - 

122 Biology - The pharmacology of the hallucinogens was reviewed briefly 
In a series of substituted tryptamines a statistically significant correla- 
tion was found between the respective potencies in evoking hyperthemia and 
open-field behavioural effects. It was suggested that the compounds act on 
the same CNS receptors as LSD 123. Based on their effects on the CAR in 
rats, it was suggested that 5-methoxy-N,N-dimethyltryptamine should be a 
potent hallucinogen in man while the N-monomethyl analogue should be inact- 
ive 124 
hallucinogenic action in humans include the capacity to roduce head-twitch- 

926, 127 and, in the 
128. 

ing in mice 125, studies of characteristic EEG patterns 
p s y cho t mime t i c anti chol iner g i c s , inter specie s c or r e 1 at i on s of effects 
Votava et al. 129 reported that LSD elevated serotonin and decreased NE and 
dopamine levels in the brain. In rats pretreated with reserpine, large 
doses of LSD evoked unexpected behavioural changes. 

dimethoxyphenethylamine (DMPEA) in rat brain correlated directly with per- 
formance in the rope climbing test 130. 
mescaline on classically conditioned avoidance behaviour in rats I3l. Its 
role in schizophrenia, however, remains controversial. DMPEA was only a 
minor constituent of the "pink spot" from the urine of schizophrenic pat- 
ients and at least seven other compounds were present 132. 
gation showed that the pink spot material from some schizophrenics and most 
Parkinsonian patients was not DMPEA, but p-tyramine 133. The lower levels 
of free dopamine in the urine of schizophrenics may reflect a faulty meta- 
bolism of this mine to give abnormally high levels of NE and epinephrine 
134. 
schizophrenics has been confirmed using sensitive analytical methods 135. 
Further work indicated a possible correlation between free bufotenin and 
exacerbation of psychotic behaviour 136. 

. 

(cf-ref. 104, p. 458). Other animal tests which can predict 

Amongst the proposed endogenous hallucinogens, the amounts of 3-4- 

It had effects similar to those of 

Another investi- 

The presence of the knwn psychotogen, bufotenin, in the urine of 

Clinical - A recent addition to the hippie armamentarium, STP, contains 
2,5-dimethoxy-4-methylamphetamine (DOM,41) as the active component. Doses 
of 3 mg. or more in man produced hallucxatory effects lasting up to eight 
hours but ,contrary to other reports, these effects were not intensified by 
chlorpromazine. The hallucinogenic potency is about 100 x mescaline and 
1/30 x LSD 137. 
emotional empathy and access to feelings which suggested its use as an 
adjunct to psychotherapy. 
depersonalization found with other hallucinogens 13E 

A related compound, MDA(%), caused heightened aEfect, 

It did not produce the erceptual alterations or 
The psychotomimetit 
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effects in man of pure (-)-A 1 -tetrahydrocannabinol (32) were reported to be 

similar to those of LSD or cocaine: euphoria and alterations of visual, 
auditory and temporal perceptions. 
potent as orally-ingested material 13'. 
and the problem of dependence 141, 14' have been reviewed. 

some of the physical and mood changes of the hallucinogenic N,N-diethyl- 
and N,N-dipropyltryptamines. It did not, however, induce the perceptual 
and thinking changes of these agents and was suggested as an "active 
placebo" in evaluating the therapeutic ability of hallucinogenic drugs 143 .  
Ibogaline (5) produced a state of intoxication but not the profound changes 
found in model psychoses 144. 
and long-term dangers o f  LSD 145,p46. The findings that it is linked to 
chromosomal and ter a t ologi c damage merit serious attention 147 

On smoking it was 2.6 to 3 . 0  times as 
Adverse reactions to marihuana 140 

Amongst the indoles, 6-f luoro-N, N-diethyltryptamine (6-FDET) produced 

Re orts have appeared concerning the short- 

QCH, 

OCH3 

42 MDA - 43 ibogaline -- 41 DOM -- 
SUMMARY 

Efforts to develop new antidepressants continue on three major fronts; 
(i) new tricyclic compounds have been studied whose properties range from 
thymoleptic to neuroleptic and whose subtle differences can be used to treat 
specific types of depression, (ii) a number of novel and unrelated struct- 
ures are under investigation suggesting that drugs with properties quite 
different from those in current use may be available shortly and (iii) an 
increasing body of knowledge is being assembled concerning the biochemical 
processes involved in aberrant mental states. The use of lithium salts in 
manic-depressive disorders has demonstrated the need to study these process- 
es in an integrated manner and a better understanding is required of the 
interactions between endogenous steroid hormones, electrolytes and the bio- 
genic amines. 

creasing memory and learning performance indicates the need for drugs in this 
field. While clinically useful agents have not yet been found, the techniques 
developed thus far may be of considerable value for future research. 

pounds have been developed which are potentially useful as adjuncts to psy- 
chotherapy. Synthetic work on the components of marihuana has furnished pure 
compounds for more detailed evaluation and molecular modification of the 
cannabinoids may lead to new types of psychotropic agents. The illicit use 
of hallucinogens with the attendant psychopathological consequences contin- 
ues to be a pressing problem. 

The interest shown in certain mild central stimulants capable of in- 

In the field of the hallucinogens, several structurally simple com- 
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Chapter 3. Sedatives, Hypnotics, Anticonvulsants, 
Muscle Relaxants, General  Anesthetics 

Carl  D. Lunsford, A. H. Robins Co., Inc., Richmond, Virginia 

Introduction - Following the format  of previous editions of this chapter 
the discussion of compounds is  divided on the bas i s  of established o r  
projected clinical use  ra ther  than on the bas i s  of pharmacological 
propert ies  o r  chemical structure.  
observing CNS depressant propert ies  of new chemicals in small animals 
the l i terature  is replete with repor t s  of such agents. 
pounds with m o r e  than preliminary pharmacological screening data 
were  selected for inclusion in this review. 

Because of the relative ease of 

Only those com- 

Hansch', and coworkers, in their  continuing attempts to place the 
discussion of s t ructur  e-activity relationships of biologically active 
compounds on a mathematic basis ,  have presented evidence that the 
hypnotic activity of groups of barbiturates depends almost entirely on 
their  relative lipophilic character  as  defined by their  octanol-water 
partition coefficients. Although hypnotic activity was the model, the 
principle should apply to other actions of drugs in the central  nervous 
system. 

Laycock and Shulman', in a quantitative investigation of the pharma- 
cological interaction of pa i r s  of closely related p, f3-dialkylglutarimide 
homologs with each other o r  with a se r i e s  of structurally related or .  
unrelated depressant  drugs,  provides good evidence for  the idea that 
stimulant, depressant  o r  dual stimulant-depressant actions produced by 
these drugs all a r i s e  a t  common si tes  in the CNS of the mouse. 

Sedatives and Hypnotics - Since the report  of Selye4 in 1942 concerning 
the hypnotic effect of cer ta in  steroids,  a la rge  number of these corn- 
pounds - both hormonal and nonhormonal - have been shown to exhibit 
such effects5' '. 
of 6 2  steroids belonging to different chemical c lasses ,  Gyermek and 
coworkers7 report  that a few members  of the 5a- and 5P-pregnane and 
19-norpregnane c lass  were  outstanding as hypnotic agents in the mouse 
and rat .  
t ives were uniformly l e s s  effective and slower acting than the f r ee  
alcohol and ketone forms.  Pregn-4-enes,  pregn-5-enes and the few 
androstane- and estrane-type s teroids  studie8. exhibited negligible 
hypnotic activity . 

In a structure-activity study of the hypnotic propert ies  

The water-soluble succinates of the potent pregnane deriva- 
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A detailed neuropharmacological 
study8 of one of the compounds, pregnan- 
olone (I), a metabolite of progesterone, 
was  reported.  
highly potent, short-acting hypnotic agent 
when adminis tered intravenously. 

CH3 I 

It was found to be a 

A clinical study9 in  chronic 
schizophrenics employing ca tapres  (II), 

under investigation as  a highly active antihypertensive agent, demon- 
s t ra ted a marked  sedative effect of the compound; however, no 
improvement was seen in  the disturbed behavior o r  agitation of the 
patients that resul ted f r o m  their  psychotic i l lness.  

The related experimental hypotensive, Bayer 1470 (111) was 
reported to produce analgesia combined with a s ta te  of sleep in animals  

10 a n d m a n  . 
Chlorethate (IV) ', a derivative of trichloroethanol, was compared 

clinically with phenobarbital and meprobamate'  '. It was significantly 
bet ter  than phenobarbital i n  out-patients with anxiety but there  was  no 
clinically significant difference when compared with meprobamate. 

The 0-, m-, and p-chloro substituted compounds related to 
methaqualone (V),  were  studied13 f rom the viewpoint of hypnotic and 
anticonvulsant activity. The ortho compound, mecloqualone (VI) , was 
the most active. 

Introduction of a second substituent on the phenyl nucleus reduces 
activity o r  increases  toxicity. 
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Anticonvulsants - Many laboratories routinely screen new compounds 
for their ability to modify chemically and electrically induced convul- 
sions. Annually a large number of compounds a r e  reported to have 
anticonvulsant activity, and 1967 was no exception. 
selected examples - generally those which have shown promise in man. 

Cited here  a r e  only 

A conference of opinion leaders  and active workers  in the field w a s  
held in August 1967 by the U. S. Food and Drug Administration for the 
purpose of discussing the pharmacological, toxicological and clinical 
evaluation of anticonvulsant drugs14. This initial conference is to be 
followed by others  dealing with m o r e  specific aspects  of the problem. 
It was generally agreed that despite the variety of useful drugs in this 
field, new types of agents a s  well as  superior ones to replace those now 
available a r e  urgently needed. 
issued by the FDA. 

Summaries of the meeting have been 

In separate reports  Living ston and coworkers have reported clinical 
studies with sulthiame(VI1) l 5  and carbamazepine (VIII) 16. 
a r e  commercially available in  Europe and currently under investigation 
in several  centers  in the U. S. 
ticularly significant anticonvulsant properties against major motor and 
psychomotor seizures,  while carbamazepine was most useful in the 
la t ter  form of epilepsy. 

Both drugs 

Sulthiame is reported to possess par-  

(VIII) 

Phenacone (IX) was reported17 as being effective in preventing con- 
vulsions caused by strong acoustic stimulation, electric shock and 
pentylenetetrazole in rats. 
motor attacks but was l e s s  active against grand ma1 seizures. 

In man it was effective in  preventing psycho- 
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Comparison of albutoin (X) 18, a new thiohydantoin derivative, with 
diphenylhydantoin in a double-blind controlled study showed that the 
anticonvulsant potency was equal for the two and that albutoin was  par- 
ticularly effective against grand ma1 seizures and the incidence of side 
effects was  slight and infrequent as compared with those from diphenyl- 
hydantoin. 
animals were described earlier by Gesler and associates 

The anticonvulsant properties of this compound in laboratory 
19 . 

Among the many new anticonvulsant 0 
II 

succinimides reported, compound XI and 
related analogs described by Wagner and 
Rudzik" are structurally interesting. 

CraigZ1 reported a series of benzhydryl- 
piperidine and -piperazine compounds. The 
most active, SC-14740 (XII), may be equal or  
superior to diphenylhydantoin in the mouse. 

p 
(XI) 

C\6H5 

HOCHZ $3YH3 

The convulsant properties of DHMP (XIII), previously reported by 
Schwan et alZ2 was  evaluated by Banziger and Hane23 and was shown 
to be a useful tool in anticonvulsant screening to substantiate anti- 
electroshock activity. 

Central Muscle Relaxants - There continues to be considerable 
controversy as  to whether this group of medicinal agents i s  effective 
clinically by the oral  route. Their effectiveness in animal experiments 

24 and when administered parenterally to humans is well established . 
The need for a centrally acting skeletal muscle relaxant which is orally 
effective at a reasonable dose continues to exist. 

During the past year there were m compounds synthesized as 
potential central muscle relaxants 25' 2e'79 28 but no encouraging 
evidence of any being promising as a clinically useful agent was pres- 
ented. However, several compounds a r e  worthy of mention as  possible 
candidates for further study or  models for additional synthetic work. 
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The pharmacology of SKF 13059 (XIV), reported by Mirsky and 

coworkers29, demonstrates  that this agent can be character ized as a 
centrally acting muscle  relaxant with a compo- 
nent of “analgetic” activity. 
derivative represents  a new structure  type in 
the musc le  relaxant activity c lass .  

This quinolone 
0 cF3m ‘Y 

CH3 
( X W  

SKF 7711(XV) is a relatively weak and short  acting drug3’. In the 
dog and monkey it is somewhat less effective than meprobamate,  

zoxaaolamine o r  chlormeaanone, and much l e s s  
so than chlordiazepoxide o r  diazepam. 
mos t  muscle  relaxants of this  type, i t  i s  a 
selective antagonist of strychnine-induced con- 
vulsions; however, i t  shares  this property with 
metaxalone and to a l e s s e r  extent with mephene- 

Unlike COOCH( CH3) 

S02NH2 

(XV) sin. 

Benzodioxane derivatives continue to be studied for  this  activity. 
Two compounds, SAS-506 (XVq31 and MPB (XVII)32, were  reported to 
be worthy of continued study. 

R - 
(XVI) -qH-CH2OC-NHCH(CH3)2 

OH 8 

(XVII) - CH2NHCH2CH2CH20CH3 
. HC1 

The P-adrenergic blocking agents,  DCI (XVIII), nethalide (XIX) and 
propranolol (XX) possess  cent ra l  muscle  relaxant activity on the 
linguomandibular reflex in the cat  according to Sinha et  a133. 
authors  conclude that this appears  to be  related to their  local anesthetic 
activity . 

The -- 

OCH CHCH2NHCH(CH3)2 
I 21 
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More specific depression of y-motoneurons seems to offer addi- 
tional advantages in the t reatment  of skeleto-muscle d isorders  due to 
brain damage. Fo r  the most  par t ,  this has  been a disappointing a r e a  
for  t reatment  with musc le  relaxants that dep res s  spinal interneurons. 
The finding that chlorpromazine (XXI) reduced the discharge of 

during the past  year  to study other phenothiazines in  a n  effort to find 
drugs with specific action on this  system without having significant 
sedative properties.  Acepromazine (XXII) was shown to be 17 times 
m o r e  potent than chlorpromazine but i t  was  possible to separate  
skeletal muscle  relaxant activity f rom sedative activity only with chlor- 
proethazine (XXIII), dimethothiazine (XXIV) and metopimazine (XXV). 
The la t te r  two had one-fourth the potency of chlorpromazine on 
y-motoneurons but were  found to be considerably less sedative. 

y-motoneurons (Dasgupta and Werner, 1955)34 led Keary and Maxwell 35 

R - X - 
(XXI) - c1  -(CH2) 3N(CH3)2 
(XXII) -COCH3 - (CH2) 3N( CH3) 2 

(XXIV) -S02N(CH3)2 -CHzCHN(CHg)2 

(XXV) -S02CH3 

@a (XXIII) -c1 -(CH2)gN(C2H5)2 

CH3 
r 
R 

- ( c H ~ )  ~ N = ) c o N H ~  

General Anesthetics - Although there  were  many repor t s  concerning 
the pharmacological and clinical propert ies  of previously reported 
agents,  l i t t le was published during 1967 which constitutes a n  appreciable 
advance in  this  a r e a  of medicinal chemistry.  

A discussion of the mechanism of general  anesthesia by W a l l  36 
suggests that the apparent s imilar i ty  of the effect of this  chemically 
diverse  group of compounds may not be  a reflection of identical modes 
of action but ra ther  a reflection of the varying stability of different 
synapses. 

Krantzg7 has  experimented with the intravenous u s e  of methoxy- 
flurane (XXVI) in corn  oil emulsion for  general  anesthesia in  animals  
and man. He reported rapid induction, smooth anesthesia and 
uneventful emergence. Among advantages cited for  h i s  procedure,  
par t icular  importance to the medicinal chemist  may be  found in  the 
technique of administration. This could make  available for  clinical 
trial a number of agents which owing to their  high boiling point, cannot 
be conveniently employed by inhalation technique. 
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F G1 Q-b NHCH3 - .HC1 

(XXVI) (XXVII) 

Ketamine hydrochloride, CI- 58 1 (XXVII), mentioned in  the two 
previous .editions of this review continues to receive favorable clinical 
r epor t s  38, 398 40 as a n  injectable general  anesthetic in  spite of i t s  
as  sociation with hallucinations. 
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Chapter 4, Analge t ics  --- Strong and Weak 
Louis S. H a r r i s  and W i L L i a m  L. Dewey 

Univers i ty  of North Caro l ina ,  Chapel H i l l ,  N.C. 
I. In t roduct ion  - The p a s t  year  has  been unique i n  r e c e n t  
t i m e s  i n  t h a t  a s u b s t a n t i a l  number of new ana lges i c s  have be- 
come a v a i l a b l e  f o r  genera l  m e d i c a l  use i n  t h i s  country.  These 
incL ude t h e  non -narc0 t i c  pheno t h i a z  ine  m e t  ho t r  imepr az i n e  , t h e  
na rco t i c -an tagon i s t  ana lges i c  pentazocine,  t h e  mild ana lges i c  
mefenamic a c i d ,  and t h e  neuroLeptanalgesic  mixture  of f e n t a n y l  
and d rope r ido l .  Although s y n t h e t i c  work i n  t h e  ana lges i c  area 
has n o t  been l a r g e ,  some i n t e r e s t i n g  new compound classes have 
appeared which have both p o t e n t i a l  c l i n i c a l  usefu lness  and  
theore t icaL importance i n  our  search  f o r  an understanding of  
how ana lges i c s  act. 
11. Strong AnaLgesics 

A. Mor h ine  - L i t t l e  new i n  t h e  way of s y n t h e t i c  work w a s  
publ i she  +--Ti i n  t is area. However, Rapoport and h i s  groupLy2 
have continued t h e i r  e l egan t  work on t h e  b iosyn thes i s  of t h e  
opium a l k a l o i d s .  Earlier B a  t on  and h i s  co l leagues3  and 
Bat te rsby  and h i s  associates '  had p u t  f o r t h  evidence t h a t  
r e t i c u l i n e  ( I )  served as a precur so r  of theba ine  (11). This  
r o l e  has  now been f i rmly  e s t ab l i shed  i n  f r e s h  budding p l a n t s  

V I V  I11 

and seed l ings  exposed t o  14C02 f o r  s h o r t  per iods  u t i l i z i n g  
gas chromatography wi th  simultaneous mass and a c t i v i t y  mea- 
surements f o r  ana lys i s .  The r o u t e  t o  morphine i s  t h e  s a m e  i n  
s eed l ings  as i n  mature p l a n t s  and fol lows t h e  scheme: 

C 0 2 + r e t i c u L i n e  + t h e b a i n e  + codeine+morphine 

The i n t i m a t e  d e t a i l s  of t h e  conversion of thebaine t o  codeine 
has a l s o  been worked out2y5. 
a pos tu l a t ed  tautomeric  mixture  of neopinone (111) and codei- 
none ( I V )  followed by reduct ion  t o  codeine ( V ) .  Although t h e  
opium poppy is capable  o f  demethylat ing codeine methyl e t h e r ,  
t h e  p l a n t  apparent ly  does n o t  use t h i s  r o u t e  and t h e  reported 
i s o l a t i o n  of t h i s  compound i s  a t t r i b u t e d  t o  t h e  redu t i o n  of  

Thebaine (11) i s  demethylated t o  

theba ine  i n  t h e  i s o l a t i o n  and p u r i f i c a t i o n  processes  8 . 
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B. Oripavine Analogs - A classic series of papers  by 
Bentley and h i s  co l leagues7  d e s c r i b e  t h e  s t r u c t u r e - a c t i v i t y  
r e l a t i o n s h i p s  of a w i d e  v a r i e t y  of s t r u c t u r e s  der ived from 
D i e L s - A l d e r  adducts  of thebaine.  Among t h i s  group are found 
some of t h e  most po ten t  a n a l g e s i c s  known. P a r t i c u l a r  a t t e n -  
t i o n  should be d i r e c t e d  toward t h e  f i n e  a p p l i c a t i o n  of nuc lea r  
magnetic resonance spectroscopy,  by Fulmor and h i s  a s s o c i a t e s g  
t o  e l u c i d a t e  t h e  s tereochemical  conf igu ra t ions  of t hese  i n -  
teres t ing  compound s. 

The pharmacology of one of t h e  more po ten t  morphine-Like 
members of t h i s  series, e to rph ine  (M-99, V I ) ,  has r e c e n t l  
been more ex tens ive ly  descr ibed by BLane and h i s  groupg, L8*ll. 
Depending on t h e  tes t  system t h i s  compound proved t o  be L , O O O -  

A: R=R'=C H 

B: R=G, R'=CH 

C: R=C H R'=CH 

2 5  

3 

3 3 7' HO R V I I  

80,000 t i m e s  more po ten t  than morphine. It w a s  q u a l i t a t i v e l y  
s i m i l a r  t o  morphine wi th  t h e  except ion  t h a t  Low doses  of 
e to rph ine  d i d  no t  produce excitement o r  emesis i n  dogsg, The 
d i s t r i b u t i o n  of e to rph ine  i n  t h e  pregnant rat  w a s  compared 
wi th  t h a t  of dihydromorphineLO. Etorphine i s  found t o  e n t e r  
and concen t r a t e  more r a p i d l y  than  dihydromorphine i n  t h e  
b ra ins  of both the  mothers and t h e  foe tuses .  Up t o  twenty 
minutes a f t e r  intramuscular  admin i s t r a t ion  t h e  concen t r a t ion  
of e to rph ine  w a s  h igher  i n  t h e  b r a i n  than  i n  t h e  blood. This 
may exp la in ,  i n  p a r t ,  t h e  h igh  potency of t h i s  compound. The 
rap id  passage of e to rph ine  a c r o s s  t h e  pLacentaL b a r r i e r  and 
i t s  accumulation i n  t h e  fetaL b r a i n  may a l s o  exp la in  t h e  neo- 
n a t a l  m o r t a l i t y  observed a f te r  Large doses  of t h i s  drug,  a 
phenomenon n o t  observed w i t h  morphine. Evidence has a l s o  been 
presented t o  show t h a t  if one avoids  t h e  sharp  absorp t ion  peak 
of e to rph ine ,  by g iv ing  t h e  drug sub l ingua l ly ,  t h e  f e t a l  
r e s p i r a t o r y  depress ion  and L e t h a l i t y  are much LessLL. 

i n  t h e s e  compounds of a s t e reospec i f  i c  sepa ra t ion  between 
ana lges i c  a c t i v i t y ,  as measured by t h e  h o t - p l a t e  technique,  
and ?$dict ion L i a b i l i t y  as assessed i n  t h e  monkey. May and 
Eddy had ear l ie r  report'ed t h e  r e s o l u t i o n  of c i s -5 ,g -d ie thy l -  
2 '  -hydroxy-2-methyl-6,7-benzomorphan ( V I I A ) .  The (+)-isomer 
had weak ana lges i c  a c t i v i t y  but  a h igh  phys ica l  dependence 
capac i ty  (PDC). The (-)-isomer had high a n a l g e s i c  a c t i v i t y  
y e t  proved t o  be na lo rph ine - l ike  (i.e. p r e c i p i t a t e d  a b s t i -  
nence) i n  addicted monkeys. S imi l a r  f i nd ings  w e r e  obtained 
wi th  t h e  5-phenyL compound V I I B L 3 a .  
propyl-9-methyl d e r i v a t i v e  V I I C  w a s  a l s o  resoLved and t e s t e d  (. 

C. Benzomorphans - O f  i n t e r e s t  i s  t h e  continued f i n d i n g  

More r e c e n t l y  t h e  5- 
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Again, t h e  (+) -isomer i s  a considerabLy Less potent  ana lges ic  
than t h e  (-) -isomer yet  has a high PDC. (-)-isomer be- 
haves Like nalorphine i n  a d d i c t e d  monkeys . The (-)-isomer 
of V I I A  i n  t h e  t r a n s  -conf i g u r a t  ion has a l so  befgbprepared. 
It i s  a potent  m e s i c  with L i t t l e  o r  no PDC . It had no 
an tagonis t ic  a c t i v i t y .  

Primary addic t ion  s tud ie s  i n  monkeys w e r e  carried out  
wi th  both (-1 -cis- and ( - ) - t rans-  V I I A .  The (-)-cis-compound 7 

produced few m G h i n e - l i k e  abs t inence  s igns  on abrupt with- 
drawal a f t e r  prolonged adminis t ra t ion.  The (-) -trans-com- 
pound produced a t y p i c a l  morphine-Like abstinence.  

D. Miscellaneous - Davis and h i s  colleaguesL4 reported 
a series of amitryptyl ine analogs containing t h e  normeperidine 
group as t h e  bas ic  ni t rogen.  Several  of these  had potent  
analgesic  proper t ies ,  The general  s t r u c t u r e  is  shown as V I I I .  
Optimum a c t i v i t y  w a s  achieved when Y= =CHCH2- and Z is  t h e  9 CH3CH2!6-@ (NOq) m-B , 
V I I I  -N3pl I X  X dCH2 1 2N (C2H5) 

0 A: R=CH2-@-OC2H5 

: R= S -0 -OC2H5 

I 
(332CH2Q( Z 

reversed ester -OCOC2H5. 
L5 

benzhydryl f o r  t h e  d lbenzocycloheptene s y s t e m  Lowered a c t i v -  
i t y .  A l s o  of i n t e r e s t  i n  t h e  meperidine f i e l d  i s  the  repor t  
t h a t  meperid he-N-oxide i s  equipotent wi th  meperidine with a 
Longer dura t ion  of act ion.  Fentanyl (1x1 t h e  meperidine anakg 
i n  t h e  neuroleptanalgesic  mixture Innovar, w a s  t e s t e d  f o r  
ana lges i  a c t i v i t y  i n  man and found t o  be 50x more potent  than morphine f 6  . 
zole  series (XA) have been reported 7-f4. 
pected, a c t i v e  compounds w e r e  obtained. The nec s ' t y  o f  the  
5 -n i t ro  group f o r  m a x i m a l  a c t i v i t y  w a s  confirmed f.'f,t8. 
s t i t u t i o n  of a 2-thiophenyl (XB) a l s o  Lowered a c t i v i t y L g .  

Subs t i t u t ing  a phenothiazine o r  

A number of r epor t s  of new s q t h  es i n  the  benzimida- 
A s  would be ex- 

Sub- 

A series of L6-(3-amino-L7~-20-dih droxypregnanes having 
analgesic  a c t i v i t y  have been described28. A s i m i l a r  compound, 
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X I ,  w a s  s t u d i e d  f o r  addktion L i a b i l i t y  i n  m0nkeysl3~.  
suppression of abs t inence  w a s  noted up t o  L5 mg/kg. 
b i l i t y  prevented higher  doses b u t  s igns  of mixed  s t imu la t ion  
and seda t ion  w e r e  observed, An a lka lo id  of t h e  voacanga 

N o  
Solu- 

X I 1 1  X I V  
0 

series, spnopharyngine (XII) , w a s  a l s o  shown t o  have ana lges ic  
a c t i v i t y  . The ana lges i a  observed w a s  unaccompanied by motor 
incoordinat ion and w a s  n o t  antagonized by nalorphine.  

The L ,3- th iaz ine  X I 1 1  has  been reqqr ted  t o  have s t rong  
ana lges ic  p r o p e r t i e s  i n  animals and man . The compound has 
a high seda t ive  and an t ihyper tens ive  component and a c t s  Like 
morphine on t h e  e lec t r ica l ly  s t imulated gut .  
are t h e  amphetamine d e r i v a t i v e  aletarnine (XIV) and t h e  pyr- 
r o l i d i n e  d e r i v a t i v e ,  profadol  (XV). Both of t hese  compounds 
have been reported t o  have ana lges ic  p r o p e r t i e s  i n  animals and 
man although aletamine w a s  q u i t e  weak. Profadol i s  currentLy 
being evaluated a t  Lexington f o r  addic t ion  L i a b i l i t y ,  A L e t a -  
mine had no PDC i n  a d d i c t e d  monkeys and i n  pr’mary addic t ion  
s t u d i e s  no morphine-like abst inence w a s  seenL3a. 

number of papers appeared which implicated t h e  c e n t r a l  
adrenergic  system wi th  ana lges ia .  
ported t h a t  premedication w i t h  r e s e r p i n e  or a-methyltyrosine 
antagonized the  ana lges ic  a c t i o n  of morphine i n  mice. The 
c e n t r a l  s t imu la t ing  a c t i o n  of m3f;phine w a s  r educed  by pre-  
t reatment  “$5” a-methyltyrosine . On t h e  o t h e r  hand, Ross 
and Ashford reported t h a t  pre t rea tment  wi th  r e s e r p i n e  i n -  
h ib i t ed  t h e  ana lges i c  a c t i o n  of morphine i n  t h e  t a i l  cLip 
tes t  and poten t ia ted  morphine’s a c t i o n  i n  t h e  hot  p l a t e  test. 
a-Methyldopa pretreatment  prevented t h e  i n h i b i t o r y  e f f e c t  of  
r e se rp ine  on t h e  taiL c l i p  t es t  and showed ana lges ic  a c t i o n  
i t s e l f  i n  t h e  ho t  p l a t e  tes t ,  Contreras and h i s  co-workers26 
demonstrated t h e  ana lges ic  a c t i v i t y  o f  methyldopa and ergono- 
vine ,  and t h a t  t o l a z o l i n e  can antagonize the  ana lges i a  pro-  
duced by many n a r c o t i c  ana lges ics .  This antagonism appeared 
t o  be competi t ive i n  t h a t  t h e  t o l a z o l i n e  block could be over-  
come by h i  her  doses of meperidine and phenazocine. Takagi 
and NakamaS7 found a reduct ion  i n  mouse b ra in  norepinephrine 
and dopamine foLlowing t h e  combined i n j e c t i o n  of morphine and 
nalorphine.  Nalorphine a lone  had no e f f e c t  on t h e  b ra in  con- 
t e n t  of these  amines. 

Morphine and related agents  have been shown t o  cause a 
release of 5-hydroxytryptamine (5-HT) i n  t h e  s m a l l  i n t e s t i n e  

Also of i n t e r e s t  

E. Biochemical and Pharmacological Considerat  ions - A 

V e r r i  and co-workers23 re- 
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of t h e  d ~ g  t h a t  corresponds t o  t h e  increased i n t e s t i n a l  tone 
observed , Further  evidence f o r  t h e  r o l e  of 5-HT i n  t h e  
g a s t r o i n t e s t i n a l  effects of morphine w e r e  demonstrated when 
it w a s  observed t h a t  methysergide, a poten t  i n h i b i t o r  of 5-HT, 
antagonized t h e  

antagonized t h e  development of t 0 l e r a n c e 3 ~  Sp. 
j e c t i o n s  inh ib i t ed  t h e  incorpora t ion  of14C Leucine i n t o  b r a i n  
p ro te ins .  
t h e  rats a t  an ambient temperaty5e of 30° and by t h e  s i m u l -  
taneous i n j e c t i o n  of na lorphine  . The r e l a t i o n s h i p  of mor- 
ph ine ' s  a c t i o n  t o  p ro te in  syn thes i s  o r  nuc le i c  ac ids  i s  s t i l l  
no t  c l e a r .  

w a s  s t imula ted  by t h e  subcutaneous adminis t ra t ion  of morphine 
t o  non- to le ran t  guinea p igs ,  Chronic morphine t reatment  i n -  
h i b i t s  t h i s  increased phospholid metabolism. The uptake of 
P 32 i n t o  polyphosphoinosit ides w a s  markedly enhanced by 
c o r t i c a l  s l ices  from abs t inen t  guinea p i g s  i n  t h e  presence of 
morphine, 
i n  mice w i t h  a decrease i n  b ra in  glycogen, and an inc rease  i n  
b ra in  glycogen of  rats s e d a t e d  by an i n j e c t i o n  of morphine. 
Rat ios  of  phosphorylase-a t o  t o t a l  phosphorylase w a s  d i r e c t l y  
reLated t o  changes i n  glycogen. A s  i n  o t h e r  s t u d i e s  of  t h i s  
type  it i s  d i f f i c u l t  t o  a s c e r t a i n  whether t h e  biochemical 
changes w e r e  t h e  cause o r  t h e  r e s u l t  of t h e  observed pharma- 
co log ica l  response,  

A number of  s t u d i e s  concerning t h e  metabol ic  f a t e  of 
morphine and ts analogs have been reported.  Thus, Castro 
and G i L L e t t e 3 &  s tudied t h e  metabolism of e t h y l  morphine i n  
m a l e  and female animals of f i v e  spec ies .  Thei r  r e s u l t s  sug- 
g e s t  t h a t  t h e r e  w a s  a q u a l i t a t i v e  (Km) as w e l l  as a quant i -  
t a t i v e  change (Vmax) i n  t h e  drug metabol iz ing enzymes. A 
discrepancy between t h e  i n  v i t r o  f ind ings  of a decrease  i n  N-  
demethylation o m o r p h i n r a n n  vivo r e s u l t s  has been re- 
ported by AdLer56 .  These r e s u m s  suggest t h a t  e i ther  induc- 
t i o n  of microsomaL enzymes, or  no change i n  t h e i r  synthes is  
occurs dur ing  morphine to l e rance ,  r a t h e r  than a decrease i n  
microsomal enzyme syn thes i s  as i n  v i t r o  f ind ings  have sug- 
gested.  
h i b i t  syn thes i s  of microsomal enzymes i n  f e m a L e  rats and 
var ious  an tagonis t s  w e r e  found t o  competi t ively i n h i b i t  d e -  
methylat  ion of morphine and 0xymorphone3~. 

The non-addict ing a n t i t u s s i v e  agent dextromethorphan 
w a s  shown t o  be principaLLy excreted i n  b i l e  as d-3-hydroxy- 
N-met33L-morphinan and i ts  gLucuronide and suLf ate conju- 
g a t e s  . Ekcretion dynamics fo l lowing  m u l t i p l e  doses w e r e  
n o t  s ign i f i can tLy  d i f f e r e n t  than a f t e r  an i n i t i a l  i n j e c t i o n ,  

f f e c t s  of morphine on g a s t r o i n t e s t i n a l  pro- pu ls ion  i n  m i c e  29 . 
In m i c e  8-azaguanine, an i n h i b i t o r  f r o t e i n  syn thes i s ,  

This  effect of morphine could be blocked by keeping 

Morphine i n -  

Mul633 reported t h a t  P 32 uptake i n t o  c o r t i c a l  slices 

Es t le r34  co r re l a t ed  excitement produced by morphine 

3qot in- 
A s i n g l e  i n j e c t i o n  of 3- - morphine d i d  
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Some miscellaneous pharmacological s t u d i e s  were a l s o  of 
The pharmacology48f N-methylmorphine has been com- interest ,  

pared wi th  t h a t  of morphine . 
pharmacological d i f f e rences  between t h e  two compounds can be 
expLained e s s e n t i a l l y  by t h e  i n a b i l i t y  of the  quar te rnary  salt  
t o  e n t e r  t h e  c e n t r a l  nervous system, Morphinone, which is  
proposed t o  have only depressant  a c t i v i t y ,  and t h e  s t h u L a n t  
thebaine,  both dect;yased t i d a l  volume but  had no e f f e c t  on 
oxygen consumption , However, t h e  compounds acted d i f f e r e n t -  
l y  on s e i z u r e  threshold ,  Morphinone raised t h e  threshold 
while thebaine Lowered it. 
111. Narcot ic  Antagonists - Two recent reviews have appeared 
which deal  wi th  t h i s  area. One is a m a s t e r f u l  overview of 
t h e  e n t i r e  f i e l d  by MartinLC2 while  t h e  o t h e r  concerns i t s e l f  
t o  t h e  reLeSiveLy L i m i t e d  scope of t h e  na rco t i c -an tagon i s t  
ana lges ics  . This c l a s s  of drugs cont inues t o  be t h e  focus 
of a Large research  e f f o r t ,  

A, Pentazocine - This  compound w a s  released by t h e  FDA 
i n  L967. 
A c t  and c l i n i c a l  acceptane,  t o  d a t e ,  appears  t o  be good, 
Laboratory and c l i n i c a l  s t u d i e s  cont inue t o  appear. 

Pentazocine has  been repor ted  t o  be e f f e c t i v e  i n  re- 
1ieving4experimental  pa in  i n  man and as a p reope ra t ive  medi- 
ca t ion  although a high dose w a s  assoc ia ted  w i t h  some i n c i -  
dence of psychotomimetic a c t i v i t y  i n  t h i s  group of p a t i e n t s ,  
The e f f e c t  of pentazocine on a s t r o i n t e s t i n a l  func t ion  w a s  
s t u d i e d  i n  anes the t ized  dogs45. G a s t r i c  emptying t i m e  w a s  
slowed although t h e  p y l o r i c  sph inc te r  w a s  n o t  a f f ec t ed  a t  
t h e  doses used .  In t h i s  regard pentazocine d i f f e r s  from 
morphine, 

an adjunct  i n  t h e  treatment of n a r c o t i c  addiction46, Wide -  
spread c l i n i c a l  t r i a l s  ?re s t i l l  i n  pro ress wi th  continued 
favorable  results. 
t r i b u t i o n  and f a t e  of cyclazocine i n  normal dogs, i n  dogs 
made t o l e r a n t  t o  t h e  drug,  and i n  t o l e r a n t  dogs af ter  abrupt 
withdrawal. Recovery of f ree  and conjugated drug i n  t h e  
u r ine  and f e c e s  ranged from 40.7% i n  t h e  abs t inen t  animals 
to 58.5% i n  t h e  t o l e r a n t  dogs. The h igher  va lue  i n  t o l e r a n t  
animals w a s  due t o  an increased exc re t ion  of free drug i n  t h e  
f eces ,  There i s  some ind ica t ion  of s i g n i f i c a n t  metabolism. 
High concent ra t ions  w e r e  found i n  t h e  b ra in ,  This i s  similar 
t o  t h e  f ind ing  wi th  na lorphine  and d i f f e r e n t  from morphine , 
The f a i l u r e  t o  f ind  s i g n i f i c a n t  q u a n t i t i e s  of cyclazocine i n  
t h e  b ra in  of t h e  24-hour a b s t i n e n t  dog suggest  t h a t  t h e  Long 
Latency i n  t h e  onse t  of abs t inence  i s  n o t  due t o  r e s i d u a l  
q u a n t i t i e s  of drug. F i n a l l y  it w a s  found t h a t  cyclazocine 
disappears  more slowly from the  b ra ins  of t o l e r a n t  animals. 
T u l l a r  and h i s  colleagues48 reported t h e  p repa ra t ion  of a l l  

It w a s  concluded t h a t  t h e  

The drug i s  no t  covered by t h e  Harrison Narcot ic  

B. Cyclazocine - This drug cont inues t o  show promise as 

Mule and Gorodetzky$7 s t u d i e d  t h e  d i s -  
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t h e  poss ib le  s tereoisomers  ( o p t i c a l  and c i s - ,  t r ans - )  of 
cyclazocine and pentazocine. They have been t- as nar-  
co t ic -an tagonis t s .  In both cases  t h e  (-)-isomers w e r e  con- 
s ide rab ly  more potent  than t h e  (+>-isomers.  The d i f f e rences  
between t h e  c i s -  and t r a n s -  isomers were small. 

C. Naloxone - This compound appears t o  be a pure anta-  
gonis t .  It has L i t t l e  o r  no ana lges i c  . a c t i v i t y  i n  animals 
o r  man, does n o t  c o n s t r i c t  pup i l s  o r  produce s u b j e c t i  
and does n o t  produce to l e rance  o r  phys ica l  dependence 
Naloxone can r eve r se  t h e  depressant  e f f e c t s  o f  morphine and 
cyclazocine on t h e  f lex36 r e f l e x  a t  doses which do not  d i r e c t -  
l y  s t c m u l a t e  t h e  r e f l e x  . The compound has a l s o  been re- 
ported t o  antagonize t h e  r e sp f fa to ry  depressant  and sub jec t ive  
e f f e c t s  of cyclazocine i n  man and t h e  r e s p i r a t o r y  depressant  
e f f e c t s  of pentazocine i n  dogs52. 

D. Miscellaneous - Wuepper and h i s  assoc ia tes53  reported 
t h a t  t h e  simuLtaneous adminis t ra t ion  of nalorphine o r  l e v a l -  
Lorphan wi th  Levorphanol r e s u l t e d  i n  a marked reduct ion  i n  
t h e  concentrat ion of Levorphanol i n  t h e  b ra in  as compared t o  
Levorphanol alone. The an tagonis t s  d i d  not  a f f e c t  t h e  pLasma 
Levels of Levorphanol. The combinat ion of nalorphine51;Tith 
morphine d i d  no t  g ive  s i m i l a r  r e s u l t s .  In  L964 Simon re- 
ported t h a t  LevaLLorphan and o t h e r  s y n t h e t i c  analogs of mor- 
phine wers5potent i n h i b i t o r s  of bacterial growth. 
Magasanik i n  a b e a u t i f u l l y  designed and carried out  s tudy,  
have e luc ida ted  t h e  mechanism through which LevallorDhan 

- 

Greene and 

e x e r t s  t h i s  ac t ion  on W h e r i c h i a  c o f i  and HeLa cells: LevaL- 
LOrDhan causes an i m m e d i a t e  and m x d  decrease i n  i n t r a c e l -  
LuLar ATP, 
crease i n  ATP concent ra t ion  r e s u l t s  from t h e  s t imu la t ion  of 
ATPase , 
IV .  Weak Analgesics - Chapter 2L on anti inflammatory drugs 
should a l s o  be consuLted f o r  a compl-ete review of c u r r e n t  
research  i n  t h i s  c l a s s  of compounds, 

A. S a l i c y l a t e s  - The e f f e c t s  of s a l i c y l a t e s  on t h e  
g a s t r i c  mucosa have been reviewed by Davenport56. H e  con- 
cluded t h a t  reabsorp t ion  of g a s t r i c  s e c r e t i o n s  by t h e  more 
permeable mucosal c e l l s  i s  more important i n  s a l i c y l a t e  hypo- 
a c i d i t y  than an a l t e r a t i o n  i n  t h e  sec re to ry  mechanisms, This 
hypothesis  of  t h e  back-diffusion of g a s t r i c  acid w a s  supported 
by t h e  d a t a  of Brodie and Chase57 who demonstrated t h a t  gas- 
t r i c  HCL but  n o t  necessarily d i r e c t  con tac t  of a s p i r i n  wi th  
t h e  r a t  mucosa could cause Lesions and hemorrhage, Schoen- 
hoefer  and Perry58 have demonstrated an i n h i b i t i o n  of t h e  
syn thes i s  of glucosamine-6-phosphate i n  g a s t r i c  mucosal c e l l s  
of rats b u t  no t  i n  t h e  Liver t i s s u e  of t h e  s a m e  animals,  
fol lowing a s i n g l e  Large o r a l  dose of sodium s a l i c y l a t e  o r  
phenylbutazone, They have suggested t h a t  t h i s  i n h i b i t i o n  may 
i n t e r f e r e  wi th  mucoprotein formation which i n  tu rn  may be 

They present  evidence t h a t  suggests  t h a t  t h e  d e -  



Chap. 4 Analgetics H a r r i s ,  Dewey 43  

r e spons ib l e  f o r  t h e  g a s t r i c  i n t o l e r a n c e  seen  w i t h  t h e s e  com- 
pounds. D a t a  has been presented t h a t  i n d i c a t e s  t h a t  s a l i c y -  
l a t e  i s  a gene ra l  i n h i b i t o r  of py r id ine  nuc leo t ide - l inke  99 d e -  
hydrogenase enzymes i n  a number of k v i t r o  p r e p a r a t i o n s  
However, Nakaue and  co-workers repor ted  no change i n  chick 
s u c c i n i c  dehydrogenase g g t i v i t y  i n  animals fed va r ious  Levels 
of a c e t y l s a l i c y l i c  a c i d  . 

Tubular reabsorp t ion  of Na', CL-,  C a + + ,  and Mg 
K+ w a s  augmented by acetyLsaLicyLi acid but  no t  by e t t q x y ,  
a c e t y l  or hydroxyorthobenzoic acidg1. Brown and Hardy re- 
ported t h a t  "ana lges ic  n e p h r i t i s "  may be due t o  amidopyrine 
which causes papiLlary  n e c r o s i s  o r  phenazone which causes  
p e r s i s t e n t  ceLLuria and s l i g h t  kidney damage. 
t h e  Least damaging t o  t h e  kidney of  t h e  t h r e e  compounds 
t e s t e d .  

New l i g h t  has been shed on t h e  c o n f l i c t  over  t h e  m e t a -  
boLic fa te  of sa l icy lamide  i n  man. 
presented evidence t h a t  t h e  metabol ic  e x c r e t i o n  of s a l i c y l -  
a m i d e  w a s  predominantly i n  t h e  form of a s u l f a t e  o r  glucuro-  
n i d e  conjugate  depending on t h e  dose. S u l f a t e  a v a i l a b i l i t y  
appears  t o  be t h e  Limit ing f a c t o r ,  i.e. a t  Low doses  s a l i c y l -  
amide w a s  excreted as t h e  suLfa te  and a t  h igher  doses  t h e  
f r a c t i o n  excreted as t h e  glucuronide conjugate  increased. 

i n t e n s e  and Longer l a s t i n g  agc lges i c  a c t i v i t y  than  t 
dose of ace tyLsaLicyl ic  a c i d  . Faye and co-workers 
ported t h a t  2-hydroxy-3,6-dimethylbenzoic a c i d  and i t s  6- 
isopropyl  d e r i v a t i v e  have more ana lges i c  e f f e c t  i n  t h e  ra t  
than a c e t y l s a l i c y l i c  a c i d .  

a c t i v i t y  w a s  observed i n  rats Lollowing t h e  o r a l  adminis- 
t r a t  ion  of N - m e t  hy l a m i d  e -N - (4  -ant  i p y r y l )  -oxamic a c i d  (XVI) 
and t o  a Legger e x t e n t  wi th  o the r  N-(4-ant ipyryl)  -0xamic 
a c i d  a m i d e s  . 

. 

++ bu t  n o t  

Phenacet in  w a s  

Levy and Matsuzawa63 

DipropyLacetylsaLicyLic acid w a s  found t o  have a more 

B. Wrazolone Der iva t ives  - S i g n i f i c a n t  ana lges i c  

H 
I (CH ) 

I 3 2  

3 
XVIII XVII 

H C- 3 

S u b s t i t u t i o n s  Of homologous groups for t h e  methylamide d e -  
creased ana lges  i c  potency Un t i l  N -butyLamid e - N -  (4-ant  i py rg l )  - 
oxamic a c i d .  
ana lges i c  a c t i v i t y .  
w e r e  t e s t e d  f o r  ana lges i c  a c t i v i t y  i n  mice and 2-methyl-6- 
ethoxy-5-dimethylamino-3 (2H) -pyridazinone ( ~ ~ 1 1 )  and t h e  4- 
dimethylami 0 analogue w e r e  found t o  be t w i c e  as a c t i v e  as 
aminoPYrineB7. 

The N-hexamide d e r i v a t i v e  aga in  possessed h igh  
A series of pyridazinone d e r i v a t i v e s  

A number of i soxazo le s  and related d e r i v a t i v e s  
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w e r e  found t o  have ana lges i c  ac t iv i ty68 .  The compounds w i t h  
a p ipe r id ino -  o r  morphoLinoaLkyL s i d e  chain w e r e  more potent .  
Potency w a s  increased and t o x i c i t y  decreased by oxid iz ing  t h e  
s i d e  chain t o  an amino-aLcohoL such XVIII. 

Pl -0' - CHCOOH 
I 
C2H5 
X I X  

0 
II 

S02NH2 XXI 

C. Miscellaneous Agents - EmeLe and S h a ~ ~ a m a n ~ ~  reported 
t h a t  t h e  ana lges i c  potency i n  Laboratory animals of t he  d i -  
ethylaminoethanol salt  of 2-(4-biphenylyL)-butyric a c i d  (XIX) 
w a s  greater than a c e t y l s a l i c y l i c  a c i d  i n  t h r e e  of fou r  pro- 
cedures used. A series of chromone-2-carboxamides such as XX 
were Less t o x i c  and more a c t i v e  analgesics than a c e t y l s a l i c y -  
Lic a c i d  and amidopy76ne i n  a c e t i c  acid wr i th ing  and heat-  
induced pain i n  mice . A series of para-subs t i tu ted  phenyl- 
ace ton i t r iLes  and phenylacetamides w e r e  a l s o  synthesized and 
t e s t e d  f o r  anaLgesic a c t i v i t y 7 l .  The 2-p-cumenyL-4(d i e t h y l -  
amino)-2-isopropyL-butyronitrile (XXI) and t h e  2 - (p - t e r t -  
butylphenyl) d e r i v a t i v e s  of t h e  n i t r i l e s  w e r e  more a c t i v e  i n  
t h e  mouse hot  pLate t es t  than phenylbutazone. 
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Chapter 5 .  Anorexigenic Agents 

Frank P. Palopol i ,  The Nat ional  Drug Company, Phi lade phia, Pa. 

I n t r o d u c t i o n  - No breakthrough was made i n  the  f i e l d  o f  a o rex igen ic  
agents dur ing  1967. With few'exceptions, research continues t o  be con- 
centrated on amphetamine l i k e  drugs. 

Obesity and weight con t ro l  received considerable but  unfavorable 
p u b l i c i t y  i n  the l ay  press regarding the i nd i sc r im ina te  use o f  the 
so-ca l led ' 'rainbow p i l l s " ;  the use o f  such preparat ions has been 
c r i t i c i z e d . 1  Obesity, however, continues t o  be a problem o f  great 
concern i n  the Uni ted States and i s  considered t o  be a major hea l th  
hazard.2 
the  important r o l e  they p l a y  i n  weight con t ro l  has been made.3 

An assessment o f  how anorex igenic  agents are best  used and 

Mechanism o f  Ac t i on  - The mechanism o f  a c t i o n  o f  anorex igenic  agents 
has not been p r e c i s e l y  demonstrated, although s u f f i c i e n t  evidence has 
accumulated t o  f i x  the probable locus of t h e i r  suppressant a c t i o n  on 
the  l a t e r a l  nuc le i  o r  feeding center o f  the hypothalamus. I n  support 
o f  e a r l i e r  observations w i t h  s t e r e o t a x i c a l l y  induced les ions  i n  the  
hypothalamus o f  the rat,4 i t  was found t h a t  go ld- th iog lucose obese 
mice a re  not r e f r a c t o r y  t o  the anorex igenic  e f f e c t  o f  amphetamine and 
the re fo re  not dependent on a ventromedial i n h i b i t o r y  system suggesting 
t h a t  the l a t e r a l  hypothalamic feeding center  i s  invo lved i n  the anorexi- 
genic e f f e c t s  o f  amphetamine.5 I n h i b i t i o n  o f  go ld- th iog lucose induced 
o b e s i t y  by the glucose i n h i b i t o r  2-deoxy-D-glucose or i t s  amino 
analogue led  t o  the conclus ion tha t  these i n h i b i t o r s  i n t e r a c t  w i t h  
c e l l s  i n  the  " s a t i e t y  center"; hypothalamic ce l  Is possess a h igh  
a f f i n i t y  f o r  the i n h i b i t o r s  since an aphagic response was not obta ined 
w i t h  s te reo tax i ca l  ly induced les ions i n  mice.6 

A dose-dependent increase, i n  e l e c t r i c a l  s t imu la t i on  o f  t he  
l a t e r a l  hypothalamus, necessary t o  e l i c i t  e a t i n g  i n  food-sat ia ted 
rats, was c l e a r l y  shown f o r  amphetamine, phenmetrazine (111), metham- 
phetamine (IVa), chlorphentermine (VIa) and d ie thy lp rop ion  ( V I I )  . 
The du ra t i on  o f  e f f e c t  a l so  tended t o  be dose-dependent f o r  the  
tes ted  drugs except amphetamine and methamphetami ne .7 

A ser ies o f  anorex igenic  agents i n j e c t e d  i .p. i n t o  r a t s  16 hrs .  
before s a c r i f i c i n g  decreased hypothalamic sero ton in  l eve l s .  One o f  
these,fenf luramine (I), protec ted  mice against  d ia r rhea and w r i t h i n g  
induced by L-5-hydroxytryptophan. p-Chlorophenylalanine, a s p e c i f i c  
b r a i n  sero ton in  depletor  had no e f f e c t  on food consumption i n  normal 
r a t s  and d i d  not  change the  anorexigenic response o f  these animals t o  
drugs. The sero ton in  dep le t i ng  p roper t i es  o f  these phenylalkylamines 
are e v i d e n t l y  no t  invo lved i n  the mechanism o f  t h e i r  anorex igenic  
ac t  ion  .8 
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Phenalkvlamine Der iva t ives  - An examination o f  the recent c l i n i c a l  ex- 
periences w i t h  fenf luramine (I) indicates i t  to be an e f f e c t i v e  anorexi- 
genic agent w i thout  cardiovascular and st imulant effects.9,lO 
fa i l u re ,  a t  therapeut ic  doses, t o  in f luence the " c r i t i c a l  f l i c k e r  
frequency'' co r re la tes  w e l l  w i t h  the  c l i n i c a l  observat ion o f  lack o f  
cen t ra l  st imulat ion.11 
of c o r t i c a l  waves and abol ishment o f  c o r t i c a l  af ter-discharge were 
observed i n  cats.12 

I t s  

A sedat ive component i s  suggested since slowing 

CH 2YHNHC2H5 o C H 2 ; H N H  (CH2) 3C1 

CF3 C" 3 CH3 H 

The computer technique o f  power spectrum ana lys is  was used t o  
analyze frequency changes induced by d-amphetamine and mefenorex (11) 
[Ro4-5282] i n  the EEG o f  the  ca t .  Un l i ke  amphetamine, mefenorex d i d  
no t  antagonize the  EEG depressant e f f e c t s  o f  sodium pentobarb i ta l  i n  
anesthetized cats, suggesting tha t  mefenorex i s  less s t imu la t i ng  than 
amphetamine.13 
i n  add i t i on  t o  the usual s ide effects. l4,15 

However, recent c l i n i c a l  studies report  CNS s t imu la t i on  

Several new de r i va t i ves  o f  methamphetamine have been reported t o  
be e f f e c t i v e  anorexigenic agents. An a l k y l  d e r i v a t i v e  (IVb) i s  re- 
por ted  t o  have an anorexigenic e f f e c t  almost completely d issoc ia ted  
from the cardiovascular a c t i v i t y  o f  i t s  precursor.16 
d e r i v a t i v e  (V) [ fu r fenorex ]  i s  reported t o  be e f f e c t i v e  i n  man,1? and 
i s  c u r r e n t l y  being marketed i n  France. 
i t  t o  have sympathomimetic e f f e c t s  i n  both r a t s  and dogs. 

A N- fu r fu r  1 

I t s  pharmacologyl8 ind ica tes  

b R = n-C5H11 

The N-ethylcarbamate o f  chlorphentermine (VIa) (VIb, c loforex) con- 
t i nues  t o  receive a t t e n t i o n  and i s  reported t o  be an e f f e c t i v e  anorexi- 
genic wi thout CNS s t imu la t i on  i n  both adul ts19 and chi ldren.20 
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C l o C H 2 - C - N H R  I ’  
I 
CH3 

( V I )  

Palopoli 49 - 

a R = H  

b R = COOC2Hg 

Two diethylpropion analogues ( V I I I )  and ( I X )  have been described. 
The thiophene de r i va t i ve  ( V I I I )  and re la ted amino modif icat ions were 
claimed t o  have anorexigenic a c t i v i t y  comparable t o  amphetamine w i t h  
much less CNS stimulation.21 
[SKF-70948, FWH-4943 was reported t o  be o n e - f i f t h  as potent as d ie thy l -  
propion i n  decreasing food intake i n  dogs; i t  produced less motor 
s t imulat ion i n  the mouse than d-amphetamine, reversed and prevented 
reserpine induced depression. 
blood pressure response was observed.22 
d a i l y  doses o f  75-150 mg, revealed e f f e c t s  s im i la r  t o  those obtained 
w i t h  diethylpropion.23 A c l i n i c a l  study designed t o  demonstrate the 
e f f e c t  o f  continuous versus i n te rm i t ten t  administrat ion o f  d ie thy l -  
propion was shown t o  favor continuous administrat ion.24 

acyl imino der ivat ive (x) was re- 
ported t o  have one-half the 
anorexigenic a c t i v i t y  o f  phen- 
metrazine i n  the rat, and equi- 
potent i n  the dog t o  phenmetra- 
z i ne. 25 

A chloro-subst i tuted de r i va t i ve  (Ix) 

I n  the anesthetized cat, a biphasic 
A c l i n i c a l  t r i a l  o f  ( IX),  a t  

A re la ted 

U C - C H - N  1 I (C2H5) 2 

0 CH3 
( V I I I )  

C I O C - C H N H C ~ H I  I l l  

0 CH3 

Recent studies w i t h  2-amino-5-pheny1-2-oxazol ine ( X I )  [aminorex] 
have shown i t  t o  be an e f f e c t i v e  anorexigenic agent w i t h  no s i g n i f i c a n t  
di f ference i n  the i n c i d  nce or degree o f  side e f f e c t s  observed w i th  
marketed agents. 26,27,28 
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X I ,  

X I I ,  Y = 0, R 1  = H, R2 = cyc lopropy l  

X I I I ,  Y = 0, R 1  = CH3, R2 = cyc lopropy l  

Y = 2H, R1R2 = H, aminorex 

The s t r u c t u r a l  l y  s i m i  l a r  2-cyclopropylamino-~-phenyl-2-oxazol ine- 
4-one ( X I I )  [LD-36951 i s  a l s o  repor ted t o  be an a c t i v e  anorexigen w i t h  
less acute t o x i c i t y  than d-amphetamine.29 
not  due t o  MA0 i n h i b i t i o n  and i t  had no e f f e c t  on catechol-o-methyl 
t ransferase.  The N-methyl d e r i v a t i v e  ( X I I I )  [LD-42021 i s  repor ted t o  
be equi-anorexigenic and less  s t i m u l a t i n g  than ( X I )  .30 

I t s  CNS e f f e c t s  are repor ted ly  

Non-Phenethylamine Der i va t i ves  - The search f o r  compounds which bear 
no s t r u c t u r a l  r e l a t i o n s h i p  t o  phenethylamines and have anorec t i c  pro- 
p e r t i e s  continues. 
o n l y  weak sympathomimetic a c t i v i t y  i n  i s o l a t e d  ca t  a t r i a  and rabb i t  
a o r t i c  s t r i p s ;  however, t he  compound apparent ly  does a l t e r  adrenergic 
receptor  mechanisms, s ince the ac t i ons  o f  substances such as nore- 
pinephrine, d-amphetamine, phenoxybentamine, and irnipramine were pro- 
found ly  in f luenced by Wy-5244.31 The synthes is  o f  (XIV) and re la ted  
compounds has been described .32 

Current s tud ies  on Wy-5244 ( X I V )  show i t  t o  possess 

~ C H 2 C H $ 3 i 2 0 N H C  \ N H ~  'NH e N H S O 3 H  

(XV) 

3- (Pheny 1 p ropoxy) guan i d  i ne cyc 1 ohexane su 1 - 
famate (XV) [U-16,178F] e f f e c t i v e l y  reduced 

was one-tenth as potent  as d-amphetamine i n  

d-amphetamine i t  had no t ryptamine potent -  

c 1  food consumption i n  dogs, r a t s  and mice. It 

( X I V )  dep le t i ng  b r a i n  catecholamine leve ls .  Un l i ke  

i a t  i ng  a c t i v i t y  and much less a n t i  reserp ine ac t  i v i  t y . 3 3  
de r i vat  i ve, (N-p i pe r i d  i nome t hy 1) -5-couma r y  1 am i de ( X V I )  [ L-4035 ] has 
been repor ted t o  be comparable t o  phenmetrarine i n  a c t i v i t y . 3 4  

A benzofuran 

c1 
( X V I )  

(XVII) 
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N- (pcyc lopen t  y 1-m-ch lorobenzy 1) -N I -methyl p i pe raz i ne ( X V I I )  was shown 
t o  reduce food consumption i n  r a t s  by 44% and caused a 19% weight loss. 
The compound was devoid o f  CNS e f fec ts .35  

Miscellaneous - Combination therapy continues t o  be o f  i n t e r e s t  and 
recent s tud ies  o f  anorexigenic agents w i t h  a sedative,36 t ranqu i  1 izer,37 
and a laxative,38 have been reported. 
no t  appear t o  o f f e r  d i s t i n c t  advantages over the  use o f  anorexigens 
alone. 
and t h y r o i d  analoguesM,41r42 on weight reduct ion. 
the  e f f e c t s  of anorex igenic  agents on o the r  metabol ic  f a c t o r s  such as 
oxygen consumption,43 and plasma insu l  i n 4  have appeared. 

Some o f  these combinations d i d  

C l i n i c a l  s tud ies  have been repor ted on the  e f f e c t s  o f  anabolic39 
Fur ther  repor ts  on 

Methods f o r  t he  detect ion,  i d e n t i f i c a t i o n  and es t ima t ion  o f  
syrnpathomimetic amines and t h e i  r metabol i tes  i n  human u r ine  by GLC 
and TLC have been advanced.45,46 The procedures of Beckett45 lend 
themselves t o  the  ana lys i s  o f  a wide v a r i e t y  o f  bas ic  drugs and t h e i r  
metabol i t e s .  Several simple and re1 i a b l e  labora tory  procedures have 
been employed t o  t e s t  the  a b i l i t y  o f  anorex igenic  o r  p o t e n t i a l l y  
anorex igenic  agents t o  produce cen t ra l  s t i m u l a t i o n  i n  animals; these 
r e s u l t s  c o r r e l a t e  w e l l  w i t h  c l i n i c a l  experience.47 
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Section I1 - Pharmacodynamic Agents 
Editor: Barry Bloom, Chas. Pfizer & Co., Inc., Groton, Conn. 

Chapter 6. Antihypertensive Agents 

John G. Topliss, Schering Corporation, Bloomfield, N. J. 

Catapresan@ - Additional papers have appeared in the clinical 
literature during 1967 on this new antihypertensive agent, but 

- 7  opments concerning mechanietic aspects of 
little came forth in the way of new devel- 

its action. 
- 

i' N-1 

In one study in rats, evidence was 
obtained that at least part f the hypo- 
tensive action of Catsoresan6 (I) is due 
to a-adrenergic b1ockade.l The infusion 

HC1 of low doses ( 0 . 2 5  - 2.0 Pg/kg) into the 
cerebral artery of anesthetized cats re- 

- -  
I 

sulted in a considerable, dose-dependent decrease in blood 
pressure which developed suddenly,towards the end of the in- 
fusion. The same low doses, when given intravenously, had 
little effect on blood pressure. These results were viewed 
88 consistent with a central mechanism of action of the drug. 2 

An investigation in 21 patients3 produced overall results 
similar to those obtained previously by other investigators. 
Wkth a daily dose of about 5007, there was an effective fall in 
systolic and diastolic blood pressure. Only a slight effect on 
orthostatic blood pressure was observed, and there was some 
slowing of the pulse rate. Sedation and dryness of the mouth 
were noted but were much reduced as the treatment progressed. 
The urinary excretion o f  vanilmandelic acid, the main metabolite 
of catecholamines, was significantly reduced on the second day 
of drug administration,as compared to controls. This could have 
been due to interference with either the synthesis or the secre- 
tion of catecholamines. The authors spggested that this obser- 
vation, coupled with the initial sedative effect and the dis- 
turbed sleep of some patients, may indicate a central effect. 
Another trial was conducted with 25 hypertensive patients over 
several weeks where the desired lowering of blood pressure was 
attained on the fourth day of treatment. Side effects were not 
troublesome.: Renal hypertension may even respond to easur- 
able degree. Parenteral adminietration of' Catapreea w eaems 
to be eJfective and reliable in the treatment of hyperteneive 
crises. When combined with a thiazide for chronic administra- 

4 
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tion, the antihypertensive effect i s  equivalent to thiazide plus 
a-methyldopa.' 
schizophrenic patients, no antipsychotic activity was observed.' 

Guanethidine Analogs - In a series of 25 derivatives of benzyl- 
guanidine, the most active compounds were p-trifluoromethyl- 

In a clinical pharmacologic trial with 12 chronic 

benzylguanidine sulfate (11, R = H) 
and its a-methyl analog (11, R = CH3). 

NH Oral doses of 30 mg/kg of the former 
I I  initially increased, but subsequently 

decreased, blood pressure in both re- 
nal and neurogenic hypertensive dogs. 
Blood pressure was reduced for at 

I1 *1/2H~S04 least 50  hr, and the more marked re- 
duction was observed with neurogenic 
hypertensive dogs. In the case of 

pNHcNH2 
R 

I1 (R = CH3), doses of 10, 5 and 2.5 mg/kg were employed, and 
a good dose-response relationship was apparent. 
neurogenic dogs exhibited a better response than did the renallo 
dogs. This compound was notable f o r  its lack of side effects. 

Again,the 

Results of a study of 70 hypertensive patients treated 
with bethanidine for periods ranging from six months to two 
years have been reported. Satisfactory control of blood pres- 
sure was obtained in about three-quarters of the group, and 
side effects, apart fxpm postural hypotension (38$ of the 
patients), were rare. 

Liver-function test abnormalities have been noted among 
patients treated with guanoxan.12 

The progress of 224 hypertensive patients treated with 
guanethidine for one to five and one-half years has been 
assessed .I3 

a-Meth 1 Do a a+ Related Compounds - It has been shown 
sive effect in immuno-sympathectomized rats made hypertensive 
by metacorticoid treatment. This observation was considered 
to be inconsistent with the hypothesis of Day and Rand that a- 
methyldopa produces its antihypertensive effect by substituting 
a less active "false transmitter substance" for noradrenaline 
in the sympathetic nervous system. However, the latter authors 
have presented arguments to suggest that despite these findings 
the false transmitter hypothesis explainfgg the antihypertensive 
effect of a-methyldopa is still tenable. 

by Varma -&- that a-methyldopa produces its usual antihyperten- 

The proposal that a central effect might be the cause of 
the decrease of peripheral resistance brought about by a- 
methyldopa is supported by evidence that a central$% mediated 
hypotensive effect may be demonstrated in the cat. 
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A number of observations have been made on the occcrrence 
of positive Coombs tests and hemolytic anemia in patients re- 
ceiving a-methyldopa.17-20 In this connection, the nature of 
the a-methyldopa red-cell antibody has been investigated .20 

The antihypertensive2fffects of a-methylated catecholamine 
analogs have been studied. In renal hypertensive rats, pro- 
longed treatment with a-methyldopa, a-methyl-m-tyrosine, a-meth- 
yltyrosine or metaraminol produces dose-dependent decreases in 
blood pressure and dose-dependent depletion of myocardial cate- 
cholamines. The same order of relative activities was found in 
regard to noradrenaline depletion and antihypertensive effect, 
but there was no relationship between the degree of catechol- 
amine depletion and the intensity of the hypotensive effect. 

PeDtides - A new series of peptides related to eledoisin, com- 
prising acyl derivatives of 111, has been synthesized,with the 
object of obtaining long-acting hypotensive drugs. Some of 

these compounds, in particular 
the butyryl and valeryl deriva- 

duration of action than eledoi- 

R 
I 

H-Lys-Phe-Ile-Gly-Leu-Met-NH2 tives, had a significantly longer 

I11 sin .22 

Both natural23 and synthetic2* forms of the decapeptide 
caerulein (IV) have been shown to lower blood pressure in the 
dog, rabbit, and in man. In the cat, the action of this sub- 
stance is erratic and less intense, and in the rat it generally 

H-Pyr-Gln-Asp-Tyr(SO3H)-Thr-Gly-Trp-Met-Asp-Phe-NH~ IV 

causes a hypertensive or biphasic response. The duration of 
action, after i.v. injection in the dog, is considerably longer 
than for bradykinin or physalaemin. The threshold i.v. dose 
ranges between 0.01 and 0.1 pg/kg. 25 

9 
Lys -bradykinin (V) is more potent than bradykinin in 

lowering the mean systemic arterial blood pressure of the 
guinea pig, but less potent in other laboratory animals. 

LYE:' Kallidin (VI) is about as active as Kallidin in this regard. 

H-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-Lys-OH V 
1 2 3 4 5 6 7 8 9  

H-Lys -Arg-Pro-Pro-Gly-Phe-Ser-Pro- Phe-Lys -OH VI 
1 2  3 4 5 6 7 8 9 1 0  

6-Glycine-8-phenyllactic acid bradykinin (VII) has been 
synthesized and its biological activity studied. The vaso- 
depressive effects in the rat and rabbit and the effects on 
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isolated rat uterus and capillary permeability in rabbit skin 
were respectively 4, 2, 0.5 and 0.04 times the potency of 
bradykinin. In the rat, three phases of action were observed: 
primary hypotension, Dartial restoration of the arterial blood 

H-Arg- Pro- Pro-Gly-Phe-Gly-Pro-PhLac-Arg-OH VI I 
1 2 3 4 5 6 7  8 S 

gressure level, and second3Ty hypotension. Antibradykinin 
activity was not observed. 

Diazoxide - A n a  vitro pharmacodynamic study was de- 
signed to specify the t y p m  of inhibition involved in the 
vascular action of diazoxide. The results indicate that diaz- 
oxide competes with barium for a soecific receptor site in the 
Vascular smooth muscle of the rat aorta. The location of this 
receptor is apparently closer to the process of muscle con- 
traction than the a-adrenergic receptor, and may be a site 
normally activated by calcium. The specific competitive in- 
hibition of barium-stimulated vasoconstriction by diazoxide 
may help to explain the mechanism by which diazoxide, arid 
possibly other benzothiadiazine antihypertensive agents, re- 
duce blood pressure. 28 

From measurements of blood diazoxide levels in six adult 
human males at various times after i.v. drug administration, 
the half-life2gf diazoxide in blood was determined as 
28 .o? 8 . 3  hr. 

Preliminary studies have indicated that a combination of 
diazoxide and furosemide may be of value in the treatment of 
the hypertensive uremic patient. 30 

Diuretics - The antihypertensive properties of single 
doses of furosemide were evaluated in 113 patients and it was 
found that doses over 120 mg consistently produced a fall in 
arterial pressure, whereas smaller doses did not. The anti- 
hypertensive effect of high doses of furosemide did not seem 
to be related $9 the diuretic effect or to the decrease in 
plasma volume. 

Other Antihypertensive Agents - 7-Azaindole-3-acetamidox- 
ime (71III)and indole-1-acetamidoxime (IX) exhibited antih Der- 
tensive properties in the renal hypertensive rat and dog. 
The EDs0 values for reduction of blood pressure to normotensive 
levels following oral administration to hypertensive rats were 
14.2-k 3 . 1  and 18.2t4.5 mg/kg for V I I I  and IX respectively. 
Oral administration of either V I I I  or IX, once daily, to the 
hypertensive dog,produced gradual, sustained lowering of blood 
pressure without side effects. The maximum lowering of blood 
pressure occurred at three days. Neither compound lowered the 

3%; 33 
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blood pressure of the normotensive rat or dog. Additional 
studies suggest that the antihypertensive activity of VIII 
may be due to catecholamine release and depletion without 
the bretylium-like component of action seen with guanethidine. 
Some aspects of the effect of IX suggest catecholamine release 
and a-adrenergic blocking activity, but these properties do not 
appear sufficient to account for the antihypertensive pattern 
of action seen in the hypertensive dog. 

The antihypertensive properties of 1-(5-methyl-l-phenyl- 
4-pyrazolyl)-~-~4-(~-tolyl)-piperazinyl]-l-~ropanone hydro- 
chloride (XI) have been studied in animals. It produced a 

prolonged fall of blood 
pressure when administered 
i.v. or i.p. to anesthe- 
tized cats and dogs and 
lowered the blood pressure 
of renal hypertensive rats 
to normotensive levels. 
The compound did not show 
any ganglionic blocking 
activity or marked inter- 
ference with the trans- 

I .HC 1 
C 6 H f  

X 

mission of impulses in the cervical sympathetic chain. A 
significant depletion of catecholamines occurred from rat 
heart and brain, and the compound was also shown to interfere 
with the uptake of noradrenaline by the rat heart. In addi- 
tion, it produced marked peripheral vasodilation, possibly 
by acting on adrenergic @-receptors or by sensitizing these 
receptors to the action of adrenaline. 

pyridinium chloride (XI) have suggested&h32 the compound 
may be a useful antihypertensive agent. ' The compound 

Pharmacological investigations of 1-amino-bphenyl- 

depletes peripheral but not central 
stores of noradrenaline in the mouse 
and rat. The effects on the blood 

C s H 5  a,,, cl0 pressure of anesthetized animals are 
similar to those produced by guan- 
ethidine. However, in contrast to 

adrenergic blockade. Daily oral 
XI the latter compoundsit does not cause 
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administration of XI in doses of 5 mg/kg to renal hypertensive 
dogs caused a pressor response on the first day (not seen if 
smaller initial doses were used), but on the second and third 
days there was a gradual reduction in the mean arterial blood 
pressure of 30 - 40 mm. mercury. The antihypertensive action 
of the compound is probably related to its action on stores of 
catecholamine in sympathetic nerve endings. 

A number of alkyl-substituted, mesoionic\J-oxatriazoles 
0 (XII) were found to produce, in anesthe- 

tized dogs, a rapid, deep, and sustained 
hypotension with no observable side ef- 
fects .sf The potency followed a reverse 
order of mesomeric contribution of the 
alkyl substituents. Molecular orbital 

R-PU' /N-c-c-o 8 I 
k-0 
XI1 

calculations indicated a large positive character on NJ, which, 
when compared with the corresponding 3-alkylsydnone and 4- 
acylsydnone nitrogen atom, seems to correlate with hypotensive 
potency. 

Some 3-hydrazino-1,2-benzisothiazole 1,l-dioxides ( X I I I )  
and various related hydrazones, carbamides, sulfamides, pyra- 
zoles and pyrazolines have been synthesized and their hypo- 
tensive activities evaluated orally in the Goldblatt rat 
preparati~n.'~'~~ A large number of these had better than 

NHN=CHC=CHCH~ 
I 

XI11 x IV CH3 

minimal activity, with some showing'a pronounced blood pres- 
sure lowering effect. One member of the series, 3-[2-(2-methyl- 
2-butylidene)hydrazino]-l,2-benzisothiazole 1,l-dioxide (XIV), 
has undergone extensive pharmacological studies, which indicate 
that it probably has a mechanism of action other than blockade 
of the central or peripheral nervous systems. 

The quinoline derivatives XV - XVII were found to ex- 
hibit marked hypotensive activity in anesthetized rats and 
dogs, apparently by mechanisms involving a-adrenergic blockade 
and direct musculotropic depression. In addition, it appears 
that XV and XVI lower blood pressure v i a  a central mechanism. 
Based on data obtained in the anesthetized rat, XVI was the 
most potent of the three compounds." 



Chap. 6 Antihypertensive s Topli s s 59 

R I XV; R = - N = C H - C e H s (  3 ,  bdiMe0) cH3m XVI; R = N H 2  

C H 3  XVII; R = OH 

2,6-Diamino-4-[2-(dimethylamino)ethoxy]pyrimidine (XVIII) 
produced a hypotensive response in 
anesthetized dogs, cats and rabbits, 
and in unanesthetized neurogenic 
hypertensive, renal hypertensive, 
and normotensive dogs. The lowered 
blood pressure was ascribed to di- 
rect smooth muscle relaxation as 
evidenced by a fall in peripheral 
resistance in the perfused dog hind 
limb and by relaxation of isolated 
vascular smooth muscle. This action 

oCH2CH2N( CH3)2  

H 2 N  GH2 
XVIII 

is unrelated to occu ation or blockade of adrenergic or other 
types of receptors. 4!2 

Guancydine, 1-cyano-3-4-amylguanidine (XIX), exerted a 
hypotensive effect in renal hyper- 

hypertensive or normotensive dogs, 
Repeated oral doses of 20 mg/kg 
over a 12 day period to metacorti- 
coid hypertensive rats brought about 
a reduction in both blood pressure 

x IX and cardiac hypertrophy. The hypo- 
tensive effect occurred by a mecha- 

nism other than a or 8-adrenergic blockade, adrenergic neurone 
blockade, ganglionic blockade or histamine liberation.43 Oral 
doses of guancydine in rats were found to Xsduce the pressor 
response to i.v. administered angiotensin. 

C H 3 N H  tensive dogs, but not in neurogenic 
I II 

I 
C H 3  

C H 3 C H z C N H C N H C N  

General - A double-blind study was conducted in which 40 
patients with moderate or severe hypertension were treated 
with a-methyldopa, guanethidine, guanoxan and guanoclor. The 
last named drug had to be excluded from the trial because of 
severe side effects occurring after its administration. The 
results indicated that, where a satisfactory response is not 
obtained with diuretic therapy, the drug of choice to be added 
is a-methyldopa. When the latter does not have the desired 
effect, a sympatholytic agent is then given, and for this pur- 
pose the results showed that guanoxan has an advantage over 
gutmethidine. 45 
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A study was conducted on the possible resetting of 
"barostats" in hypertensive patients, which suggests that in 
some patients the barostat may, in fact, be reset. It was 
further apparent that the initial level of pressure and extent 
of vascular complications are more important factors than the 
duration of high blood pressure in determining which patients 
fall into this group.*' 
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Chapter 7.  D i u r e t i c  Agents 

Hans-Jurgen Hess, Chas. P f i z e r  €, Co., Inc .  Groton, Connecticut 

Although new types of d i u r e t i c s  have con t r ibu ted  g r e a t l y  t o  the  pro- 
g re s s  of r e n a l  physiology i n  r ecen t  y e a r s ,  t h e  biochemical mechanisms un- 
der ly ing  t h e  d i u r e t i c - s a l u r e t i c  a c t i o n s  of t h e s e  agents  are no t  y e t  w e l l  
understood. However, t h e  r ap id ly  inc reas ing  understanding of hozlnonal 
mechanism which c o n t r o l  metabol ic  pathways involved i n  ion  t r a n s p o r t  and 
w a t e r  permeabi l i ty  through e p i t h e l i a l  s t r u c t u r e s ,  i nc lud ing  those  of t h e  
kidney,  promises s i g n i f i c a n t  mechanis t i c  progress  i n  t h e  fu tu re .  Recent 
biochemical  s t u d i e s  r e l a t e d  t o  the  mechanism of a c t i o n  of t hese  drugs are 
s u m a r i z e d  i n  t h i s  r e p o r t ,  a long wi th  t h e  major chemical,  pharmacological 
and c l i n i c a l  developments publ ished i n  t h e  f i e l d  of  d i u r e t i c s  during t h e  
p a s t  year .  

Reviews - Current  views on t h e  concepts  of d i u r e t i c  therapy, '  t he  pharna- 
cology of t h e  e s t a b l i s h e d  d i u r e t i c  drugs , 2  t h e  r e p l a t i o n  of r ena l  water 
m e t a b ~ l i s m , ~  and t h e  e f f e c t s  and c l i n i c a l  s i g n i f i c a n c e  of e l e c t r o l y t e  
d is turbances  on r e n a l  func t ion4  were d iscussed  i n  informat ive  summaries 
publ ished i n  1967. 

The d i u r e t i c  a c t i v i t y  a i d  pharmacological p r o p e r t i e s  of t h e  o rgan ic  
mercur ia l s  and of e t h a c r y n i c  a c i d  and furosemide are a l ready  well-documen- 
ted .  Discussion of t h e s e  agents  w i l l  be confined t o  recent  s t u d i e s  pe r t a in -  
i n g  t o  t h e i r  biochemical mechanisms of a c t i o n .  

Organic Hercuria& - The high Na 
(ATPase) a c t i v i t y  occurr ing  i n  membrane f r a c t i o n s  of r e n a l  t i s s u e ,  and 
t h e  a b i l i t y  of o rgan ic  mercu r i a l s  to i n h i b i t  r e n a l  ATPase i n  v i t r o  and in 
=, have l e d  t o  sugges t ions  t h a t  t h i s  may be the  b a s i s  f o r  t h e i r  d i u r e t i c  
a ~ t i o n . ~ , ~  Support ing t h i s  hypothes is  is t h e  recent  ohserva t ion  t h a t  t h e  
e f f e c t s  of ouabain,  an e s t a b l i s h e d  ATPase i n h i b i t o r  known t o  i n 5 i b i t  n e t  
sodium reabso rp t ion  when i n j e c t e d  i n t o  the  r e n a l  a r t e r y  of t he  dog, are 
diminished o r  decreased i n  animals p r e t r e a t e d  wi th  t h e  d i u r e t i c s  mercopto- 
merin o r  ~ h l o r m e r o d r i n . ~  I n h i b i t i o n  of ATPase by t h e s e  agents  appears  t o  
be t h e  r e s u l t  of non-competit ive blockade of i t s  K+ binding s i t e ,  i n  con- 
trast t o  i n h i b i t i o n  by ouabain,  which is reversed by K+. 
of t h i s  and o t h e r  p o s i t i v e  evidence,  no t  a l l  d a t a  are c o n s i s t e n t  wi th  t h e  
above concept.  The con t r ad ic to ry  observa t ions  nave been smmar ized  and i n  
p a r t  r a t i o n a l i z e d  by Nechay e t  a1.7y who conclude t h a t  t h e  mechanism of 
a c t i o n  of t h e  o rgan ic  mercur ia l s  is n o t  y e t  c l e a r l y  e s t ab l i shed .  

+ K+-activated adenosine t r i phospha ta se  

However, i n  s p i t e  

Ethacrynic  Acid_  - A q u a n t i t a t i v e  c o r r e l a t i o n  between i n h i b i t i o n  of guinea 
p ig  Xa+,  i(+-activated membrane ATPase  i n  v i t r o  and t h e  phamaco log ica l  
e f f e c t s  of e thac ryn ic  a c i d  i n  t h e  dog has  been e s t a b l i s h e d  by Duggan and 24011. 
The i r  observa t ion  t h a t  rat membrane f r a c t i o n s  are i n s e n s i t i v e  t o  i n h i b i t i o n  
unless  p r e t r e a t e d  wi th  a de te rgen t  f o r  t he  removal of endogenous c a t i o n s ,  
seems t o  e x p l a i n  why e thac ryn ic  ac id  is no t  d i u r e t i c  i n  t h e  rat.' 
f i nd ing  t h a t  ouabain f a i l s  t o  i n c r e a s e  sodium exc re t ion  t o  t h e  usua l  e x t e n t  

8 

The 
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i n  dogs p r e t r e a t e d  wi th  e thac ryn ic  ac id  is a l s o  c o n s i s t e n t  w i th  the  assump- 
t i o n  of a causa l  r e l a t i o n s h i p  between ATPase i n h i b i t i o n  and d i u r e t i c  
a ~ t i o n . ~  However i n  view of a number of r e p o r t s  t h a t  c o n f l i c t  w i th  t h i s  
i n t e r p r e t a t i ~ n , ~ , ~ , ~ ~  t h e  mechanism of a c t i o n  of e thac ryn ic  ac id  r e q u i r e s  
f u r t h e r  s tudy .  I t  would be of interest ,  f o r  example, t o  know what e f f e c t s  
e thac ryn ic  ac id  has  on su l fhydry l -conta in ing  enzyme systems,  o t h e r  than 
ATPase,  &n vivo.  

--- Furosemide - Furosemide, which is n a t r i u r e t i c  and d i u r e t i c  i n  t h e  r a t ,  
i n h i b i t s  kidney membrane ATPase i n  t h a t  spec ie s  .lo 
c i r c u i t  cu r ren t  and p o t e n t i a l  d i f f e r e n c e  i n  t h e  toad b ladder : l l  t h e s e  

It decreases  sho r t -  

e f f e c t s  are reversed by vasopress in .  

0 0  

Ex 4847 

The f a i l u r e  of Ex 4847, a compet i t ive  
an tagon i s t  of t h e  d i u r e t i c  
a c t i o n  of hydrochlorothia-  
z i d e ,  t o  reduce t h e  d i u r e t i c  
response of furosemide sug- 
ges ts t h a t  hydrochlorothia-  
z ide  and furosemide d i f f e r  
i n  mechanism of a c t i o n . l 2  
This  i n t e r p r e t a t i o n  is 
supported by t h e  observa- 
t i o n  t h a t  n a t r i u r e s i s  i n  
potassium-deficient  rats i s  
increased  wi th  furosemide, 
bu t  decreased wi th  hvdro- 

13 ch lo ro th i az ide .  Intravenous admin i s t r a t ion  of furosemide t o  rats r e s u l t s  
i n  a decrease i n  the  r e n a l  concent ra t ion  of reduced g l u t a t h i o n e ,  which 
appears i nve r se ly  r e l a t e d  t o  drug blood l e v e l s  and degree of sodium 
s a l u r e s i s ,  sugges t ing  t h a t  furosemide i n h i b i t s  g l u t a t h i o n e  reductase .  
Since a decrease  i n  i n t r a c e l l u l a r  l e v e l s  of reduced g l u t a t h i o n e  i n  i s o l a t e d  
bovine l e n s  is accompanied by i n h i b i t i o n  of i o n  t r a n s p o r t .  t h e  decrease  of 
reduced g lu t a th ione  i n  t h e  kidney may a l s o  be r e l a t e d  t o  i n h i b i t i o n  of i on  
t r anspor t  and, hence, r e l evan t  t o  t h e  mechanism of  a c t i o n  of f u r o ~ e r n i d e . ~ ~ ~ ~ ~  

- Mefruside ---- - Pharmacological 
( I ) ,  a new, c l i n i c a l l y  u s e f u l  sulfonamide d i u r e t i c ,  b r i e f l y  mentioned i n  
t h e  previous review, have been repor ted .  Mefruside belongs t o  t h e  class of 
benzene-1,3-disulfonamides of t h e  chlorphenamide type ,  which has  thus  f a r  
received r e l a t i v e l y  l i t t l e  a t t e n t i o n .  It d i f f e r s  from chlorphenamide, 
however, i n  t h a t  i t  does not  i nc rease  b icarbonate  exc re t ion  a t  t h e r a p e u t i c  
doses ,  bu t  predominantly promotes t h e  exc re t ion  of water and sodium accom- 
panied by ch lo r ide .  

1 4  

and metabolism 18920 s t u d i e s  of mefruside 

The d i u r e t i c  a c t i o n  of mefruside i s  be l ieved  t o  be mediated by t h e  
l ac tone  (11) (o r  i ts corresponding hydroxycarboxvlic a c i d ) ,  which has  been 
i s o l a t e d  as the  major me tabo l i t e  from rat ,  dog and man. 

S t r u c t u r e - a c t i v i t y  rela- 
t i o n s h i p  s t u d i e s  r e v e a l  t h a t  
compounds i n  which t h e  tetra- 
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poten t  as mefruside i n  rats. I n t e r e s t i n g l y ,  t he  (-1 enantiomers of mefru- 
s i d e  and its l ac tone  are severa l - fo ld  more potent  than the  (+) antipodes.17 

- 

Like furosemide, mefruside does not  a f f e c t  glomerular f i l t r a t i o n  rate. 
I n h i b i t i o n  of sodium and water reabsorpt ion appears t o  be confined t o  t h e  
loop of Henle, as is the  case wi th  hydrochlorothiazide.16,21 The drug 
lowers t h e  blood pressure  of Grollman rats i n  a dose-dependent fash ion ,  and 
appears t o  have an t ihyper tens ive  p rope r t i e s  i n  man. The c l i n i c a l  dose 
range as a d i u r e t i c  is  0.08 t o  1.2 mg/kg.19 
though d i f f e r i n g  i n  c e r t a i n  pharmacological d e t a i l s ,  is r e l a t e d  i n  i ts  
p r o f i l e  of d i u r e t i c  a c t i v i t y  t o  agents  l i k e  hydrochlorothiazide and chlor- 
thal idone.  

It  seems t h a t  mefruside, al- 

Pyrazines and Pyrimidines - The a t r i u r e t i c  and potassium-conserving 
e f f e c t s  o f 2 p i l o r i d e  ( C o l e c t r i l  @f i n  rats and dogs have now been descr ibed 
i n  d e t a i l .  The drug moderately inc reases  sodium e l imina t ion ,  accompanied 
by bicarbonate  and t o  a lesser ex ten t  ch lo r ide ,  and decreases  potassium 
excre t ion ;  water d i u r e s i s  is not  pronounced. Amiloride is excre ted  un- 
changed by rat, dog and man. It inc reases  t h e  p o t e n t i a l  d i f f e rence  and the  
s h o r t  c i r c u i t  cu r ren t  of t he  i s o l a t e d  v e n t r a l  s k i n  of t he  frog and reverses 
t h e  e f f e c t s  of vasopressin i n  t h i s  p r e p a r a t i 0 n . ~ 3  
macological r e spec t s ,  i t  resembles triamterene. 

I n  t h i s  and o t h e r  phar- 

The e l e c t r o l y t e  exc re t ion  p a t t e r n  has  
been essen  i a l l y  confirmed i n  c l i n i c a l  s i t u a -  
t i o n s  .24-3i The n a t r i u r e t i c  and a n t i k a l i u r e t i c  
e f f e c t s  of a s i n g l e  o r a l  dose of 20 mg p e r s i s t  
f o r  approximately 20 hours .24 
espec ia l ly  u s e f u l  i n  combination wi th  o t h e r  
d i u r e t i c s  i n  p a t i e n t s  with r e f r ac to ry  edema 
o r  c i r r h o s i s  wi th  asci tes ,  and i n  hypokalemic 
condi t ions  r e s u l t i n g  from t h e  adminis t ra t ion  
of t hese  drugs. Although apparent ly  not  i t s e l f  

Amiloride is 
0 NH 

amiloride (Colectrilq 
possessing t h e  hyperglycemic and hyperuricemic c h a r a c t e r i s t i c s  of t h e  
th i az ides ,  amilor ide does not  prevent increases i n  f a s t i n g  blood sugar  and 
u r i c  ac id  concent ra t ion  induced by hydrochlorothiazide.  29 
i n  a ldos te rone  s e c r e t i o n  wi th  lesser rises i n  plasma ren in  have been 
observed following amilor ide adminis t ra t ion ,  presumably t h e  r e s u l t  of 
potassium r e t e n t i o n  and r en in  a c t i v a t i o n  consequent t o  n a t r i u r e s i s  . 3 l  

Marked increases  

A v a r i e t y  of analogs of amilor ide have been repor ted ,  bu t  they are 
genera l ly  less poten t  than many of t h e  previously descr ibed compounds i n  
revers ing  t h e  e l e c t r o l y t e  exc re t ion  e f f e c t s  i n  deoxycorticos terone acetate- 
t r e a t e d  adrenalectomized rats. 32 s33  
pyrazinecarboxamidines (V) has  provided a number of new 2,4-diaminopteridines 
(VI, X = C 1 ;  Y = NH2, N(CH3)2, N(C2H5)2, NHCH(CH3) ) s i m i l a r  i n  s t r u c t u r e  
and a c t i v i t y  t o  triamterene (VI, X = 0; Y = N H Z ) . ~ ~  A d i r e c t  comparison of 
appropr ia te  de r iva t ives  of t h e  d i f f e r e n t  series ind ica t e s  t h a t  t he  order  of 
potency is pyrazinecarboxamide > p t e r i d i n e  > pyrazinecarboxamidine . 34 

Cycl iza t ion  of a series of N-amidino- 
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V VI 

Since t h e  n a t r i u r e t i c  and a n t i k a l i u r e t i c  ac t ions  of ami lor ide  and 
t r iamterene  are not dependent upon t h e  presence of a ldos te rone ,  t h e  bio- 
chemical a l t e r a t i o n s  caused by these  drugs should be e l i c i t e d  not  only i n  
i n t a c t ,  but  a l s o  i n  adrenalectomized animals .22 ,35 
following adminis t ra t ion  of amilor ide and t r iamterene  to i n t a c t  and 
adrenalectomized rats have been repor ted  by Senf t  . l4 
t h e  activit ies of r ena l  a -ke toglu tara te  dehydrogenase and the  pyruvate 
dehydrogenase complex. Noncompetitive i n h i b i t i o n  of t h e  pyruvate dehydrog- 
enase complex by amilor ide w a s  a l s o  demonstrated i n  v i t r o .  
enzymatic changes are l inked  t o  metabol ic  pathways involved i n  tubu la r  Na+ 
and K+ t r anspor t ,  and thus are re levant  t o  the  modes of ac t ion  of triam- 
terene  and amilor ide,  is not  known. I n  t h i s  connection, a t t e n t i o n  is drawn 
t o  earlier r epor t s  which i n d i c a t e  t h a t  pretreatment  of rats with 6-amino- 
nicotinamide abol ished t h e  expected n a t r i u r e s i s  and decreased t h e  k a l i u r e t i c  
e f f e c t  of t r iamterene,37 as w e l l  as t o  evidence sugges t ing  t h a t  t r iamterene  
is capable of forming f a l s e  nuc leo t ides  .38 

Enzymatic changes 

Both agents  reduce 

Whether t hese  

The azidopyrimidines SC-16100 and SC-16102 
have been previously descr ibed as non-specif ic  
an tagonis t s  of vasopressin.  
sc reen  d i u r e t i c s  f o r  such a c t i v i t y  has  been 
reported i n  de t a i l . 39  SC-16102, as w e l l  as 
some analogous azidopyrimidines , have a l s o  been 
s tud ied  i n  i n t a c t  and adrenalectomized deoxy- 

The method used t o  

N3 

* -CH 2 (sc-16100) co r t i cos t e rone  ace t a t e - t r ea t ed  rats .40 SC-16102, 
-m2m20C2H5 (sc-16102) the  most po ten t  d e r i v a t i v e ,  has  been found t o  be  

approximately t w i c e  as poten t  as hydrochloro- 
t h i az ide  on t h e  b a s i s  of u r ine  output  and n a t r i u r e s i s .  Ka l iu re s i s ,  however, 
is t h e  same as t h a t  of hydrochlorothiazide,  which suggests  a more favorable  
N a / K  excre t ion  r a t io .41  

Other D iu re t i c  Agents - A new type of non-ka l iure t ic  d i u r e t i c  is 1-(N-pyr- 
rolidino)-3,5-diphenyl-4-(a-pyridyl)-cyclohexane (Su-15049) synthes ized  by 
Robison e t  al .  during chemical s t u d i e s  r e l a t e d  t o  t h e  a l k a l o i d  lob i l ane .  
Su-15049 possesses  marked dose-dependent d i u r e t i c ,  n a t r i u r e t i c  and chlor- 
u r e t i c  a c t i v i t y  i n  t h e  rat and dog by o r a l  adminis t ra t ion  wi th  only a 
s l i g h t ,  i ncons i s t en t  e f f e c t  on potassium e x c r e t i 0 n . 4 ~  
dependent on the  presence of t h e  adrena ls ,  Su-15049 is not  an a ldos te rone  
an tagonis t ;  r a t h e r ,  an e s s e n t i a l  requirement f o r  a n a t r i u r e t i c  response 
seems t o  be t h e  presence of modest amounts of glucocort icoids .43 
f i l t r a t i o n  rate is not  appreciably a f f e c t e d  by Su-15049. Stop-flow s t u d i e s  

Although a c t i v i t y  is 

Glomerular 
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i n d i c a t e  t h a t  i t s  s i te  of a c t i o n  is t h e  proximal o r t i o n  of t h e  nephron 
and, poss ib ly ,  t h e  d i s t a l  i o n  exchange m e c h a n i ~ m . ~ ~  Administered concom- 
i t a n t l y  wi th  hydrochloro th iaz ide  t o  dogs,  i t  caused an augmented d i u r e t i c ,  
n a t r i u r e t i c  and c- l o r u r e t i c  response and decreased t h e  k a l i u r e s i s  induced 
by the  th i az ide .  48 

SU-15049 V I I  

Methyl N- (0-aminopheny1)-N- (3-dimethylaminopropyl) - a n t h r a n i l a t e  
( V I I )  is s a i d  t o  be an o r a l l y  e f f e c t i v e  d i u r e t i c  agent  i n  t h e  rat and dog, 
bu t  no d e t a i l e d  d a t a  have been reported.46 

Diuret ic-Icduced Disturbances of Carbohydrate M e t a b ~ l ~ s - ~  - The hypergly- 
cemic and p o t e n t i a l  d iabe togenic  e f f e c t  of t h e  benzoth iad iaz ine  group of  
d i u r e t i c s  is well-known. While some authors  have considered t h i s  t o  be  an 
i n h e r e n t  proper ty  of t h e  t h i a z i d e  s t r u c t u r e ,  o t h e r s  have r e l a t e d  i t  t o  t h e  
k a l i u r e t i c  potency of  t h e s e  agents .  A series of r ecen t  r e p o r t s  by Senf t  
and coworkers provides  va luable  i n s i g h t  i n t o  ' th is  problem. According t o  
t h e i r  s t u d i e s  , hypokalemia is l a r g e l y ,  bu t  no t  exc lus ive ly ,  respons ib le  
f o r  thiazide- induced glucose i n t o l e r a n c e ,  and evidence has  been obta ined  
t o  show t h a t  t h i a z i d e s  can cause hyperglycemia independent of k loss. 
has  been suggested t h a t  t h e  biochemical mechanisms underlying t h i s  K+- 
independent component of hyperglycemia involve  (a)  i n h i b i t i o n  of c y c l i c  3' , 5 ' -  
AMP phosphodiesterase,  (b) ad rena l  d i scharge ,  and (c )  i n h i b i t i o n  of glycogen 

It 

syn the ta se  as t h e  r e s u l t  of i nc reased  i n t r a c e l l u l a r  l e v e l s  of c y c l i c  3 ' , 5 ' -  
~ p . 1 4 , 4 7 - 4 9  

+ The a l t e r a t i o n s  of carbohydrate  metabolism caused by K oss have 
been a t t r i b u t e d  t o  (1) an increased  rate of g lycogenolys is ,  489'0 (2 )  en- 
hanced gluconeogenesis ,51 and (3) reduced c e l l u l a r  glucose t r a n s p o r t  and 
uptake,51 on t h e  b a s i s  of evidence which inc ludes  t h e  fol lowing observa- 
t i o n s :  Negative K+ balance  r e s u l t s  n o t  only i n  decreased e x t r a c e l l u l a r  k 
concen t r a t ion ,  bu t  a l s o  i n  diminut ion of c e l l u l a r  K+ i n  s k e l e t a l  m u s ~ l e . 5 ~  
This  c e l l u l a r  d e f i c i t  is p a r t i a l l y  compensated f o r  by an i n c r e a s e  i n  intra-  
c e l l u l a r  Na' concent ra t ion .  
an enzyme ca t a lyz ing  t h e  reconversion of a c t i v e  glycogen phosphorylase 5 t o  
i ts  i n a c t i v e  b-form. Hydrochlorothiazide,  which inc reases  i n t r a c e l l u l a r  
Na+ i n  s k e l e t a l  muscle, is thus  capable  of a c c e l e r a t i n g  t h e  rate of glyco- 
genolys is  no t  only by i n h i b i t i o n  of cyclic 3' , 5 ' - M  phosphodiesterase and 
ad rena l  d i scharge  ( see  above) ,  b u t  a l s o  by i n h i b i t i o n  of glycogen phosphorylase 
phosphatase.  Enhancement of gluconeogenesis ( i nc reased  a c t i v i t y  of glucose- 
6-phosphatase) and r educ t ion  of b a s a l  c e l l u l a r  glucose t r a n s p o r t  and uptake 
has  been r e l a t e d  t o  increased  g lucocor t i co id  s e c r e t i o n ,  s i n c e  the  cor t ico-  

Na+ i n h i b i t s  glycogen phosphorylase phosphatase,  
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s t e rone  content  of t h e  adrena ls  and glucose-6-phosphatase a c t i v i t y  i n  l i v e r  
and kidney of rats increased  du ing  K+ def ic iency  ( co r t i co ids  are known t o  
induce glucos e-6-ph 0s ph a t as e) . 5f 

It is now f a t h e r  w e l l  e s t ab l i shed  t h a t  diazoxide i n h i b i t s  i n s u l i n  
Chronic adminis t ra t ion  of hydro- s e c r e t i o n  i n  animals and man.50 952-55 

ch loro th iaz ide  and furosemide t o  rats d id  not  , however, adversely e f f e c t  
i n s u l i n  s e c r e t i o n  i n  response t o  an e l eva t ion  of blood g l u c 0 s e . ~ 7 ~ 4 9  These 
f ind ings  could exp la in  the  observat ion t h a t  hyperglycemia is most frequent- 
l y  aggravated or p r e c i p i t a t e d  i n  d i a b e t i c  p a t i e n t s  , con t ro l l ed  e i t h e r  by 
d i e t  or with su l fonylureas ,  who cannot respond t o  an i nc rease  i n  blood 
glucose wi th  t h e  panc rea t i c  release of insu l in .47  

Hyperglycemia induced by non-thiazide d i u r e t i c s  has  a l s o  been de- 
sc r ibed  o c ~ a s i o n a l l y . ~ ~ - ~ ~  
not t o  have been d i r e c t l y  impl ica ted  i n  d is turbances  of carbohydrate 
metabolism. Recent comparative s t u d i e s  demonstrate t h a t  not only etha-  
c rynic  ac id ,  furosemide and t h e  r ecen t ly  introduced mefruside, bu t  a l s o  
potassium-sparing t r iamterene  have hyperglycemic p rope r t i e s  i n  rats .62 ,63 
Acetazolamide, mersalyl  and sp i ronolac tone  d id  not  produce acute  hypergly- 
cemic e f f e c t s  i n  these  s tud ies .62  
i n  mice, i n  which spec ie s ,  i n  c o n t r a s t  t o  the  rat, i t  is d iu re t i c .64  
cortisone treatment  f a i l e d  t o  r e s t o r e  the  hyperglycemic response of e thac ryn ic  
acid i n  adrenalectomized animals. This observa t ion  is i n  c o n t r a s t  t o  what 
has  been repor ted  f o r  diazoxide,  and sugges ts  a d i s s i m i l a r i t  between 
benzothiadiazine-  and e thac ryn ic  acid-induced hyperglycemia.gO 9 6 4  

- Mechanisms of  Renal_ Water Reabsorption - Much experimental evidence suppor ts  
the hypothesis ,  f i r s t  advanced by Or lof f  and Handler, t h a t  c y c l i c  3 ' ,5 ' -  
AMP is respons ib le  f o r  t h e  inc rease  i n  sodium t r anspor t  and osmotic water 
flow t h a t  cha rac t e r i zes  t h e  phys io logica l  response t o  v a s o ~ r e s s i n . ~ 5  In  a 
recent  s tudy ,  Chase and Aurbach have i d e n t i f i e d  two d i s t i n c t  adenyl cyc lase  
systems loca ted  i n  r e n a l  membrane f r a c t i o n s  of  rats, one i n  t h e  cor tex  and 
the  o t h e r  i n  t h e  medulla.66 
vasopressin,  cor tex  adenyl cyc lase  w a s  more responsive t o  para thyro id  
hormone than vasopressin.  
cyclase i n  r e n a l  cor tex  and vasopress in-sens i t ive  adenyl cyc lase  i n  r ena l  
medulla appears t o  be cons i s t en t  with r epor t s  t h a t  c e l l u l a r  t r a n s f e r  of 
calcium and phosphate occurs pr imar i ly  i n  the  proximal por t ions  of t h e  
nephron, and sodium t r anspor t  and water permeabi l i ty  are s t imula ted  by 
vasopressin mainly i n  t h e  c o l l e c t i n g  tubules .  
t i on  of adenyl cyc lase  i n  the  cor tex  may r e f l e c t  i t s  add i t iona l  ac t ion  on 
the  d i s t a l  tubule .  66 

The potassium-sparing d i u r e t i c s  , however, seem 

Ethacrynic  ac id  a lso  causes hyperglycemia 
Daily 

While t h e  medullary enzyme w a s  s t imula ted  by 

The l o c a l i z a t i o n  of para thyro id-sens i t ive  adenyl 

Vasopressin-induced s timula- 

I n  t h i s  regard,  i t  is worth mentioning t h e  evidence t h a t  c y c l i c  3',5'-AMl 
is generated a t  two sepa ra t e  sites i n  t h e  cells of t he  toad bladder .  Pe te rsen  
and Ede1many67 observed t h a t  an inc rease  i n  t h e  concent ra t ion  of calcium i n  
the  bathing medium reduces t h e  hydro-osmotic e f f e c t  of vasopressin without  
a l t e r i n g  i t s  capac i ty  t o  s t imu la t e  sodium t r anspor t .  
3',5'-AMP formed at  one s i t e  is respons ib le  f o r  sodium t r a n s p o r t ,  whi le  t h a t  
formed at the  o t h e r  s i t e  r egu la t e s  water movement. Orloff  and Handler have 

They proposed t h a t  cyclic 
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confirmed t h e s e  s t u d i e s  and noted  a d d i t i o n a l l y  h a t  calcium i n t e r f e r e s  
w i t h  t h e  hydro-osmotic e f f e c t  of theophylline.61 I f  t h e s e  observa t ions  
have re levance  t o  t h e  kidney,  they s u g g e s t  t h a t  p a r a t h y r o i d  hormone, by 
a l t e r i n g  c e l l u l a r  calcium t r a n s f e r ,  modulates t h e  e f f e c t  of vasopress in-  
induced t u b u l a r  water r e a b s o r p t i o n .  I n t e r e s t i n g l y ,  S e n f t  h a s  r e c e n t l y  
r a t i o n a l i z e d  t h e  r e a b s o r p t i o n  of water i n  t h e  c o r t i c a l  segments of t h e  
kidney on t h e  b a s i s  of a l t e r i n g  c o n c e n t r a t i o n s  of 3',5'-kYP i n  response  t o  
changing v a s o p r e s s i n  s e c r e t i o n .  However, h e  concluded t h a t  i n  t h e  more d i s -  
tal  p a r t s  of t h e  nephron, i n c r e a s e d  water r e a b s o r p t i o n  is r e l a t i v e l y  more 
dependent upon t h e  t r a n s - t u b u l a r  osmotic  d i f f e r e n c e  .I4 

catecholamines as r e g u l a t o r s  of v a s o p r e s s i n  a c t i o n  .68 
t h e  response of t h e  toad  b l a d d e r  t o  v a s o p r e s s i n .  Blockade of t h i s  e f f e c t  
by phenoxybenzamine, s u g g e s t s  t h a t  a-adrenergic  s t i m u l a t i o n  u n d e r l i e s  t h e  
s u p p r e s s i v e  e f f e c t  of  ep inephr ine .  The p e r m e a b i l i t y  changes caused by 
t h e o p h y l l i n e ,  e p i n e p h r i n e  and a d r e n e r g i c  b locking  agents  i n  t h e  toad  
b l a d d e r  have been r e l a t e d  by T u r t l e  and Ripnis  t o  a l t e r a t i o n s  i n  t h e  i n t r a -  
c e l l u l a r  Concentrat ions of c y c l i c  3' ,5'-AMP.69 
l e t  cells and f a t  cel ls ,  a -adrenerg ic  r e c e p t o r  s t i m u l a t i o n  decreases  c y c l i c  
n u c l e o t i d e  s y n t h e s i s  i n  t h e  toad  b ladder .  

F i n a l l y ,  Handler e t  a l .  have r e p o r t e d  evidence t h a t  i inp l ica tes  t h e  
Epinephrine reduces 

As i n  i s o l a t e d  p a n c r e a t i c  is- 
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Chapter 8 Angina P e c t o r i s  and Antianginal  Agents 

Arch C. Sonntag, Warner-Lambert Research I n s t i t u t e ,  Morris P l a i n s ,  N. J. 

"Our knowledge then of angina p e c t o r i s  s t o p s  
s h o r t  of i ts  symptoms. The idea  of i t  cannot 
be made t o  rest i n  any d e f i n i t e  form of d i sease  
beyond them. We are su re  of what i t  is as an 
assemblage of symptoms. 
what i t  is as a disease." 
P e c t o r i s  (1847) 

We are no t  s u r e  of 
Latham on Angina 

A t  t i m e s ,  our present  understanding of angina p e c t o r i s  seems as 
imperfect  as i t  w a s  i n  1847. 
wishfu l  thinking r a t h e r  than any the rapeu t i c  r a t i o n a l e .  
holds  t h a t  angina p e c t o r i s  is a r e s u l t  of myocardial ischemia, u sua l ly  
i n  the  presence of i n t r a lumina l  coronary a r t e r y  d i sease  o r  d i sease  causing 
card iac  hypertrophy, and evoked by d is turbances  i n  the  balance of myo- 
c a r d i a l  oxygen supply and demand. 
a r t e r i o s c l e r o t i c  cause of angina p e c t o r i s  cannot be excluded. 
and coronary a r t e r iog raph ic  s t u d i e s 4  have shown t h a t  15 t o  38% of angina l  
p a t i e n t s  have no d i sce rn ib l e  coronary a r t e r y  d isease .  
artery spasm has beenin l ic ted  as a poss ib l e  cause of angina l  a t t a c k s  and 
myocardial i n f a r c t s .  Arguments f o r  t he  r e f l e x  spasm theory are based on 
angiographic observat ions of spasm i n  humans and the  induct ion  of coronary 
a r t e r y  spasm i n  experimental animals. 5 

Treatment of angina is f requent ly  based on 
General b e l i e f  

However, t he  p o s s i b i l i t y  of a non- 
Post-mortem2 9 

Reflex coronary 

Angina p e c t o r i s  is an extremely d i f f i c u l t  syndrome t o  s tudy.  C l i n i c a l  
s t u d i e s  of an t i ang ina l  agents  are hampered by a high placebo e f f e c t  and 
a 50% spontaneous remission rate among angina l  p a t i e n t s . 6  
these d i f f i c u l t i e s ,  the  s ign i f i cance  of uncontrol led o r  poorly.designed 
c l i n i c a l  r epor t s  must be questioned. The use of the  ECG i n  diagnosing 
angina pec to r i s  has  been improved by r ecen t  s t u d i e s  of te lemetered ECG 
during exercise '  s 8  and a t r i a l  pacing techniques. Sowton w a s  a b l e  t o  in- 
duce angina l  a t t a c k s  by a t r ia l  pacing a t  120-150 bea t s  per  minute.1° 
va t ion  of l e f t  v e n t r i c u l a r  pressure  has  been observed during angina l  
episodes and i s  regarded as evidence of l e f t  v e n t r i c u l a r  f a i l u r e .  
The assessment of angina p e c t o r i s  and myocardial ischemia has  been f a c i l i -  
t a t e d  by recent  s t u d i e s  of catecholamine excre t ion ,13  serum enzymes,14'15 
a n t i h e a r t  an t ibod ie s ,  l6 and myocardial serum lac t i c  ac id  l e v e l s  and 
ar ter iography.  ' 

A s  a r e s u l t  of 

E l e -  

,12 

Trad i t iona l  b e l i e f s  of r e l i ev ing  o r  prevent ing angina l  pa in  by 
increas ing  coronary blood flaw (CBF) are giving way t o  a new understanding 
of angina p e c t o r i s  based on myocardial metabolism, changes i n  segmental 
r e s i s t ance ,  myocardial c o l l a t e r a l  c i r c u l a t i o n ,  au toregula t ion  of CBF, and 
myocardial sympathetic innerva t ion .  The improvement i n  our understanding 
of angina pec to r i s  i s ,  i n  p a r t ,  due t o  new experimental methods of evalua- 
t i ng  an t i ang ina l  agents .  These methods inc lude  new tracer techniques ,I9 
ameroid c o n s t r i c t o r s , 2 0  oxygen e lec t rodes ,21  flowmeter ca the t e r s ,22 ,23  
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s t r a i n  gauge  catheter^,'^ and new procedures h inducing i n f a r c t s . 2 5  

The use  of coronary v a s o d i l a t o r s  i n  t r e a t i n g  angina p e c t o r i s  o r  
myocardial  ischemia has  been r a t h e r  d i sappoin t ing .  As a r e s u l t ,  t h e r e  
has  been an i n t e r e s t  i n  t he  non-drug t rea tment  of angina based on s u r g i c a l  
r evascu la r i za t ion ,26 -29  o r  e x e r c i s e  stress. 30 
t i o n  reduces myocardial  oxygen requirements  by lowering a r t e r i a l  blood 
p r e s s u r e ,  h e a r t  ra te ,  and myocardial  c o n t r a c t i i i t y .  S t imula t ion  of t he  
c a r o t i d  s i n u s  nerve by means of an  implanted radiofrequency s t imu la t ing  u n i t  
has  been r e c e n t l y  used i n  t h e  t rea tment  of e s s e n t i a l  h y p e r t e n ~ i o n . ~ ~  
v a t i o n  of similar u n i t s  i n  ang ina l  p a t i e n t s  i s  repor ted  t o  abo l i sh  pa in  
wi th in  t en  seconds and t o  prevent  angina during exe rc i se .32  
nerve s t i m u l a t i o n  is no t  wi thout  r i s k ,  as it  may produce ca rd iac  s t a n d s t i l l  
o r  arrhythmias .  The problem of arrhythmias  is p a r t i c u l a r l y  seve re  i n  
p a t i e n t s  s u f f e r i n g  from r e c e n t  myocardial  i n f a r c t i o n .  The use of implanted 
s t i m u l a t o r s  w i l l  undoubtedly ga in  g r e a t e r  acceptance i n  ang ina l  therapy. 

Caro t id  s i n u s  nerve s t imula-  

A c t i -  

Caro t id  s i n u s  

The mechanism by which coronary v e s s e l s  respond t o  metabol ic  re- 
quirements is  of prime importance.  The normal myocardium possesses  a 
r e l a t i v e l y  uniform t i s s u e  blood flow, whi le  flow through the  d iseased  
h e a r t  is  heterogeneous . A s  our  understanding of t h e  au toregula tory  
mechanism improves,  i t  becomes more apparent  why coronary v a s o d i l a t o r s  have 
uniformly f a i l e d  t o  improve t h e  ang ina l  p a t i e n t .  An understanding of t h e  
au to regu la to ry  process  a l s o  exp la ins  prev ious  observa t ions  t h a t  coronary 
v a s o d i l a t o r s  may inc rease  CBF i n  normal i n d i v i d u a l s  y e t  decrease  CBF i n  
ang ina l  p a t i e n t s .  21 
and n u t r i t i o n  of ischemic t i s s u e  wi thout  upse t t i ng  t h e  au to regu la to ry  
mechanism of t h e  normal myocardium. Thus, improvements i n  t o t a l  CBF o r  
enhanced oxygen conten t  of coronary s inus  blood have l i t t l e  relevance t o  
t h e  therapy of t h e  ischemic h e a r t .  The au to regu la to ry  mechanism of ad- 
j u s t i n g  re i o n a l  CBF has  been descr ibed  i n  terms of ATP and i t s  breakdown 
products,3 ' ,35 plasma p r o t e i n s , 3 6 ,  37 catecholamines,38 and myogenic e las t i -  
c i t y . 3 9  
r e g u l a t i o n  has  been r e c e n t l y  s m a r i z e d  i n  an e x c e l l e n t  review by Schaper.w 

The i d e a l  a n t i a n g i n a l  agent  should improve oxygenation 

The coronary c i r c u l a t i o n  and va r ious  f a c t o r s  impl ica ted  i n  i t s  

I n  the  t rea tment  of a d i s o r d e r  as d ive r se  as angina p e c t o r i s ,  one 

T r a d i t i o n a l l y ,  drugs are claimed t o  improve 
would expect  t o  f i n d  a wide v a r i e t y  of agents  promoted as b e n e f i c i a l  t o  
t he  ang ina l  p a t i e n t .  41 942 
angina p e c t o r i s  on t h e  b a s i s  of increased  CBF, improved myocardial  n u t r i -  
t i o n ,  decreased c a r d i a c  energy expendi ture ,  o r  improvements i n  myocardial  
performance as a r e s u l t  of i n t e r f e r e n c e  wi th  c a r d i a c  sympathet ic  innerva t ion .  

Amiodarone ( I )  is  c u r r e n t l y  undergoing c l i n i c a l  i n v e s t i g a t i o n  i n  
Europe as a s e c i f i c  coronary v a s o d i l a t o r  which i s  e i g h t  times as active as 
amplivix.  4 3 9 4 t  Amiodarone is claimed t o  improve myocardial  n u t r i t i o n  i n  
rats and dogs by reducing catecholamine-induced ATP waste. 45,46 
claims ad reno ly t i c  a c t i v i t y  f o r  amiodarone and sugges ts  t h a t  i t  reduces 
ca rd iac  work wi thout  reducing c a r d i a c  output  and reduces myocardial  oxygen 
consumption and coronary a r t e r y  r e s i s t a n c e .  4 7  

Char l i e r  

Visnadine (11) is a spasmolyt ic  v a s o d i l a t o r  which i s  repor t ed  t o  be  
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ten times as a c t i v e  as k h e l l i n .  
e f f e c t s  on blood pressure  , r e s p i r a t i o n  , o r  pe r iphe ra l  vasodi la t ion .  
Uncontrolled s t u d i e s  have claimed v isnadine  t o  be b e n e f i c i a l  i n  angina 
pec to r i s  and myocardial i n f a r c t i ~ n . ~ ~ , ~ ~  Visnadine has  a p o s i t i v e  ino- 
t r o p i c  ac t ion  and inc reases  myocardial minute volume, 50 e f f e c t s  which would 
seem t o  con t r a ind ica t e  i ts  use i n  angina pec to r i s .  Visnadine bears  re- 
semblance t o  k h e l l i n ,  a drug which has  been shown t o  have no va lue  i n  
angina l  therapy. 51 Unless c a r e f u l l y  con t ro l l ed  s t u d i e s  show otherwise , 
Visnadine would appear t o  have l imi t ed  usefulness  i n  angina pec to r i s .  

I n  man, visnadine produces no systemic 

Intraveneous adminis t ra t ion  of carbochromene (111) produces a decrease 
i n  myocardial arterio-venous oxygen d i f f e rence  (AV02D). The e f f e c t  of 
carbochromene (2 mg/kg) on AV02D w a s  abol ished by pretreatment  wi th  re- 
serp ine  , while  the  e f f e c t  of h igher  doses (of carbochromene) w a s  enhanced. 52 
High o r a l  doses(of carbochromene)have been repor ted  t o  produce l i t t l e  o r  no 
increase  i n  CBF i n  conscious dogs wi th  chronica l ly  implanted flowmeters. 53 
C l i n i c a l  s t u d i e s  have shown t h a t  carbochromene produces an increase i n  CBF 
i n  normal sub jec t s .  However, when carbochromene w a s  given t o  p a t i e n t s  with 
coronary a r t e r y  d i sease  the re  w a s  a 10% decrease i n  CBF.54 I n  a double 
b l ind  s tudy of 4 1  p a t i e n t s ,  carbochromene improved sub jec t ive  responses ,  
such a s  t h e  s e v e r i t y  of angina l  a t t a c k s  and exe rc i se  to le rance .  Carbo- 
chromere’seffect on the  number of angina l  a t t a c k s  and n i t r o g l y c e r i n  con- 
sumption w a s  i nd i s t ingu i shab le  from placebo. Carbochromene produced j o i n t  
pain i n  a number of pa t i en t s .55  Although t h e  exac t  mechanism of carbo- 
chromene’s ac t ion  is  not  known, i t  has  been proposed t h a t  i t  prolongs t h e  
ac t ion  of adenosine on coronary arteriesS6 o r  t h a t  i t  i n t e r a c t s  with 
beta-adrenergic  receptors .  40 

Pyridinolcarbamate (IV) i s  a bradykinin an tagonis t  which has  been 
found t o  be a n t i - a r t e r i o s c l e r o t i c  i n  r abb i t s .  I n i t i a l  r e p o r t s  have claimed 
pyridinolcarbamate t o  be e f f e c t i v e  i n  angina p e c t o r i s  and i n  opening 
occluded arteries i n  a r t e r i o s c l e r o t i c  p a t i e n t s .  57 9 58 
has no e f f e c t  on serum o r  l i v e r  c h o l e s t e r o l  l e v e l s  i n  r a t s .  A ~ e t a t e ( 1 - C ~ ~ )  
incorpora t ion  i n t o  cho le s t e ro l  is i n h i b i t e d ,  and t h e r e  is  no e f f e c t  on t h e  
incorpora t ion  of mevalonic ac id(  2-C14). 59 Pyridinolcarbamate has  no e f f e c t  
on the  incidence o r  ex ten t  of a o r t i c  o r  coronary a r t e r i o s c l e r o s i s  i n  
monkeys maintained on high f a t  d i e t s . 6 o  
a c t i v i t y  w a s  found i n  a recent  survey of 127  pyridinolcarbamate analoguesi l  

Pyridinolcarbamate 

L i t t l e  o r  no ant i -bradykinin 

Lidof laz ine  (V) is a long-acting coronary vasod i l a to r  which produces 
a 2-6 fo ld  inc rease  i n  CBF and inc reases  myocardial P-02.62 I n  high doses ,  
l i d o f l a z i n e  causes pe r iphe ra l  and c e r e b r a l  vasodi la t ion .  I n  anes the t ized  
dogs, l i d o f l a z i n e  produces an increased h e a r t  ra te ,  decreased mean systemic 
pressure ,  s m a i l  i nc reases  i n  myocardial oxygen consumption, and a decrease 
i n  AV02D. Cardiac output  is  increased ,  as is l e f t  v e n t r i c u l a r  work.63 
Lidoflazine’s e f f e c t  on CBF is s i m i l a r  t o  t h a t  produced by dipyridamole 
(VI). Recent work has  shown t h a t ,  l i k e  dipyridamole, l i d o f l a z i n e  poten- 
tiates adenosine, e i t h e r  by i n t e r f e r i n g  wi th  i ts  uptake by red blood cells 
o r  by 
d i l a t i n g  a c t i v i t y ,  l i d o f l a z i n e  seems t o  produce the  opposi te  changes from 
c l in ica l ly-accepted  an t i ang ina l  agents .  Most an t i ang ina l  agents  lower 

d i r e c t  i n h i b i t i o n  of adenosinp d e a m i n a ~ e . ~ ~  Except f o r  i ts  coronary 
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myocardial energy requirements by reducing ca rd iac  output  and l e f t  ven- 
t r i c u l a r  work. 
lar work may promote angina l  attacks by increas ing  myocardial oxygen re- 
quirements. 

An agent which inc reases  card iac  output  and l e f t  ventr icu-  

Lidof laz ine ,  dipyridamole, carbochromene, prenylamine (VII ) ,  iprovera- 
tril  (VIII)  , and n i t r o g l y c e r i n  w e r e  r ecen t ly  s tud ied  i n  conscious, t r a ined  
dogs with chronica l ly  implanted flowmeters. L idof laz ine ,  dipyridamole, 
and n i t r o g l y c e r i n  w e r e  o r a l l y  a c t i v e  coronary d i l a t o r s .  Carbochromene, 
i p r o v e r a t r i l ,  and prenylamine showed only marginal  a c t i v i t y  a t  high dose.53 

I n  r ecen t  yea r s  t he re  has  been a good dea l  of i n t e r e s t  shown i n  
p reny la i ine ,  a coronary d i l a t o r  whose spectrum of a c t i v i t y  resembles 
reserp ine .  
amines i n t o  s to rage  granules  of the  adrena l  medulla and adrenergic  nerves. 
Carlsson proposed t h a t  r e se rp ine  and grenylamine have common sites of 
ac t ion  on monoamine s to rage  granules .  Vieth s tud ied  prenylamine's e f f e c t  
on the  CNS and concluded the  drug w a s  neuro lep t ic .66  Prenylamine increases  
b r a i n  levels of monoamine metabol i tes ,  cons i s t en t  wi th  a deple t ion  of b r a i n  
se ro ton in  and catecholamines. 6 7  Prenylamine decreases  h e a r t  rate and 
arterial  blood pressure  i n  conscious animals bu t  a f f e c t s  no change i n  
anes the t ized  animals. * 
cons i s t en t  with its mine-deplet ing a c t i v i t y  and suggests  an add i t iona l  
i n  v i t r o  a lpha and beta-adrenergic receptor  blocking a c t i v i t y .  Obinawu 
proposes t h a t  t he  beta-blocking a c t i v i t y  predominates i n  v ~ v o . ~ ~  
Szekers and Papp suggested t h a t  prenylamine has  beta-s t imulat ing a c t i v i t y  
s i n c e  the  inc rease  i n  canine CBF is  diminished by pretreatment  wi th  pro- 
pranolol .  70 Nielson r ecen t ly  s tud ied  the  deple t ion  of catecholamines from 
t h e  mouse h e a r t  and sugges ts  t h a t  prenylamine dep le t e s  adrena l ine  s t o r e s  
wi th in  myocardial muscle, b u t  does not  a f f e c t  t he  amine s to rage  vessels i n  
vascular  t i s s u e .  The n e t  r e s u l t  would be an i n t e r f e r e n c e  wi th  the  metabo- 
l i c  and oxygen wasting e f f e c t s  of catecholamines while  perserving t h e i r  
in f luence  on vascu la r  tone. 71 
prope r t i e s  and diminishes the  pressor  response t o  t ~ r a m i n e . ~ ~  
b l i n d  t r i a l  i n  angina p e c t o r i s ,  prenylamine w a s  no t  s i g n i f i c a n t l y  d i f f e r e n t  
from placebo i n  its e f f e c t  on e i t h e r  sub jec t ive  symptoms o r  ob jec t ive  
changes i n  ECG o r  exe rc i se  to le rance .  

Prenylamine i n t e r f e r e s  with t h e  incorpora t ion  of catechol-  

Obinawu found the  pharmacology of prenylamine 

I n  man, prenylamine has mild seda t ive  
I n  a double 

There have been a number of r e p o r t s  -deal ing with the  ac t ions  of 
i p r o v e r a t r i l  (VIII)  . I p r o v e r a t r i l  w a s  claimed t o  be a beta-adrenergic  
r ecep to r  blocking agent  on the  b a s i s  of i t s  antagonism t o  catecholamine- 
induced cha 
proper t ies .% Recent work has  demonstrated t h a t  i p r o v e r a t r i l  i s  not  a 
beta-adrenergic  blocking agent. 76-79 
t o  s tudy i p r o v e r a t r i l ' s  e f f e c t  on card iac  func t ion  and blood flow i n  the  
hind limb, kidney, and s m a l l  i n t e s t i n e  of cats. I p r o v e r a t r i l  produced a 
hypotensive a c t i o n  by pe r iphe ra l  vasod i l a t ion ,  while  l a r g e  doses reduced 
ca rd iac  output. A l l  e f f e c t i v e  doses produced bradycardia .  A t  high doses ,  
i p r o v e r a t r i l  antagonized the  chronotropic  a c t i o n  of i sop ro te reno l  , bu t  
d id  not  prevent  isoproterenol-produced inc reases  i n  s t roke  volume o r  
a o r t i c  flow.80 

es i n  blood pressure71t and i t s  bradycardia  and ant iarrhythmic 

Electromagnetic flowmeters were used 

Haas compared i p r o v e r a t r i l  and a number of i ts  analogues 
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with  propranolo l  i n  the  rat. 
by s t imu la t ion  of t h e  rat c e n t r a l  
blocking agents  enhanced t h i s  e f f e c t .  
hyperglycemic response; i t  enhanced the  hypokalemic e f f e c t s  and i n h i b i t e d  
changes i n  f r e e  f a t t y  ac id  caused by catecholamines. Known beta-blocking 
agents  antagonized the  hyperglycemic, hypokalemic, and plasma f r e e  f a t t y  
ac id  changes caused by catecholamines. I p r o v e r a t r i l  w a s  a l s o  observed t o  
inc rease  myocardial conduction t i m e  i n  dogs I n  guinea p igs ,  i p r o v e r a t r i l  
is  repor ted  t o  prevent  asphyxia-produced changes i n  ATP, c r e a t i n e  phosphate, 
A M P ,  orthophosphate, and ECG. 8 2  

I p r o v e r a t r i l  reduced the  hypertension caused 
sympathetic nerve while  known b e t a -  

I p r o v e r a t r i l  had no e f f e c t  on the 

I n  sub jec t s  without  h e a r t  d i sease ,  i p r o v e r a t r i l  produced a 31% in-  
crease i n  CBF during the  f i r s t  7 minutes ,  and no inc rease  i n  the  next  7 
minutes. I n  angina l  p a t i e n t s ,  i p r o v e r a t r i l  produced a 5% decrease i n  CBF 
during the  f i r s t  14-minute i n t e r v a l .  5 4  
10 angina l  p a t i e n t s ,  i p r o v e r a t r i l  produced a drop i n  s y s t o l i c ,  d i a s t o l i c ,  
and mean and d i f f e r e n t i a l  arterial  blood pressures ,  accompanied by an in- 
crease i n  h e a r t  rate. No changes i n  the  s i z e  of t he  main coronary vesse l s  
were observed, nor  w e r e  t h e r e  any changes i n  CBF as represented by a 
g r e a t e r  i nc rease  i n  the  dens i ty  of h e a r t  muscle during the  c a p i l l a r y  phase 
of coronary angiography.83 
s t r a t e d  a decrease i n  the  d a i l y  consumption of n i t r ~ g l y c e r i n . ~ ~  
con t ro l l ed  eva lua t ion  of i p r o v e r a t r i l  i n  an i n a  pec to r i s  r epor t s  improve- 

During a cineangiographic s tudy of 

A double b l i n d  s tudy of i p r o v e r a t r i l  demon- 
An un- 

ments i n  the  sub jec t ive  symptoms of angina. %2 

Dipyridamole (VI) produces coronary vasod i l a t ion  by po ten t i a t ing  the  
e f f e c t s  of adenosine. 
of e i t h e r  d i r e c t  adenosine deaminase i n h i b i t i o n  o r  a r e s u l t  of a l t e r a t i o n s  
i n  red blood c e l l  membranes which prevents  adenosine uptake. 85-87 Dipyri- 
damole enhances the  vasod i l a to r  a c t i o n  of ATP. However, t h i s  e f f e c t  is 
probably due t o  dipyridamole's ac t ion  on adenosine breakdown, s ince  ATP is 
dephosphorylated by whole blood. 8 8  
vents  h e a r t  mi tochrondr ia l  damage caused by hypoxia. 
bel ieved t o  act on c e l l u l a r  membranes t o  maintain ATP levels wi th in  the  
mitochrondria. 89  Sordahl and Schwartz s tud ied  the  r e s p i r a t i o n  of mito- 
chrondria  from h e a r t  m u s c l e  and were unable t o  confirm previous r e p o r t s  
t h a t  dipyridamole had b e n e f i c i a l  e f f e c t s  on damaged mitochrondria. It 
w a s  a l s o  pos tu l a t ed  t h a t  dipyridamole i n h i b i t s  mi tochrondr ia l  r e s p i r a t i o n  
by competing i n  e l e c t r o n  t r anspor t  systems. Dipyridamole is a l s o  capable 
of i n t e r a c t i n  wi th  succ ina te- l ike  s u b s t r a t e s ,  producing an uncoupling of 

Adenosine p o t e n t i a t i o n  is, be l ieved  t o  be a r e s u l t  

Lozada r e p o r t s  t h a t  dipyridamole pre- 
Dipyridamole is 

r e s p i r a t i o n .  9 8  

A number of s t u d i e s  have been conducted which confirm e a r l i e r  r epor t s  
t h a t  dipyridamole promotes the  development of c o l l a t e r a l  v e s s e l s  i n  animals 
with experimentally-produced myocardial i n f a r c t i o n .  1-9 In  man, d ipyr i -  
damole decreases  a r t e r i a l  l e v e l s  of l ac t i c  a c i d ,  pyruvate ,  glucose,  and 
f r e e  f a t t y  ac ids .96  A r ecen t  double b l ind  s tudy  f a i l e d  t o  s u b s t a n t i a t e  
earlier claims t h a t  any b e n e f i c i a l  e f f e c t s  of dipyridamole would be re- 
l a t e d  t o  the  development of in te rcoronary  c o l l a t e r a l  v e s s e l s ,  and t h a t  such 
changes would be observed only a f t e r  long term treatment .  There w a s  no 
s t a t i s t i ca l  d i f f e rence  i n  the  e f f e c t s  of dipyridamole and placebo on 
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n i t r o g l y c e r i n  consum t i o n ,  ECG s i g n s  of ischemia, o r  t he  sub jec t ive  
symptoms of angina. 9'; 

A r ecen t  open s tudy of i t ramine  t o s y l a t e  (2-aminoethylnitrate-p- 
toluenesulfonate)  l ed  t o  the  conclusion t h a t  t he  drug favorably e f f ec t ed  
angina pa t i en t s .  98 

Aerosol prepara t ions  of n i t r o g l y c e r i n  have been promoted abroad f o r  
the  r e l i e f  of angina l  a t t acks .  Aerosol prepara t ions  w e r e  found t o  be no 
more e f f e c t i v e  than placebo i n  inf luenc ing  exe rc i se  to le rance ,  incidence 
and dura t ion  angina l  a t t a c k s  o r  ischemic changes i n  the  ECG.99 

1967 marks the  100th anniversary of n i t r o g l y c e r i n ' s  use i n  angina l  
therapy. Despite i ts  shortcomings , n i t r o g l y c e r i n  remains the  s tandard  
by which o the r  an t i ang ina l  agents  are judged. I n  h i s  r e p o r t  of 1867, 
Brunton suggested t h a t  n i t r a t e s  prevent  the  inc rease  i n  blood pressure  
which o r d i n a r i l y  p r e c i p i t a t e s  angina l  a t t acks  , and t h a t  r e l i e f  of pa in  is 
achieved by reducing card iac  work. l o o  Brunton's hypothesis  w a s  abandoned 
when i t  w a s  shown t h a t  i s o l a t e d  coronary a r t e r y  segments are relaxed by 
n i t r o g l y c e r i n  and t h a t  n i t r o g l y c e r i n  inc reases  CBF i n  i s o l a t e d  h e a r t  
p repara t ions .  With the  f a i l u r e  of coronary vasod i l a to r s  t o  improve t h e  
angina l  syndrome , t h e r e  has  been a r e t u r n  t o  Brunton's earlier proposals. 

The cu r ren t  s t a t u s  of n i t r a t e s  has been r ecen t ly  reviewed.101-103 
There has  been a g r e a t  d e a l  of i n t e r e s t  shown i n  the  biochemical e f f e c t s  of 
n i t rog lyce r in .  Needleman previous ly  proposed t h a t  n i t r a t e s  e x e r t  t h e i r  
t he rapeu t i c  e f f e c t  by r eac t ing  wi th  SH groups wi th in  h e a r t  mitochondria, 
r e su l t i ng  i n  an uncoupling of phosphorylat ion. lo4 
determined t h a t  t h i s  e f f e c t  is r e l a t e d  t o  the  prepara t ion  method and sub- 
strate used. It w a s  suggested t h a t  n i t r o g l y c e r i n  r e s t o r e s  t h e  e f f i c i e n c y  
of aged mitochondria by uncoupling phosphorylation and by a l t e r i n g  e l e c t r o n  
t r anspor t  systems. lo5 
g lyce r in  i n h i b i t s  monoamine oxidase (MAO) i n  vivo and i n  v i t r o .  
r a t h e r  high concentrat ions of n i t r o g l y c e r i n  are requi red  f o r  i n  v i t r o  in -  
h i b i t i o n ,  Bing proposed t h a t  t he  i n  vivo e f f e c t s  might be  a r e s u l t  of 
c e l l u l a r  concentrat ion of n i t rog lyce r in .  l o 6  
account f o r  the  observat ion t h a t  u r ine  levels of vanilmandelic ac id  are 
decreased 12% following adminis t ra t ion  of n i t r o g l y c e r i n  t o  humans. O 7  

L a t e r  work by B l u m  

Recent work by Bing's group has  shown t h a t  n i t r o -  
Since 

I n h i b i t i o n  of MA0 could 

Beck suggested t h a t  d i f f e rences  i n  myocardial blood supply might 
produce loca l i zed  cooling of h e a r t  m u s c l e ,  which i n  tu rn  could produce 
a congealing of protoplasm and cause stress on nerve endings. Experi- 
mental work f a i l e d  t o  demonstrate any temperature d i f f e rence  i n  normal o r  
ischemic t i s s u e  before  o r  a f t e r  n i t r o g l y c e r i n  o r  myocardial revascular i -  
za t ion .  O 8  Numerous s t u d i e s  have confirmed earlier observat ions t h a t  
n i t r o g l y c e r i n  may increase  CBF i n  normal sub jec t s  
p a t i e n t s  is e i t h e r  unchanged o r  decreased. 7, 54 , Id9- l  Sowton r ecen t ly  
used a t r i a l  pacing techniques t o  s tudy the  hemodynamic e f f e c t s  of n i t r o -  
g lyce r in  during angina l  a t t acks .  
hea r t  s i z e ,  card iac  output ,  s t r o k e  volume, and a o r t i c  pressure .  The end 
d i a s t o l i c  h e a r t  s i z e  w a s  reduced by n i t r o g l y c e r i n  a t  a l l  h e a r t  rates.l12 

while  CBF i n  angina l  

Ni t roglycer in  reduced systemic pressure ,  
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Ni t rog lyce r in ' s  ac t ions  on the  mechanical performance of t he  h e a r t  do 

no t  completely expla in  i t s  mode of ac t ion .  
and dipyridamole's e f f e c t  on myocardial r e s i s t a n c e  and flow suggests  o the r  
mechanisms which may se rve  as a b a s i s  f o r  t he  design of new an t i ang ina l  
agents .  
and when adminis tered t o  normal ind iv idua l s ,  causes l i t t l e  change i n  
coronary s inus  o r  myocardial P-02. 
duces a marked e l eva t ion  of coronary s i n u s  and myocardial P-O2 levels by 
upse t t ing  t h e  normal au toregula tory  mechanism. 
t h a t  n i t r o g l y c e r i n  acts pr imar i ly  on the  l a rge  coronary arteries and 
conductive ves se l s  without  in f luenc ing  t h e  func t ion  of s m a l l  a r t e r i o l e s  
and c a p i l l a r i e s .  I n  animals with chronic  myocardial ischemia, n i t r o -  
g lyce r in  produces a rise i n  the  P-02 of ischemic t i s s u e ,  bu t  does not  
change the  coronary s inus  P-02. Dipyridamole produces a f a l l  i n  the  P-02 
of ischemic t i s s u e  and a rise i n  the  P-02 
s inus . l13  
decreased vascular  r e s i s t a n c e  i n  the  n o m a l  myocardium, which d i v e r t s  blood 
away from ischemic areas. These changes i n  oxygen conten t  of normal and 
ischemic t i s s u e  are cons i s t en t  wi th  t h e  e f f e c t s  of n i t r o g l y c e r i n  and 
dipyridamole on re t rograde  
p lana t ion  f o r  the  uniform f a i l u r e  of coronary vasod i l a to r s  i n  angina 
pec to r i s .  
maximally d i l a t e d  by an au toregula tory  mechanism. Coronary vasod i l a to r s  
produce an upset  of au toregula t ion  i n  normal t i s s u e ,  thereby d ive r t ing  
blood from ischemic areas. Inc reases  i n  coronary s inus  oxygen content  
and CBF are thus achieved by increas ing  flow through hea l thy  areas of the  
myocardium a t  the  expense of ischemic t i s s u e .  On t h i s  b a s i s ,  coronary 
vasod i l a to r s  would not  only be i n e f f e c t i v e  i n  t r e a t i n g  angina p e c t o r i s ,  
bu t  would present  an a c t u a l  t h r e a t  t o  the  w e l l  being of angina l  p a t i e n t s .  

A comparison of n i t r o g l y c e r i n  

Ni t roglycer in  does not  i n t e r f e r e  with t h e  au toregula t ion  of CBF, 

Dipyridamole, on the  o the r  hand, pro- 

Fam and McGregor proposed 

of normal t i s s u e  and coronary 
The f a l l  i n  oxygen levels of ischemic t i s s u e  is  a r e s u l t  of 

These observat ions may o f f e r  an ex- 

Vessels i n  ischemic po r t ions  of t he  myocardium are a l ready  

The development of beta-adrenergic  receptor  blocking agents  represents  
a s i g n i f i c a n t  depar ture  from the  classical design of an t i ang ina l  agents. 
Beta-blocking agents  appear t o  o f f e r  a r a t i o n a l e  approach t o  angina l  
therapy. 115-117 
cause a c o n s t r i c t i o n  of coronary arteries and reduct ion  i n  CBF. 
of catecholamines and receptor-blocking agents  on card iovascular  perfor-  
mance and CBF has  been ex tens ive ly  s tud ied .  118-123 
r e l a t i o n s h i p s  of a l a rge  number of beta-blocking agents  have been re- 
ported.  124 

These agents  are not  coronary vasod i l a to r s  and may a c t u a l l y  
The e f f e c t  

The s t r u c t u r e  a c t i v i t y  

Dwyer r e p o r t s  improvement i n  angina l  p a t i e n t s  t r e a t e d  wi th  propranolol ,  
(IX) which he a s c r i b e s  t o  improvements i n  the  exe rc i se  response t o  l e f t  
v e n t r i c u l a r  pressure  development and h e a r t  rate. 125 
propranolol  produced an inc rease  i n  l e f t  v e n t r i c u l a r  end d i a s t o l i c  pressure  
a t  rest and during exe rc i se  i n  the  presence of decreased l e f t  v e n t r i c u l a r  
s t r o k e  work. Parker  sugges ts  t h a t  these  changes are a r e s u l t  of depression 
i n  myocardial c o n t r a c t i l i t y . 1 2 6  
blockers  and found no c o r r e l a t i o n  between the f a l l  i n  ca rd iac  output  and 
the  s e v e r i t y  of h e a r t  d i sease ,  which sugges ts  a n e g l i g i b l e  depression of 
c o n t r a c t i l i t y .  27 
n i t r o g l y c e r i n  and propranolol .  

Parker  found t h a t  

Grandjean compared a number of beta-  

Bing ' s group used new experimental methods t o  s tudy 
I n  angina l  and normal sub jec t s ,  nitroglycerin 
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reduced shortening and v e l o c i t y  of shor ten ing  of v e n t r i c u l a r  f i b e r s  
assoc ia ted  with a rise i n  myocardial oxidat ion-reduct ion po ten t i a l s .  Pro- 
pranolo l  produced similar e f f e c t s  on v e n t r i c u l a r  f i b e r s ,  accompanied by an 
increase  i n  l e f t  v e n t r i c u l a r  end d i a s t o l i c  pressure  and tens ion  t i m e  index. 
I n  normal p a t i e n t s ,  propranolol  had no e f f e c t  on myocardial oxidation- 
reduct ion p o t e n t i a l s .  
t i a l ,  i nd ica t ing  an impairment of myocardial ~ x y g e n a t i o n . ~ ~  

I n  angina l  p a t i e n t s ,  t h e r e  w a s  a decrease i n  poten- 

C l i n i c a l  t r ia ls  of propranolo l  r epor t  reduct ions  i n  the  incidence of 
angina l  a t t a c k s  and n i t r o g l y c e r i n  consumption and increased exercise t o l -  
erance. 
not  genera l ly  increased.  
creases i n  r e s t i n g  and exercise h e a r t  rate and exe rc i se  blood pressure>2e130 
Gor l in ' s  group r ecen t ly  repor ted  t h a t  propranolo l  improved the  short-term 
prognosis of angina l  p a t i e n t s  wi th  documented coronary a r t e r y  disease.  31 
Improved prognosis wi th  propranolo lmay be a r e s u l t  of reduct ions  i n  ca rd iac  
energy expendi ture  and propranolo l ' s  ant i -arrhythmic ac t ion .  

The amount of work necessary t o  produce ischemic ST depression is 
The most s t r i k i n g  hemodynamic e f f e c t s  are de- 

Synergism of propranolo l  w i th  var ious  n i t r a t e s  has  been found. The 
use of long ac t ing  n i t r a t e s  is be l ieved  t o  prevent  propranolol-induced de- 
creases i n  CBF and myocardial oxygenation. Improvements i n  pain,  ischemic 
ECG p a t t e r n s ,  and exercise to l e rance  are reported.  132-134 

Several new beta-adrenergic  blocking agents  have been repor ted  which 
have a s l i g h t  beta-s t imulat ing a c t i v i t y .  The i n t r i n s i c  s t imu la t ion  is 
claimed t o  be an advantage , as these  compounds produce beta-blockade with- 
ou t  depressing ca rd iac  output  o r  myocardial c o n t r a c t i l i t y .  127,135 
trials of €356128 r epor t  i t  t o  be b e n e f i c i a l  i n  angina pector is .136 

Early 
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Chapter 9. Pulmonary and Antiallergy Agents 

Aubrey A. Larsen and Kendrick W. Dungan 

Mead Johnson Research Center, Evansville, Indiana 

The definitive characteristics of the three major types of obstructive 
lung disease (bronchitis, asthma and pulmonary emphysema) were previously 
reviewed in this chapter’ and acknowledgment made of certain common 
features. These latter were recently elaborated to include factors 
possibly functioning etiologically in the progression from one disease 
state to another.2 
exploration of etiologic factors or conditions and the development of 
improved experimental laboratory models, as important prerequisites to 
rational and effective therapy of obstructive lung disease, was reflected 
in the past year by the considerable effort in these areas. A substantial 
impetus to much of this work was afforded by the development and increased 
utility of techniques permitting the simultaneous, quantitative assessment 
of pulmonary compliance and airway resistance in laboratory animals. 

The merit and necessity of both the continued 

3 

Experimental Models and Etiologic Considerations. -- The hypersecretion 
and retention of bronchial mucus elicited in the rat by repeated daily 
inhalation of SO2 was used for the evaluation of oral mucolytic drug 
action.4 
tory extension of the usual in vitro studies oriented toward physico- 
chemical measurements. This method did not, however, afford any new 
insight into the transport or biosynthesis of mucus, and no other signifi- 
cant work in this potentially productive area was reported during the 
past year. Studies concerned with the pulmonary effects of inhalation of 
irritants other than SO2 included NO2 in rats’ and cigarette smoke (cited6 
as the most important cause of broncho-pulmonary disease in the United 
States) in dogs’ and other species.’ 
pollutant NO2 showed peroxidation in lung lipids. ’ 
free radical formation have been implicated in the uncoupling of 
oxidative phosph~rylation~ and in the initiation of lysosome breakdown in 
the aging process. l o  These biochemical phenomena bear at least potential 
relevance to the progressive and irreversible destruction of alveolar and 
parenchymal tissue characteristic of emphysema in the older population. 

Such an in vivo technique has obvious importance as a confirma- 

Rats exposed to the atmospheric 
Lipoperoxidation and 

Kuno and Staub” reported a technique for the mechanical production of 
microholes in excised, air-filled cat lungs and discussed the similarity of 
these fenestrations to those occurring as an early and fundamental defect 
in the development of pulmonary emphysema. 
constriction and the intra-tracheal injection of papain’ 
glutinin’ 
emphysema as documented by histologic techniques and lung function measure- 
ments. Exposure of these emphysematous rats to cigarette smoke resulted 
in a reversible elevation in pulmonary resistance which was apparently 
mediated by changes in bronchomotor tonus. These results suggest actual 
airway constriction as the intermediate mechanism subserving whatever 

A combination of tracheal 
or phytohemag- 

in immature rats induced a condition mimicing pulmonary 
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contribution cigarette smoking may make to the pathogenesis of emphysema. 
They are also perhaps analogous to the unrecognized airway obstruction 
reportedly associated with cigarette smoking by humans. Repeated daily 
injections of progesterone prevented the development of emphysema in this 
experimental model. These results are in agreement with clinical 
impressions of attenuation of emphysema during pregnancy and with the 
lower incidence of pulmonary emphysema in females than in males. 

Biochemical studies16 '' of human pulmonary connective tissue showed 
alterations in protein content in emphysematous lungs as compared to non- 
diseased tissue. Fibrous collagen was neither reduced in total amount nor 
altered in type. Enzymatic digestion of the elastic protein by pancreatic 
elastase likewise revealed no difference in large glycoproteins. However, 
the small sized polypeptide fraction showed marked increases in aromatic 
and basic amino acids, coupled with reduced content of neutral amino acids. 
The possibility is suggested' that a genetic disorder involving elastic 
protein synthesis or degradation may be operative in connective tissue 
during pulmonary emphysema. 

Among the multiple processes involved in the pathogenesis of bronchial 
asthma, partial blockade of the 8-adrenergic receptor has been suggested as 
an etiologic factor. Although this is not a new hypothesis, several 
publications were addressed to this concept, either directly or indirectly, 
during the past year. Supporting evidence was obtained in animal experi- 
ments in which pretreatment with B-adrenergic blocking agents intensified 
the anaphylactic res onse induced in mice and guinea pigs by histamine'' 
or by sensiti~ation.'~ Similarly, B-adrenergic blockade in hay fever 
patients increased the ventilatory response to ragweed exposure. 
Cardiovascular and metabolic responses to B-receptor stimulant dru s 
obtained in asthmatic patients were also completely2 ' or partially 
confirmatory. The pronounced decrease in ventilatory function induced in 
asthmatic subjects by propranolol, per seYz3 augurs caution in the use of 
B-receptor blocking drugs in this disease entity. 

52 

The prominent, but poorly understood, immunologic aspects concerned 
with the production and maintenance of bronchial asthma constitute the 
unique feature distinguishing this "respiratory allergy" from other 
obstructive lung diseases. 24 The symptom complex characterizing this 
respiratory allergic response is believed to be mediated by one or more 
chemical substances (histamine, acetylcholine, serotonin, bradykinin, and 
slow reacting substance) released or formed as a result of antigen-antibody 
union. This concept, assigning a basic etiologic function to the antigen- 
antibody union, provides the rationale for clinical trials with immuno- 
suppressive agents in asthma. Because thiopurines interfere with antibody 
productions2 
ness in asthmatic patients -- both agents were found to be i n a c t i ~ e . ~ ~ ' ~ ~  
Both of these purines produced encouraging results in treating other 
diseases thought to result from abnormal immune responses.27 A new anti- 
allergic compound, disodium cromoglycate, was reported to have no broncho- 
dilator nor corticosteroid activity and to be devoid of antagonism toward 

6-mercaptopurine and azathiopurine were studied for effective- 
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histamine or slow reacting substance of anaphylaxis. 28 This compound 
appears to inhibit specifically the anaphylactic process initiated by 
reaginic antibody-antigen reactions. 2 9  

in asthmatic patients with this agent, both when used aloneY3' and in 
combination with isoproterenol. 28 '" Thus, the efficacy of this anti- 
allergic compound in the treatment of bronchial asthma remains to be 
established. 

Conflicting results were obtained 

~ - c - c H ~ c o o N a  
NaOOC 

Disodium Cromoglycate 

A stud of diethylcarbamazine in intractable steroid-dependent 
asthmatics" indicated symptomatic relief in daily oral doses of 10 mglkg. 
This dosage exceeds that suggested for the chemotherapy of filariasis. In 
view of the reported success in this one study, confirmation of these 
findings would appear worthwhile. 

Diethylcarbamazine 

Two prostaglandins (PGFz, and PGEz) were reported to elicit opposite 
responses in human isolated bronchial muscle. PGFZa contracted, whereas 
PGE, relaxed, the isolated muscle. Both prostaglandins are present in 
human lungs34 and the possibility of a functional relationship between the 
contractant PGF2a and the relaxant PGE, was suggested. 

Bronchodilators. -- Epinephrine and isoproterenol serve as prototypes 
for sympathomimetic bronchodilators. 
efforts in seeking new 6-adrenergic stimulant drugs has been to obtain a 
bronchodilator which will be longer acting, have reduced cardiovascular 
side effects and be orally effective. In some cases of severe intrinsic 
asthma, it has been shown that the greater and more prolonged the broncho- 
constriction, the less the response to epinephrine-like drugs. 

Isoetharine, although first reported in 1950,35 has been the object 
Based on laboratory observations, 36 

The object of laboratory and clinical 

of several recent clinical reports. 
this alpha-ethyl homolog of isoproterenol preferentially retains broncho- 
dilator actions in relation to cardiovascular actions when compared to 
isoproterenol. In patients with obstructive lung disease, isoetharine 
was reported to show a long duration of action and selectivity for 
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bronchiolar musculature. In these reports, isoetharine was combined 
with phenylephrine, an alpha adrenergic agonist, and thenyldiamine, an 
antihistamine. 

Metaproterenol, the 3,5-dihydroxy positional isomer of isoproterenol, 
continues to be reported as longer acting and more selective than isopro- 
terenol in patients with obstructive lung disease.38 A study of meta- 
proterenol in combination with a tranquilizer, 7-chloro-1,3-dihydro-3- 
hydroxy-5-phenyl-2H-l,4-benzodiazapine-2-one, was performed. Using oral 
dosage and in ambulatory asthmatics, it was concluded that the combination 
was preferred to metaproterenol alone. 39 
metaproterenol in patients pretreated orally with either of the B-adrener- 
gic blocking agents KO 592 or propranolol suggested a preferential reten- 
tion of relaxant action on the lung relative to action on the heart.40 
This implies a specificity for 6-adrenergic blockade of cardiac smooth 
muscle in relation to bronchial smooth and/or the reverse specificity for 
metaproterenol. This contrasts with other observations suggesting B- 
adrenergic blocking agents are contraindicated when (3-adrenergic stimulant 
bronchodilator drugs are being employed in chronic bronchitis or asthma.23 
Th 1165a, an analogue of metaproterenol, was investigated in asthmatics 
and considered to be of superior potency.41 

A single study of aerosolized 

A new isopropylaminoethanol derivative was reported this year. 42 
This compound, quinprenaline, displays the 8-hydroxyquinoline chelating 
system and is the third such system investigated in the adrenergic field. 
The other two are the classical catechol system as in nor-epinephrine, 
epinephrine, etc., and the mixed catechol system involving the phenolic 
hydroxyl group and an alkanesulf onamido group. 
demonstrates many of the classic B-adrenergic stimulant effects, as 
characterized by isoproterenol, and is reported as quantitatively equi- 
active to isoproterenol orally or by inhalation versus histamine challenge 
Its B-adrenergic stimulant actions were blocked by both sotalol and 
propanolol, 6-adrenergic blocking drugs. 

Quinprenaline 

OH 

CHOHCH2NHCH 
'CH3 

Quinprenaline 
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A large series of phenethanolamines bearing, on the benzene ring, 
both the alkanesulfonamido group and a phenolic hydroxyl group were 
recently reported. 
stimulant drugs with potent bronchodilator properties. 
compounds of this series, as compared to isoproterenol, demonstrate a 
specificity of action for bronchiolar tissue in relation to cardiac or 
vascular tissue. 

Among the compounds discussed are B-adrenergic 
Selected 

H O n C H O H C H - N H R 2  

>=/ 
CH 3 SO 2 NH 

I 
Ri 

Relative Potency (Isopro terenol=l) 

Tracheal Spiral Qepressor 

1 .o 
0.7 
0 . 3  
0.2 
0.6 
3.0 

0.2 
0.01 
0.02 
0.0005 
0.01 
0.01 

In the progression from hydrogen, to methyl, to ethyl on the a-carbon 
of the phenethanolamine there is a preferential retention of bronchodilator 
action, in relation to other actions, in this series just as reported for 
related compounds in the catechol series. 

Theophylline and its salts continue to find utility in the relief of 
airway obstruction. Recent studies indicate the observed bronchodilator 
effect of the ~ a n t h i n e , ~ ~ ' ~ ~  as well as certain sympathomimetic broncho- 
dilator agents ,46 may occur without a concomitant improvement in pulmonary 
arterial oxygenation. Increased concentration of inspired oxygen was 
suggested44 as adjunctive therapy with the use of aminophylline. 
clinical study4 
dihydropropyl theophylline in chronic bronchial asthma showed the first 
two compounds to evidence symptomatic relief, while the last compound and 
placebo had no effect on pulmonary ventilation. 
7-(para-dimethylaminobenzo)theophylline (LJ 278) compared it favorably 
with theophylline itself. In this report, LJ.278 showed good oral 
absorption, no CNS stimulation and a marked coronary dilator effect 
accompanied by increased oxygen tension in coronary blood. 

A 
of aminophylline , fhhydroxypropyl theophylline and 

A laboratory study4' of 

Mucolytics. -- Studies with acetylcysteine continue to show this compound, 
alone and in combination with isoproterenol, demonstrates a significant 
and real mucolytic action greater than that produced by water, saline, 
detergents or enzymes.49 
interchange with disulfide bonds in the mucoproteins appears to be 

The principal mucolytic action of a sulfhydryl 
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supplemented by a non-specific salt effect on other polymeric molecules 
such as DNA. Due to limitations of administration, acetylcysteine, or 
any other topically administered mucolytic agent, demonstrates greater 
effectiveness in the upper respiratory tract than in the lower, peripheral 
lung areas.50 
acetylcysteine can induce a bronchospasm in both asthmatic and nonasthmatic 
chronic obstructive lung disease patients. 
isoproterenol can eliminate or reduce this side effect.’l 
laboratory studys2 of acetylcysteine showed rapid deacetylation to cysteine 
followed by classic cysteine catabolism. Inorganic sulfate was the main 
urinary excretory product. 
cysteine to rats or dogs produced little change in blood or tissue 
sulfhydryl levels and only a small increase in urinary sulfhydryl 
compounds. Acetylcysteine (10%) by inhalation was reported to have an 
effect no more deleterious than isotonic saline on pulmonary surfactant. 
A review of pulmonary surfactant was published this past year.54 

Several studies have shown that aerosolized 10% or 20% 

Concomitant administration of 
A detailed 

Oral administration of cysteine or acetyl- 

Bisolvon @ , N-cyclohexyl-N-methyl- (2-amino-3,5-dibromobenzyl) - 
ammonium chloride, appears to possess several different modes of action 
which could make it useful in obstructive lung disease. The earlier 
studies reported from Europe have ind 

fibers in sputum with a resultant decrease in viscosity. In chronic 
bronchitis there is reported an increase in sputum volume. 
dose of 32-40 mgfday, in divided doses, increased pulmonary compliance, 
decreased respiratory work and impro ed alveolar gas tensions have been 

rat have been characterized as increasing both the quality and quantity of 
secretions, with the suggestion that ciliate cells are conve ted into 
secreting cells.56 On the basis of these reports, Bisolvonh is at 
least both an expectorant and a mucolytic agent. 

ated utility by either the oral or 
topical (inhalation) route. Bisolvon tb fragments the mucopolysaccharide 

reported.” The actions of Bisolvon 6 on the bronchial epithelium of the 

At an optimal 

Br 

Bisolvon @ 

An -- in vitro study of ureas7 indicated that an amount of urea necessary 
to exert a mucolytic effect in the respiratory tract could not be delivered 
by currently available methods of nebulization. 

Respiratory Stimulants. -- Continued effort toward the synthesis of 
compounds as respiratory stimulants, and their examination in the 
laboratory and the clinic, was reported this past year. Some of this 
was directed toward alleviation of respiratory depression induced by 
analgesic and anesthetic medication, where the depression is not intr 

work 

ns i- 
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tally a respiratory or pulmonary problem. 5 8  
tions where respiratory stimulation, in both amplitude and rate, is 
desired. In such instances there is generally an underlay of impaired gas 
exchange, and acute respiratory stimulation, together with other appro- 
priate chronic therapy, may be beneficial. The specificity of action of 
such stimulants, i.e., respiratory center versus general CNS stimulation, 
does not appear to be large and it is difficult to  assess how much the 
respiratory changes are due to a general alerting effect and how much to a 
specific stimulation of the respiratory center. 
in these situations are nikethamideYs9 ethamivanY6' and a mixture of 
cropropamide and crotoethamide. 

- 
There remain clinical situa- 
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Chapter 10. Antibiotics and Related Compounds 

Lee C. Cheney, Bristol Laboratories, Syracuse, New York 

General - Among the meritorious publications of 1967 concern- 
ing antibiotics of medicinal interest, several comprehensive 
works are particularly important. The four volumes of col- 
lected papers1 presented at the Fifth International Congress 
of Chemotherapy in Vienna afford a perspective of current 
problems and progress. The impressive two-volume book edited 
by Gottlieb and Shaw2 is a collaboration of many authors fo- 
cusing on the mechanism of action and the biosynthesis of the 
best known antibiotics. A Polish book on more than 1000 
antibiotic substances was translated into English. An index 
to all antibiotics from actinomycetes up to 1966 appeared.4 

lide antibiotics ,5 water-soluble basic antibiotics ,6 poly- 
peptide antibiotics ,7 and antibiotic classifications based on 
their mode of selective metabolic interference.8s9,10 

This report is intended to provide key references to 
some of the most noteworthy chemotherapeutic advances in 1967, 
excluding the antiviral, antiparasitic, antifungal and anti- 
neoplastic antibiotics treated in subsequent chapters. 

Review articles of lesser scope include those on macro- 

Infectious Drug Resistance - The world-wide increase in drug- 
resistant gram-negative Enterobacteriacea can be attributedto 
infectious drug resistancell wherein resistance is trans- 
mitted on extrachromosomal DNA (R factor) through conjugation. 
Transmissible resistance to eight different. antimicrobial 
drugs was found in a strain of Escherichia coli isolated from 
clinical material. Resistance to all 8 drugs could be trans- 
ferred to Salmonella and Shigella recipients within 2 min- 
utes.12 Five of 17 strains of E. coli (clinical isolates) 
were reported capable of transferring to & typhosa their 
resistance to ampicillin, tetrac cline, chloramphenicol, 
streptomycin and sulfanilamide. 13 
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A multiple resistant donor strain does not necessarily 
transmit all of its resistance determinants to a recipient 
bacterium . l4 
to light. Two B-lactamases (penicillinases) were detected 
showinq remarkably different substrate profiles .13 A strain 
of streptomycin-resistant E. coli carrying R factor effected 
the inactivation via adenylylation of streptomycin . l5 Phos- 
phorylative inactivation of kanamycin by Pseudomonas aeru- 
ginosa was reported . l6 
reported to "cure" R factor resistance to penicillin and 
chloramphenicol in a strain of Shiqella flexneri. l7 The 
genetic material of R factors is most likely DNA; acridine 
derivatives are known to inhibit the replication of DNA.18 

Precise mechanisms of infectious resistance are coming 

A combination of acriflavine and phenethyl alcohol was 

B-LACTAM ANTIBIOTICS 

Allerqenicity - Although there has been only 1 fatality 
attributed to penicillin per 100,000 patients treatedlg the 
chief contraindication to the use of the practically nontoxic 
B-lactam antibiotics is tential allergenicity. 

A series of reports %022 presented evidence that a non- 
dialyzable retentate (s. 0.02% by weight) from some commer- 
cial benzylpenicillin was more allergenic than protein-free 
benzylpenicillin ("Purapen G " ) .  Comparative skin tests in 
two benzylpenicillin-hypersensitive individuals indicated a 
significantly reduced allergenic potential for the purified 
product. Whether there are therapeutic advantages to the use 
of deproteinized B-lactam antibiotics is under clinical in- 
vestigation.23 924 

alothin was reported .25 
and cephalorsporins was noted.26 
the allergenicity and toxicity of cephaloridine and ceph- 
alothin, no cross-allerqy with the penicillins was observed .27 
An orally effective cephalosporin, - -  e.q. cephalexin, as well 
as oral penicillins, would appear to have greatly less sensi- 
tizing potential than those given by injection. 

Methods for the detection of anti-penicilloyl antibodies 
by fluorescence polarization28 and by penicilloylated bacter- 
iophageZg were described. 

Immune cross-reactivity of benzylpenicillin and ceph- 
Cross-allergenicity to penicillins 

In contrast, in a study on 

@-Lactamases and Amidases - Three types of B-lactamases were 
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isolated from Bacillus cereus strain At least 8 
"varieties" of hlactamases produced by 4 different bacterial 
species have been examined3* which differ markedly in sub- 
strate specificity, thermostability and susceptibility to con- 
formational distortion by various penicillins and cephalo- 
sporins. B-Lactamases from gram-negative bacteria are intra- 
cellular and have "substrate-accessibility barriers." 

The use of microbial amidases (acylases) for the pro- 
duction of 6-aminopenicillanic acid was reviewed .33 An 
amidase from E. coli showed comparable efficacy in deacylating 
penicillins and cephalosporins containing the sterically sim- 
ilar phenylacetyl and thienylacetyl components. 34 

Broad-spectrum Penicillins - A signal advance in chemotherapy 
came with the discovery35-37 that semisynthetic carbenicillin 
(dieodium a-carboxybenzylpenicillin) (I) was clinically eff i- 
cacious in the treatment of severe systemic infections of 
Pseudomonas aeruginosa (pocyanea) and Proteus strains resist- 
ant to ampicillin (D-a-aminobenzylpenicillin) (11). 

-I- *- 

C H -CH-CO-NH 

COONa 
6 5 1  

COONa 
0 

I I1 

Carbenicillin has a broader range of antimicrobial activity 
than any other known penicillin. It is not absorbed orally 
and must be given by injection. Carbenicillin is synergistic 
with gentamicin, colistin and strepto~nycin.~~ 

benzylpenicillin were ascribed to the combined effects of 
resistance to degradation by the liver and to decreased renal 
clearance.39 In the treatment of acute otitis media a single 
oral dose of ampicillin gave results at least equal to those 
obtained by combined drug therapy.40 
picillin and cloxacillin gave favorable results in the major- 
ity of patients treated for chronic ba~teriuria.~~ The serum 
levels obtained with hetacillin (111) in man were compared 
with those given by ampicillinO42 

of broad-spectrum aminoalicyclic penicillins43-46 which are 
efficiently absorbed orally and are more effective against 

Prolonged ampicillin serum levels compared to those of 

A combination of am- 

Wy-4508 (1-aminocyclohexylpenicillin) (IV) is an example 
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bacterial infections in mice than their in vitro activity 
would indicate. The in vivo activities of Wy-4508 and am- 
picillin were found to be comparable against typical gram- 
negative bacteria. - vivo against a penicillin-resistant strain of Staphylococcus 
aureus . 

Wy-4508 was as active as nafcillin & 

H 
I 

C H -d-C=O 
6 5  I 

HN 

CH( ' 
0 

I11 IV 

Cephalosporins - Hydrogenolysis of the acetoxy group in 
cephaloglycin (V) produced cephalexin (VI) , a broad-spectrum 
orally absorbed cephalosporin derivative .47-49 

This transformation lowered in vitro activity but greatly 
enhanced stability and oral absorbability. Cephalexin is 
acid resistant, it is less than 20% serum bound, and it is 
almost quantitatively absorbed. 
ingested dose is excreted unchanged in the urine. 
cal side effects were noted. 

creted in the urine within 8 hours, at which time serum 
levels are negligible . 5o 
able results in combating urinary tract infections. 51-54 
Cephaloglycin was very effective in treating streptococcal 
pharyngitis.55 
was diarrhea. 

held at Oxford involved 55 papers and 148 participants. Some 
comparisons with cephalothin (VIII) are as follows :57 

About 96% of the orally 
No clini- 

Only 30% of orally administered cephaloglycin is ex- 

Cephaloglycin gave generally favor- 

The general side effect noted in the trials 

Proceedings of a conference on cephaloridine (VII) 56 
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V I I  

/ H20COCH3 
COONa 

0 

V I I I  

V I I I  - V I  I Property - 
S e r u m  protein binding 22.7% 61.8% 
S e r u m  half- l i fe  90 min. 40 min. 
Renal excretion (1 g I.M.,  24 hrs.) 03 5% 75.6% 

The m e t a b o l i c  f a t e  of radioactive cephalothin and ceph- 
aloridine was determined i n  the  r a t .  58 A great ly  improved 
synthesis of cephaloridine and analogs was reported. 59 Two 
excellent reviews on the  cephalosporins were published. 60 961 

OTHER ANTIBIOTICS 

Tetracyclines - Methacycline (IX) proved efficacious i n  46 of 
50 pat ients  t reated for  respiratory infections . 62 
ef fec ts  were noted. 

No s ide 

R R R  R3 NMe 

H O  H O  

= CH2, 
1 2  I X  R = H , R R  

R3 = OH 
1 

X R 1 H, R = C H 3 ,  

R2 = H ,  R3 = OH 

X I  R = NMe R1 = R2 = 
3 2’ R = H  
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Doxycycline (X), a hydrogenation product of methacycline, was 
marketed in the U.S.  in September after a series of favorable 
clinical disclosed high potency and efficient oral 
absorption for this more lipophilic chemical modification of 
oxytetracycline. 

Metabolic studies using 14C-labeled minocycline (XI) in 
the rat and dog showed a uniquely higher concentration of 
minocycline or metabolite in brain, thyroid and fat tissue 
than that obtained for other tetracyclines .67 

Methods devised for the brilliant-total synthesis of the 
microbiologically active dl-6-demethyl-6-deoxytetracycline 
(XII)68 may well have. Qpened the way to the total synthesis of 
novel tetracycline relatives not obtainable either by fermen- 
tation or by partial synthesis. Not unexpectedly, the in - vitro antimicrobial activity of racemic XI1 was only ha= 
that of the natural isomer. 

Chloramphenicol Analoss - From studies on the biosynthesis of 
chloramphenicol using x4C-labeled compounds, it was concluded 
that p-aminophenylalanine is a specific precursor. Oxidation 
of the amino function gives rise to the nitro group in chlor- 
amphenicol.69 

acetyl group in place of the p-nitro group in chloramphenicol, 
was selected for clinical evaluation as an antimicrobial 
agent .70 

An attempt to correlate the antimicrobial activity of 
chloramphenicol analogs with electronic polarizability led to 
the idea that the high potency shown by chloramphenicol and 
its methylthio analog may be bestowed, in part, by intra- 
molecular charge transfer. 71 

Cetophenicol, an analog of chloramphenicol having an 

Erythromycin - From 4 to 10% of children hospitalized with 
acute respiratory tract infections are afflicted with 
Mycoplasma pneumoniae (primary atypical pneumonia). In the 
search for more effective ways to combat this infection 
erythromycin proved to be clearly the most active of 21 
commonly used antibiotics against 5 strains of M.pneumoniae 
in vitro.72 -- 
Lincomycin Analoqs - Extensive systematic molecular modifi- 
cation73r74 of lincomycin (XIII) produced the 7-chloro com- 
pound (XIV) which was five times as active as lincomycin 
against S. lutea in vitro and nearly twice as potent in vivo 
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(mice, p.0.). Replacement of the 7-hydroxyl group by halogen 

1 
significantly enhanced activity. 
about one-half as active as the trans isomers. 
substituent tended to confer some activity against gram- 
negative bacteria, but not to an effective degree. 

cis isomers were generally 
An N-ethyl(R ) 

XIII R = n-C H RI = CH3, 3 7 ’  - R1 R -  

R2 = OH, R3 = H 
I I 

1 
XIV R =n-C H 9 R = CH3s 

5 11 
R2 = H, R3 = C1 

R 

H 

Rifamycins - From among the scores of semisynthetic rifamycins 
prepared from rifamycin SV (XV) and its 3-formyl derivative 
(XVI) , Rifampicin (rifaldazine) (XVII)75 stands out as a 
dramatic chemotherapeutic improvement over the parent com- 
pound. 

IN R = H  

XVI R = CHO 

XVII R = C H = N -  P N - C H  

3 

w 3  

Rifampicin was found to be more active than cephalo- 
ridine, cephalothin, lincomycin and gentamicin against 
gram-positive bacteria. It showed no cross resistance with 
other antibiotics .76 Rifampicin was as active as streptomycin 
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against Me tuberculosis in guinea pigs.77 
sorbed oGlly by man.78 

in the treatment of drug-resistant pulmonary tuberculosis .79 9 
80 

It was well ab- 

Clinically, Rifampicin gave Unusually favorable results 

Kasugamycin - An in vitro evaluation of kasugamycin (Xv111) 
led one investigazr- question the potential value of 
this aminoglycosidic antibiotic for the clinical treatment of 
pseudomonal infections. The results of a clinical trial, 
however, were interpreted as favorable. A dose of 0.5 g of 
kasugamycin given intramuscularly twice daily was reported 
to eradicate urinary tract infections without causing undue 
side effects, provided the patient had normal kidney func- 
t ion . 82 

OH bH XVIII 

Tenemycin - A broad-spectrum antibiotic complex termed tene- 
mycin is produced by Streptomyces tenebrarius. 
seven factors of the complex have been isolated and studied. 
They are aminoglycosides related to gentamicin, kanamycin 
and other 24eoxystreptamine-containing antibiotics. Tene- 
mycins are reported to be less toxic than related antibiotics 
and to be highly active against ram-negative pathogens, in- 
cluding strains of Pseudomonas. 83 

Four of the 
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Chapter 11. Synthetic Antibacterial Agents 

Leonard Doub, Parke, Davis and Co., Ann Arbor, Mich. 

Introduction -No radically new antibacterial agent of proven worth ap- 
peared during this year. However, as has been true in each past year, many 
modifications have been made in existing types, a few of which show promise. 

The material covered in this report is organized much in the pattern 
of previous years. Systemic agents have been first reviewed. Then atten- 
tion has been turned to topical agents and to in vitro active compounds of 
unproven systemic potential. There are two kinds of exceptions to this 
pattern. A compound with only in vitro activity if closely related to a 
known class of systemic agent has been discussed with that class. 
ample, topical nitrofurans have been discussed with nitrofurans. Compounds 
with in vitro activity against the tubercle bacillus have been discussed 
with other antituberculous agents. 

For ex- 

Reviews - Mayr's overview of chemotherapy has an excellent section on anti- 
bacterial chemotherapy.' 
clinical viewpoint were reviwedj2J3 an assessment of isoniazid as a pro- 
phylactic was given,4 and a clinical review .of leprosy chemotherapy was 
given. The background and clinical activity of the antileprosy phenazine 
compound B-663, was reviewed by Chang and discussed by him as a vindication 
of his murine leprosy test.6 
sone and with BCG vaccination was disc~ssed.~ 
and disinfectants was covered by Kretschmer.' 

During the year antituberculous agents from the 

The status of leprosy prophylaxis with dap- 
The field of antiseptics 

The Nalidixic Familv of Antibacterials 

I - Despite the exquisite specificity often shown to struc- 
tural changes by the parent nalidixic acid 11,' it is becoming apparent 
that some aspects of the molecule can be varied widely without loss of 
activity. 
arrived at the stage of clinical evaluation. 

Oxolinic Acid I is one such variant announced in 1967.'' It has 

0 0 

I I1 

Like the parent, I is primarily active against gram negative bacteria 
and strains which become resistant are cross resistant to both drugs." 
is many-fold more active in vitro than I1 and 2-4 times more active in 
vivo.12 

I 

I gives effective serum and urine levels in dogs and in mice.13 
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Early r e s u l t s  of c l i n i c a l  t r i a l  i n  urinary t r a c t  infect ions suggest t h a t  I 
may be valuable i n  the control  of  E. c o l i  and Proteus mi rab i l i s  but not 
other  gram negative species (including other  Proteus). 
a prominent feature  i n  cases f a i l i n g  t o  respond. Severe react ions were 
few, gas t ro in t e s t ina l  upset w a s  frequent.'4j15 

- 

Drug resis tance was 

Polycyclic Analogs - Substant ia l  a c t i v i t y  i n  v i t r o  and i n  vivo i s  retained 
i n  the following va r i a t ions  of the na l id ix i c  pa t t e rn  ( R  = lower 
a1 ky 1 ) . ' ' 7J ' 

& C02H "~ C02H 

N 
" 1  I 

I 
R 

I 
R 

b C O 9  

I 
R 

Biochemistry and Pharmacology - The e f f e c t  of na l id ix i c  acid on c e l l  f r ee  
systems suggests t ha t  the s i te  of ac t ion  fo r  DNA i n  the i n t a c t  c e l l  i s  
masked o r  absent i n  c e l l  f r ee  s y s t e r n ~ . ' ~  Plasma and ur ine l eve l s  of I and 
i t s  metabolites were determined i n  humans following a va r i e ty  of dosage 
regimens. 2O 

N i  t ro  f urans 

Oxafuradene I11 - Two preliminary c l i n i c a l  reports  appeared t h i s  year com- 
paring i t  t o  ni t rofurantoin IV.aJ22  I11 is  equally e f f ec t ive  and as  safe, 

om 
CH=N-NYN 02N 

0 

I11 

I ,  

0 

I V  

but probably not superior t o  IV, despite i t s  greater  i n  v i t r o  potency. 

Furazolium Chloride V -Addit ional  work w a s  reported on t h i s  topical  agent. 

V V I  

I t s  ' c ida l  and ' s t a t i c  l eve l s  against  a spectrum of gram negative and posi- 
t i v e  bac te r i a  w a s  determined. The drug applied loca l ly  can control  f a t a l l y  
s e p t i c  burns i n  rats.23,24 

N i t r o f u r j l  Vinyl Derivatives - A s  mentioned i n  previous reports,  vinylogs 
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of active nitrofurans have received much attention; more papers appeared 
this year. The antibacterial activity and metabolic fate in humans was 
determined for VI (R = H or acetyl).25 

Less than I$ of the acetyl compound was recovered in the urine (as 
activity). Effective serum levels were maintained for several hours. A 
large number of nitrofurylvinyl heterocycles were prepared and tested in 
vitro against a variety of b a ~ t e r i a . ~ ~ , ~ ~  The more active examples were 
substituted thiadiazoles, benzimidazoles and phenylpyrazolones. 

Miscellaneous Nitrofuryl Derivatives and Allied Compounds - With the con- 
tinued acceptance of nitrofurans as antibacterials and with the success of 
nitrothiophenes, nitrothiazoles, and nitroimidazoles in allied fields of 
chemotherapy, derivatizing continues apace. In vitro testing was reported 
for (substituted) semicarbazones and (substituted) thiosemicarbazones of 
nitrofurfuraldehyde, 28 (ring) N substituted nitrofurantoin, 2s methylpyra- 
zolesJ3' aryltetra~oles,~~ carbonyl substituted isoxazoles,32 oxadiazolines 
(none active in v ~ v o ) , ~ ~  aminocyanoisoxazoles (some active in V ~ V O ) , ~ ~  and 
imidazolopyridine and other fused ring imidazole compounds. 35 

phenealdehyde acetals, semicarbazones, and thiosemicarbazones were compared 
in vitro with analogous nitrofurfuraldehyde derivatives. 36 

hydrazone from nitrofurfuraldehyde and polyacryloylhydrazide was active in 
vitro but not absorbed per~rally.'~ 

Nitrothio- 

The polymeric 

Mode of Action and Pharmacology - This important group of compounds con- 
tinues to be the subject of theoretical and basic research. During the 
year a mathematical (molecular orbital) treatment of nitrofuran aciivity 
was given; it was deduced that bacterial action depends heavily on the re- 
duction of the nitro g r o u p ~ . ~ ~  The effect of crystal size on the rate of 
peroral absorption of nitrofurantoin and the effect on its excretion into 
the urine and on emesis was studied in rats, dogs and man.39 
as an inhibitor of monoamine oxidase was studied.40J41 

Furazolidone 

Sulfonamides 

General - That sulfas continue resurgent in the post-antibiotic era is at- 
tested by the large number of papers dealing with these drugs. The major- 
ity published during the last year cover clinical pharmacological, bio- 
chemical and physical aspects of these drugs. However, a few papers des- 
cribing new derivatives appeared. 

New Derivatives - Prepared and tested in vitro only were the following sul- 
fanilamidoheterocycles: chloromethyltrifluoromethyl, and methoxypyrimi- 
dines, 4 2 ~  43 amino and chloro substituted pyrimidines, 44 phenylpyrazolesJa* 
trimethylpyrazines, 47 and the glucuronide of sulfadimethoxine. 48 

Tested in vivo but devoid of interesting activity was a series of 5 -  
sul fanilamido-as - triaz ines. 49 

extensively inmice and in men and recommended for treatment of dysentery 
and enterocolitis in cases where sulfa treatment is indicated.50 

N4-phthalylsul fame thoxypyridazine was tested 
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Meningococci and Carbonic Anhydrase Inhibition - Interest continues on the 
significance to therapy of the unique sensitivity of meningococci to car- 
bonic anhydrase inhibitors ( see previous Reports). Sanders reviewed this 
rationale and reported on the trial of the diuretic ethoxyzolamide in 
eight carriers of meninogococci. 51 

While this potent carbonic anhydrase inhibitor did not eradicate men- 
ingococci from any carrier, Sanders reported that it produced profound 
changes in the organisms shed during and after treatment. He recommended 
further clinical and epidemologic studies to find whether these changes 
diminish transmissibility or invasiveness. 51 In contrast, Vaichulis and 
Vedros conclude from their in vitro studies with sensitive strains and a 
recently isolated clinically resistant meningococcus that the mode of 
action of sulfas on Neisseria meningitidis is no different than on bacteria 
generally. 52 

Mode of Action and Structure-Activity Correlation - Patsch and Hoehne con- 
tinuing earlier work found cross resistance between sulfas to be variable 
in many instances.53,54 
sulfanilamides against over 200 microorganisms which were originally clini- 
cal isolates. The usual clinical pathogens were well represented. Ranking 
sulfas by their bacteriostatic endpoints they found different rankings de- 
pending on the test organism. The greatest differences between sulfas were 
encountered with pseudomonas and s taphlococcus species. 

They tested a wide selection of N1-sunstituted 

A challenge to a simplistic view is inherent in the above results. 
A sophisticated theory of action which can predict whether new structures 
have useful activity against selected pathogens is simply not at hand. 
However, this lack heightens interest in such broad, blunt structure- 
activity correlations as can be made. Value for activity-prediction of 
molecular orbital  calculation^,^^ and pKa and Hanrmet sigma values56 was 
affirmed, while the usefulness of spectroscopically determined vibrational 
constants was 58 

Toxicity and Pharmacologx - The long acting 4-sulfanilamido-5,6-dimethoxy- 
pyrimidine produced fewer side effects than, and gave equal therapy to, 
ampicillin in urinary tract infection. 59 
4,6-diethyl-s-triazine) was eliminated variably depending on diet, state of 
consciousness and a diurnal rhythm.60 
oxypyridazine were compared for levels and persistence in the blood and 
organs of mice.61 
pared. 62 
of sulfadimethoxine in rat and rabbit after single oral doses of the 
sulfa.63 
number of sulfas in humans.64,65,66,67 A toxic reaction new to sulfas was 
discovered with 3 - sul f anilamido-6 -e thoxypyridazine. 
at high doses it causes cataracts in dogs and rats.68 

Sulfasymazine (2-sulfanilamido- 

Sulfamethoxypyrazine and sulfameth- 

The renal and hepatic excretion of 20 sulfas was com- 
Terephthalic acid in the diet significantly increases the levels 

Acetylation and glucuronide formation was investigated for a 

On prolonged feeding 

Antituberculous Drugs 

Ethambutol - This drug was officially approved for marketing in the U.S.A. 
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last year.69 This F.D.A. release comes some six years after start of test- 

C, kCHNHCH2 CbNHCHG % 
1 t 

CH2OH CH20H 

VII 

ing. It is recommended for use as a companion drug with one of the stand- 
ard drugs to prevent the emergence of resistant tubercle bacilli during 
treatment.69,70 
subject of one paper.71 
pharmacology, toxicology, and therapy. 72 

Thiocarbamyl Derivatives - Prepared and tested in vitro were numerous thio- 
hydantoic acid derivatives, primarily hydrazides and hydrazones, 73 twenty- 
five aralkyl thioureas and isonicot inoyl thiosemicarbazides, 74 indoylalkyl- 
thioureas, 75 1-( subst)aryl-3-heterocyclicthioureas, 76 mercaptoquinazo- 
 lone^,^^ and aryl (or) hetero vinylthioamides (i. e. vinyl~gs).~~ 

VII as a single drug treatment of tuberculosis is the 
Grassi has reviewed its experimental and clinical 

Ethionamide, VIII, received some attention; it is metabolized in rats 
and mice as follows,79 along with other metabolites. Seydel studied the 

L VIII 

NH2 
t 

c=o COsH 

hydrolysis of VIII under physiological conditions (pH 7, 370) .80 He found 
that the sulfur is readily eliminated and postulated that the toxicity of 
antituberculous activity is the pyridine ring and that the thioamide serves 
to aid penetration of VIII into the bacterial cell. 

:ere treated with phosgene or thiophosgene to give oxadiazoles (IX, R = 
-hinosalicylic Acid (PAS) Derivatives - The substituted hydrazides of PAS 

OH 

CONHNH2 csNH2 
I I 

BrQ BrQ 
IX X XI 

alkyl or H, X = 0 or S).81 
series; unfortunately no in vivo data was given. 

High tuberculostatic activity was found in both 

Kakemi and coworkers determined that the in vitro action of omega 
substituted alkyl esters of PAS were reversed by added PABA and concluded 



- 110 Sect. I11 - Chemotherapeutics Cheney, Ed. 

that the mode of action of these derivatives was similar to that of PAS.81 
They studied the absorption, biotransformation, and excretion and suggested 
that these PAS esters may have good sustained release qualities.82 

Isoniazid (INH) and Derivatives - Various haloisonicotinic acid derivatives 
were prepared and tested in vitro by Palat and coworkers.83 
active against the human strain HS7Rv, XI was most active against an INH 
resistant avian strain. Bekierkunst determined that INH affects nicotin- 
amide metabolism and protects mice treated with cord factor (a toxic ex- 
tract of tubercle bacillus). 
mode of action of INH in tuberculous  infection^.^^ 

X was most 

He discussed these results and proposed a 

Miscellaneous New Antituberculous Compounds - The phenanthrotriazine 
(~.283, Hoechst) (XII) was active in mice infected with the atypical 
Mycobacterium kansasii.85 It was somewhat less active than 4, k'-bis-iso- 

NH 

OH 

XI I XI11 

amyloxythiocarbanilide. Tested in vitro were a series of phosphorylated 
aliphatic hydrazides,86 p-phenylenediamines and their amides with isonico- 
tinic acid,87 and 2,4 and 5-formyl-8-quinoIinols and their thiosemicarba- 
zones and hydrazones.88 
sensitive and resistant HS7Rv; with XI11 there was cross resistance to INH. 

The latter compounds were tested against both 

Leprosy 

New Outlook in Methodology - The extreme fastidiousness of the human 
leprosy bacillus has ever been a bar to meaningful test methods for agents 
to control human leprosy. In the past, reliance had to be placed for 
screening in the relevance of activity in related diseases; particularly 
relied upon in the past were activity in experimental tuberculosis and the 
almost equally unrelated murine leprosy. (See previous Reports). Since 
its inception about 1960, increasing use has been made of Shepard's method 
whereby human leprosy bacilli grow to a some extent in the footpads of 
mice. This year Rees and Waters reported a further advance." They found 
that thymectomized and irradiated mice sustained an actively proliferating 
infection when inoculated with human leprosy bacilli. Their work has been 
hailed editorially as a model for lepromatous leprosy. Already men- 
tioned is Chang's feeling that murine leprosy has more relevance to the 
human disease than commonly believed, the history of B.663 being cited to 
support his thesis.= He and Vaituzis reported success this year in growing 
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M. lepramurium in mouse peritoneal macrophagesYs2 possibly a model for an 
in vitro system. 

Antibacterials with Limited or Unproved Systemic Potential 

Developments in Established Topical Agents - The continued interest in 
nitrofurazolium chloride was covered in the section on nitrofurans. Sub- 
stitution products related to dequalinium, (decamethylenequinaldinium 
salts), were described and their activities and toxicities given. s3 The 
metabolism in rats of Hg-labeled phenylmercuric acetate was studied. 94 
Structure-act ivity reports were made for nitro tri f luoromethylanilides, 95 
and salicylamides including replacement of the amide connecting group. 96 

With high in vitro activity and synergism of nitrofurazone was 3,4-di- 
chloro-4tthiocyanatocarbanilide; its mouse toxicity was also given. 97 
Williamson and Metcalf found several salicylanilides to be the most effec- 
tive uncoupling agents for oxidative phosphorylation discovered so far. 
Perhaps the mode of action of this important class of antiseptics has been 
found. 

Miscellaneous In Vitro Actives - With antibacterial activity accompanied by 
some in vivo tolerance or nonbacterial chemotherapy data were the following 
additional reports: triazenoimidazole, ”7 hydrazones of N-amino 
(cyclic) hexamethyleneimine,102~103 further reports on antibacterial mes- 
ionic oxadiazoles, 
and a dini tropyrrole. lo8 

lo’ oxamylhydroxamic acids,lo6 5-fluropyrimidine~~~~~ 

Antibacterial activity, primarily in vitro, was reported for: aza- 
steroids, log norethindrone,”’ indandionethiosemicarbazones, 
cyana tes,l12, 
dipicrylamine,115 fluoroanilinoquinaldinesy116 halogenated chalcones,l17 
glycerylphenyl ethers,l18 benzofurans,”’ 2-mer~aptobenzothiazoles,~~’ aza 
analogs of isoleucine,l= Mannich products from dichloropyridazinone,122 
pyrroles,123 and I-$ -adamanty1-4-aminoben~amide.l~~ It is interesting that 
the action of the last compound is reversed by added p-aminobenzoic acid. 
The possibilities of I-$ -adamantyl-4-aminobenzamide as a chemotherapeutic 
agent are under investigation. 

phenyl thio- 
osazones from 3, 4-dichlorophenylhydrazine, 114 te trame thy1 - 
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Chapter 12. A n t i v i r a l  Agents 

Conrad E.  Hoffmann 
E. I. du Pont de Nemours and C o . ,  Wilmington, D e l .  

During 1967 no new " a n t i v i r a l "  drugs were c l ea red  f o r  use i n  humans 
al though a c t i v i t y  was high a t  the  labora tory  and f i e l d  t r ia l  level. 

One comprehensive (1) and several more r e s t r i c t e d  reviews (2,3) 
were published. 
s t rong  o r i e n t a t i o n  on t h e  molecular biology approach. Great s t r i d e s  have 
been made i n  e luc ida t ing  biochemical events  pecu l i a r  t o  v i r u s  invasion of 
cells ,  but  i t  i s  not  y e t  poss ib le  t o  synthes ize  compounds wi th  p red ic t ab le  
u s e f u l  "an t iv i r a l "  a c t i v i t y  on these  f ind ings .  
con t ro l l ed  screening program appears  t o  be the  most f r u i t f u l  approach. 
Even he re  t h e r e  are problems wi th  cons iderable  d i f f e rences  of opinion as 
t o  the  d e f i n i t i o n  of an  "an t iv i r a l "  agent  and the  b e s t  methods of f ind ing  
such agents  ( 4 ) .  
e f f e c t  of a n t i v i r a l  compounds on the  rales induced i n  m i c e  by inf luenza  
v i r u s  (5), a n  automated screen using the  i n h i b i t i o n  of virus- induced 
nuc le ic  ac id  synthes is  as a parameter (6) as w e l l  as desc r ip t ions  of t he  
t i g h t  c o n t r o l s  of a l l  test  parameters necessary t o  ob ta in  reproducible  
r e s u l t s  (7,8). Although a g r e a t  d e a l  of work on methods has  been done, no 
s i n g l e  method has  emerged as the  b e s t  f o r  discovery of a n t i v i r a l  drugs and 
t h e r e  i s  s t i l l  room f o r  more e f f e c t i v e  techniques.  

The former reviewed a n t i v i r a l  agents  i n t o  1966 with a 

For the  present  a w e l l -  

N e w e r  screening techniques descr ibed t h e  use of the  

I n t e r f e r o n  - Pas t  reviews of t h i s  series excluded cons idera t ion  of 
papers on in t e r f e ron ,  bu t  the  r ap id  advances i n  t h i s  area m e r i t  t h e i r  
inc lus ion .  Severa l  r ecen t  reviews are a v a i l a b l e  f o r  background informa- 
t i o n  on i n t e r f e r o n  (9,10,11). 
induced i n  c e l l s  by a number of agents  including v i r u s e s  which has  the  
property of making c e l l s  r e f r a c t o r y  t o  v i r u s  m u l t i p l i c a t i o n  (12) and i s  
charac te r ized  by having a broad spectrum of a n t i v i r a l  a c t i v i t y  but  i s  
s p e c i f i c  f o r  t he  spec ies  i n  which it i s  produced. It i s  produced by human 
c e l l s  and has  been found i n  human f l u i d s  (13,14,15). 

It i s  a p ro te in  o r  la rge  polypept ide 

To d a t e  the  a n t i v i r a l  a c t i v i t y  of i n t e r f e r o n  has  been demonstrated 
only i n  t i s s u e  c u l t u r e  or i n  animal systems and not  i n  man. I n  one study 
(16) i n t e r f e r o n  induced by measles vaccine w a s  found not  t o  a f f e c t  t he  
shedding of cytomegalovirus of ch ron ica l ly  in fec t ed  ch i ld ren .  However, 
t h i s  w a s  n o t  unexpected s ince  t h i s  v i r u s  i s  h ighly  r e s i s t a n t  t o  the  e f f e c t  
of i n t e r f e r o n  i n  t i s s u e  c u l t u r e .  

Two approaches €or  t h e  a p p l i c a t i o n  of t he  " in t e r f e ron  mechanism" t o  
c o n t r o l  of v i r u s  d i seases  have been considered - the  d i r e c t  use of 
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i n t e r f e r o n  produced exogenously and t h e  induct ion  of i n t e r f e r o n  i n  the  
hos t  animal. Although d i r e c t  a p p l i c a t i o n  of i n t e r f e r o n  has  provided pro- 
t e c t i o n  of m i c e  from Semliki Fo res t  v i r u s  (17),  t he  c e l l  s p e c i f i c i t y  and 
problems of making s u f f i c i e n t  q u a n t i t i e s  of i n t e r f e r o n  f o r  a p p l i c a t i o n  
render t h i s  approach u n a t t r a c t i v e  (11). 

The second approach, therefore ,  has  been t o  discover  non-viral  
inducers  of i n t e r f e r o n .  Among the  earliest  v i r u s  i n h i b i t o r s  was he len ine  
obtained from a mold, Penic i l l ium funiculosum (18) which w a s  shown t o  
cause the  formation of a v i r a l  i n h i b i t o r  i n  m i c e  wi th  p rope r t i e s  
resembling . in te r fe ron  (19). Another such product, o r i g i n a l l y  thought t o  
be an  an ionic  polysaccharide, i s  s t a t o l o n  produced by Pen ic i l l i um 
stoloniferum and a l s o  found t o  be capable of inducing i n t e r f e r o n  as w e l l  
as providing p ro tec t ion  i n  v i r u s  i n f e c t i o n s  of mice (20,21). Recently, 
fol lowing c a r e f u l  f r a c t i o n a t i o n  of the  s t a t o l o n  prepara t ions  on sucrose 
grad ien ts ,  it w a s  found t h a t  active prepara t ions  contained numerous 
p a r t i c l e s  of t y p i c a l  v i r u s  morphology ( 2 2 ) .  A l l  a c t i v e  prepara t ions  con- 
ta ined  these  p a r t i c l e s  and i t  w a s  concluded t h a t  t he  in te r fe ron- inducing  
agent  i n  s t a t o l o n  i s  no t  polysaccharide but  a mold v i r u s .  

A b r i l l i a n t  series of experiments has  shown t h a t  the  a c t i v e  inducer 
from Penic i l l ium funiculosum (helenine)  i s  a double-stranded RNA which, 
when f reed  of i nh ib i to ry  pro te in ,  i s  capable i n  microgram amounts of 
inducing i n t e r f e r o n  production i n  r a b b i t s  as w e l l  as p ro tec t ing  mice from 
v i r u s  i n f e c t i o n  (23).  Subsequent s tud ie s  ind ica t ed  t h a t  microgram;amounts 
of mult is t randed syn the t i c  polynucleot ide complexes as w e l l  as double- 
s t randed RNA from reovi rus  and double-stranded RNA induced i n  3. & 
cells by MS2 col iphage were a l s o  capable of inducing i n t e r f e r o n  production 
and hos t  r e s i s t a n c e  i n  animals (24,25,26). Single-s t randed RNA from a 
v a r i e t y  of sources  as w e l l  as double-stranded DNA from calf thymus were 
inac t ive .  The advantage of these  inducers  i s  t h e  r ap id  appearance of 
i n t e r f e ron ,  two t o  four  hours, compared wi th  the  much slower rise from 
v i r u s  in fec t ion .  These materials can be produced i n  l a rge  sca l e ,  and 
although not  y e t  t e s t e d  i n  man, o f f e r  t h e  p o t e n t i a l  f o r  a broad-spectrum 
prophylact ic  a n t i v i r a l  agent .  

A syn the t i c  an ionic  polymer, f i r s t  found t o  induce i n t e r f e r o n  i n  
m i c e  (27,28), has  been t e s t e d  f o r  i n t e r f e r o n  induct ion  i n  cancer  p a t i e n t s  
(29). F i f t e e n  t o  s ix t een  mg/kg of pyran copolymer (NSC-46015-C) w a s  con- 
s i s t e n t l y  e f f e c t i v e  i n  inducing i n t e r f e r o n  wi th  a peak a t  48 hours .  
material i s  r e l a t i v e l y  toxic ,  inducing a high fever i n  most r e c i p i e n t s  and 
inducing thrombocytopenia a t  e f f e c t i v e  in te r fe ron- inducing  concent ra t ions .  
The effect of t reatment  a g a i n s t  v i r u s  d i seases  i n  man w a s  no t  t e s t e d  and 
the  material appears t o  be too  tox ic  f o r  genera l  use although it should 
s t imu la t e  e f f o r t s  t o  synthes ize  a safer material (30). 

The 

Other agents  wi th  repor ted  a c t i v i t y  i n  t h i s  area inc lude  phytohemag- 
g l u t i n i n  and pokeweed mitogen sa id  t o  s t imu la t e  i n t e r f e r o n  product ion by 
human lymphocytes (31), Freund's  adjuvant  s a id  t o  speed up i n t e r f e r o n  pro- 
duct ion i n  m i c e  i n fec t ed  wi th  foot-and-mouth d i sease  v i r u s  (32), poly- 
o rn i th ine  (33) and egg polysaccharide (34) which apparent ly  inc rease  
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uptake of exogenous i n t e r f e r o n  r e s u l t i n g  i n  enhanced a n t i v i r a l  a c t i v i t y .  
C o r t i s o l  w a s  found t o  suppress i n t e r f e r o n  production by g .  & endotoxin 
(a releaser) i n  r a b b i t s  bu t  had no e f f e c t  on i n t e r f e r o n  production induced 
by Newcastle Disease v i r u s  (35). 

Although the re  are s t i l l  problems such as c e l l  r e f r a c t o r i n e s s ,  
i n t e r f e r o n  product ion i n h i b i t o r s  and lack  of i n t e r f e r o n  response (36,37), 
i t  appears  t h a t  i n i t i a l  a n t i v i r a l  c l i n i c a l  t r ia ls  of i n t e r f e r o n  inducers  
could take  p lace  i n  1968 (38). 

Adamantanes - Of fou r  r e p o r t s  analyzing the  c l i n i c a l  and labora tory  
da t a  on 1-adamantanamine H C 1  (amantadine HC1;  "Symmetrel") through 1966 , 
one (39) w a s  h ighly  c r i t i c a l  of t he  s ign i f i cance  of t he  f ind ings  whereas 
th ree  (40,41,42) concluded t h a t  t he  da t a  c l e a r l y  supported the  claims f o r  
prophylact ic  a n t i - i n f  luenza A2 a c t i v i t y  i n  man. Continuing s tud ie s ,  both 
c l i n i c a l l y  and i n  the  laboratory,  have provided a d d i t i o n a l  support of the  
antiviral  a c t i v i t y  of t h i s  drug. Data from a double-blind chal lenge study 
of A2 i n f e c t i o n  i n  man ind ica t ed  t h a t  the  t o t a l  number of sub jec t s  wi th  
c l i n i c a l  and f e b r i l e  i l lness  w a s  s i g n i f i c a n t l y  reduced i n  the  drug- t rea ted  
group ( 4 3 ) .  
c h i l d r e n  i n  a double-blind prophylac t ic  f i e l d  t r i a l  w a s  repor ted  t o  s ign i -  
f i c a n t l y  reduce r e s p i r a t o r y  i l l n e s s  ( 4 4 ) .  P a r t  of t h e  reduct ion  w a s  due 
t o  success fu l  chemoprophylaxis of in f luenza  A2 during an  outbreak of t h i s  
d i sease ;  t he  remainder was from a reduct ion  of as y e t  e t i o l o g i c a l l y  
un iden t i f i ed  upper r e s p i r a t o r y  i l l n e s s e s .  
during minor inf luenza  A2 epidemics i n  Sweden and the  Netherlands during 
1965 and 1966 a l s o  showed amantadine H C 1  t o  be c l i n i c a l l y  e f f e c t i v e  by 
prophylact ic  t reatment  (45). Concurrent therapeut ic  s t u d i e s  ind ica ted  a 
decrease i n  i l l n e s s  and some symptoms although t h i s  e f f e c t  d id  no t  reach 
s ign i f i cance  i n  a l l  s tud ie s .  Amantadine H C 1  w a s  found t o  be i n a c t i v e  
aga ins t  para inf luenza  type 1 v i r u s  i n  a chal lenge study i n  man (46), no t  
unexpected s ince  serum and nasal s e c r e t i o n  levels of drug were lower than 
repor ted  t i s s u e  c u l t u r e  effective concent ra t ions .  No se r ious  s i d e  e f f e c t s  
were repor ted  i n  these  s t u d i e s  i n  man. 

One t o  2.5 mg/kg/day of amantadine HC1 adminis tered t o  

A r e p o r t  on s t u d i e s  c a r r i e d  out  

A study i n  mice in fec t ed  wi th  inf luenza  A2 ind ica t ed  t h a t  ae roso l  
adminis t ra t ion  of drug provided a high degree of pro tec t ion ,  b e t t e r  than 
o r a l  dosage (47). A n t i v i r a l  a c t i v i t y  was repor ted  €or amantadine HC1 
aga ins t  Rous sarcoma i n  chickens and fowl l eucos i s  i n  ch ick  embryos (48), 
aga ins t  fowl plague v i r u s  i n  t i s s u e  c u l t u r e  (49) and aga ins t  mu l t ip l e  
s t r a i n s  of in f luenza  A@qui-1 and A@qui-2 i n  t i s s u e  cu l tu re ,  i n  ovo and 
i n  mice (50). Another study showed i n h i b i t i o n  of t he  mitogenic response 
of human lymphocytes s t imula ted  wi th  phytohemagglutinin (51) and the  
suggest ion was made t h a t  the  drug might have a d i r e c t  i nh ib i to ry  effect  on 
antibody response.  However, i t  d id  not  a f f e c t  the  antibody response 
induced i n  r a b b i t s  by e i t h e r  bovine serum or inf luenza  A2/Japan/305/57 
an t igens  (52) ind ica t ing  t h a t  the  photohemagglutinin r e s u l t  might be a 
s p e c i a l  case of r e a c t i o n  wi th  amantadine and c e l l  membranes. 

One analog, a-methyl- 1-adamantanemethylamine HC1 (EXP 126) has been 
t e s t e d  i n  man by prophylact ic  t reatment  a g a i n s t  a chal lenge i n f e c t i o n  wi th  



Chap. 12 Antivirals Hoffmann 119 - 
in f luenza  A2/Rockville/1/65 v i r u s  and shown t o  a f fo rd  a high degree of 
p ro tec t ion  aga ins t  c l i n i c a l  disease (53) - A number of adamantane der iva-  
tives were synthesized and t e s t ed  i n  t i s s u e  c u l t u r e  and i n  mice in fec t ed  
with inf luenza  v i r u s .  Severa l  were a n t i v i r a l ,  but  amantadine HC1 proved 
t o  have t h e  h ighes t  degree of a c t i v i t y  i n  both systems (54). 
s tud ie s  a l s o  suggested t h a t  t he  amino group was not  e s s e n t i a l  f o r  a n t i -  
v i r a l  a c t i v i t y .  
i n h i b i t  in f luenza  v i r u s ,  e spec ia l ly  A2 s t r a i n s ,  i n  monkey kidney t i s s u e  
c u l t u r e  (55). 
v i r u s  reproduct ion.  Other work on the  mode of a c t i o n  of amantadine H C 1  
supported the  conclusion t h a t  t he  a n t i v i r a l  e f f e c t  was a t  the  s t age  of 
v i r u s  pene t r a t ion  and not  on the  s t ages  of adsorpt ion,  r e p l i c a t i o n  o r  
release (56). A t i s s u e  c u l t u r e  study of NH4Cl on v i r a l  pene t r a t ion  ind i -  
cated t h a t  t h i s  e f f e c t  was too weak and v a r i a b l e  t o  exp la in  i t s  a n t i v i r a l  
a c t i v i t y  (57). Unfortunately amantadine HC1 was not  t e s t e d  s ince  i t  and 
s impler  amines have been repor ted  t o  ac t  by the  same mechanism (58). 

These 

Cer t a in  amines and ammonium salts  were repor ted  t o  

Like amantadine HC1, these  worked a t  a n  e a r l y  s tage  i n  

Thiosemicarbazones - F i e l d  s t u d i e s  on the  use of l -methyl isat in-3-  
thiosemicarbazone (methisazone ; "Marboran") were reviewed and t h e  sugges- 
t i o n  made t h a t  both t reatment  wi th  compound and vacc ina t ion  should be 
c a r r i e d  out  on smallpox con tac t s  f o r  maximum pro tec t ion  (59). S tudies  on 
the  use of methisazone i n  humans s u f f e r i n g  from complicat ions of smallpox 
vacc ina t ion  ind ica ted  a h igh  degree of e f f i c a c y  a g a i n s t  eczema vaccinatum, 
but  a lesser degree of l i f e - sav ing  p ro tec t ion  a g a i n s t  t he  l e t h a l  complica- 
t i o n  of vacc in i a  gangrenosa (60,61). Although the  viremia was apparent ly  
cured i n  a number of t hese  cases, many eventua l ly  succumbed t o  a n  under- 
ly ing  d i sease .  A summary ar t ic le  of the  t reatment  of smallpox and com- 
p l i c a t i o n s  of smallpox vacc ina t ion  covers  many a spec t s  of t he  use of 
methisazone (62). I n  labora tory  s t u d i e s  methisazone provided p ro tec t ion  
t o  mice infec ted  I C  o r  I N  w i th  smallpox v i r u s  when given p r i o r  t o  infec-  
t i o n  (63). 
i n  primary human thyro id  cells  (64) and a l s o  showed a c t i v i t y  a g a i n s t  e i g h t  
s t r a i n s  of adenovirus and SV15 grown i n  HeLa c e l l s  (65). Th i r ty  ~.IM pro- 
vided complete i n h i b i t i o n  and a n t i v i r a l  a c t i v i t y  w a s  p resent  when compound 
w a s  added 17 hours a f te r  in fec t ion .  A number of s u b s t i t u t e d  N-amino- 
me thy l i sa t in s  were synthesized and one, N-piperidinemethylisatin, was 
repor ted  t o  have a h igh  degree of a c t i v i t y  a g a i n s t  pol io ,  type 11; herpes 
simplex; measles and parainf luenza 3 (HA-1) although no test d a t a  were 
included (66) . 

I n  t i s s u e  c u l t u r e  methisazone inh ib i t ed  v a r i c e l l a  v i r u s  grown 

Nuc l eos  ides  - A 1 though 5- iodode oxyur id  i n e  ( idoxuridine ; IUDR ; 
"Stoxil"; "Herplex") has  proven success fu l  i n  the  t reatment  of h e r p e t i c  
k e r a t i t i s  of the  eyes, i t  has  been less success fu l  i n  the  t reatment  of 
herpes  simplex encepha l i t i s .  Using l abe l l ed  LUDR it w a s  found t h a t  
i n s i g n i f i c a n t  amounts of IUDR en te red  the  b r a i n  a f t e r  IV i n j e c t i o n  (67). 
I n  addi t ion ,  b r a i n  t i s s u e  w a s  found t o  r ap id ly  break down IUDR t o  
I U  + I + U and the  au thors  concluded t h a t  t h i s  w a s  t he  reason f o r  lack  of 
e f f i cacy .  Recent very l imi ted  s t u d i e s  i n  humans ind ica t ed  t h a t  e a r l y  
t reatment  of herpes  simplex e n c e p h a l i t i s  w i th  IV IUDR and e x t e r n a l  decom- 
press ion  was not  only l i fe -sav ing ,  b u t  prevented permanent b ra in  damage 
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(68). 
after permanent damage occurred. 

I n  previous f a i lu re s ,  diagnosis was delayed and treatment s t a r t e d  

Preliminary s tud ie s  with azauridine suggest t h a t  t h i s  mater ia l  was 
e f f ec t ive  f o r  the treatment of herpes simplex and zoster  infect ions of the 
human eye (69). 
p l e t e ly  protected from pustule formation and erythema by 2-3 grams of 
compound injected IV (70). 
t ox ic i ty .  
herpes 3, i n  r abb i t  kidney cells as w e l l  as pseudorabies, a DNA virus ,  
whereas ves i cu la r  stomatitis, an RNA v i rus ,  w a s  resistant (71). 
number of nucleosides have been synthesized and t e s t ed  i n  various systems 
f o r  a n t i v i r a l  a c t i v i t y .  1-@-D-Arabinofuranosylcytosine (cytarabine; 
ara-C) blocked DNA synthesis of herpes-infected c e l l s  (72) while a number 
of s t r u c t u r a l l y  r e l a t ed  compounds showed some a n t i v i r a l  a c t i v i t y ?  although 
less than the parent compound (73,74,75,76). 
determine the u l t i m a t e  value of 

Rabbits infected with vaccinia v i r u s  vaccine were com- 

This material apparently has a l o w  order of 
5-Bromo-2-decmyuridine was found t o  i n h i b i t  a new v i rus ,  equine 

A large 

It i s  s t i l l  too e a r l y  t o  
these newer agents as "ant iviral"  drugs. 

Other An t iv i r a l  Substances - Ascorbic acid has been reputed t o  pro- 
t e c t  aga ins t  and "abort" the common cold.  
t i s sue  cu l tu re  against  a number of viruses  including s t r a i n s  of rhinovirus 
and i n  influenza-infected m i c e  i n  which no e f f e c t  of ascorbic acid treat- 
ment on lung les ion score or mortal i ty  w a s  observed (77) .  
these negative laboratory r e s u l t s ,  the e f f e c t  of 3 grams p e r  day of 
ascorbic acid w a s  studied i n  human volunteers challenged with a number of 
viruses  causing upper r e sp i r a to ry  disease.  Again no protect ive or thera- 
peutic a c t i v i t y  was observed with the conclusion t h a t  ascorbic ac id  w a s  
valueless  i n  the treatment of upper respiratory disease.  

This w a s  not confirmed i n  

I n  s p i t e  of 

Viract in ,  f o r  which the re  are unconfirmed claims of a c t i v i t y  f o r  the 
prevention of r e sp i r a to ry  infect ion? once again w a s  shown t o  be ineffec- 
t i v e  i n  a c ros s -wer  placebo-drug study i n  volunteers (78). 

[N ,N'-Anhydrobis (@-hydroxyethy1)biguanide H C l ]  (ABOB; "Virugon") , 
fo r  which the re  are conf l i c t ing  claims f o r  a c t i v i t y  against  influenza 
v i rus ,  w a s  studied i n  a population of 5744 i n d u s t r i a l  workers i n  Sweden. 
High levels ,  1600 mg/day, given prophylactically reduced c l i n i c a l  
influenza from 2.25% i n  the placebo group t o  1.16% i n  the t r ea t ed  group 
(79).  
r e sp i r a to ry  t r a c t  disease between placebo and drug groups nor w a s  there  
any difference i n  s ide  e f f e c t s .  
r e su l t ed  i n  a s t a t i s t i c a l l y  s ign i f i can t  reduction i n  the length of fever 
but  not  other symptoms of pharyngoconjunctival fever caused by adeno 
type 3 v i r u s  (80). Of other compounds tes ted i n  man, one analog, from a 
group of thiazol idineacet ic  acid der ivat ives  with a c t i v i t y  against  herpes 
s implex  i n  t i s s u e  cul ture ,  was reported t o  be a c t i v e  i n  the treatment of 
volunteers with l a b i a l  or ocular herpes s implex infect ions (81). 

I n  the werall study there  w a s  no difference i n  other upper 

ABOB treatment of a d u l t s  and chi ldren 

Several na tu ra l  products were reported t o  possess a n t i v i r a l  a c t i v i t y  
i n  laboratory animals. Extracts  from narcissus and magnolia p l an t s  
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provided protect ion against  lymphocytic choriomeningitis i n fec t ions  of 
mice (82). Gymnenic acid extracted from Gvmnema sy lves t r e  w a s  a c t i v e  
against  several  viruses  i n  t i s s u e  cu l tu re  and a l s o  caused a small reduc- 
t ion i n  lung lesions of influenza-infected mice (83). 
from s h e l l f i s h  with weak a c t i v i t y  against  pol io  and influenza B i n  mice 
was found t o  be produced i n  the l i v e r s  of the s h e l l f i s h  but not other 
tissues (84,85). 
E. c o l i  lysates  ac t ive  against  DNA viruses  w a s  found t o  be a phage i n t e r -  
~l protein (86) and showed i n  vivo a c t i v i t y  aga ins t  herpet ic  k e r a t i t i s  i n  
r abb i t s  and cutaneous vaccinia infect ions of m i c e  (87). Living or  k i l l e d  
E. c o l i  and a polysaccharide i so l a t ed  f r o m x .  
herpes simplex i n  t i s s u e  cu l tu re  whereas meningococcus w a s  i nac t ive  (88). 
This was presumed t o  be through an in t e r f e ron  endotoxin mechanism. 

A protein i so l a t ed  

A f ac to r  (phagicin) i so l a t ed  from A-phage-infected 
- -  

were found t o  i n h i b i t  - -  

Resulting from studies  on. the ant ivaccinia  a c t i v i t y  of pterygo- 
spermin, a number of subst i tuted potassium benzylaminothiomethane- 
sulphonates and r e l a t ed  compounds were made of which several possessed 
ant ivaccinia  and ant i - inf luenza a c t i v i t y  i n  t i s s u e  cul ture ,  i n  ovo and i n  
animals (89,90,91). 
t o  be due t o  the l i be ra t ion  of isothiocyanate.  

P a r t  of the mode of a c t i o n  of these compounds appears 

The sodium sal t  of 1,1,3,3-tetracyanopropene (TCNP) was markedly 
a n t i v i r a l  by I P  in j ec t ion  but i nac t ive  o r a l l y  i n  mice against  Columbia SK 
and herpes viruses  with s l i g h t  a c t i v i t y  aga ins t  coxsackievirus B 1  (92). 
1- (4-Fluoropheny l) - 1-phenyl- 2-propynyl-N-cyc lohexy 1 carbamate (FPPC) 
caused a marked reduction of splenomegaly i n  mice infected with Friend 
leukemia v i r u s  as w e l l  as reducing tumor growth i n  chicks infected with 
Rous sarcoma v i rus  (93). Caprochlorone [ levo-4-phenyl-4- (2-chlorobenzy1)- 
5-oxy-hexanoic acid]  showed a c t i v i t y  aga ins t  15 myxwiruses and vaccinia 
with a mode of ac t ion  s i m i l a r  t o  amantadine H C 1  (94). Reports on other 
a n t i v i r a l  agents i n  e a r l y  stages of t e s t i n g  included dibenzylphosphinic 
acid with t i s sue  cu l tu re  a c t i v i t y  aga ins t  encephalomyocarditis v i rus  (95), 
polyvinyl s u l f a t e  a c t i v e  against  some s t r a i n s  of herpes simplex (96), a 
number of isoquinoline der ivat ives  which had both v i r u s  inac t iva t ion  and 
inh ib i t i on  e f f e c t s  without c e l l  t o x i c i t y  (97), a number of 1,2,4-triazole 
der ivat ives  (98), N-acyl der ivat ives  of pyrimidine and purine bases (99) 
and N-acyl der ivat ives  of 5 - t r i az ine  bases (loo), a l l  with reported t i s s u e  
cu l tu re  a c t i v i t y  against  several  s t r a i n s  of viruses .  
s e l ec t ive ly  i n h i b i t  v i r a l  RNA polymerase was ac t ive  i n  m i c e  aga ins t  
influenza PR8 infect ions as wel l  as blocking Rous sarcoma tumors i n  chicks 
(101). 
and much work remains before any’can be considered as a n t i v i r a l  drugs. 

A compound found t o  

Most of these latter agents a r e  i n  preliminary laboratory stages 

Rapid Diagnosis - With the advent of a n t i v i r a l  drugs and t h e i r  
narrow spectrum of a c t i v i t y ,  it became apparent t h a t  rapid diagnostic 
methods were necessary f o r  f u l l  use of these new agents. The c l a s s i c  
v i r u s  i d e n t i f i c a t i o n  systems are f a r  too slow t o  be of value. 
approach f o r  the rapid diagnosis of a va r i e ty  of v i ruses  has been des- 
cribed (102). Another approach i s  t h a t  of f luorescent  antibody (FA) which 
i s  rapid but highly spec i f i c  (103,104). The FA technique i s  sa t i s f ac to ry  

One 
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so long as t h e r e  are not  a la rge  number of h ighly  s p e c i f i c  a n t i v i r a l  
agents ,  each r equ i r ing  a s p e c i f i c  f luo rescen t  antibody. 
been used f o r  t h e  e a r l y  d iagnos is  of h e r p e t i c  e n c e p h a l i t i s  which was 
success fu l ly  t r e a t e d  wi th  IUDR (68). 
measures w i l l  keep pace wi th  progress  on a n t i v i r a l  drugs. 

This  method has  

It i s  hoped t h a t  rap id  d iagnos t ic  
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Chapter l3a. Human Antiparasitic Agents 

Alexander R. Surrey and Allen Yarinsw, 
Sterling-Winthrop Research Institute, Rensselaer, New York 

Introduction - Several reviews of parasitic diseases and their chemother- 
apy have been published.'-7 Although some progr.ess has been made during 
the past year in the treatment of resistant Plasmodium falciparum infec- 
tions and in a better understanding of the action of drugs in schistoso- 
miasis, the problems related to the prophylaxis and treatment of many 
parasitic diseases are not yet fully resolved. 
treatment and no new drugs have appeared on the horizon for Chagas' di- 
sease, toxoplasmosis, visceral larval migrans and pneumocystis pneumonia. 
The latter disease is gaining prom'nence with the increasing use of im- 

There is no adequate 

munosupressive agents in medicine. 6 

PROTOZOAN INFECTIONS 

Malaria - According to WHO reports, malaria eradication is today an ac- 
complished fact for 619 million people. 
lation live in areas where transmission of the parasite is no longer a 
major problem. On the other side of the picture there are another 638 
million who live in areas where transmission still continues.9 The number 
of reported cases of malaria in the U.S. is increasing rapidly, mainly 
due to military returnees from Vietnam.lo In 1966 there were 565 reports 
as compared to 147 reports in 1965.l~ 

An additional 334 million popu- 

The 4-aminoquinoline resistant p. falciparum malaria is still an 
important problem in specific areas. To date no authe icated cases of 
this resistant malaria have been documented in Africa?' There is no 
single, all purpose drug suitable for both prevention and cure of malaria. 
Interest in this area is shown by the number of reviews and major publi- 
cations that have appeared within the last year.=-l7 

Current Therax - Although 4-aminoquinoline resistant & falciparum 
infections continue to be reported, the overwhelming majority of malaria 
infections are amenable to chloroquine therapy. Effective treatment of 
4-aminoquinoline resistant falciparum malaria with combinations of two 
or more antimalarials including chloroquine, colchicine, quinine, pyri- 
methamine (Ia) long-act'ng sulfonamides and diaminodiphenylsulfone (DDS) 
hav been P. single 1-gm. dose of sulphormethoxine (Fana- 
si & ) (IIa) and 50 mg. pyrimethamine produced radical cures in 17 of 19 
patients in Thailand.18 According to Sheehy and Reba,lg a pyrimethamine- 
quinine treatment for all% falciparum infections acquired by U.S. 
troops in Vietnam showed a cure rate of 90-954. 
with DDS in patients treated initially with both chloroquine and quinine 
was highly effective in reducing recrudescence rates of 5 falciparum. 

Supplemental therapy 
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Modes of Action - A review of the mechanism of action of chloroquine 

is given by S m r % e  drug interferes with the action of several en- 
zymes, binds to melanin and DNA, stabilizes lysosomes and blocks the sulf- 
hydryldisulfide interchange reaction. In the presence of chloroquine- 
sensitive plasmodia (P. berghei ), mouse erythrocytes concentrate chloro- 
quine to levels more than 

quine DNA complex indicates intercalation of chloroquine into DNAO27 Sup- 
port for the mode of action of quinac ine in impairing DNA replication in 

a number of representstive antimalarial compounds was re~rted.~g The ex- 
perimentally observed interaction of chloroquine with the guanine of DNA 
seems to be explained satisfactorily by electron donating or accepting 
characteristics of the respective molecules. 

-- 

ice as high as those parasitized by cbloro- 
quine-resistant plasmodia. 2 Further work on the structure of the chloro- 

plasmodia is given by Ciak and Hahn. 25 Molecular orbital calculations of 

Potentiation of antimalarial effects are obtained by combinations of 
drugs with varied mechanisms of action. The antimalarial effects of cer- 
tain sulfones and sulfonamides apparently involve blockage of incorpor- 
ation of p-aminobenzoic acid (PABA) in the formation of folic acid in the 
parasite. Pyrimethamine acts at a different point in the same metabolic 
path~ay.3~ DDS may be competitive with PABA in the Zwitterion f0rm.3~ 

Potential Chemotherapeutic Agents - Field studies on the repository 
antimalarial agent, cycloguanil m a t e  (CI-501) alone or in combination 
(CI-5644 with 4,4' -diacetylaminodiphenylsulfone (CI-556) are continu- 
ing.j2- 5 In a small number of cases CI-$4 showed limited usefulness a6 
a therapeutic agent. 

was reported to be effective against pyrime amine and 4-aminoquinoline 

fanilimido-3-methoxypyrazine (IIb ) a one-day treatment was promising. 37 
Tetrahydrohomopteroic acid (TRKP) (111) was reported to be the first of a 
new class of antimalarial antifolate and was found effective in pyrimeth- 
amine-resistant malaria in monkeys. $3 39 Plasmodium berghei is used widely 
to screen and evaluate antimalarials. A 7-halogenated lincolqycin deriva- 
tive (U 24,729A) (IV) was reported to be effective against a strain of & 
berghei malaria in rodents resistant to chloroquine and DDS. Lincomycin 

Trimethoprim [ 2,4-diamino-5-( 3,4,'j-trimethoxybenzyl)pyrimidine 1 (Ib ) 
resistant p. falciparum infections in man.3 P In combination with 2-sul- 
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no antimalarial activity of its 0~n.40 Prodigiosin (v) 
protect mice against P. berghei infections.41 - 

There is renewed interest in the naphthoquinone antimalarials. 42,43 
The 2-hydroxy-3-(w-cyc ohexylallcyl)-l, 4-naphthoquinones ( V I  ) with long al- 
lryl chains are active.i2 Cyclization of derivatives of arylbiguanides and 
arylamidineureas with acetoacetic ester or acetylacetone to the correspon- 
ding pyrimidines (VII, Y = NH, 0) reduced both the toxicity and anti- 
malarial activity.44 Compounds resulting from coupling sulfa d r u g s  and 
pyrimidines show d antimalarial activity which appears to be due to the 
intact molecule. t5 

-Am-n 

1--/ Y 1 CH3 

W 

Amebiasis - There have been no real advances made during the past year in 
the treatment of Entamoeba histolytica. A drug equally effective for the 
treatment of both systemic and intestinal amebiasis is not available. 

be less cardiotoxic than emetine.g Recent reports have attested to the 
effectiven 8s f oral dehydroemetine in intestinal and extra-intestinal 
ameb ias is. ‘73’ Further support for the mechaniem of action of emetine in- 
volving inhibition of protein synthesis is discussed by ~rolhan.~g The 
advantages of chloroquine, which is still one of the drugs of choice in 
the treatment of systemic amebiasis, are its o r a l  use and lack of cardiac 
toxicity. 

Administered intramuscular1 dehydroemetine (VIII ) is reported to 

Other drugs which have been shown to be intestinal and systemic 
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amebacides are the nitrothiazole derivative, niridazole (A~it$lha@)5 
( I X ) ,  and the nitroimidazole compound, metroniCp+zole (Flagy&)5O (X) .  
The central nervous system toxicity of M i a a @  restricts its use in 
mebiasis. 5l, 52 

129 - 

The preparation and e antiamebic activity of 1',2'-secoemetine ( X I ) 5 3  and styrylimidazole5 ? derivatives ( X I I )  have been reported. Dilox- 

to be dependent on the presence of viable bacteria for activity.5 7 anide ( X I I I a ) ,  one of the dichloroacetamide anti-amebic agents, a pears 

C H 3 0 -  
CH3O- 

( X I 1 1  ) 

The results of clinical t ials using combinations of anti-amebic 
drugs are encouraging. Powell 56 concluded that acute amebic dysentery 
should be treated with a combination of a direct acting, systemically ef- 
fective amebacide (emetine preparations, quinoline derivatives) and 8 

broad spectrum antibiotic (tetracyclines). I n  this connection, the 
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combination of dil xanide furoate (XIIIb), tetracycline and chloroquine 
has been used. 57, 58 

Trichomoniasis - Oral metronidazole continues to be the drug of choice 
in the treatment of trichomoniasis. Some 1,2-diacyl-bis (5-nitro-2- 
thiazolyl) hydrazines (XIV) were found to be-active- in vitro again 
Trichomonas vaginalis, but were inactive against T. m i s  in mice.” A 
variety of 1,3,4-oxadiazolin-5-ones ( X V )  were found .to be ctive in vitro 
against T. vaginalis as well as E, coli and Staph. aureus.’l A large num- 
ber of new l - a l l ~ r l - 5 - n i t r o i m i d a z o l e ~ I  ) have been prepared and evalu- 
ated in mice for trichomonicidal activity (T. foetus). Some of these com- 
pounds were reported to be at least five times as potent as metronidazole. 
Variations in alkyl groups in positions 1, 2 and 4 affected the physical 
properties and biological activity of these compounds.62 

Giardiasis - Several recent publications have reported the efficacy of 
metronidazole in the treatment of Giardia laniblia infec ions. A daily 
dose of 20 mg/kg for 5-7 days cure-f-ldren.‘j An i crease in 
the daily dose to 30 mg/kg for 7 days cured 27 of 30 children.g4 Of 17 
patients (3-36 years) followed for 1-2 months after a 5-day course of 
treatment (270-500 %/day), 16 were cured of the infection. The 
reported to be well tolerated with few undesirable side effects. 
dren, furazolidone (XVII), given for 4 or 5 da, s at 10 and 5 mg/kg/aay res- 
pectively, produced cure rates of 7% to 8774. bg 

Leishmaniases - No new publications on the intramuscular antimalarial drug, 
cyclogullnil pamoate (XVIII ), for the treatment of cutaneous leishmaniasis5 
have been found in recent literature. 
ported useful $” the treatment of leishmaniasis (L. tropica) known as 
oriental sore. 7jba A 6@ cure rate was obtained among 32 patients receiv- 
ing the resinate or hydrochloride forms of the drug daily f r 3 weeks to 3 
months. 
of skin leishaniasis due to & mexicana, treatment with metronidazole (X) 
gave @$ recoveries. 
days. 

Oral dehydroemetine (VIII) was re- 

Only minimal and transient side effects were ~een.~7 In 30 cases 

The oral dose was 250 mg. every 12 hours for 15 

(XVIII ) 
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METAZOAN INFECTIONS 

Schistosomiases - The development of schistosomacides, mre effective and 
with wider range of action than those presently available against the 3 
principal human species, is still a great necessity for meeting the world 
problem of schistosomiases. 
disease has been estimated at 200 million and appears to be increasing. 
The debilitating consequences of the disease represent a tremendous econ- 

The number of people who suffer from this 

omic 10ss.70 

Several review articles on the laboratory and clinical evaluation 
of schistosomicidal substances have appeared during the past year.5lj T1-T6 
A conference on niridazole and other ntischistosomal compounds was held 
in New York, October 10-13, 1967.77,7~ A procedure for the removal of 
schistosome worms by surgery and extracorporeal filtration of portal blood 
has been 'eveloped for relief of severe hepato-splenic S. mansoni infec- 
tions. 79, 80 

Current Therapy - Parenteral antimonials include antimony potassium 
t a r t r a w t a r  emetic ) or the corresponding sodium salt, Stibophen 
(Fuadin) [pentasodium antimony bis (catechol-3: 5-disulfonate ) 3 and potas- 
sium antimony, a,a' -dimerceptosuccinate (TWW). Among the oral drugs nox 
in use are lucanthone (Miracil D) (XIXa) and niridazole (IX). 
oral daily dose of 25 mg/kg of ni idazole for 5-10 days is effective, par- 
ticularly against & haemat~bium.~l-~~ The central nervous system toxicity 
observed in patients treated with this drug is reviewed by Weller and 
others. 51977 

A human 

Modes of Action - Metabolic stu&ies with niridazole indicate that --- 
it is broken down by an enzyme system having properties of a nitroreduc- 
tase.85 The inability of the liver in severe cases of schistosomiasis to 
effect'vely metabolize the compound may be associated with increased toxi- 
city.d,87 After a single dose to mice infected with S, mansoni, inactiv- 
ation of phosp rylase by homogenates or extracts of the worms is reduced 
significantly. B8 

Lucanthone was shown to complex with DNA, thereby blocking cellular 
RNA synthesis and inhibiting bacterial growth 
spermine in the culture prevents this action. 
acid (IAS ) inactivated isolated S, mansoni lactate dehydrogenase, but has 
little or  no effect on this enzyme from other sources including human 
serum. Although the compound is toxic to intact schistosomes in culture, 
there was no effect on the lactate dehydrogenase a~tivity.9~ 

Potential Chemotherapeutic Agents - The microbial transformation of 
lucanthone by As 

microbial metabolism of some N-substituted 3-chloro-p-toluidines (ma) to 
the corresponding 4-hydroxymethyl derivatives (Xxb) resulted in enhanced 
schistosomicidal activity in mice and ham~ters.9~ Encouraging clinical 

r illus sclerotiorum to give t h e  hydroxymeth 1 compound, 
hycanthone (XI- the active metabolite, has been described. 91 Similar 
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tolerance and efficacy of hycanthone given orally (2-3 mg/kg x 2/5 d.), 
was reported. Cure rates were 80-83s.93 

B 2 ~ ~ 2 N c 2 ~ 5  )2 

a ) R = H  

b) a ) R = H  R = OH @:Cl b) R = OH 

CH2R 
I 

(xu) 

rn C H2R 

The pamoate salt (CI 403-A) of tris (2-aminopheny1)carbonium (XXI ) 
was effective in the treatment of 5 japnicum when given orally in a maxi, 
mum dosage of 35-40 mg/kg/day for as many as 52 days spread over a total 
treatment period of 203 da~s.9~ This is in accord with previous findings25 
The effects of tris @-aminopheny1)carbonium salts (TAC) on & mansoni are 
as follows: 
males, 2) morphologic and functional alterations on the female reproduc- 
tive system that lead to abnormal egg production and 3 )  inhibitio 

1) a reduction of glycogen in the cuticular tubercules of 

acetylcholinesterase activity in the nervous system of the worm. 9% Of 
The outstanding compound to show schistosomicidal activity in a 

series of 5-aminoquinolines was RD 12, 
ethylamino )-8-methylquinoline 1 (XXII ).ppAgainst & mansoni in mice the 
compound was active at 30 mg/kg. 
in Cebus monk ys as well as in mice against S. mansoni, but ineffective 

[6-chloro-5-( 2-diethylamino- 

RD 12,869 was reported to be effective 

in hamsters. 9 8 

R 

The structure-antischistosomal activity relationship and retinotoxic 
effects of several ser es of nuclear substituted aminophenoxyalkanes 
(XXIII ) was The diterpene, ( -  )-14,15-epoxygeranylgeraniol, 
( X X I V )  applied to the tails of mice prevented schistosomiasis by reducing 
skin penetration by cercariae of S. mansoni.lOOjlO1 A prolonged mild 
cobrse of 2-4 mg/kg of body weighrfor 21 days of dehydroemetine given 
orally resulted in a high cure rate in a small n-er of cases with single 
or mixed infections with & mansoni and S. haematobium.lo2 
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The reproduction of S. mansoni in experimentally infected mice was 

suppressed with the coccidiostat, nicarbazin (an equimolar complex of 
4,4-dinitrocarbanilide and 2-hydroxy-4,6-dimethylpyrimidine ( X X V ) ,  when 
fed in the diet at dose levels of 0.2 to 1%. Withdrawal of the drug re- 
sulted in a resumption of egg laying by the worms.103 Interest in nitro- 
furan derivatives and organophosphates continues .lO4-l@ The piperazine 
compound A 16,712 (XXVI) which is effective against S. mansoni in mice 
(25 mg/kg/day x 5), slightly effective in Cebus mnkeys(500d 1,000 
mg/kg/day x 5) and ineffective in hamsters at a dose level of 1,000 mg/kg 
for 7 days, proved to be inactive in 10 patients up to the total dose 
level of 750 mg/kg.ll0 

OH 

Other Trematode Infections - The drug, CT,CI,a,Q1,CT1,('-hexac~oro-~-~lene, 
~(xXvI1-s shown to be promising in the treatment of clonorchiasis, 
was reported to have been withdrawn from clinical trials. 111 

Nematode Infections - Nematode parasites cause medically and economically 
important diseases in man and his domestic animals throughout the world. 
Among the more than 25 different worms that affect man, the large round- 
wcrm, the hookworm and the whipworm are responsible for more than half of 
mankind's helminthiases. The number of human helminthic infections in the 
United States has been estimated at about 44 million. 
these infections is due to pinworms (enterobiasis). 

The majority of 

r\ 
T h i  bendazole (MintezoG) (XXVIII ) and bephenium hydroxynaphthoate 

ment of intestinal parasitoses. Thiabendazole is claimed to be particu- 
larly effective against enterobiasis and strongyloidiasis (threadworm 
disease). Bephenium is reported to be effective against hookworm infec- 
tions .1,59 7 

(Alcopar €& ) (XXIX) are now available in the United States for the treat- 

Tetramisole (XXX), a new broad-spectrum anthelmintic effective 
against a variety of gastrointestinal nematodes of domestic animals, 112 is 
under evaluation in man. Clinical trials against ascaris infections 
showed that a single dose of 5-6 mg/kg produced cures of 8O$ (8 of 10) and 
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88% (43 of 49). 
activity was re 
fections.ll3, llTPOptical isomers of tetramisole have been synthesized.ll5 
Although the dextro and levo forms are comparable i 
the levo isomer shows higher biological activity.llt: In vitro * studies in- 
dicate that tetramisole causes muscular paralysis in ascaris worms. 
Specifically, the drug inhibits succinate dehydrogenase activity of the 
worm. 
isomer or the racemic mixture.117 

At this dose level minimal side effects were seen. 
rted for human hookworm, strongyloides or trichurid in- 

No 

toxicity for mice, 

The levo isomer is a mre potent enzyme inhibitor than the dextro 

Additional work has been reported on dymanth'ne, C18H37N(CH3)2, in 
66 patients with multiple helminthic infections.118 A 2.5-gram amount of 
the drug was given in 2 equally divided doses. 
about 5 6  after two weeks for the ascarid, trichurid and hookworm infec- 
tions. Side effects occurred in about half the patients. 

Reduction in egg count was 

Potential Chemotherapeutic Agents - Several anthelmintic compounds 
were reported in animal studies. Included are: Thiacyanines (XXXI) and 
hemithiacyanines (XXXII) related to dithiazinine (XXXIa);119 methyl 5(6 )- 
butyl-2-benzimidazolecarbaaate (XXXIII);120 1 4-bis (2-diethylamino- 
ethoxy ) anthraquinone dihydrochloride (XXN) i21 and dithmltrichlor- 
ethane ( X X X V  ) . 122 

a) R = H; R' = C2H5; n = 2 
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- The action of the drugs quinacrine and niclosamide 
, employed in the treatment of tapeworm infections, on 

the metabolism of the rat tapeworm, Hyme nolepis diminuta, was compared;*3 
Niclosamide appears to have a greater effect on the process of energy PO- 
duction in tapeworms. 

CH3-CH-CH3 CH3-CH-CH3 c1 

Bithionol (XXXVII) administered orally in a single dose of 50-66 
mg/kg body weight to 8 patients with Taenia saginata and to 8 others with 
Diphyllobothrium latum proved to be effective in eliminating the infec- 
tion8124 with no serious side reactions. The in vivo activity of the 
diphenylsulfone (I(xXvII1) against 
favorably with known cesticidal 

in rats compares 
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Chapter 13(b). Animal A n t i p a r a s i t i c  Agents 

Jackson P. English, Agr i cu l tu ra l  Divis ion,  
American Cyanamid Company, Princeton, New Je r sey  

Anthelmintic Agents. 
many hos t  spec ies  w a s  repor ted  f o r  compounds of formula I . A wide spectrum of a c t i v i t y  aga ins t  round worms i n  

Ac t iv i ty  i s  
present  i n  thiocarbamates (X = S, R = C2H5O), 
acy l  de r iva t ives  (X = 0, R = a l k y l ) ,  carbamoyl 

4x der iva t ives  (X = 0, R = alkylamino). Ac t iv i ty  
NC\ is enhanced by a l k y l  groups a t  R1. The compound 

1 

of choice i s  SKI? 29,044 (R1 = n-butyl ,  X = 0, 
R = OCH3). H 

I 
1,4-Bis(2-diethylaminoethoxy)anthraquinone 

dihydrochlor ide,  RO2-9009, was repor ted2  a c t i v e  i n  m i c e  vs. g .  u, 
- S. oblevata ,  and migra t ing  a sca r id  la rvae ,  bu t  i n a c t i v e  vs. l. dubius. 
Compound uptake by the  p a r a s i t e s  w a s  observed f l u o r i m e t r i c a l l y  bu t  was 
no t  r e l a t e d  t o  the  removal of  worms i n  vivo nor t o  t h e i r  dea th  i n  v i t r o .  
Comparisons were made with quinacr ine,  thiabendazole, piperazine,  and 
t r ich lorophenol  . 

A series of 1 ,2 ,4-oxadiazoles  of type I1 w a s  repor ted  a c t i v e  aga ins t  
nematodes i n  labora tory   rodent^.^ 
chlorophenyl. Compounds s u b s t i t u t e d  i n  t h e  5 -pos i t i on  and dihydro 
de r iva t ives  were inac t ive .  

The compound of choice had R = 2- 

Prepara t ion  and t e s t i n g  of analogs of d i t h i a z i n i n e  
( I 1 1  R1 = C2H5, n = 2) with s u b s t i t u e n t s  i n  the  
6-pos i t ion  of t h e  benzothiazole  r ing ,  varying R1 

N d  t o  methyl, and wi th  n = 0, 1, 2, and 3 d id  not  
I1 produce more a c t i v e  and/or less tox ic  compounds 

when t e s t e d  aga ins t  migrat ing A. l a rvae  i n  
mice.8 Among compounds of t h e  type I V  a c t i v i t y  aga ins t  t he  l a rvae  of 
- -  suum was found i n  mice wi th  doses of 10.5 o r  2.5 mglkg. A. a t  i n t e r v a l s  
of 4 hours. The compounds were un in te re s t ing  aga ins t  nematodes of sheep. 

I 
R 1  

I11 Iv 
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Structural  s p e c i f i c i t y  was high as is shown i n  Table I €or Type I V .  

Table I X V I  and X V I I I  were 
Act ivi ty  In  e f f e c t i v e  i n  preventing - R - R1 n & A. suum i n  mice lung damage i n  a r t i f i c i a l  

H C2H5 1 I Inact ive infect ions by A. i n  
swine when administered 

prevented l i v e r  les ions.  

xv 
X V I  CH3 CH3 2 I Very ac t ive  i n  the feed and a l s o  
X V I I  CH3 C2H5 2 C 1  Inact ive 

X V I I I  CH3O CH3 2 I Very a c t i v e  

XIX C2H50 CH3 2 I Active 

Compound V w a s  reported ac t ive  vs. 
immature g. nana i n  mice (10 mg/kg) and 
r a t s  (100 mg/kg) and to  possess a high 
margin of s a fe ty  i n  these species.9 

S C N e O 2 o N C S  - - 

V 

I n  the case of tetramisole,  V I ,  i t  w a s  r e p ~ r t e d ~ , ~  t h a t  anthelmintic 
a c t i v i t y  is almost exclusively a property of the S(-) isomer and t h a t  the 
tox ic i ty  of the two op t i ca l  isomers i s  equal. The r e l a t i v e  sa fe ty  of the 
S(-)  i s  thus about twice tha t  of the racemate. 'Ihe Belgian workers 
es tabl ished the absolute configurations .of the isomers by synthesis from 
the o p t i c a l l y  ac t ive  phenylethylenediamines. The American workers 
resolved the racemate.5 Studies by the Belgian workers on the mode of 
ac t ion  of tetramisole l ed  them to  postulate  interference with succinic  
dehydrogenase, possibly by the hydrolysis product, V I I .  

V I  V I  I 

Reemphasis t o  the possible e f f e c t s  t h a t  physical form and pu r i ty  
may have on a c t i v i t y  w a s  provided by a study i n  which f i n e r  p a r t i c l e  s i z e  
and a higher puri ty  a r e  claimed to  increase the a c t i v i t y  of phenothiazine 
vs . r e l a t i v e l y  phenothiazine r e s i s t a n t  s t r a i n s  of g .  contortus. 

Anticoccidial  Agents. Two extensive invest igat ions have led t o  new 
compounds of reported high suppressive a c t i v i t y  versus many s t r a i n s  of 
coccidia i n  the laboratory.  

Workers a t  I C I  publishedlO on a series of which the compound of 
choice is  methyl benzoquate V I I I .  
s t ruc tu re  a c t i v i t y  re la t ionships  reported fo r  buquinolate and f ind an 
unexpected peak of a c t i v i t y  i n  the s t ruc tu re ,  IX. 

May and Baker workers1' confirmed the 
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V I I I  Ix 

There is high a c t i v i t y  when the decyl chain i s  replaced by heptyl 
o r  oc ty l  but t h i s  v i r t u a l l y  disappears when the chain is smaller than 
heptyl o r  g rea t e r  than undecyl. 

An extensive study12 on methyl benzoquate V I I I ,  buquinolate X and 

OH 

X X I  

metichlorpindol, X I ,  showed t h a t  a l l  were a c t i v e  i n  suppressing 
sporozoite development a t  an e a r l y  stage.  Reversal experiments u t i l i z i n g  
chick embryo infect ions and methyl benzoquate, V I I I ,  w e r e  unsuccessful i n  
finding an antagonist .  

Monensin, a compound produced by Streptomyces cinnamonensis, is an 
inh ib i to r  of a l k a l i  m e t a l  cat ion t ransport  i n t o  rat  l i v e r  m i t  chondria 
and i s  claimed t o  have broad spectrum an t i cocc id i a l  a ~ t i v i t y . ' ~  The 
complete s t r u c t u r e  was determined by x-ray analysis  of the s i l v e r  sal t .  

The s t r u c t u r e  of monensin was shown t o  be X I I .  

CH3 
X I 1  
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Very high (1-10 ppm of d i e t )  prophylactic and therapeutic a c t i v i t y  
against  6 species of coccidia i s  claimed f o r  subs t i t u t ed  febrifugines of 
the general s t ruc tu re l4 ,  X I I I .  

R 1  and R2 are various 
combinations of halogen atoms 

H2 and hydrogen. Derivatization 
of the hydroxyl and secondary 

H2 amino functions of t he  R1 @ - C H 2 - ! - C H o  H H  
a c t i v i t y .  piper idine r i n g  reduced 

0 

X I 1 1  R2 

Histomonostats. 
t o  be of high a c t i v i t y  vs. Trichomonas foetus and 
H i s  tomonas meleagridis. It was reported t h a t  
2-(~-fluorophenyl)-l-(2-hydroxyethyl)-5-nitro- 
imidazole ( I ,  R 1  = HOCHzCH2, Rp = E-FC~H~),  
about 3 times metronidazole ( I ,  R 1  = HOCH2CH2, 
R2 = CH3) experimentally vs. z. foetus i s  
undergoing c l i n i c a l  tests. The compound of 
choice i n  the series fo r  histomoniasis i s  
l-methyl-2-carbamoyloxpethyl-5-nitroimidazole 
( I ,  R 1  = CH3, Rg = H2NCOCH2-), experimentally 4-8 times as a c t i v e  as 

II 
0 

A series of 5-nitroimidazoles of type X I V  w a s  reported15 

<L2 02N 
I 
R 1  

X I V  

dimetridazole ( I ,  R 1  = R2 = -CH3). 
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Chapter 14. A n t i f h g a l  Agents 

Robert B. Angier and Howard Newman 

Lederle Laboratories, American Cyanamid Co., Pear l  River, New York 

This review i s  essent ia l ly  a continuation of t h e  same chapter i n  t h e  
1966 Annual Reports. 

Polyene Antibiotics - This continues t o  be the  most important c lass  of com- 
pounds f o r  t h e  treatment of systemic mycoses and conditions caused by 
Candida. 

Amphotericin B has been found useful  i n  treatment of t h e  following 
diseases not yreviously mentioned i n  t: rhinocere ra l  
phycomycosis, rhino-orbital  mucormy lastomycosis, and myco- 
t i c  endocardit is  due t o  Cqyptococcus The degree of suscepti-  
b i l i t y  of a var ie ty  of Cry-ptococcus neoformans s t r a i n s  t o  amphotericin B 
w a s  shown by an i n  v i t r o v w h m a n  and 25 environmental 
is01 tes of& were t r e a t e d  with various concentrations of t h e  antibio- 
t i c .  
0.39 ug/ml. 

A statement t h a t  20% of Candid2 s t r a i n s  a r ~  ,ygt$jp? t o  nys ta t in  
w a s  most emphatically refuted G v e r a l  authors 
agreement t h a t  na tura l  res is tance t o  polyene a n t i b i o t i c s  has never been 
demonstrated. Thus other  causes must be sought f o r  pa t ien t  res is tance t o  
nystat in  therapy. The s t ruc ture  of is almost solved. Structure  I 
has been assigned t o  nys ta t in  a g l y c o s s  leaving unknown only t h e  s i t e  
of attachment of t h e  s u g a r ,  lqycosamine. 

3 

3 The minimum inhibi tory concentrations ranged from 0.024 pg/ml t o  

6 

who are i n  

H OH 

COOH 

I 

Evidence t h a t  u c i n  w i l l  be a useful ant i fungal  drug continues t o  
In  two s t u d i e s ~ ~ 1 4  covering over 200 cases of mucocutaneous appear. 

candidiasis d y5,jg Candida albicans a cure r a t e  of 83% w a s  obtained. 
another study - w p l a s m o s i s  and 4 cases of blastomycosis 
t rea ted  with micronized hamycin showed objective improvement and t h e  dis-  

I n  
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appearance of the causative organism. 
than alternative methods of therapy further work with this drug is most 
certainly warranted. 

Since hamycin seems to be less toxic 

A single case of bronchopulmonary aspergillosis due 
also exhibited a clinical cure after hamycin treatment.17 

of polyene antibiotics continues to be the subject 
of a number The EQdS of reports. 9,19,20 It begins to appear that polyene antibio- 
tics interact somewhat indiscriminately wit membranes common to microor- 
ganisms and to host. Thus recent evidence1$ confirms the fact that lyso- 
some membranes are disrupted in such a way as to release hydrolytic enzymes. 
The lysosomes from various organs display'different susceptibilities and 
furthermore the smaller polyenes induce more drastic changes than the 
larger ones. However, amphotericin B, a larger polyene, causes consider- 
able disruption of kidney lysosomes particularly at acid pH. 
ceivable that this plays a role in the renal lesions induced by this drug 
and may also be related to pyrogenic responses to the drug. 

It is con- 

The possibilities of applying proton transfer reactions to differen- 
tiation of polyene antibiotics has been examined and claimed to be useful.21 

A mode of action study of azalowcin F on a- indicates 
that at its minimum growth inhibitory concentration the antibiotic strongly 
inhibited amino acid incorporation into cellular protein and prevented 
generally the substrate respiration of amino acids.22 This same article 
contains a brief bibliography of mode of action studies on antifungal 
antibiotics .22 

A~ueofungin~~'~~ and champarqycin B25 are newer members of this class 
which are potentially interesting. 

Nonpolyene Antibiotics - In an effort to obtain an increased concentration 
of griseofulvin in the blood the 4'-oxime and 4'-alcohol derivatives were 
prepared and then tested in rabbits26 
were quickly converted to griseofulvin. Oral dosing gave plasma levels of 
griseofulvin as high as or higher than when the antibiotic itself was used 
but the high levels were of short duration. 

After intravenous injection they 

Two reports 27'28 have drawn attention to the fact that griseofulvin 
has been shown to induce liver tumors when administered orally to young 
mice. 
following human therapy with griseofulvin. Meanwhile it is suggested27 
that the drug probably should not be used where some other drug would be 
effective. 
although oral griseofulvin in mice routinely causes a rather high degree of 
abnormal porphy-rin metabolism, in humans only 2 out of 10 patients were 
affected. 

This would seem to suggest the need for epidemiologic investigations 

In a more optimistic vein two other reports29,30 indicate that 

Structure I1 has been proposed3' for crotocin, an antibiotic which is 
probably of limited medicinal use but which is a member of the sesquiterpe- 
noid-ester group of antibiotics. Two otentially useful antibiotics with 
high & vitrQ activities are m 3 8  (111) and leucinam~cin.~~ 
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0 C C H=C HC H II 3 
0 I1 

H 

I11 

Review articles on the folloving subjects vill be of v ing useful- 
ness: griseo~vin,34 imaricin,35 mechanism of action, 2 2 9 3 K d  official 
microbiological assays. 37 

Synthetic Antifungal Agents - A critical review and evaluation of the labor- 
atory investigations and clinical uses of the recently introduced anti- 
fungal drug tolnaftate (IV) has appeared.38 

High vitro and in vivo activity has been reported3' for 1-(1y2y3y4- 
- tetrahydro-l-naphthy1-5-( ethoxycarbonyl) imidazole nitrate (V) . 

CH3 J 

IV V 

Otomycosis, a primary fungal infection of the ear, caused by &. ni er 
was most effectively treated with 5-chloro-~-iodo-8-hydroxyquinoline. 46g' 

effective in treating vaginal cFdi.da infections. &1 
N - H y d r o x y - N  ' -methylthiourea (Noqythiolin) h s proven clinically 

Varying degrees of in vitro antifungal activity have been claimed for 
a variety of chemical types. Among these are substituted 8-hydroqquino- 
lines ¶42 acetylenic compoun ¶43 2-fluorofatty acids ,44 alkyl phenyl sul- 
fides ,45 aryl thiocyanates , cs 947 substituted phenylhydrazines and phenyl- 
pyrazolones , 48 methyl-5- ( 3 , 3-dimethyl-l-triazeno ) imidazole-4-carboxylate ,49 
p-hydroxypropiophenone ,5O substituted benzimidazoles ,5l 2,h-bis (ary1amino)- 
5-methylpyrimidine~5~ and isothiocyanates .53 

A detailed description of the procedure to be followed in developing 
an antifungal drug from nitial in vitro studies to clinical investigations 
in humans is available. 5i 

Several reviews dealing with the nature and treatment of qycoses have 
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55,56 , 57 appeared during t h e  past  year. 

An up-to-date l i s t i n g  of the antif'ungal agents used i n  medicine can 
be found i n  t h e  1967 edi t ion of t h e  Handbook of Pharmacology.58 
t i o n  of t h e  uses and propert ies  of a number of these appears elsewhere.59 

Amplifica- 
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Chapter 15. Antineoplastic Agents 

Charles W. Young, Sloan-Kettering Institute, New York, N. Y. 

Introduction - Successful chemotherapeutic treatment of cancer requires 
the existence of an exploitable metabolic difference between the offend- 
ing neoplastic cells and all cells, essential to the integrity of the 
organism, that are to be exposed to the therapeutic agent. It is clear 
that such metabolic quirks on the part of neoplastic cells do exist in 
some varieties of cancer in man. This is amply demonstrated by the est- 
imated cure rate of 70% achieved by chemotherapy in women with tropho- 
blastic cancer, as well as by the predictable palliation given to patients 
with Wilms' tumor, lymphoblastic leukemia or Hodgkin's disease. When ex- 
amined in this context the work published during 1967 records one major 
advance, the demonstration that some human cancer cells are dependent for 
continuing proliferation and viability upon the presence of exogenous 
asparagine. By using the enzyme L-asparaginase to destroy the asparagine 
normally present in blood and extracellular fluids at least one type of 
human cancer can be caused to regress. 

Asparaginase - Oettgen and coworkers have now demonstrated that the en- 
zyme L-asparagine amidohydrolase (E.C. 3.5.1.1), extracted from E. coli, 
possesses clinical activity against some forms of human cancer.' 
antitumor activity of asparaginase w s first described by Kidd as an un- 
known principal in guinea-pig serum;' this was identified as the enzyme 
L-asparaginase by Br00me.~ 
metabolic dependence of the cells in question upon exogenous asparagine 
for normal synthesis of RNA and protein and for the maintenance of viab- 
ility. 
also occurs in tumors of the rat,5 dog,g and man.1 Cells of tumors re- 
sistant to asparaginase and normal cells do not apparently require exog- 
enous asparagine. 
tumor cell sensitivity wherein cellular incorporation of labeled uridine 
and/or valine into RNA and protein respectively s measured in the pres- 
ence and absence of asparagine and asparaginase.' In their initial pub- 
lication Oettgen et al. have recorded significant therapeutic alterations 
in four patients with acute lymphoblastic leukemia, and in one with acute 
myelocytic leukemia. Two patients with lymphosarcoma and two with acute 
myelogenous leukemia did not respond. They observed a positive correla- 
tion between therapeutic response and the requirement of the tumor cells 
for tasparagine in vitro. 
effects of chills, fever, nausea and vomiting. 
and may relate to residual non-enzymic bacterial impurities. Hypersensi- 
tivity to this foreign pr.otein was observed in some patients but did not, 
in itself, necessitate discontinuance of therapy. 
clinical resistance to asparaginase was observed; this correlated with a 
loss of asparagine dependence in the in vitro test. 

The 

Sensitivity to asparaginase equates with a 

Asparagine dependence is not un ommon in murine  leukemia^;^ it 

This dependence permits the use of an in vitro test of -- 

The available preparation produces side -- 
These are self-1-imited 

The development of 

-- 
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Alkylating agents - 1,3-bis(2-chloroethyl)-l-nitrosurea, (BCNU) , (I) 
originally attracted investigative interest because of its ability to 
cross the blood-brain barrier and because it was highly effective against 
L-1210 leukemia implanted intra-cerebrally in mice; it is now being 
tested extensively in the management of Hodgkin's disease. 
reported clinical benefit in 15 of 30 patients with far-advanced 

Lessner has 

I 

II 

m 

m 

R= C H2C HZ C I 

RNCONHR 
I 
NO 

CH~NCONHCONHZ 
I 
NO 

RNCONHCONHR 
I 
NO 

RNCO(CH,),CON R 
I I 

NO NO 

Hodgkin's disease, previously treat- 
ed with radiation and a 
chemotherapeutic agents? The drug 
produces both marrow and liver dam- 
age in animals but only marrow tox- 
icity has been seen in current 
studies. Preclinical studies pres- 
ently center upon the potential 
efficacy of other derivatives and 
the mechanism of drug action. 
Johnston and Opliger have synthesized 
a series of nitroso derivatives of 
biurets, biureas and carboxamides. 
They observed that while some of 
these (e.g. 11, 111, IV) had anti- 
tumor activity, substitution by the 
2-chloroethyl group (111, IV) did 
not result in the outstanding activ- 
ity against L1210 leukemia obtained 
with BCNU and related nitrosoureas. 
Because of cross resistance between 
BCNU and alkylating agents in a ham- 
ster plasmacytoma and in microorgan- 
isms and a similarity of the biochem- 

ariety of 

8 

ical effects of this drug to those of alkylating agents it has been 
included in this class of drugs. 
mustard is misleading in this context since there is good evidence that 
BCNU does not alkylate through its 
in aquaeous solutions at physiologic PH.~S~O 
Lolo ic disposition of labeled BCNU in man and animals have been report- 

The structural resemblance to a nitrogen 

-carbons,g nor are diazoalkanes formed 
Recent studies on the phys- 

ed. If 

R=CH,CH,CI 

H 0 OC $ H C H 2 ~ o  R2 
p H O O C F H C H 2 e N R 2  NH2 - NH2 / 

H 
The possibility that selective cytotoxicity may be obtained by 

structural modifications of alkylating agents continues to attract invest- 
igative interest. 
utility of Lphenylalanine mustard, (melphalan) (V) in multiple myeloma, l2 
and record the activity of tryptophane mustard (VI) in the same disorderl3 
The two drugs also show similarities in their physiologic distribution in 
tumor-bearing animals. l 4  

Recent reports give new affirmation of the clinical 



152 Sect. 111 - Chemotherapeutics Cheney, Ed. - 

I n s t i t o r i s  and coworkers15 have continued t h e i r  explorations of the 
pharmacology of dibromomannitol ( V I I )  , dibromodulcitol ( V I I I )  , and 1,6- 
dimesyl-mannitol (IX) . 
chronic myelogenous leukemia although they have not been shown to possess 
advantages over busulfan (X) i t s e l f .  The two dibromohexitols are alky- 
l a t i n g  agents and produce biochemical les ions i n  c e l l u l a r  metabolism 

These dr *gs are use fu l  i n  the management of 

CH2-Br CH2-Br C H2- S 0,- CH3 

H&OH H o - ~ H  CHZ-S%-CH3 

kH2 
H O - ~ H  I I 

HO-CH 
I I 

HO-CH 

HO-CH 

I I I 
CH2-Br CH2Br CH2- S03-CH3 

HC-OH CH2 
I 

HO-CH 

HJ-OH I I I C I H2- SO3- C H3 
HC-04 HC-OH HC-OH 

mr m Ix X 
similar t o  those of a lkylat ing compounds; however, dibromoalkanes (C=4 
o r  6)  which possess the same alkylat ing capacity are ine f fec t ive  i n  cyto- 
s t a t i c  assay. Furthermore, the bond between carbon and bromine is  more 
s t a b l e  i n  V I I  and V I I I  than the bond of the funct ional  groups i n  the known 
alkylat ing agents. The half-time of degradation of V I I  and V I I I  i n  vivo 
i s  between 5 and 10 hours; t h e i r  metabolites include der ivat ives  with 
bromine i n  a covalent bond. 

-- 

A r ecen t ly  published symposium containing r epor t s  of c l i n i c a l  and 
biochemical s tud ie s  on cyclophosphamide merits a t t en t ion .  16 

E'yrimidine and Purine Analogues - Perhaps the most i n t e r e s t i n g  develop- 
ment i n  t h i s  area has been the emergence of t op ica l  5-fluorouracil  (FV) 
( X I )  as a use fu l  therapeutic a en t  i n  the management of multiple super- 
f i c i a l  basal  c e l l  carcinomas.19 While i t  i s  generally accepted tha t  a 
s ingle  basa l  c e l l  carcinoma is  s t i l l  managed most e f f e c t i v e l y  by surgical  
excision, t op ica l  f l uo rourac i l  i s  being t e s t ed  i n  pa t i en t s  with multiple 
recurrent  lesions where surgery i s  not p rac t i ca l .  The drug produces 
erythema, edema and necrosis of the v i s i b l e  tumor and the skin immediately 
adjoining i t .  Following r e so lu t ion  of the inflammation, healing i s  re- 
ported, without apparent r e s idua l  cancer, i n  b e t t e r  than 80% of lesions.  
The duration of control  thus achieved and the u t i l i t y  of repeated courses 
of therapy remain t o  be determined. Even when the agent has been applied 
over wide areas systemic manifestations of f luo rourac i l  e f f e c t  have not 
been noted. 
inflammatory e f f e c t  of t op ica l  Fu. 

Normal skin is reported t o  be r e l a t i v e l y  r e s i s t a n t  t o  the 

Synthesis of derivat ives  of X I  and of 5-fluoro-2'-deoxyuridine 
(XII) continues i n  a search for compounds t h a t  w i l l  be ac t ive ,  less sus- 
cep t ib l e  t o  degradation by nucleoside phosphorylase and phosphorylated 
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by a mechanism not involving thym- 
idine kinase. Khwaja and Heidel- 
berger have reported the synthesis of 

F 1-(2,3-dideoxy-2,3-didehydio- p -D- 
a c i l  (XIII).18 They found t h a t  i t  
w a s  not a subs t r a t e  f o r  nucleoside 
phosphorylase , ur id ine  kinase, o r  

xa thymidine kinase. I n  c e l l  cu l tu re  
and i n  experimental animals the com- 
pound inh ib i t ed  growth of several  
tumor l i n e s  including two r e s i s t a n t  
t o  X I I .  I n  t h i s  same context 
S a r t o r e l l i  and Creasy19 reported 
weak inh ib i to ry  a c t i v i t y  of Lhydroxy- 
5-fluoropyrimidine (XIVA) and 2- 
hydroxy- 5- f luoropyrimidine (XnrS) i n  

R R'  tests on growth and DNA synthesis by 
A OH H sarcoma 180 a s c i t e s  c e l l s .  They con- 

B H OH 

25 glycero- pentofuranosyl) - 5- fluorour- 

Hw 
HO H 

firmed t h a t  the a c t i v i t y  of XIVA is 
mediated by a conversion of t h a t  com- 
pound t o  X I  by the enzyme xanthine 
oxidase. 

The a c t i v i t y  of 1- 0-D-arabinofuranosyl cyt idine (ara-C o r  CA) 
against  leukemia i n  man led Wechter20 to  synthesize various nucleotides 
of CA and dinucleoside phosphates of the type CApX and XpCA where X rep- 
resents  a second nucleoside. The simple nucleotides were cytotoxic;  di- 
nucleoside phosphates wiz )  a 3l-5' linkage were more ac t ive  than those 
of 2'+5' configuration. Mouse leukemia cells r e s i s t a n t  t o  ara-C were 
a l s o  r e s i s t a n t  t o  i t s  phosphorylated der ivat ives .  

Of the numerous new purine analogues under a c t i v e  study i n  cel l  
cu l tu re  o r  animal tumor systems only 6-methylmercaptopurine r iboside 
(6MpR) has received s ign i f i can t  c l i n i c a l  t r i a l  during the past  year. 
The o r i g i n a l  hope t h a t  6- would be inh ib i to ry  i n  vivo t o  6-mercapto- 
purine (6MP) r e s i s t a n t  tumors has not been r e a l i z e d ; T 2 3  however, 6- 
and 6MP a r e  reported t o  have syne rg i s t i c  e f f e c t s  against  Ehrlich a s c i t e s  
tumor22 and L-1210 leukemia23 i n  mice. I n  i t s  i n i t i a l  c l i n i c a l  t r ials 
t h i s  drug combination has produced a complete remission i n  7 of 22 ade- 
quately t r ea t ed  pa t i en t s  with acute myelogenous leukemia,24 a response 
rate somewhat higher than t h a t  usual ly  obtained with 6Mp alone. 

Miscellany - 
ment of chronic myelogenous leukemia, continues t o  receive study as a 
biochemical tool.  

Hydroxyurea, an agent of establ ished u t i l i t y  i n  the manage- 

Studies with pu r i f i ed  enzymes from E. c01i25 and 
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Novikof f hepatoma26 and on drug induced changes i n  deoxyribonucleotide 
pools i n  i n t a c t  E. c o l i  27 have ver i f ied  i t s  inhibi tory e f f e c t  on reduc- 
t i o n  of r i b o n u c l m s .  
a c t i v i t y  requirements f o r  the drug -induced inh ib i t ion  of DNA synthesis 
have been reported.28 The cytotoxic consequences of the drug's inhibi tory 

D f U  synthesis d i f f e r  markedly f o r  d i f fe ren t  l i n e s  i n  ce l l  cul- effec51,56 ture  , and f o r  regenerating liver, bone marrow and i n t e s t i n a l  crypt 
c e l l s  i n  the rat.31 
v i ta l  process within a cel l  may be tolerated f o r  many hours without 
l e t h a l  damage t o  t h a t  ce l l  H droxyurea is  a l s o  being studied as a rad- 
i a t i o n  potent ia t ing agent. 32,33 

- 

Extensive observations on the structure- 

These observations emphasize t h a t  inh ib i t ion  of a 

Gel ler  and coworkers34 have reported b e n i f i c i a l  e f f e c t s  i n  pa t ien ts  
with advanced carcinoma of the prostate  t reated with each of three pro- 
gestat ional  agents: hydroxyprogesta-one caproate, chlormadin- acetate 
and cyproterone acetate .  
evidence of feminization. 

These therapeutic e f f e c t s  w e r e  obtained without 

During 1967 an excel lent  textbook35 and two ~ y m p o s i a 3 ~ ~ 3 ~  on gen- 
eral aspects of cancer chemotherapy have been published; the text, i n  
par t icu lar ,  along with the volume which preceded it, w i l l  serve as a 
useful  reference work f o r  those in te res ted  i n  t h i s  f i e l d .  
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Section I V  - MetabolicDiseases and Endocrine Function 

Editor:  R.  V .  Heinzelman, The Upjohn Company, Kalamazoo, Michigan 

Chapter 16. Antidiabetics 

G. N. Holcomb, The University of Texas M. D. Anderson Hospital, Houston 
Texas and Ferris State College, Big Rapids, Michigan 

I t  i s  generally conceded, t h a t  the tendency t o  diabetes i s  inheri ted 
but i t s  mode of inheritance is unknown.1,z The lack of a r e l i a b l e  marker 
f o r  prediabetes adds t o  the  d i f f i c u l t y  of determining the genetic mode of 
its transmission. Several c h a r a c t e r i s t i c  abnormalities have been observed 
i n  prediabet ics  (vascular changes, excessive synalbumin l eve l s ,  abnormal 
ACTH secret ion,  increased growth hormone l eve l s ,  and delayed and diminish- 
ed in su l in  response t o  glucose load) ,  but none has been accepted as a 
character izat ion of the prediabet ic  state.  On the opposite end of the 
spectrum, very l i t t l e  is known about the cause of t he  complications of 
diabetes.  Diabetics are subject  t o  abnormalities of the large blood 
vessels ,  thus increasing the l ikelihood of cerebrovascular, coronary, and 
per ipheral  vascular disease.  Microangiopathy, another complication of 
diabetes,  may lead t o  d i abe t i c  retinopathy o r  glomerulosclerosis. The 
relat ionship between t h e  metabolic defects  and the  complications is  poorly 
understood . 3 ,4  Evidence suggests t h a t  control  of the metabolic disorders 
of diabetes w i l l  decrease the  probabi l i ty  tha t  complications w i l l  occur .4 

Diabetes i s  characterized by a deficiency of e f f e c t i v e  i n s u l i n  which 
could r e s u l t  from the defect ive synthesis  o r  release of i n su l in  by the 
pancreatic B-cells, an increased hepat ic  degradation of i n s u l i n  by gluta- 
thione-insulin transhydrogenase, o r  t he  binding of i n s u l i n  t o  a l a rge r  
p ro te in  i n  the bloodstream. Vascular abnormalities may i n h i b i t  i t s  exit 
from the  bloodstream. 
explained by t i s s u e  i n s e n s i t i v i t y  t o  i n s u l i n  or i n s u l i n  antagonism by 
hormones o r  o the r  substances. 
cate any one of these defects  as the primary metabolic l e s ion  of diabetes.  

The deficiency of e f f ec t ive  i n s u l i n  might a l so  be 

There is not s u f f i c i e n t  evidence t o  impli- 

O r a l  hypoglycemics have been used e f f ec t ive ly  f o r  over 12 years.  
Since these drugs (sulfonylurea and biguanide der ivat ives)  do not correct  
a l l  of the metabolic disorders of diabetes and s ince they do have a number 
of l imi t a t ions ,  hundreds of new compounds have been synthesized and t e s t ed  
f o r  hypoglycemic a c t i v i t y .  As s t a t e d  by D r .  Rachmiel Levine, "the sulfo- 
nylureas deserve g rea t  a t t en t ion  because they stimulated the invest igators  
even more than they did the  beta cells". 
r e s u l t  from t h i s  work, however, are analogs o r  der ivat ives  of t he  earlier 
ones and o f f e r  no p a r t i c u l a r  advantages over the o r i g i n a l  ones, o the r  than 
increased potency and duration of action. 
causes and the basic  biochemical abnormalities of diabetes it w i l l  
undoubtedly be possible f o r  the medicinal chemist t o  design compounds t o  

The only useful compounds to  

When more is known about t he  
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more e f f e c t i v e l y  treat o r  prevent t h e  development of d iabe tes .  
quently,  t h e  major por t ion  of t h i s  review is devoted t o  the  discussion of 
current bas i c  research i n  d iabe tes  r a t h e r  than t o  an encyclopedic c l a s s i -  
f i c a t i o n  of hypoglycemic Compounds. 

Conse- 

I n s u l i n  

Chemical synthes is .  Improved techniques i n  p ro te in  synthes is  make i t  
appear l i k e l y  t h a t  appreciable q u a n t i t i e s  of syn the t i c  i n s u l i n s  w i l l  be 
ava i lab le  f o r  i nves t iga t iona l  purposes i n  the  not too  d i s t a n t  fu tu re  .5 
Unt i l  recent ly  the  major problem i n  i n s u l i n  synthes is  has been the  f i n a l  
combination s t e p  where only very low y i e l d s  were obtained, even when using 
na tu ra l  chain preparations.  
f o r  t h e  combination s t e p  but they were based on the  s p e c i f i c  a c t i v i t y  of 
the  f i n a l  product r a t h e r  than on the  amounts of t he  s t a r t i n g  chains.697 
Recent repor t s  i nd ica t e  t h a t  the y i e l d s  of i n s u l i n  are s u b s t a n t i a l l y  
higher when the  su l fhydry l  form of one chain i s  combined with the  S- 
sulfonated de r iva t ive  of t he  o the r  chain.8 
have been reported f o r  the  synthes is  of i n s u l i n  from na tu ra l  and syn the t i c  
chains respec t ive ly .  
chains used. The a v a i l a b i l i t y  of syn the t i c  i n s u l i n s  w i l l  provide f o r  
methods of studying the  r e l a t ionsh ip  between s t r u c t u r e  and b io logica l  
a c t i v i t y .  The synthes is  of i n s u l i n s  from radioac t ive  amino ac ids  w i l l  
open the  way f o r  studying t h e  d i s t r i b u t i o n  of i n s u l i n  i n  the  body, i ts  
si te of ac t ion ,  and i ts  mode and rate of degradation. 

Biosynthesis . Recent evidence supports the  ex is tence  o f  a "proinsulin" .' 
Human islet cel l  tumor t i s s u e  and i s o l a t e d  rat  islets i n i t i a l l y  incorpo- 
ra ted  rad ioac t ive  amino ac ids  i n t o  a high molecular weight p ro te in  which 
contained the  amino ac id  sequence of i n s u l i n  and reacted with i n s u l i n  anti- 
bodies. After add i t iona l  incubation the  r ad ioac t iv i ty  w a s  t r ans fe r r ed  t o  
a f r a c t i o n  corresponding t o  insu l in .$  
l a r g e r  pro te in  by incubation with trypsin.9 
molecular weight of about 8,300 and has only one N-terminal and one 
C-terminal amino ac id  (phenylalanine and asparagine,  respec t ive ly)  . l o  It 
is a l i n e a r  molecule composed of i n s u l i n  B chain (N-terminal) and i n s u l i n  
A chain (C-terminal) which are joined by a heptacosapeptide.10 The amino 
acid composition of t he  "connecting peptide" is known and s t u d i e s  on its 
amino ac id  sequence are v i r t u a l l y  complete . lo  
l i be ra t ed  from "proinsulin" by p r o t e o l y t i c  cleavage of an Ala-Arg bond i n  
pos i t ion  30-31 and an Arg-Gly bond i n  pos i t i on  57-58 of "proinsulin".10 
The d i s u l f i d e  bonds are i n t a c t  a t  t he  t i m e  of cleavage. 
"proinsulin" t o  i n s u l i n  is analogous t o  the  p ro teo ly t i c  cleavage of pro- 
enzymes t o  produce enzymes. This hormone precursor might be synthesized 
i n i t i a l l y  i n  order t o  p ro tec t  t h e  i n s u l i n  molecule o r  t o  f a c i l i t a t e  its 
t ranspor t  within the  6-cell.9 It may a l s o  be important because of i ts 
a b i l i t y  t o  o r i e n t  t h e  A and B chains f o r  d i s u l f i d e  bond formation.10 The 
f a c t  t h a t  "proinsulin" i s  immunoreactiveg and e x h i b i t s  some bio logica l  
a c t i v i t y  i n  adipose t i s s u e  i n  v i t r o l o  suggests t h a t  i t  could be a compli- 
ca t ing  f a c t o r  i n  determining plasma i n s u l i n  l e v e l s .  

Claims have been made of y i e l d s  of up t o  50% 

Yields of 60-70% and 12-22% 

These y i e l d s  are based on t h e  amounts of s t a r t i n g  

Insu l in  w a s  l i b e r a t e d  from the  
Bovine "proinsulin" has a 

I n s u l i n  is apparently 

The conversion of 
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Diabetic Insul in .  
diabet ics  has been the subject of much speculation but very l i t t l e  evi-  
dence has been presented t o  support t h i s  view. 
tha t  serum insul in  from juvenile diabet ics  is more r e s i s t a n t  t o  insul inase 
than insu l in  from normal subjects.11 
could be due t o  s t r u c t u r a l  differences between t h e  two insu l ins  but no 
chemical evidence i s  presented t o  substant ia te  such a proposal. 
been reported t h a t  normal pancreatic i n s u l i n  causes a grea te r  st imulation 
of glucose conversion i n t o  glycogen i n  the r a t  diaphragm than pancreatic 
insu l in  from diabetics.12 A recent paper reports  t h e  amino acid composi- 
t i o n  of some normal and d iabe t ic  insu l ins  .l3 Diabetic pancreatic insu l in  
had t h e  expected amino acid composition i n  a l l  cases but one. The remain- 
ing sample w a s  s l i g h t l y  def ic ien t  i n  isoleucine and contained s l i g h t l y  
more lysine than normal insu l in  but the differences were not great  and are 
probably within t h e  experimental e r r o r  of a standard amino acid analysis.  
It must be concluded that the  presence of an abnormal insu l in  i n  diabet ics  
has not been established. 

The concept t h a t  an abnormal insu l in  may occur i n  some 

One study demonstrated 

The difference i n  degradation rates 

It has 

Release. Studies on the  mechanisms of insu l in  secret ion have been aided 
i n  recent years by the  development of i n  v i t r o  methods of measuring insu- 
l i n  secret ion by the  perfused pancreasn ,  15, i so la ted  pancreatic tissue16, 
and i so la ted  i n t a c t  pancreatic islets .I7 
with improved immunoassay techniques, have provided a vast  amount of in- 
formation concerning substances, both physiological and pharmacological, 
which stimulate i n s u l i n  release. 

(secret in ,  pancreozymin and gas t r in)  promote insu l in  secretion.18 
may explain why o r a l  glucose is a b e t t e r  s t imulator  of insu l in  release 
than i .v. glucose .18 
has ye t  t o  be establ ished but i t  could be a means of preventing the high 
substrate  concentrations and hyperglycemia t h a t  would otherwise follow the  
ingestion of a la rge  meal. 
st imulate i n s u l i n  release almost iuunediately is w e l l  established.19 
Whether it is glucose o r  one of its metabolites which stimulates insu l in  
release remains t o  be determined. Insul in  secret ion i n  vivo is a l so  
promoted by mannose, f ructose and other  u t i l i z a b l e  sugars. Glucose- 
induced insu l in  release is blocked by 2-deoxyglucose20 and by mannoheptu- 
lose.21 

The mechanism by which the various amino acids cause insu l in  release is 
apparently d i f fe ren t  s ince diazoxide i n h i b i t s  the insu l in  releasing e f f e c t  
of leucine but not of arginine .23 
is magnified by pretreatment with sulfonylureas whereas t h i s  is not the 
case with o ther  amino acids.23 Arginine infusion has been shown t o  in- 
crease blood sugar levels i n i t i a l l y 2 4  but i t  is unlikely tha t  t h i s  i n i t i a l  
increase i n  blood sugar is of s u f f i c i e n t  magnitude t o  st imulate the  re- 
lease of the la rge  quant i t ies  of insu l in  observed i n  these experiments. 
Arginine infusion a l so  stimulates the secret ion of growth hormone25,26 but 
i t  is not known how t h i s  e f f e c t  is releated t o  its insu l in  releasing 
a c t i v i t y .  The f a c t  tha t  elevated plasma amino acid leve ls  promote insu l in  

These methods, i n  conjunction 

Recent evidence suggests t h a t  cer ta in  gas t ro in tes t ina l  hormones 
This 

The physiological significance of t h i s  phenomenon 

That glucose acts d i r e c t l y  on the  8-cell t o  

22 Several amino acids  and proteins  a l so  st imulate insu l in  release.  

Also, leucine-induced insu l in  release 
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secretion thereby increasing the  t ransfer  of amino acids  across cel l  mem- 
branes and increasing the  rate of protein synthesis seem qui te  log ica l .  
One wonders, however, i f  the  intervenous infusion of 30 grams of arginine 
can be considered t o  be a physiological stimulus! 

This e f f e c t  i s  not mediated by glucose but may be dependent on the conver- 
sion of the FFA t o  ketone bodies which are known t o  s t imulate  insu l in  
release .*a 

and ACTH induce insu l in  release i n  v i t r o  and i n  vim by a mechanism which 
may be related t o  t h e i r  e f f e c t  on i n t r a c e l l u l a r  concentrations of cyc l ic  
AMP.14929 
the s e n s i t i v i t y  of the B-cells t o  st imulation by g l u c 0 s e . ~ 0 ~ 3 1  

The pancreatic islets are supplied with both adrenergic and cholin- 
e r g i c  nerve endings.32 
adrenergic drugs33 and the e f f e c t  i s  blocked by a1 ha-adrenergic blocking 
agents but not by beta-adrenergic blocking agents .93 Stimulation of the 
8-receptors with isoproterenol increases plasma insu l in  levels i n  humans. 
Cyclic AMP, which produces the same e f f e c t s  as stimulation of the  beta 
receptors,  a l so  promotes insu l in  release. 
e rg ic  drugs33 promote insul in  secret ion and the  e f f e c t  is blocked by 
atropine.  The autonomic nervous system may play an important ro le  i n  the  
regulation of insu l in  secret ion but more research is necessary before the  
exact nature of t h i s  r o l e  can be determined. 

Insul in  secret ion is inhibi ted by thiazide d iure t ics  and by dia- 
zoxide, an antihypertensive, nondiuretic b e n ~ o t h i a z i n e ~ ~ ,  which has been 
used t o  treat cer ta in  types of hypoglycemia. 37 

i t y  t o  glycemic stimulation. 
response t o  glucose is slower i n  mild diabet ics  than i n  normal subjects.38 
The mild diabet ics  i n  t h i s  study secreted a grea te r  quantity of insu l in  i n  
response t o  a given glucose load but t h i s  w a s  probably because of t h e  pro- 
longed stimulation caused by the pers i s ten t  hyperglycemia .38 The moderate 
diabet ics  did not show a marked insu l in  release i n  response t o  glucose 
despi te  the  existence of hyperglycemia. 38 
fur ther  study of the  mechanisms of insu l in  secret ion as a means of learn- 
ing more about the metabolic les ions of diabetes.  

Metabolic Effects.  The e f f e c t s  of insu l in  on the  metabolism of carbo- 
hydrates, proteins  and li ids  i n  muscle, adipose t i s s u e  and the liver are 
w e l l  documented elsewheresg-41 and w i l l  not be discussed here.  

Free f a t t y  acids  (FFA) and glycerides promote insu l in  release.27 

Insul in  release is stimulated by a var ie ty  of hormones. Glucagon 

Glucocorticoids and growth hormone a f f e c t  insu l in  by increasing 

Insul in  secret ion i n  v i t r o  is inhibi ted by 

34 

Vagal stimulation35 and cholin- 

The onset of diabetes is accompanied by changes i n  B-cell sens i t iv -  
Recent s tud ies  have shown t h a t  t h e  i n s u l i n  

This emphasizes t h e  need for  

Serum ILA. A l l  of the insul in- l ike a c t i v i t y  (ILA) of serum cannot be 
neutralized by insu l in  antibodies.42 
rese8rch on the nature of serum fac tors  which exhibi t  ILA i n  bioassays but 
are not irmnunoreactive and, hence, a r e  not insulin.43 
nated the  forms of serum ILA as "free" insu l in  (immunoreactive and biolog- 
i c a l l y  ac t ive  i n  muscle and adipose tissue i n  v i t r o )  and "bound" insu l in  
(biologically ac t ive  i n  adipose t i s s u e  i n  v i t r o  but not immunoreactive) .44 
The forms of Berm ILA have a l s o  been c l a s s i f i e d  as "typical" and "atypical" 
i n ~ u l i n . 4 ~  

This has stimulated a great  deal  of 

One group has desig- 

Both exhibi t  ILA i n  rat adipose t i s s u e  i n  v i t r o  but only 
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"typical" insu l in  i s  supressed by insu l in  antibodies .45 
ferred t o  the  two forms as "supressible" and "nonsupressible" I L A . ~ ~  
are biological ly  active i n  adipose tissue i n  v i t r o  but only the former is 
neutralized by i n s u l i n  antibodies.  
" t o t a l  serum i n s u l i n  act ivi ty"  (TSIA) .47 
i n  mwcle but does not represent t r u e  insulin.48 
form of ILA which can be extracted from serm along with albumin by alco- 
ho l ic  t r ich loroace t ic  acid.49 This substance is biological ly  active i n  a 
nrnnber of systems but i s  not supressed by insu l in  antibodies.50 The term 
%on-supressible insul in- l ike ac t iv i ty"  (NSILA) has been adopted t o  desig- 
na te  t h i s  material. 

probably i d e n t i c a l  with pancreatic insu l in  but the nature of "bound" in- 
sul in ,  "atypical" insu l in ,  TSIA, and NSILA i s  unclear. Various forms of 
ILA have been extracted from serm and p a r t i a l l y  purified.48,51-53 
approximate molecular weights of the  various forms have been reported as: 
"bound" insu l in  60,000-100,000, "atypical" insu l in  30,000, and NSILA 
80,000-160,000.48 These forms of ILA are similar with respect t o  e lectro-  
phoretic mobili ty and behavior on anion and cat ion exchange r e ~ i n . 4 ~  This 
has led  t o  speculation t h a t  they might be re la ted  o r ,  indeed, ident ica l .  
48,54 

is controversial .  One group has reported t h a t  i t  is inact ive i n  muscle 
v i t r o  but can be act ivated by incubation with an adipose t i s sue  ex t rac t  
(ATE) .44 Others, however, have found t h a t  "bound" insu l in  i t s e l f  i s  active 
i n  muscle i n  v i t r0 .~8  Other forms of set- ILA a l s o  promote glucose uptake 
by the rat hemidiaphragm i n  the absence of ATE.49 
tha t  Berm levels of "bound" insu l in  decrease a f t e r  glucose ingestion, a 
phenomenon which has been a t t r ibu ted  t o  the conversion of "bound" insu l in  
t o  "free" i n ~ u l i n . ~ 4  It seems somewhat presumptuous t o  propose t h a t  
"bound" insu l in  could be converted t o  "free" insu l in  when there  is no con- 
vincing evidence t o  show t h a t  "bound" insu l in  is s t r u c t u r a l l y  re la ted  t o  o r  
derived from pancreatic insul in .  Serum leve ls  of NSILA do not change a f t e r  
glucose ingest ion45~46 and don't appear t o  be re la ted  t o  the metabolic 
state of the  individual.55 It is doubtful t h a t  the non-supressible forms 
of ILA are of pancreatic or ig in  s ince orcine insu l in  is not converted t o  
NSILA by the  i so la ted  perfused l iver.53 The physiological r o l e  ( i f  any) of 
serum ILA cannot be determined u n t i l  more is known about its chemical and 
biological  charac te r i s t ics .  
s u l i n  is questionable s ince i t  possesses a c t i v i t y  i n  vivo.56 

Others have re- 
Both 

Another form has been described as 
It stimulates glycogen synthesis 

Others have studied a 

"Free" insu l in ,  "typical" insu l in  and "supressible" insu l in  are 

The 

Whether "bound" insu l in  stimulates glucose uptake by muscle i n  v i t r o  

It has been reported 

The physiological s ignif icance of "bound" in- 

Synalbumin 

Diabetic plasma albumin has a greater  ca a c i t y  t o  antagonize insu l in  
than normal a l b ~ d n . ~ 7  This led Vallance-OwenF7 t o  propose t h a t  t h i s  in- 
s u l i n  antagonism might be re la ted  t o  the pathogenesis of diabetes.  Others 
have a l s o  found tha t  human albumin antagonizes insu l in  i n  the rat hemidia- 
phragu15~4-61 and i n  other  i n  v i t r o  systems61-63 but the physiological s ig-  
nif icance of t h i s  insu l in  antagonist has been questioned. A number of 
d i f f i c u l t i e s  have been encountered while attempting t o  measure insu l in  
antagonism associated with plasma albumin. One of the  most ser ious 
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problems is the apparent var ia t ion between d i f fe ren t  albumin preparations. 
The s i t u a t i o n  is fur ther  complicated by the presence of an a r t i f a c t u a l  
antagonist i n  Debro albumin.65 966 The a r t i f a c t u a l  antagonist probably 
results from t h e  d i a l y s i s  procedure o r  the TCA-ethanol extract ion of al- 
bmln  from plasma. 
en t  i n  Debro albumin67 since: 1)  Cohn Fraction V a l b m i n ,  which is not 

precipi ta t ion with a quaternary ammonium compound is antagonis t ic  and its 
inhibi tory a c t i v i t y  does not change a f t e r  dialysis68,  (3) hman serum 
antagonizes i n s u l i n  i n  vitro68, (4) there  are quant i ta t ive  differences i n  
antagonism between a l b m i n  from normal and d iabe t ic  subjects57, and (5) 
there  are variat ions i n  leve ls  of synalbumin antagonism during glucose 
tolerance tests .69 

actual ly  be the  B chain of insulin.70 The antagonist  has been separated 
from albumin and has been shown t o  be similar t o  insu l in  B chain i n  many 
of its physicochemical propert ies  .71-73 
chain antagonizes insu l in  i n  vitro73-75 and i n  vivo74 adds credence t o  the 
hypothesis t h a t  synalbumin and insu l in  B chain could be ident ica l .  
detection of immunoassayable B chain i n  hman plasma fur ther  supports t h e  
B chain-synalbmin theory .76 9 77 

Conflicting reports  from i n  vivo experiments do l i t t l e  t o  a l l e v i a t e  
confusion. 
chain complex antagonize the  e f f e c t  of insu l in  on m u s c l e  but not  on adi-  
pose t i s s u e  i n  vlvo while others79 were unable t o  demonstrate any e f f e c t  
from the infusion of antagonis t ic  albumin i n t o  i n t a c t  r a t s .  
mentioned t h a t  the f i r s t  group used Debro albrrmin whereas the second study 
w a s  carr ied out with Cohn Fraction V albumin. Debro albumin is almost 
always more highly antagonis t ic  than Cohn Fraction V when assayed by the  
rat hemidiaphragm assay but i t  i s  questionable as t o  how much of t h i s  
antagonism is real. 

Whether i t  is actual ly  the  B chain of insu l in  is not known but t h i s  re- 
viewer is unwilling t o  abandon the p o s s i b i l i t y  t h a t  the two may be ident i -  
cal. Its physiological r o l e  ( i f  any) has not been determined. 
r e l i a b l e  method of extract ing t h i s  antagonist  from plasma is needed. 
Further chemical characterization of the  purif ied antagonist  is necessary 
but t h i s  w i l l  undoubtedly prove t o  be a ra ther  formidable task  i n  v i e w  of 
the  minute quant i t ies  of mater ia l  available.  

- 

It is unlikely t h a t  t h i s  is the  only antagonist  pres- 

dialyzed, is antagonistic58r59* 5 2 ,  (2) an albunin preparatbn Isolated by 

It has been postulated t h a t  t h e  synalbumin insu l in  antagonist  might 

The finding t h a t  albumin bound B 

The 

One group78 has reported t h a t  both synalbumin and an albumin-B 

It should be 

It seems reasonable t o  conclude t h a t  a real antagonist does e x i s t .  

A more 

Biochemical Considerations 

Gluconeogenesis is important i n  control l ing blood sugar leve ls  i n  
normal and d iabe t ic  subjects.80 Gluconeogenesis is not simply a reversal  
of glycolysis s ince there  a r e  b a r r i e r s  which obstruct  the reversal  of gly- 
co lys i s  between: (1) pyruvate and phosphoenolpyruvate, (2) fructose-1,6- 
diphosphate and fructose-6-phosphate, and (3) glucose-6-phosphate and 
glucose80 (Fig. 1 ) .  These energet ical ly  disfavored react ions a r e  circum- 
vented by a l t e r n a t i v e  react ions i n  gluconeogenesis. The a l t e r n a t i v e  reac- 
tions are catalyzed by (1) pyruvate carboxylase and phosphoenolpyruvate 
carboxylase, (2) fructose-l,6diphosphatase, and (3) glucose-6-phosphatase 
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Figure 1. SUMMARY OF METABOLIC PATHWAYS 
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which are considered t o  be the key enzymes i n  gluconeogenesis.80 
which promote gluconeogenesis increase the levels of these enzymes .81 
Levels of these enzymes are increased i n  a l l o x a n d i a b e t i c  animals and i n  
animals t rea ted  with ant i - insul in  serum ( U S )  .81,82 Insul in  res tores  
gluconeogenetic enzyme leve ls  t o  normal i n  these animals .81 
sugars depress the elevated 
but not i n  AIS t rea ted  rats.82 This indicates  t h a t  the depression of 
gluconeogenetic enzyme levels is re la ted  t o  the metabolism of carbohy- 
drates  Levels of key glycolyt ic  enzymes (glucokinase ,phosphofructokinase, 
and pyruvate kinase) (Fig. 1 )  are depressed i n  alloxan-diabetic animals .81 
Enzyme levels are normalized by insu l in  treatment .81 
stimulates glycolysis and i n h i b i t s  gluconeogenesis. 

genase, which catalyzes the  f i r s t  s t e p  i n  the  pentose phosphate cycle 
(Fig. 1 ) .  This pathway accounts f o r  a high proportion of the glucose 
metabolized i n  adipose t i s s u e  and for  some of the glucose metabolism i n  
other tissues.83 
of NADPB which i sused  as an energy source for  the biosynthesis of l ipids84 
and other  materials .85 
glucose u t i l i z a t i o n  by regulating leve ls  of glucose-6-phosphate, an in- 
h ib i tor  of glucose phosphorylation.83 

regulating net hepatic glucose uptake or output. 
i n  glycogen synthesis is catalyzed by uridine diphosphate glucose-glycogen 
t ransferase (glycogen synthetase) .84 This enzyme e x i s t s  i n  two forms, the 
glucose-6-phosphate dependent (D) form and the  glucose-6-phosphate i d e -  
pendent ( I )  form85 (Fig. 1 ) .  The interconversion of the two forms repre- 
sen ts  an important control  mechanism i n  regulating glycogen synthesis  .86 
Insul in  stimulates t h e  conversion of the  D form t o  the I form thereby in-  
creasing the rate of glycogen synthesis and promoting hepatic glucose up- 
take .87 Glycogenolysis is controlled by phosphorylase . Phosphorylase a 
is activated by conversion t o  phosphorylase g i n  a reaction catalyzed by 
phosphorylase kinase (Fig. 1) .a8 Insul in  decreases hepatic phosphory- 
lase a c t i v i t y  and glycogenolysis by a mechanism which may be related t o  
its e f f e c t  on adenyl cyclase.87 

been the subject  of much speculation. 
have done l i t t l e  t o  provide conclusive evidence i n  support of such a r o l e  
for insulin. The nature and function of the various manunalian hexokinases 
have been reviewed.89 Rat liver hexokinase exists i n  4 electrophoretically 
distinguishable forms and one of these,  hexokinase 11, can be fur ther  f r a e  
t ionated i n t o  2 di f fe ren t  forms.89 One form of hexokinase I1 is diminished 
in diabe t ic  animals and levels of t h i s  enzyme are restored t o  normal by 
insu l in  .89 

mediated by adenosine 3' ,5 '-phosphate (cyclic AMP) . 
e f f e c t s  of t h i s  nucleotide have been discussed.90-92 
sized from ATP by a react ion catalyzed by adenyl cyclase and i t  is rapidly 
inactivated b 
it t o  5'-AMP.J1 Cyclic AMP levels are influenced by ntmerous hormones, 
(catecholamines, glucagon, ACTH, insu l in ,  and others)  .91 Most of these 
stimulate adenyl cyclase and increase cyc l ic  AMP l eve ls ,  however, insu l in  

Factors 

Uti l izable  
luconeogenetic enzyme leve ls  i n  fas ted rats 

Insul in  therefore  

Another enzyme of current interest is glucose-6-phosphate dehydro- 

An important function of t h i s  pathway is the production 

Glucose-6-phosphate dehydrogenase may a f f e c t  

The rate of glycogenolysis and glycogen synthesis  are important i n  
The rate l imi t ing  s t e p  

A possible d i r e c t  e f f e c t  of insu l in  on the hexokinase reaction has 
Conflicting reports  on the matter 

It seems l i k e l y  tha t  the  metabolic e f f e c t s  of several  hormones are 
The biochemical 
Cyclic AMP is synthe- 

a cyc l ic  3 ' ,5 ' auc leo t ide  phosphodiesterase which converts 
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decreases c y c l i c  AMP l e v e l s  by a mechanism which may involve the  stimula- 
t i o n  of phosphodiesterase.93 
xanthines i n h i b i t  phosphodiesterase and increase  i n t r a c e l l u l a r  cyc l i c  AMP 
levels. 94 

It has been proposed t h a t  cyc l i c  AMP may be a "second messenger" i n  
hormone ac t ion  i n  some t i ssues .91  The hormone i t s e l f  ( " f i r s t  messenger") 
may react with a por t ion  of t h e  adenyl cyclase molecule which faces the  
e x t r a c e l l u l a r  space thereby inducing conformational changes i n  o ther  por- 
t i o n s  of the  molecule (on the  in s ide  of the  cell  membrane). This could 
a c t i v a t e  adenyl cyclase and increase  the  rate of synthes is  of cyc l i c  AMP 
("second messenger") which could then produce the  response .91 This is an 
attractive theory and i s  i n  agreement with e x i s t i n g  f a c t s  bu t  more infor- 
mation about t he  chemical na ture  of adenyl cyclase w i l l  be required before 
t h e  hypothesis can be accura te ly  evaluated. 

creased cyc l i c  AMP l eve l s  are : increased phosphorylase a c t i v i t y ,  decreased 
glycogen synthetase a c t i v i t y ,  increased gluconeogenesis, and increased 

Epinephrine and glucagon-induced glycogenolysis have been explained 
on t h i s  basis.91 
c e l l u l a r  c y c l i c  AMP l eve l s .  Cyclic AMP increases the  a c t i v i t y  of phos- 
phorylase b kinase,  thus promoting the  conversion of phosphorylase b t o  
phosphorylase 2.95996 Cyclic AMP has a l s o  been implicated as one of t he  
f a c t o r s  con t ro l l i ng  glycogen synthetase a c t i v i t y .  
conversion of s nthe tase  I t o  synthetase D markedly decreases the  a c t i v i t y  
of t he  e n ~ y m e . ~ f  The r e s u l t i n g  increased phosphorylgse a c t i v i t y  and de- 
creased glycogen synthetase a c t i v i t y  r e su l t i ng  from increased l e v e l s  of 
c y c l i c  AMP may account f o r  increased hepat ic  glucose output .98 

hormones .99 
TSH, and o thers )  increase  t i s s u e  l e v e l s  of cyc l i c  AMP by ac t iva t ion  of 
adenyl cyclase.lOO 
of phosphodiesterase .loo Insu l in ,  which lowers cyc l i c  AMP l e v e l s  a l s o  
i n h i b i t s  epinephrine induced l i p o l y s i s  .lol *lo2 
l i p o l y s i s  i n h i b i t o r ,  v i r t u a l l y  o b l i t e r a t e s  t h e  e f f e c t s  of epinephrine on 
c y c l i c  AMP l e v e l s  i n  i s o l a t e d  f a t  cells .103 
AMP stimulates l i p o l y s i s  i n  i so l a t ed  f a t  cellslO1 adds fu r the r  credence t o  
the  hypothesis t h a t  hormone induced l i p o l y s i s  may be mediated by t h i s  
nucleotide.  

Cyclic AMP may mediate ACTH and glucagon-induced i n s u l i n  release .9l 
Cyclic AMP i tself  s t imula tes  i n s u l i n  release i n  vitro.14 
t i o n  required t o  s t imula te  i n s u l i n  release i n  these experiments w a s  above 
the  known physiological l e v e l s  of t he  nucleotide but t h i s  may be due t o  the 
poor pene t ra t ion  of c y c l i c  AMP i n t o  t i s s u e s  ,102 Theophylline, an i n h i b i t o r  
of cyc l i c  AMP degradation, stimulates i n s u l i n  sec re t ion  i n  v i t r o l 5  and & 
- v im34  and a l s o  po ten t i a t e s  ACTH and glucagon-induced i n s u l i n  release & 
v i t r o l o 3  and i n  Other workers were unable t o  demonstrate a poten- 
t i a t i o n  of glucagon-induced i n s u l i n  release by theophylline i n  the  i so l a t ed  
perfused rat pancreas14 but t h i s  may be due t o  the  abnormally high concen- 
t r a t i o n s  of glucagon employed. The proposal t h a t  i n s u l i n  sec re t ion  may be 
mediated by cyc l i c  AMP is cons is ten t  with the  f a c t  t h a t  i n s u l i n  release is 

- 

A va r i e ty  of substancessuch as methyl 

Some of t h e  biochemical e f f e c t s  which have been a t t r i b u t e d  t o  in-  

l i p o l y s i s  .91 

Both hormones a c t i v a t e  adenyl cyclase and increase i n t r a  

The cyc l i c  AMP induced 

Cyclic AMP may a l s o  mediate the  l i p o l y t i c  e f f e c t  of various 
Numerous l i p o l y t i c  hormones (ACTH, glucagon, catecholamines, 

This e f f e c t  i s  poten t ia ted  by caf fe ine ,  an i n h i b i t o r  

Nicot in ic  ac id ,  another 

The f a c t  t h a t  exogenous cyc l i c  

The concentra- 
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promoted by stimulation of 8-adrenergic receptors34 and cyc l i c  AMP is 
believed t o  mediate $-receptor e f f e c t s .  
hypothesis is dependent on the measurement of i n t r a c e l l u l a r  l eve l s  of 
cycl ic  AMP i n  the $-cell.  

i ts importance i n  understanding the metabolic a l t e r a t i o n s  of  diabetes.  
The f a c t  t h a t  only small amounts of cyc l i c  AMP en te r  i n t a c t  cellslO4 
emphasizes the need f o r  cycl ic  AMP derivat ives  which are b e t t e r  able  t o  
penetrate cell membranes. Numerous s tud ie s  have been carr ied out with 
N6-2'-O-dibutyryl cyc l i c  AMP which i s  a more potent a c t i v a t o r  of l i v e r  
phosphorylase than cyc l i c  AMP i t s e l f 9 6 ,  probably because it en te r s  the 
cells more rapidly than cyc l i c  AMP. 
sized105 and i t  is l i k e l y  t h a t  fur ther  invest igat ions by medicinal 
chemists w i l l  produce s t i l l  other  der ivat ives  which are s u i t a b l e  fo r  
v i t r o  and i n  vivo s tud ie s .  

Further substant ia t ion of t h i s  

The obvious importance of cyc l i c  AMP i n  hormone ac t ions  ind ica t e s  

Other der ivat ives  have been synthe- 

- 
Diabetes i n  Laboratory Animals 

A tendency toward diabetes has been observed i n  a t  least 1 3  species 
It is ant ic ipated t h a t  s tud ie s  on diabetes i n  and s t r a i n s  of animals.lo6 

animals may provide some much needed information on the genet ic  aspects 
of diabetes,  the primary metabolic l e s ion ( s )  of the disease,  and the re- 
la t ionship between the metabolic disorders and the complications of 
diabetes. Much of t he  research i n  t h i s  area has been carr ied out with the 
Chinese hamster.107-109 
t ra i t  and is  similar i n  many ways t o  diabetes  i n  man. Of p a r t i c u l a r  
i n t e r e s t  is the  f a c t  t h a t  vascular l e s ions  have been observed i n  the dia- 
be t i c  hamsters .1°7 
secrete  in su l in  i n  response t o  glucose stimulation but mildly d i a b e t i c  
animals have normal plasma i n s u l i n  l eve l s .  
characterized by decreased i s le t  volume, decreased @-cell granulation, and 
glycogen i n f i l t r a t i o n  i n t o  the islets .I10 
changes have a l so  been observed i n  non-diabetic s i b l i n g s ,  thus indicat ing 
t h a t  c e r t a i n  islet  cel l  changes occur p r i o r  t o  the onset of diabetes.110 
Pancreatic t i s s u e  from non-ketotic diabet ic  hamsters with normal c i r cu la t -  
ing i n s u l i n  l e v e l s  secretes less i n s u l i n  when incubated with glucose than 
does normal t i s s u e  whereas pancreatic t i s s u e  from "intermit tent  glyco- 
sur ic"  hamsters s ec re t e s  more i n s u l i n  than normal.l l l  The sand ra t  also 
has a tendency t o  develop diabetes which is s imi l a r  i n  many ways t o  
maturity-onset diabetes i n  humans . I12 The i n i t i a l  s tages  of diabetes i n  
this species  are characterized by hyperglycemia and hyperinsulinemia. 113 
The pathogenesis of diabetes i n  t h i s  species may be related t o  the re- 
s i s t ance  of peripheral  tissue t o  i n s u l i n  s ince i n  v i t r o  experiments have 
shown t h a t  both muscle and adipose t i s s u e  from d i a b e t i c  sand rats exh ib i t  
a marked r e f r ac to r ines s  t o  insulin.113 A tendency t o  develop diabetes has 
a l so  been observed i n  the  Wellesley mouse114, the spiny mousell5, the KK 
mousell6, the Bar Harbor obese mousell7, and numerous other  species. 

duced diabetes.  Most of these s t u d i e s  have u t i l i z e d  alloxan, which is 
concentrated by the pancreat ic  $-cells118 and decreases the nunber of 8- 
granules .I19 

Diabetes i n  t h e  Chinese hamster i s  a heredi tary 

Severely d i a b e t i c  hamsters have a decreased a b i l i t y  t o  

The d i abe t i c  hamster is 

Similar,  but less pronounced 

Nmerous s tud ie s  have been conducted on animals with chemically in -  

The degree of 6-cell destruct ion is  dose dependent120 but 
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t h e  mechanism by which alloxan acts is poorly understood and the  drug is 
r a t h e r  toxic.  
Streptomyces achromogenes, has been used to  induce d iabe tes  i n  several 
animal spec ies .  A s ing le  dose of s t rep tozotoc in  produces hyperglycemia, 
glycosuria,  and i n  some cases ketonuria.122 
of pancrea t ic  i n s u l i n  l e v e l s  when the  animals are s a c r i f i c e d  3 weeks a f t e r  
injection.122 It has been reported123 t h a t  t h i s  compound induces d iabe tes  
by producing B-cell degranulation without $-cell des t ruc t ion  but o the r  
studies124 make i t  appear more probable t h a t  i t  owes i ts  diabetogenic 
ac t ion  t o  a 8-cytotoxic e f f e c t .  The most s t r i k i n g  evidence of B-cell 
necros is  is observed within 24 hours of administration o f  the  drug124 
which could account f o r  why some inves t iga to r s  have questioned its occur- 
rence. 
than alloxan. 124 Also, t he  ex t rapancrea t ic  l e s ions  c h a r a c t e r i s t i c  of 
d iabe tes  are more reproducibly induced with s t rep tozotoc in  .123 
l i k e l y  t h a t  s t rep tozotoc in  w i l l  become an important research t o o l  f o r  
studying d iabe tes  i n  animals. 

More recent ly ,  s t rep tozotoc in l21 ,  an a n t i b i o t i c  from 

There is a marked depression 

Streptozotocin is more s p e c i f i c  and exh ib i t s  less general  t o x i c i t y  

It is very 

Oral Nvvonlycemics 

The in t roduct ion  of the  f i r s t  o r a l  hypoglycemics i n  the  1950s was an 
important event i n  the  h i s t o r y  of t he  treatment of d iabe tes .  
compounds are cur ren t ly  ava i lab le .  Their therapeut ic  usefulness is w e l l  
e s tab l i shed  and t h e i r  metabolic e f f e c t s  are w e l l  documented but t he re  are 
s t i l l  a nmber  of questions t o  be answered i n  regard t o  their mechanism(s) 
of ac t ion .  

Five such 

Sulfonylureas. 
sulfonylureas i n  general ,  was the  subjec t  of a recent  symposium.125 It is  
generally believed t h a t  these  compounds owe t h e i r  a c t i v i t y  t o  t h e i r  ab i l -  
i t y  t o  s t imula te  i n s u l i n  sec re t ion ,  thus accounting f o r  t h e i r  inef fec t ive-  
ness i n  t r e a t i n g  juveni le  d i abe t i c s  o r  o the r  d i abe t i c s  with no endogenous 
supply of i n su l in .  The mechanism by which they promote i n s u l i n  release is 
not  c l e a r l y  understood although it  is q u i t e  c e r t a i n l y  d i f f e r e n t  from the  
mechanism by which glucose s t imula tes  i n su l in  release .lZ6 This explains 
why many d i a b e t i c s  can secrete i n s u l i n  i n  response t o  sulfonylurea stimu- 
l a t i o n  although they have l o s t  t h e  a b i l i t y  t o  respond t o  a glycemic 
stimulus. Numerous attempts have been made t o  implicate ex t rapancrea t ic  
e f f e c t s  i n  the  mechanism of ac t ion  of sulfonylureas but t h e  evidence i n  
support of such a case is  less than convincing.127,128 Sulfonylureas in- 
h i b i t  l i p o l y s i s  and block t h e  e f f e c t s  of various l i p o l y t i c  agents i n  i so -  
l a t ed  f a t  ce l l s129  and a l s o  suppress ketogenesis i n  rat l i v e r  slices .I30 
These e f f e c t s  can be produced i n  the  absence of glucose and i n s u l i n  and 
probably represent d i r e c t  e f f e c t s  of t he  sulfonylureas,  but t he re  is no 
evidence t h a t  these e f f e c t s  are re lea ted  t o  the  hypoglycemic a c t i v i t y  of 
t h e  sulfonylureas.  It has r ecen t ly  been shown tha t  pa t i en t s  undergoing 
long-term therapy with chlorpropamide demonstrate an improvement i n  glu- 
cose tolerance which is 
insulin.131 The s igni f icance  o f  these findings is unclear i n  view of t he  
f a c t  t h a t  t he  study of i n s u l i n  release i n  i n  vivo systems is very complex 
and the  r e s u l t s  of such s t u d i e s  are o f t e n  d i f f i c u l t  t o  i n t e r p r e t .  It 

The current s t a t u s  of tolbutamide i n  p a r t i c u l a r  and the  

accompanied by increased l e v e l s  of c i r cu la t ing  
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might a l s o  be pointed out t h a t  it is not c i r cu la t ing  in su l in ,  but r a the r  
i n s u l i n  i n  contact with the cell  membrane or  i n s ide  t h e  c e l l ,  which pro- 
motes glucose u t i l i z a t i o n .  These results are, however, i n  agreement with 
r e s u l t s  from i n  v i t r o  experiments which show tha t  tolbutamide-induced in -  
s u l i n  release decreases with t i m e ,  possibly because of i n t r a c e l l u l a r  feed- 
back i n h i b i t i 0 n . l 3 ~  Clinical  s tud ie s  with glyhexamide, a new sulfonylurea 
hypoglycemic have been reported. 133 
pound is  comparable i n  potency t o  tolbutamide but is  less potent than 
chlorpropamide and probably has no p a r t i c u l a r  advantages over the current-  
l y  avai lable  sulfonylureas . 

The r e s u l t s  i nd ica t e  t h a t  t h i s  com- 

Biguanides. 
d e t a i l  i n  last year’s review and are the subject  of a recent paper.134 
The theory t h a t  t h e  biguanides exer t  t h e i r  primary e f f e c t  by i n t e r f e r i n g  
with electron t ransport  and oxidative phosphorylation gains add i t iona l  
support from the finding tha t  t he re  is a co r re l a t ion  between phenformin 
inh ib i t i on  of pyruvate oxidation and i ts  e f f e c t s  on glucose metabolism. 
Reports of i n i t i a l  weight l o s s  i n  associat ion with phenformin therapy 
continue t o  appear135 but the reason f o r  t h i s  weight l o s s  i s  s t i l l  a 
debatable issue. The mode of act ion of phenformin, i ts  e f f e c t s  on glucose 
tolerance,  plasma insu l in ,  serum l i p i d s ,  and body weight were discussed a t  
a recent symposium. 136 

The metabolic e f f e c t s  of the biguanides were discussed i n  

Other Compounds. Recent s t u d i e s  on the metabolic e f f e c t s  of S-methyl- 
pyrazole-3-carboxylic acid ind ica t e  t h a t  it exerts i t s  primary e f f e c t  on 
adipose t i s s u e  where i t  i n h i b i t s  l i p o l y s i s ,  increases the  incorporation of 
glucose i n t o  glycerides,  and promotes glycogen synthesis  from glucose .13’ 
It does not s t imulate  the incorporation of glucose i n t o  muscle glycogen 
v i t r o .  These findings are i n  agreement with earlier reports  which sug- 
gested t h a t  i ts  hypoglycemic a c t i v i t y  is  secondary t o  its e f f e c t  on plasma 
FFA levels.138 The observation t h a t  rats develop resis tance t o  t h i s  a- 
gent139 and a l s o  t o  3-methylisoxazole-5-carboxylic acid140 is  unfortunate 
and decreases the l ikelihood t h a t  these agents w i l l  be c l i n i c a l l y  u s e f u l .  
The hypoglycemic a c t i v i t y  and the metabolic e f f e c t s  of pyraxinamide have 
been e ~ a m i n e d . 1 ~ 1  It decreases blood sugar i n  i n t a c t ,  adrendlectomized, 
hypophysectomized, and eviscerated rats. Its pharmacological act ion seems 
t o  be s imi l a r  t o  t h a t  of t h e  pyrazoles and isoxaaoles i n  t h a t  i ts hypo- 
glycemic e f f e c t  appears t o  be secondary t o  its e f f e c t  on plasma FFA. 
Recent experiments i nd ica t e  t h a t  tecomine and tecostamine, a lkaloids  from 
the leaves of Tecoma s t ans ,  lower blood sugar i n  fas ted and alloxan- 
d i abe t i c  r abb i t s  but not i n  pancreatectomized r abb i t s  .I42 Although no 
de ta i l ed  mechanistic s tud ie s  have been reported, i t  appears t h a t  t h e i r  
action is dependent on the presence of a functioning pancreas so it  is 
unlikely t h a t  they o f f e r  any important advantages over ex i s t ing  compounds. 
5-Methoxyindole-2-carboxylic acid lowers blood sugar i n  the alloxan- 
d i abe t i c  mouse by a mechanism which may be involved with inh ib i t i on  of 
hepatic gluconeogenesis .I43 
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Chapter 17. Atherosc le ros is  

Charles  H. Eades, Jr. 
Warner-Lambert Research I n s t i t u t e ,  Morris P l a i n s ,  New Jersey 

In t roduc t ion  - The genera l  p a t t e r n  of r e sea rch  i n  a t h e r o s c l e r o s i s  needs a 
sharpening of t h e  focus  on t h a t  p a r t  of t h e  vascu la r  bed t h a t  seems t o  
d e a l  t h e  most c r i t i ca l  blow t o  maintenance of l i f e  when i t  becomes e i t h e r  
inoperable  i n  t o t o  f o r  a s h o r t  per iod  of t i m e  o r  is reduced i n  func t ion  
f o r  a more extended per iod  of t i m e .  
changes i n  t h e  coronary ar ter ies  are a t  t h e  r o o t  of 90% of a l l  genuine 
forms of angina p e c t o r i s  and myocardial  i n f a r c t i o n . " l  Whenever p o s s i b l e ,  
I hope t o  d i r e c t  a t t e n t i o n  t o  coronary a t h e r o s c l e r o s i s .  To more c l e a r l y  
de f ine  research  o b j e c t i v e s ,  t o  more p r e c i s e l y  c o n t r o l  t h e  methodology and 
more c r i s p l y  s c r u t i n i z e  t h e  d a t a  and the  conclusions drawn therefrom, t h e  
l i t e r a t u r e  should be l u c i d  i n  t h e  d i f f e r e n t i a t i o n  among coronary athero-  
s c l e r o s i s ,  a o r t i c  a t h e r o s c l e r o s i s ,  c e r e b r a l  a t h e r o s c l e r o s i s ,  and athero-  
s c l e r o s i s  of any o t h e r  reasonably de f inab le  p a r t  of t h e  c i r c u l a t i o n  system. 
Heredi ta ry  f a c t o r s ,  inc luding  obes i ty ,  hyper tens ion ,  "inborn e r r o r s "  of 
hyperl ipidemia,  d i abe te s ,  deranged thy ro id  func t ion ,  malfunct ion of t he  
ad rena l s  and many o t h e r s ,  have been impl ica ted  i n  t h e  development of 
a t h e r o s c l e r o s i s .  Environmental f a c t o r s  may be of primary o r  secondary in-  
f l uence ;  - - t hese  inc lude  emotional  stress s i t u a t i o n s ,  d i e t ,  c l ima te ,  
de t r imen ta l  h a b i t s  (smoking, l a c k  of e x e r c i s e ,  e t c . )  cont rac ted  d i seases ,  
c e r t a i n  drugs - - many of t hese  too ,  cause hyper tens ion ,  o b e s i t y ,  d i abe te s ,  
and o t h e r  metabol ic  d i so rde r s .  A t  p re sen t ,  no s i n g l e  f a c t o r  can be i so-  
l a t e d  as exc lus ive  i n  t h e  e t i o l o g y  of coronary a t h e r o s c l e r o s i s .  Further-  
more, no one s imple d e f i n i t i o n  of a t h e r o s c l e r o s i s ,  even though t h e  word i s  
used u n i v e r s a l l y ,  carries a unanimous stamp of approval  among t h e  mult i -  
tude of r e sea rche r s  s tudying  t h e  d isease .  

"It i s  now axiomatic  t h a t  s c l e r o t i c  

I must emphasize t h e  importance o f  s t u d i e s  of coronary a therosc le ro-  
s is  r a t h e r  than j u s t  a o r t i c  a t h e r o s c l e r o s i s .  F i r s t ,  t h e  coronary arteries 
are anatomical ly  d i f f e r e n t  from t h e  a o r t a ,  and consequently have a d i f -  
f e r e n t  o v e r a l l  metabol ic  behavior .  Secondly, arteries from t h e  s e v e r a l  
p a r t s  of t he  card iovascular  system are s u b j e c t  t o  a spectrum of dynamic 
f o r c e s  from i n s i d e  and o u t s i d e  t h e  v e s s e l  w a l l s  which produce d i f f e r e n t  
modes of n u t r i t i o n  i n  t h e  w a l l s  of t he  va r ious  k inds  o f  ar ter ies .  Meta- 
b o l i c  n u t r i t i o n ,  i nc lud ing  provis ion  of oxygen t o  t h e  coronary muscle 
i t s e l f ,  depends on t h e  i n t e g r i t y  of no t  only the  l a r g e  coronary arteries 
bu t  t o  a l a r g e  ex ten t  on t h e  small  v e s s e l s  w i th in  t h e  muscle. Whenever 
t h e  d e l i v e r y  of blood wi th  i t s  oxygen and n u t r i e n t s  i s  decreased i n  the  
h e a r t ,  f u r t h e r  problems develop wi th in  t h e  h e a r t  muscle, eventua l ly  pro- 
ducing diminished performance and f i n a l l y  f a i l u r e s .  

Coronary ar ter ies  a f f l i c t e d  wi th  "a the rosc l e ros i s "  show thickening 
of t he  ar ter ia l  in t ima,  and u s u a l l y  hypertrophy of t h e  media, wi th  c l ea r -  
l y  demonstrable l i p i d  d e p o s i t s  ( i nc lud ing  c h o l e s t e r o l )  w i th in  t h e  in t ima 
o r  subint ima.  A l l  of t h i s  tends t o  reduce the  s i z e  of t he  a r t e r i a l  lumen 
and restrict t h e  flow of blood a t  reasonable  p re s su res .  Research must 
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endeavor : 

1. 

2 .  

3 .  

t o  e h c i d a t e  t h e  cause(s )  of coronary a t h e r o s c l e r o s i s  and 
i t s  morbid sequalae ,  
t o  d iscover  ways ( inc lud ing  drugs)  t o  p r e v e n t ,  a t t e n u a t e  and, 
hopefu l ly ,  
t o  apply the  knowledge p rophy lac t i ca l ly  and t h e r a p e u t i c a l l y  
t o  achieve product ive  longevi ty  of t h e  human race. 

Advances i n  these  areas are of primary importance t o  medicine and medicin- 
a l  chemistry.  What has  been the  progress  i n  t h e  areas of concern i n  1967? 

Et io lopy  - I n  the  s tudy  of t he  causes  of a t h e r o s c l e r o s i s ,  t h e  f a c t o r s  
found most l i k e l y  t o  be p re sen t  i n  t h e  l i v i n g  system p r i o r  t o  dea th ,  i n  
r e l a t i o n  t o  t h e  proven presence of coronary a t h e r o s c l e r o s i s  a t  autopsy,  
are advanced age,  e l eva ted  serum c h o l e s t e r o l ,  and e l eva ted  blood p res su re ,  
wi th  e l eva ted  blood l i p i d s  and t h e  presence of d i abe te s  appearing inf luen-  
t i a l .  Other measurable metabol ic  parameters  found t o  c o r r e l a t e  as coro- 
nary h e a r t  d i sease  r i s k  f a c t o r s  are e l eva ted  serum u r i c  a c i d 2 , 3 ,  lowered 
serum albumin l e v e l s  , lowered l i p o p r o t e i n  l i p a s e  and lowered endogenous 
heparin.  Of these  f a c t o r s ,  " cho le s t e ro l "  cont inues  as a f a v o r i t e  re- 
search  top ic .  

t h e  d i s a s t e r o u s  d i s e a s e ,  and, f i n a l l y ,  

Reviews of t h e  l i t e r a t u r e 7  9' r e v e a l  numerous s t u d i e s  on athero-  
s c l e r o s i s  are concerned wi th  c h o l e s t e r o l ,  i t s  presence i n  o r  absence from 
t h e  d i e t ,  i ts  s y n t h e s i s  and catabol ism,  and i ts  d i s t r i b u t i o n  among plasma 
and va r ious  t i s s u e s .  Epidemiological  s t u d i e s  i n  man sugges t  t h a t  d i e t  - 
high i n  f a t  o r  c h o l e s t e r o l  a long wi th  f a t  - p lays  a prominent r o l e  i n  t h e  
human a t h e r o s c l e r o t i c  d i sease . '  Cho les t e ro l ,  l i nked  t o  t h e  d i s e a s e  by i t s  
presence i n  t h e  a t h e r o s c l e r o t i c  plaques and i t s  e f f e c t  i n  d i e t s  of ani-  
m a l s ¶  der ived  both from d i e t  and by b iosyn thes i s  i n  body t i s s u e s .  R a t s  
and r a b b i t s ,  s o  o f t e n  used i n  l abora to ry  s t u d i e s ,  d i f f e r  g r e a t l y  i n  suscep- 
t i b i l i t y  t o  a t h e r o s c l e r o s i s  and may w e l l  be q u i t e  d i f f e r e n t  from humans 
i n  t h i s  r e spec t .  Even on semi-synthet ic  d i e t s ,  conta in ing  no added cho- 
l e s t e r o l ,  r a b b i t s  develop a t h e r o s c l e r o s i s ,  whereas they do n o t  on s t o c k  
d i e t s .  Furthermore , t h e  plasma c h o l e s t e r o l  of r a b b i t s  i s  more e a s i l y  
a l t e r e d  than t h a t  of ra t s ,  whereas t h e  c h o l e s t e r o l  s y n t h e s i s  ra te  (from 
a c e t a t e )  v a r i e s  widely i n  rats i n  response t o  va r ious  d i e t s .  

S tud ie s  i n  which d i e t a r y  f a c t o r s  are manipulated,  e s p e c i a l l y  i n  
animals , t o  produce "a the rosc l e ros i s " ,  are numerous and s t u d i e s  t o  pro- 
duce v a r i a t i o n s  i n  serum c h o l e s t e r o l  l e v e l s  are even more p l e n t i f u l .  
Rabbi ts  s t i l l  hold the  s p o t l i g h t  i n  d i e t a r y  s t u d i e s  involv ing  c h o l e s t e r o l  
feeding  wi th  o r  without  added f a t s ,  s a t u r a t e d  o r  unsa tura ted .  Without 
c h o l e s t e r o l  added, few atheroma are found. l o  
appear more a therogenic  than unsa tu ra t ed  f a t s  when fed  along wi th  cho- 
l e s t e r o l .  l 1  Heated corn o i l  i n  t h e  d i e t  w a s  more a therogenic  than un- 
heated oi1.12 Af te r  12 weeks on an a therogenic  d i e t  followed by 1 2  weeks 
of r e g u l a r  o r  semi-s tarvat ion d i e t ,  r a b b i t s  w e r e  found t o  have an i n t e n s i -  
f i c a t i o n  of a t h e r o s c l e r o s i s  ( i nc rease  i n  a o r t a  plaque i n t e n s i t y  of 36 
5.9% and 58.8 5 7.6%, r e s p e c t i v e l y ,  f o r  t h e  two f i n a l  d i e t s ) . 1 3  
r ece iv ing  corn o i l  and coconut o i l  d i e t s  (no added c h o l e s t e r o l )  alternate- 
l y ,  o r  as a 50-50 mixture ,  f o r  10, 10 week pe r iods ,  developed more a o r t i c  

However, s a t u r a t e d  f a t s  

Rabbi ts  
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and coronary a t h e r o s c l e r o t i c  l e s i o n s  on t h e  a l t e r n a t e  regimen than  on t h e  
50-50 mixture .  l 4  
r a b b i t s  d i d  n o t  e l i c i t  p laque  
though ev idence  of presence  of peroxides  i n  t i s s u e s  i n  v i t r o  i s  h i g h l y  
s u g g e s t i v e  t h a t  t h e  p e r o x i d a t i o n  goes on i n  v ivo .  l 5  

- 

I n j e c t i o n  of l i p i d  peroxides  i n t o  abdominal a o r t a s  of 
format ion  a t  t h e  i n j e c t i o n  s i t e ,  even 

S t u d i e s  designed t o  demonstrate  d i r e c t l y  t h e  c a u s a l  r e l a t i o n s h i p s  of 
v a r i o u s  "prime f a c t o r s "  of coronary a t h e r o s c l e r o s i s  i n  man and animals  a r e  
f e w  indeed. Recent ly ,  s t u d i e s  were r e p o r t e d  i n  which a r a t ,  u s u a l l y  con- 
s i d e r e d  r e s i s t a n t  t o  a t h e r o s c l e r o s i s ,  w a s  used as a model f o r  coronary 
a t h e r o s c l e r o s i s  s tudy.16 
s t u d y  as w e l l  as a l o n g e r  p e r i o d  of s t u d y  t i m e .  These r e n a l  h y p e r t e n s i v e  
rats developed coronary a r t e r y  l e s i o n s  having some of t h e  c h a r a c t e r i s t i c s  
of t h o s e  i n  man. R a t s  made h y p e r t e n s i v e  by DOCA i m p l a n t a t i o n  d i d  n o t  de- 
ve lop  l e s i o n s .  D i e t a r y  s a l t  l o a d i n g  i n c r e a s e d  t h e  i n c i d e n c e  and s e v e r i t y  
of t h e  coronary l e s i o n s  s l i g h t l y  i n  DOCA h y p e r t e n s i v e  rats;  t h e  s e v e r i t y ,  
even though a l r e a d y  h i g h ,  i n c r e a s e d  somewhat among t h e  r e n a l  h y p e r t e n s i v e  
rats wi th  added s a l t .  

The f a c t o r  of hyper tens ion  w a s  added t o  t h e  

Human c h o l e s t e r o l  metabolism has  been e x t e n s i v e l y  reviewed r e c e n t l y 1  
and t h e  l a c k  of n e g a t i v e  "feed-back" c o n t r o l  w a s  concluded. C h o l e s t e r o l  
r i c h  d i e t s  ( g r e a t e r  than  2.5 - 3 gm/day) had a r a t h e r  marked i n f l u e n c e  on 
human serum c h o l e s t e r o l  - b u t  n o t  on l iver  b i o s y n t h e s i s .  However, man's 
p r i n c i p a l  p r o t e c t i o n  from high  o r a l  i n t a k e  of c h o l e s t e r o l  is  t h e  l i m i t e d  
c a p a c i t y  € o r  i n t e s t i n a l  a b s o r p t i o n .  Serum c h o l e s t e r o l  of young male 
humans on a b u t t e r - c o n t a i n i n g  d i e t  w a s  i n c r e a s e d  s i g n i f i c a n t l y  over  t h a t  
of o t h e r s  r e c e i v i n g  corn o i l  margarine.  Kr i tchevsky  reviewed exper i -  
mental  a t h e r o s c l e r o s i s  i n  Pr imates  and o t h e r  s p e c i e s l 9  and p o i n t e d  o u t  
t h a t  a number of animal  s p e c i e s  might s e r v e  as animal  models f o r  s t u d y  of 
c e r t a i n  a s p e c t s  of t h e  d i s e a s e .  Among t h e s e  are r a b b i t s  on a s e m i -  
s y n t h e t i c  d i e t ,  s q u i r r e l  monkeys on h igh  f a t  d i e t s ,  and rhesus  monkeys and 
baboons on a t h e r o g e n i c  regimens.  These l a t t e r  two animals  are somewhat 
l a r g e ,  and,  l i k e  p i g s ,  tend t o  resemble man more c l o s e l y  than  b i r d s  and 
r a b b i t s .  However, no a b s o l u t e  and uniform r e l a t i o n s h i p  between d i e t a r y  
f a c t o r s  and development of n a t u r a l l y  o c c u r r i n g  a t h e r o s c l e r o s i s  i n  a number 
of animal  s p e c i e s  has  been found. 

Prophylaxis  - S i n c e  d i e t  seems t o  i n f l u e n c e  serum c h o l e s t e r o l  l e v e l s  and 
be involved  i n  product ion  of a t h e r o s c l e r o s i s ,  c e r t a i n  changes might pre- 
v e n t  t h e  development of t h e  d i s e a s e .  JonesZo reviewed t h e  e f f e c t  of d i e t  
on t h e  "Pathogenesis  of Coronary Disease" and s ta tes :  "We have no assur -  
ance as y e t  t h a t  any d i e t a r y  manipula t ion  aimed a t  reducing  serum choles-  
t e r o l  w i l l  b e n e f i t  t h e  c o u r s e  of t h e  d isease ."  S t i l l ,  coupl ing  d i e t  w i t h  
o t h e r  c o n d i t i o n s ,  and t h e  i n c l u s i o n  of hypocholes te ro lemic  drugs o r  prep- 
a r a t i o n s  from n a t u r a l  s o u r c e s ,  have become popular  r e s e a r c h  maneuvers. 
Rabbi t s  on an  a l f a l f a  d i e t  p l u s  c h o l e s t e r o l  d i d  n o t  g e t  hypercholes te ro-  
l e m i a  n o r  a t h e r o s c l e r o s i s  ; 2  
a f f e c t e d  by a l f a l f a  feeding .  , Lipid- laden a t h e r o s c l e r o t i c  coronary a r t e r y  
l e s i o n s  w e r e  induced i n  rats by X - i r r a d i a t i o n  (600r)  p l u s  a c h o l e s t e r o l  
c o n t a i n i n g  d i e t  (1%).22 Chondroi t in  s u l f a t e  A ( a t  0.4%) i n  t h e  d i e t  
markedly reduced t h e  i n c i d e n c e  and s e v e r i t y  of coronary l e s i o n s ;  

p r e - e x i s t i n g  a t h e r o s c l e r o t i c  l e s i o n s  w e r e  no t  
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subcutaneous i n j e c t i o n s  of t h e  material  w e r e  wi thout  e f f e c t .  22  L i n o l e i c  
acid, 2 3  o r  i t s  e t h y l  es ter ,24,  2 5  i n  c h o l e s t e r o l  c o n t a i n i n g  d i e t s ,  p revent -  
e d  o r  suppressed  t h e  development of a t h e r o s c l e r o s i s  i n  v a r i o u s  an imals .  On 
t h e  o t h e r  hand, N-cyclohexyl-linoleamide, w h i l e  showing a good c h o l e s t e r o l  
lowering e f f e c t  i n  c h o l e s t e r o l  f e d  r a b b i t s  , 26,27 suppressed  a o r t i c  a thero-  
m a t a  on ly  a t  h i g h  doses  (600 mg/day) ; 26  N-(a-methylbenzyl-linoleamide w a s  
more e f f e c t i v e  both ways. 27  
o r a l l y ,  i n  a c h o l e s t e r o l  d i e t  of r a b b i t s ,  decreased  plasma, serum, and 
l iver  c h o l e s t e r o l  below c o n t r o l  v a l u e s  and i n h i b i t e d  atheroma develop- 
ment.28 
a c i d ,  e t h y l  l i n o l e a t e  and s a f f l o w e r  o i l  d i d  n o t  a f f e c t  serum c h o l e s t e r o l  
o r  a t h e r o s c l e r o s i s  i n  r a b b i t s .  

I n  a n o t h e r  s t u d y ,  N-cyclohexyl-linoleaide, 

But,  i t  w a s  r e p o r t e d  a l s o  i n  t h i s  s t u d y  t h a t  f e e d i n g  of l i n o l e i c  

Cholestyramine,  an i n s o l u b l e ,  b i l e  a c i d  b i n d i n g  polymer, w a s  e f f e c -  
t i v e  i n  p r e v e n t i n g  t h e  accumulat ion of t i s s u e  c h o l e s t e r o l  i n  rats f e d  
a t h e r o g e n i c  d i e t s  .29 

of g a l l s t o n e s  i n  hamsters  on a c h o l e s t e r o l  g a l l s t o n e  inducing  d i e t  - i t  
l i k e w i s e  brought about  d i s s o l u t i o n  of a l r e a d y  formed s t o n e s .  3 0  
v i o u s  s t u d i e s  cholestyramine w a s  found n o t  only t o  b ind  b i l e  a c i d s  b u t  
a l s o  thyroxine . )  31 
caused lower blood c h o l e s t e r o l  and less a o r t i c  a t h e r o s c l e r o s i s  b u t  no 
d i f f e r e n c e  i n  t h e  i n c i d e n c e  and s e v e r i t y  of coronary l e s i o n s .  32 
mushroom ( o r  an  i s o l a t e )  w a s  found e f f e c t i v e  i n  p r e v e n t i n g  a rise i n  serum 
c h o l e s t e r o l  of c h o l e s t e r o l  f e d  rats. 3 3  
c e l l u l o s e  an ion  exchangers were hypol ipidemic i n  c o c k e r e l s  and dogs , 34 
probably due t o  b i l e  a c i d  s e q u e s t r a t i o n .  Dextran,  (6%, 30 ml /day) ,  g iven  
i n t r a v e n o u s l y  t o  c h o l e s t e r o l - f e d  r a b b i t s ,  reduced t h e  rise i n  serum cho- 
l e s t e r o l ,  phosphol ip id ,  and t r i g l y c e r i d e s ,  a p p a r e n t l y  due t o  expansion of 
plasma volume. 35  
serum l i p i d s .  On t h e  o t h e r  hand, i n t r a v e n o u s  low-molecular weight  Dextran 
had no e f f e c t  on r a t  and human serum c h o l e s t e r o l . 3 6  

Cholestyramine a l s o  w a s  found t o  p r e v e n t  format ion  

( I n  pre-  

P e c t i n  i n c l u d e d  i n  c h o l e s t e r o l  (1%) d i e t s  of r a b b i t s  

Powdered 

O r a l l y  adminis te red  Dextran and 

Cessa t ion  of d e x t r a n  p e r m i t t e d  l a r g e  i n c r e a s e s  i n  t h e  

Renese (0.001g) or Hygroton (0.050g.) every  2nd day i n  a c h o l e s t e r o l  
d i e t  ( .2g chol /kg)  of r a b b i t s  f o r  3 months prevented  a t h e r o s c l e r o s i s  i n  
a o r t a ,  coronary,  and pulmonary arteries;  c o n t r o l s  were a t h e r o s c l e r o t i c .  37  
Daily o r a l  a d m i n i s t r a t i o n  of D i l a n t i n  t o  r a b b i t s  on a r e g u l a r  d i e t  f o r  30 
days reduced a o r t i c  c h o l e s t e r o l  and phosphol ip ids  and i n c r e a s e d  t r i g l y c e r -  
i d e s  w i t h  no change i n  l i ve r  and plasma v a l u e s .  However, D i l a n t i n  to- 
g e t h e r  w i t h  an a t h e r o g e n i c  d i e t  (up t o  135 days) r e s u l t e d  i n  an a c c e l e r a -  
t i o n  i n  t h e  development of a o r t i c  a t h e r o s c l e r o s i s .  38 
( o r a l l y ,  20 mg/Kg/day) has  been r e p o r t e d  i n e f f e c t i v e  i n  reducing  t h e  serum 
c h o l e s t e r o l ,  a o r t i c  a t h e r o s c l e r o s i s  o r  coronary a t h e r o s c l e r o s i s  i n  monkeys 
fed  a b u t t e r  and c h o l e s t e r o l  d?e t .39  (This  compound w a s  p r e v i o u s l y  found 
e f f e c t i v e  i n  humans.) Norethynodrel  (2mg/day, o r a l l y )  w a s  hypocholester-  
olemic i n  c h o l e s t e r o l  f e d  r a b b i t s  and reduced somewhat t h e  a o r t i c  a thero-  
s c l e r o s i s  development. 40 
were found t o  lower blood and l i v e r  c h o l e s t e r o l  and a t h e r o g e n e s i s  i n  
c h o l e s t e r o l  f e d  r a b b i t s ;  i n  ch ickens ,  serum and l i ve r  c h o l e s t e r o l  w e r e  
lowered; whereas,  i n  ra t s  , only t h e  l i v e r  c h o l e s t e r o l  w a s  lowered. 
Prednisone ( o r a l l y ,  1 5  mg/day, 5 days/week) w a s  found t o  d iminish  t h e  rise 
i n  serum, a d r e n a l ,  and l i ve r  c h o l e s t e r o l  and a o r t a  a t h e r o s c l e r o s i s  i n  

Pyr id inolcarbamate  

Choles tane- t r io1  and i t s  d e r i v a t i v e s  ( o r a l l y )  

* 42 
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rath i ts  on a therogenic  d i e t s .  43 Dehydroepiandrosterone, (5 mg/Kg/day o ra l -  
l y  f o r  10 days) was found antihypercholesterolemic i n  rats wi th  e l eva ted  
plasma c h o l e s t e r o l ,  due t o  p r o p y l t h i o u r a c i l  and c h o l e s t e r o l  feeding.  44 

- 

I n  renal  hyper tens ive  ra t s  t h a t  would normally develop hypercholes- 
te ro lemia  and coronary a t h e r o s c l e r o s i s  on low c h o l e s t e r o l  d i e t s ,  propyl-  
t h i o u r a c i l  (0.8 - 4.0 mg/rat /day,  o r a l l y )  permi t ted  hypercholesterolemia,  
bu t  prevented t h e  development of coronary a t h e r o s c l e r o s i s  i n  a 30 week 
s tudy;  45 no a o r t i c  a t h e r o s c l e r o s i s  w a s  found. Another i n v e s t i g a t o r  i n  a 
s l i g h t l y  d i f f e r e n t  s tudy  found t h a t  r e n a l  hyper tens ive  rats on 40% egg 
yoke d i e t  wi th  0.3% p r o p y l t h i o u r a c i l ,  developed both  coronary and a o r t i c  
a t h e r o s c l e r o s i s .  4 6  

Nico t in i c ,  n i c o t i n u r i c ,  o r  3-pyr id ineace t ic  a c i d  (100 o r  250 mg/kg), 
given i n t r a p e r i t o n e a l l y  t o  rats, counterac ted  t h e  hyperl ipidemic and 
hypercholesterolemic e f f e c t  of i n t r a p e r i t o n e a l  ty loxapol  (200 mg/kg); 
n i c o t i n u r i c  ac id  had t h e  g r e a t e s t  e f f e c t . 4 7  I n  rats r ece iv ing  an athero-  
genic  d i e t ,  sodium n i c o t i n a t e  d id  not  prevent  l e s i o n s  i n  t h e  cardiovascu- 
lar  system; sodium Spyr idy lace ta t e  p o t e n t i a t e d  t h e  a t h e r o s c l e r o t i c  changes 
whi le  sodium n i c o t i n u r a t e  i n h i b i t e d  t h e  pa thologic  changes. 48  Bio t in  
(400 pg d a i l y ,  6 months), adminis tered subcutaneously t o  r a b b i t s  on a 
c h o l e s t e r o l  d i e t ,  prevented the  development of a o r t i c  a t h e r o s c l e r o s i s  as 
w e l l  as decreased plasma and l i v e r  c h o l e s t e r o l  l e v e l s  and f3-lipoprotein i n  
blood. 49 
5 mg/day, f o r  15 weeks) reduced c h o l e s t e r o l  induced hypercholesterolemia 
and a t h e r o s c l e r o s i s  i n  r a b b i t s ,  wi th  no apparent  t o x i c i t y  o r  s i d e  e f fec ts?O 
PS-179, a p r o t e i n  anab6lj.c s t e r o i d ,  given (0.3 - 3 mg, subcutaneously,  
d a i l y )  t o  r a b b i t s  r ece iv ing  a s y n t h e t i c ,  low p r o t e i n ,  c h o l e s t e r o l  (1%) 
d i e t  i n h i b i t e d  a o r t i c  a t h e r o s c l e r o s i s ,  lowered t i s s u e  l i p i d  d e p o s i t s ,  w a s  
hypocholesterolemic,  and improved t h e  NEFA plasma composition; i t  re- 
duced s l i g h t l y  the  inc idence  of coronary a t h e r o s c l e r o s i s .  Methyltes- 
t o s t e rone  w a s  completely wi thout  b e n e f i c i a l  e f f e c t .  51 

Hepatoca ta lase  peroxidase (beef l i v e r  i s o l a t e ,  in t ramuscular ly ,  

Thts ,  i t  appears  t h e r e  are s e v e r a l  agents  t h a t  can prevent  a thero-  
s c l e r o s i s  i n  animals - f o r  t h e  most p a r t  i n  a o r t a s  of animals t h a t  are 
abnormally loaded d i e t a r i l y  wi th  extra c h o l e s t e r o l  and/or  added f a t .  Even 
though some evidence sugges ts  s o ,  i t  s t i l l  i s  no t  c l e a r  t h a t  a low cho- 
l e s t e r o l ,  low f a t  d i e t  w i l l  prevent  a t h e r o s c l e r o s i s  development i n  humans. 
(Diet  modi f ica t ion  s t u d i e s  on a l a r g e  scale i n  a d u l t s ,  i n  an at tempt  t o  
s t o p  o r  r eve r se  t h e  d i s e a s e ,  have been i n  progress  f o r  some t i m e ;  r e p o r t s  
are due i n  1968.) The i n c l u s i o n  i n  human d i e t s  of agents  t h a t  are e f f ec -  
t i v e  i n  animals s t i l l  needs long term i n v e s t i g a t i o n s  f o r  prevent ive  
eva lua t ion .  

Therapy - The c lear -cu t  i d e n t i t y  of t h e  presence  of a r t e r i a l  d i sease  and 
an i r r e f u t a b l e  demonstrat ion of i t s  disappearance,  c o n s t i t u t e  t he  b a s i s  
f o r  judgement of a t h e r a p e u t i c  e f f e c t .  A t  p r e s e n t ,  abso lu t e  knowledge of 
t he  v ivo  presence o r  cure of a t h e r o s c l e r o t i c  l e s i o n s ,  e s p e c i a l l y  i n  
human coronary arteries, is  d i f f i c u l t  t o  d t a i n .  Suspicion of a thera-  
p e u t i c  e f f e c t  may be e s t a b l i s h e d  on t h e  b a s i s  of long t e r m  follow-up of 
t r e a t e d  p a t i e n t s  w i th  c l i n i c a l l y  "es tbbl i shed"  symptomatic d i sease ,  
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e s p e c i a l l y  i f  they su rv ive  and t h e  symptoms d isappear .  

Cho les t e ro l  has  been impl ica ted  i n  t h e  e t i o l o g y  of a t h e r o s c l e r o s i s  
i n  animals and an e l eva ted  serum c h o l e s t e r o l ,  i n  both l abora to ry  i n v e s t i -  
ga t ions  and epidemiological  s t u d i e s ,  appears  i n d i c a t i v e  i n  man. There- 
f o r e ,  normal iza t ion  of serum c h o l e s t e r o l ,  though n o t  n e c e s s a r i l y  thera-  
p e u t i c  i n  i t s e l f ,  might i n d i c a t e  - o r  a t  l eas t  suggest  - a s t e p  i n  t h e  
r i g h t  d i r e c t i o n ,  provided t h e r e  i s  p a r a l l e l  evidence t h a t  c h o l e s t e r o l  o r  
o the r  d e l e t e r i o u s  subs tances  are n o t  be ing  pa tho log ica l ly  depos i ted  i n  
t i s s u e s .  Furthermore, b e n e f i c i a l  modi f ica t ion  of l i p i d  metabolism i n  
genera l  would appear t o  have some l o g i c a l  p l a c e  i n  a t h e r a p e u t i c  regimen. 

Atromid, a combination of c l o f i b r a t e  and andros te rone ,  w a s  found t o  
be e f f e c t i v e  i n  humans f o r  lowering serum c h o l e s t e r o l  t r i g l y c e r i d e ,  and 
phosphol ipid levels, 5 2  c h o l e s t e r o l  and t o t a l  l i p i d s ,  (bu t  no t  p l a t e l e t  
s t i c k i n e s s ) ,  54 and c h o l e s t e r o l ,  phosphol ipid and bepa-l ipoproteins .  5 5  
On t h e  o t h e r  hand, i n  another  r e p o r t ,  Atromid decreased blood cho le s t e ro l ,  
caused a s l i g h t  i n c r e a s e  i n  phosphol ipid,  lowered be ta- l ipopro te in ,  and 
appeared t o  reduce t h e  inc idence  and s e v e r i t y  of angina p e c t o r i s  a t t a c k s ,  
bu t ,  had no e f f e c t  on t r i g l y c e r i d e ? 6  The e f f e c t i v e n e s s  of c l o f i b r a t e  by it- 
s e l f ,  wi thout  androsterone,  on serum c h o l e s t e r o l  has  been recorded i n  sev- 
eral  r e p o r t s 5 7 9 5 8  wi th  no s i g n i f i c a n t  e f f e c t  on human b i l e  a c i d  pa t te rns5’  
no e f f e c t  on plasma f ib r inogen  ( i n  c o n t r a s t  t o  prev ious  r e p o r t  of 1966) ,  6 6  
nor  much f i b r i n o l y l i c  a c t i v i t y , 6 1  bu t  some e f f e c t  on euglobul in  l y s i s  t i m e  
(a measure of plasminogen a c t i v a t o r ) .  6 1  
a f f e c t  globulin-bound thyroxine bu t  c leaved prealbumin- and albumin-bound 
thyroxine,  poss ib ly  inc reas ing  f r e e  thyroxine i n  l i v e r .  (Such a p o s s i b i l -  
i t y  w a s  suggested s e v e r a l  yea r s  ago.) 
exceedingly e l eva ted  serum c h o l e s t e r o l  l e v e l ,  c l o f i b r a t e  caused no s i g n i f i -  
can t  change i n  serum c h o l e s t e r o l  o r  phosphol ipid but  d id  decrease  serum 
t r i g l y ~ e r i d e . ~ ~  
i ts  e f f e c t i v e n e s s  i n  prolonging l i f e  of coronary a t h e r o s c l e r o t i c  p a t i e n t s  
o r  i t s  e f f e c t i v e n e s s  i n  removing suspected atheroma from a f f e c t e d  arteries 
even though i t  has  been repor ted  e f f e c t i v e  i n  xanthomatosis.  6 2  

d i f f e r  on the  “absolute” e f f e c t i v e n e s s  of c l o f i b r a t e  on t h e  va r ious  l i p i d  
parameters.  
poss ib ly  v a r i a t i o n s  i n  experimental  procedures  and s u b j e c t s  account f o r  t he  
l ack  of uniform r e s u l t s  among i n v e s t i g a t o r s .  

C lo f ib ra t e62  w a s  found no t  t o  

I n  a s tudy  of p a t i e n t s  without  

C l o f i b r a t e  has  n o t  been used long enough t o  e s t a b l i s h  

Reports  

However, i t  does appear t o  be e f f e c t i v e  i n  many s t u d i e s  and 

Other compounds t h a t  have been repor ted  t o  have h ocholes te ro lemic  
p r o p e r t i e s  i n  humans include:  M e t r a ~ o l , ~ ~  D-thyroxine,“ e r y t h r i t o l  p l u s  
t e t r a n i c o t i n a t e  ,66 3-hydroxy-3-methylglutaric a c i d ,  6 7  aminazine, 6 8  neo- 
mycin, 69-72 phenindione ; 7 3  17-( 3-hydroxy-1-propynylf3-me thoxyes t r a -  1 , 3  5 
(10)-trien-17B-ol, 17c~-hydroc innamate ,~~  Fradiom c i n .  75  M e t a ~ n u c i l , ~ ~  an 
o r a l  hydroph i l i c  c o l l o i d ,  and ~ h o l e s t y r a m i n e ~ ~ ” ~  lowered serum choles- 
t e r o l  and increased  b i l e  a c i d  exc re t ion .  Severa l  series of compounds wi th  
members having serum c h o l e s t e r o l  lowering p o s s i b i l i t i e s  have been pre-  
pared. 79-87 
may show whether o r  n o t  they are e f f e c t i v e  a g a i n s t  a t h e r o s c l e r o s i s .  

Fur ther  i n v e s t i g a t i o n  of s e v e r a l  of t h e  i n d i v i d u a l  compounds 

Thrombosis prevent ion  and f i b r i n o l y s i s  may be involved i n  prophy- 
l a x i s  and therapy i n  a t h e r o s c l e r o s i s .  Even though t h e r e  seems t o  be a 
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r e l a t i o n s h i p  between serum l i p i d  v a r i a t i o n s  and p l a t e l e t  adhesiveness  
changes i n  a t h e r o s c l e r o t i c  s u b j e c t s ,  no ''cause and e f f e c t "  has  y e t  been 
proven.88 
i n  e l d e r l y  women89 nor  d id  t h e s e  two agents  a f f e c t  p l a t e l e t  adhesiveness  
i n  m u l t i p l e  s c l e r o s i s  p a t i e n t s .  
days i n t o  c h o l e s t e r o l  f ed  r a b b i t s  d id  no t  a l t e r  hypercholesterolemia bu t  
appeared t o  have a s l i g h t  r e t a r d i n g  e f f e c t  on a o r t i c  l i p o i d o s i ~ . ~ ~  
f ib r inogen  l e v e l  of t h e  blood w a s  reduced by c h o l e s t e r o l  feeding.  Long- 
t e r m  an t i coagu lan t  therapy w a s  reviewed by Jones' 
p e r f e c t  bene f i t "  w a s  found, i t  d i d  appear t o  be worthwhile " in  p a t i e n t s  
under 60, f o r  a t  least  two years." 

C l o f i b r a t e  o r  Atromid had no e f f e c t  on the  coagula t ion  processes  

I n j e c t i o n  of f i b r i n o l y s i n  d a i l y  f o r  100 

The 

and even though an"im- 

I f  r a b b i t s  on a therogenic  d i e t  (2% c h o l e s t e r o l  i n  6% corn o i l )  f o r  8 
weeks are re turned  t o  normal d i e t s  f o r  8 weeks, t h e i r  atheroma became more 
severe. '' D-thyroxine (0.50 mg/day) o r  L-thyroxine (0.05 mg/day) given by 
gavage dur ing  t h e  pos t - cho le s t e ro l  feeding  per iod  have no e f f e c t  on t h e  
progress ion  of pre-es tab l i shed  l e s i o n s ,  b u t ,  i f  t h e  drugs are given i n  the  
food, they reduce the  s e v e r i t y  of t h e  atheromas as compared t o  un t r ea t ed  
con t ro l s .  Furthermore,  i f  t h e  drugs are given dur ing  t h e  c h o l e s t e r o l  
feeding per iod  i n  the  two f a sh ions  above, t h e  atheroma are comparably less. 
Apparently,  t h e  atheroma do n o t  fol low t h e  l e v e l s  of serum c h o l e s t e r o l  
s i n c e  c e s s a t i o n  of c h o l e s t e r o l  feeding  produces a sharp  f a l l  i n  hypercho- 
l e s t e ro l emia .  
duced i n  r a b b i t s  by c h o l e s t e r o l  d i e t s  of s h o r t  du ra t ion  may be reversed  
but  l e s i o n s  of long s t and ing  may be r e s i s t a n t  t o  r e v e r s a l .  A t  t h e  moment, 
t h e r e  i s  no "sure" therapy  f o r  a t h e r o s c l e r o s i s  -- a o r t i c  o r  coronary! 
if lowering serum c h o l e s t e r o l  i s  p a r t  of t h e  t h e r a p e u t i c  measures, t h e r e  
are some leads .  

It has  been r epor t ed  i n  another  s tudyg3  t h a t  atheroma in-  

But, 

Miscellaneous - Studies  of c h o l e s t e r o l  metabolism have moved away from 
b iosyn thes i s  i n h i b i t i o n  i n  l i v e r .  It has  been found t h a t  c h o l e s t e r o l  syn- 
t h e s i s  i n  l i v e r s  of c h o l e s t e r o l  f ed  o r  f a s t e d  rats w a s  markedly below t h a t  
of c o n t r o l s ,  whereas s y n t h e s i s  i n  o t h e r  t i s s u e s  w a s  r e l a t i v e l y  ~ n a f f e c t e d ? ~  
The h ighes t  ra te  w a s  found i n  t h e  g a s t r o i n t e s t i n a l  t ract .  
l i v e r ,  as a "whole organ", s t i l l  has  the  p o t e n t i a l  f o r  t h e  g r e a t e s t  t o t a l  
amount of c h o l e s t e r o l  syn thes i s .  I n  r e g u l a t i o n  of c h o l e s t e r o l  s y n t h e s i s ,  
i t  appears  t h a t  ex t ra -hepat ic  processes  c o n t r i b u t e  s u b s t a n t i a l l y  t o  main- 
tenance of c h o l e s t e r o l  "balance." One such s tudy  w a s  conducted us ing  ra t s  
and cholestyramine and/or  t r i - iodothyropropionic  ac id .  9 5  It w a s  concluded 
t h a t ,  " con t ro l  of c h o l e s t e r o l  metabolism i n  t h e  i n t a c t  animal does n o t  re-  
s i d e  a t  any one s i t e  and may no t  r e s i d e  i n  the  l i v e r . "  

However, t h e  

Few s t u d i e s  have been designed t o  e l u c i d a t e  and c o n t r a s t  t h e  normal 
metabol ic  processes  of coronary arteries and the  a t h e r o s c l e r o t i c  pro- 
cesses .  Basic s t u d i e s  of xanthomas may r e v e a l  metabol ic  processes  appl ic -  
a b l e  t o  a t h e r o s c l e r o s i s  i n v e s t i g a t i o n .  96  Apparently,  t h e r e  i s  a r e l a t i o n -  
s h i p  between c i r c u l a t i n g  serum l i p o p r o t e i n  l e v e l s  and the s i z e  of t he  
x a n t h ~ m a s , ' ~  thus  a r e l a t i o n  t o  depos i t i on  and removal of xanthoma m a t e r -  
i a l .  

Ar te r ia l  w a l l  metabolism depends on the  func t ion ing  s t r u c t u r e  of t he  
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v e s s e l  w a l l  and surrounding t i s s u e .  
and a t h e r o s c l e r o t i c  ar ter ies  - - a o r t i c  and coronary - - has been compared 
i n  a r ecen t  review.'* Abnormal numbers of smooth muscle ce l l s  i n  subendo- 
t h e l i a l  spaces  of t he  ar ter ies  may be i n t i m a t e l y  involved i n  syn thes i z ing  
and accumulating l i p i d  and developing a t h e r o s c l e r o s i s .  
c e l l s  appear i n  t h i s  area and by what r o u t e  have n o t  been de l inea ted  c l ea r -  
l y  ye t !  A d e t a i l e d  s tudy of human a o r t i c  and coronary a r te r ia l  m a t e r i a l 6  
revealed t h e  preva len t  l o c a l i z a t i o n  of hepar in  l i k e  subs tances  i n  t h e  
s u p e r f i c i a l  in t ima area and of chondroi t in  su lpha te s  and s i a l i c  ac id  sub- 
s t ances  i n  t h e  deep i n t i m a l  area. Furthermore,  i t  w a s  found t h a t  t h e  
coronary in t ima had more enzymatic a c t i v i t y  than the  a o r t i c  in t ima,  where- 
a s  t h e  s i a l i c  ac id  concent ra t ion  w a s  h igher  i n  t h e  a o r t i c  in t ima.  Thoracic  
a o r t a s  of a t h e r o s c l e r o t i c  men (50-60 yea r s  of age) had a low propor t ion  of 
hepar in  su lpha te  both i n  t h e  s u p e r f i c i a l  and deep reg ions  of t h e  athero-  
s c l e r o t i c  plaque; '' t h e  s i a l i c  a c i d l u r o n i c  a c i d  r a t i o  of t h e  s u p e r f i c i a l  
i n t i m a l  zone w a s  low, but  i n  t h e  deeper  f a t t y  zone of t h e  plaque,  i t  w a s  
high. Hence, i t  appears  t h a t  a t h e r o s c l e r o s i s  i s  favored by a decrease  i n  
the  hepar in- l ike  a c t i v i t y  and by an i n c r e a s e  i n  t h e  chondroi t insu lpha te  
and s i a l i c  a c i d  i n  t h e  t i s s u e s .  

The " f i n e  s t r u c t u r e "  of both normal 

Why t h e  muscle 

Recent s t u d i e s  of vascu la r  enzymes have been reviewed by Zemplenyi. l o o  
The a v a i l a b l e  da t a  i n d i c a t e  t h a t  a o r t i c  enzyme a c t i v i t i e s  tend t o  de- 
c rease  over  t he  age of 40 i n  humans, a l though l a c t a t e  dehydrogenase and 
B-glucuronidase are except ions.  Some enzymes are sex  l i nked ,  and venous 
t i s s u e  e x h i b i t s  g r e a t e r  a c t i v i t y  of most enzymes than  a r t e r i a l  t i s s u e .  
D i f f e ren t  segments of t h e  the  a r t e r i a l  tree have d i f f e r e n t  enzyme p a t t e r n s  - 
some segments are more s u s c e p t i b l e  t o  a t h e r o s c l e r o s i s  than o the r s .  Enzyme 
a c t i v i t y  of an a r t e r i a l  segment is c l e a r l y  a consequence of t h e  smooth 
muscle ce l l  content  and condi t ion .  Thei r  metabol ic  a c t i v i t y  appears  t o  
dec l ine  fol lowing vascu la r  i n ju ry .  

Thus, i n  a r te r ia l  segments s u s c e p t i b l e  t o  a t h e r o s c l e r o s i s ,  i n  which 
the  a c t i v i t y  of Krebs cyc le  enzymes decreases ,  t h e r e  is  a decrease  of 
energy-rich phosphate bonds and reduced vascu la r  s y n t h e t i c  a c t i v i t y  f o r  
producing p r o t e i n s ,  i nc lud ing  enzymes. Consequently,  defense  mechanisms 
t o  p r o t e c t  t h e  w a l l  from sc l e rogen ic  materials are reduced and f u r t h e r  
i n j u r y  occurs ,  producing a t h e r o s c l e r o s i s .  No conclus ive  d a t a  t o  suppor t  
t he  idea  of "improper balance" between d i s tu rbed  plasma l i p i d s  and pro- 
t e c t i v e  mechanisms of t h e  a r t e r i a l  w a l l  are p r e s e n t l y  a t  hand. 

Summary and Comment - I n  1967, t h e  gene ra l  f i e l d  of a t h e r o s c l e r o s i s  re- 
search  has  moved gen t ly  forward. S tud ie s  of c h o l e s t e r o l  and i t s  manage- 
ment s t i l l  consume much research  e f f o r t .  
use  i n  t h e  United States  and design of c h o l e s t e r o l  lowering d i e t s  have s t i m -  
u l a t e d  t h e  hope of an answer t o ,  " W i l l  management of c h o l e s t e r o l  r e a l l y  
lower d i s a b i l i t y  and dea th  due t o  ca rd iovascu la r  d i s e a s e  and athero-  
s c l e r o s i s ? "  Data on t h e  e f f e c t i v e n e s s  of s e v e r a l  drugs now be ing  s tud ied  
i n  a l a r g e  s c a l e  n a t i o n a l  program w i l l  be  c o l l e c t e d  over  t h e  nex t  s e v e r a l  
years .  
under i n t e n s i v e  i n v e s t i g a t i o n ,  t h e  spec i f ic  areas of cont inued r e sea rch  

The l i c e n s i n g  of c l o f i b r a t e  f o r  

Even though many segments of t h e  a t h e r o s c l e r o s i s  problem are 
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should p r i m a r i l y  inc lude :  

1. 

2. 

Cont inua t ion  of t h e  s e a r c h  f o r  s p e c i f i c  e t i o l o g i c  f a c t o r s  t o  
i d e n t i f y  and t o  i n t e r - r e l a t e  them; 
Development of a l a b o r a t o r y  animal  model t h a t  g e t s  coronary a thero-  
s c l e r o s i s  l e s i o n s  comparable t o  t h o s e  of t h e  human and i n  a manner 
s i m i l a r  t o  man; 
I d e n t i f i c a t i o n  of t h e  s p e c i f i c  p o i n t s  and t i m e s ,  a long t h e  d i s e a s e  
p r o g r e s s  p a t h ,  a t  which t h e  d i s e a s e  p r o c e s s  can b e  i n t e r r u p t e d  w i t h  
minimum danger (maximum s a f e t y )  t o  t h e  p a t i e n t  as f a r  as a l t e r i n g  
t h e  p a t i e n t s ' m e t a b o l i c  p a t t e r n s  - - p r e f e r a b l y ,  back t o  normal! 

3. 

1. 
2 .  

3. 
4. 

5. 
6. 
7. 
8. 

-9. 
10. 

11. 
1 2 .  
13.  
14. 
15.  
16. 
17.  

18.  

19. 
20. 
21.  
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Chapter 18. Non-Steroidal Hormones 

J. W. Hinman and R. M. Morre l l ,  The Upjohn 

and Thei r  Antagonists 

Company, Kalamazoo , Michigan 

Introduction.-Recent advances i n  non-steroidal  hormone research are domi- 
na ted  by s t r u c t u r e  e luc ida t ion  and syn thes i s  of p r o t e i n  and polypept ide 
hormones and t h e  cha rac t e r i za t ion  of a family of  hormone-like l i p i d s .  
l a t te r ,  known as t h e  pros tag landins ,  represent  an e x c i t i n g  and important 
group of compounds which deserve cons idera t ion  under t h e  t i t l e  of t h i s  
chapter .  However, because t h e  prostaglandins  have been t h e  sub jec t  of a 
number of very recent  reviews!-4 and because t h e r e  is such a weal th  of new 
information on t h e  polypept ide hormones, t h e  authors  have chosen t o  omit 
d e t a i l e d  cons idera t ion  of t h e  l i p i d  hormones i n  t h i s  review. The develop- 
ment of radioimmunoassays? which permit de t ec t ion  of  polypept ides  and 
p ro te ins  i n  t h e  ng range, has  cont r ibu ted  s i g n i f i c a n t l y  t o  progress  i n  t h i s  
f i e l d ,  but d e t a i l e d  cons idera t ion  of t h i s  development also l ies ou t s ide  t h e  
scope of t h i s  endeavor. Indeed, even wi th in  t h e  scope of  t h e  sub jec t  
matter covered, space l i m i t a t i o n s  have necess i t a t ed  a considerable  amount 
of s e l e c t i o n .  
r a t h e r  a summary of what t h e  authors  regard as the  most s i g n i f i c a n t  recent 
achievements which f u r t h e r  our understanding of t h e  "glandular hormones . I '  
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Insulin.-Since reviewed by Jorgensen: Zahn7 summarized the  s y n t h e t i c  work 
as of e a r l y  1966 and pointed ou t  t h a t  new methods must be developed t o  per- 
m i t  syn thes i s  o f  i n s u l i n  on a commercial scale. A prel iminary r epor t8  from 
t h e  Aachen group of an improved B-chain syn thes i s  involv ing  symmetrical 
cys t ine  pept ides  appeared r ecen t ly .  
t i t i es  of c r y s t a l l i n e  i n s u l i n  from combination mixtures of syn the t i c  and 
n a t u r a l  chains  and of  a l l - syn the t i c  chains  of bovine i n s u l i n .  S ign i f i can t ,  
however, i s  t h e  f a c t  t h a t  i n  t h i s  work t h e  o v e r a l l  y i e l d  of i s o l a t e d  syn- 
t h e t i c  c r y s t a l l i n e  i n s u l i n  w a s  only 0.1% of t h a t  t h e o r e t i c a l l y  predicted.  
S imi l a r ly ,  Marglin and Merr i f ie ld l '  reported t h e  syn thes i s  of bovine 
i n s u l i n  by t h e  s o l i d  phase method, but t h e  y i e l d  of i s o l a t e d  product w a s  
extremely small and of low s p e c i f i c  a c t i v i t y .  

The 

Therefore ,  what fol lows is  not  a comprehensive review but  

Kung e t  al? repor ted  i s o l a t i n g  ug quan- 

The approach to  3 p r a c t i c a l  t o t a l  syn thes i s  r equ i r e s  c a r e f u l  s tudy of t h e  
t h r e e  main problems involved,  namely, syn thes i s  of t h e  A- and B- chains  in 
t h e  required s ta te  of p u r i t y  and o p t i c a l  i n t e g r i t y ,  combination condi t ions 
which provide reasonable  y i e l d s ,  and development of techniques f o r  i s o l a t i o n  
and c r y s t a l l i z a t i o n  of t h e  i n s u l i n  formed. A l l  t h r e e  of  t hese  p r o b l m  have 
been sys t ema t i ca l ly  inves t iga t ed  by Katsoyannisl 
n i f i c a n t  progress  w a s  made i n  each area. 
su l fona ted  d e r i v a t i v e  of  t h e  B-chain r eac t ing  d i r e c t l y  wi th  an excess of 
t h e  su l fhydry l  form of t h e  A-chain provided 50-65% o v e r a l l  y i e l d s  of recom- 
bined i n s u l i n f 2  Using t h i s  method t h e  y i e l d  of i n s u l i n  from t o t a l l y  syn- 
t h e t i c  A- and B-chains w a s  d ramat ica l ly  increased.  The combination y i e l d s  
of t h e  ha l f - synthe t ic  i n s u l i n s  ranged from 17-42% and f o r  t h e  a l l - syn the t i c  
i n s u l i n s  , 12-221; 

and h i s  group, and s ig-  
A new method u t i l i z i n g  t h e  S- 

Improvements i n  t h e  procedures f o r  i s o l a t i n g  i n s u l i n  
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from combination mixtures  permit ted recover ies  i n  t h e  range of 35-52%!3 
The s p e c i f i c  a c t i v i t y  of t h e  var ious  i n s u l i n  hydrochlor ides  obtained 
ranged from 22 t o  25 IU/mg E. 23-25 IU/mg f o r  t h e  n a t u r a l  i n s u l i n .  
t a l l i z a t i o n  w a s  complicated by many f a c t o r s ,  bu t  at least i n  some cases, 
e.g., a l l - syn the t i c  sheep, a c r y s t a l l i n e  form similar t o  t h a t  of t h e  
n a t u r a l  hormone was obtained.  

Crys- 

Un t i l  r ecen t ly  i t  w a s  thought t h a t  spec ies  d i f f e rences  i n  amino ac id  
sequence w e r e  q u i t e  l imi t ed  and t h a t  most of  t h e  v a r i a t i o n s  which d id  occur 
were confined t o  pos i t i ons  8, 9 and 10  o f  t h e  A-chain. Now t h a t  t h e  
sequence has  been determined f o r  i n s u l i n s  of  a lar  er number of spec ie s  

replaced i n  at least 29 o f  51 pos i t i ons  and s m a l l  v a r i a t i o n s  i n  chain 
l eng th  have been discovered.  
f o r  fishes:4d5 t h e  ra t  is t h e  only mama1 t h a t  has  s o  far been shown t o  
produce more than one form o f  i ~ i s u l i n ! ~  Guinea p ig  i n s u l i n  has 1 7  alter- 
a t i o n s  compared t o  p i g  insulin!4 This  is  a l a r g e  v a r i a t i o n  consider ing t h e  
relative constancy found among o t h e r  m a m m a l i a n  spec ies .  
d i f f e rences ,  t h e r e  appears  t o  be l i t t l e  v a r i a t i o n  i n  t h e  b i o l o g i c a l  
a c t i v i t y  of t hese  i n s u l i n s  as measured by s tandard mouse convulsion and 
blood glucose assays 15-17 

t h i s  i dea  has  been d i spe l l ed .  According t o  Smith: f? r e s idues  have been 

Although mul t ip l e  i n s u l i n s  have been reported 

I n  s p i t e  of  t h e s e  

I 

c;, 

Carpenter18 has  s e l e c t i v e l y  modified po r t ions  of t h e  i n s u l i n  molecule by 
enzymatic and chemical means and determined t h e  effect on b i o l o g i c a l  
a c t i v i t y .  H i s  f i nd ings  suggest  t h a t  t h e  C-terminal Asp o r  Asn of t h e  A- 
chain is  necessary f o r  f u l l  expression o f  b i o l o g i c a l  a c t i v i t y  and t h a t  i n  
t h e  B-chain some p a r t  of t h e  heptapept ide sequence C-terminal t o  t h e  Arg 
a t  22 is required.  
who found t h e i r  h ighly  p u r i f i e d  desoctapept ide- insul in  r e t a ined  less than 
1% of t h e  b io log ic  a c t i v i t y  and about 1% of t h e  immunologic r e a c t i v i t y  of  
n a t i v e  i n s u l i n .  Reduced a c t i v i t y  of i n s u l i n  d e r i v a t i v e s  i n  which t h e  3 
free amino groups have been s u b s t i t u t e d  i n d i c a t e s  t h a t  they  are important 
and may be needed f o r  proper  binding of t h e  hormone t o  i ts  receptor  si te.  
Acetylation20 o f  t hese  groups diminished a c t i v i t y  by 25%, whereas add i t ion  
of 3 DNP groups2I r e su l t ed  i n  complete l o s s ,  and r-BOC groups22 reduced 
a c t i v i t y  t o  ca 20% of  t h a t  of t h e  n a t i v e  hormone. 
Carpenterz2 have modified bovine i n s u l i n  by t h e  add i t ion  of  triAla-, tri- 
Asp-, t r i l y s - ,  triMet-, and t r iGlu-  t o  t h e  3 free amino groups. Despi te  
t h e  l a r g e  d i f f e rences  i n  s i z e ,  charge and hydrophilic-hydrophobic proper- 

The la t ter  f ind ing  is  supported by Bromer and Chancelg 

Recently, Levy and 
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t ies of t h e  groups introduced,  t h e  r e s u l t i n g  t r iaminoacyl- insul ins  a l l  pos- 
sessed 4040% of t h e  a c t i v i t y  of bovine i n s u l i n  as measured i n  t h e  mouse 
convulsion test and s l i g h t l y  h igher  values  i n  immunochemical assays. 
Deamidation of commercial i n s u l i n  on s to rage  o r  ac id  t reatment  y i e l d s  pre- 
dominantly t h e  desamido-insulin wi th  a C-terminal Asp r a t h e r  than Asnfaaaa 
Berson and Y a 1 0 w ~ ~  suggest  t h a t  i n  cases o f  a n t i g e n i c i t y  of  porcine i n s u l i n  
i n  man i t  i s  poss ib l e  t h a t  t h e  desamido compounds might represent  t h e  a n t i -  
genic  components. 
been considered i n  t h e  e t io logy  o f  d i abe te s  m e l l i t u s ? 6  
versy egsts  over t h e  n a t u r e  and demonst rab i l i ty  of t h e  f a c t o r s  pro- 
posedz7 29 
and albumin has  been re o r t e d  t o  be an tagon i s t i c  t o  i n s u l i n  ac t ion  both in - v i t ro3 '  and i n  vivo. 31-3' Fina l ly ,  s u l f a t e d  bovine i n s u l i n 3 4  has been 
repor ted  t o  be a promising advance i n  t h e  t reatment  of i n s u l i n - r e s i s t a n t  
d i abe te s  ?' 

G1ucagon.-According t o  Sokal:6 glucagon is  sec re t ed  by t h e  a -ce l l s  of  t h e  
pancreas i n  response t o  hypoglycemia o r  s t a r v a t i o n  and acts as a mediator 
of  t h e  normal hepa t i c  response t o  these  states. H e  considers  i t  q u i t e  pos- 
s i b l e  t h a t  d e f i c i e n t  glucagon s e c r e t i o n  con t r ibu te s  t o  "reactive hypogly- 
cemia" and t o  t h e  hypoglycemic episodes of " b r i t t l e "  d i abe te s ,  and t h a t  
hypersecre t ion  may p l a y  a r o l e  i n  maturity-onset d i abe te s .  The ava i l -  
a b i l i t y  of a s e n s i t i v e  r a d i o i n n n u n ~ a s s a y ~ ~  i s  he lp ing  t o  e l u c i d a t e  more 
c l e a r l y  t h e  r o l e  of  glucagon i n  mammalian physiology and metabolism. 

- 

The p o s s i b i l i t y  o f  a c i r c u l a t i n g  i n s u l i n  an tagonis t  has  
Although contro- 

i t  is i n t e r e s t i n g  t h a t  a complex of reduced i n s u l i n  B-chain 

m k C h k 9 1 k k a k k m k 3 a k M M ( d G a 9 1 d C h ~ ~ C ~  
h91 hh91 OY 91 k k d d  m S  ( d d  FC 91 0) m C  

1 5 10 15 20 25 29 

Work on t h e  syn thes i s  of t he  nonacosapeptide sequence proposed by t h e  L i l l y  
group i n  1957 has  continued i n  several l abora to r i e s .  New p a r t i a l  sequences 
reported inc lude  17-19:8 13-16:4 16-29:O and 22-29t1 The f i r s t  t o t a l  
synthes is  of t h e  hormone w a s  reported by Wltnscht2 
pept ide  w a s  shown t o  be chromatographically and e l e c t r o p h o r e t i c a l l y  i d e n t i -  
cal  t o  t h e  n a t u r a l  bovine hormone but i t  possessed only 50% of t h e  b io logi -  
cal  a c t i v i t y .  
glucagon w a s  reported by Schus te r t3  
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Porcine G1ucagon-d 9 1 d d S S S  91 r n ~ ~ ~ ~ n ~ ~ ~ ~ r n ~ ~ ~ ~ r n ~ ~ ~ ~ ~ n ~ ~ ~ ~ ~ ~ ~  

The s y n t h e t i c  nonacosa- 

An i n t e r e s t i n g  s t r u c t u r a l  s i m i l a r i t y  between i n s u l i n  and 

Growth Hormone.-In con t r a s t  t o  most of t h e  hormones of t he  a n t e r i o r  p i t u i -  
t a r y ,  growth hormone (GH) o r  somatotropin does not  appear t o  have a spe- 
c i f i c  t a r g e t  organ,  but does possess  important metabolic regula tory  
a c t i v i t i e s .  
developmentt4 
obscure. Chemical, b i o l o g i c a l  and c l i n i c a l  s t u d i e s  wi th  h ighly  p u r i f i e d  
prepara t ions  of bovine (B), ovine,  porcine and human (H) GH have c l e a r l y  
e s t ab l i shed  t h e  i n d i v i d u a l i t y  of t h e  hormone f o r  each spec ie s  and t h e  lack  
o f  i n t e r s p e c i e s  a c t i v i t y  i n  most cases?+s45 A no tab le  exceprion is  the  rat 
which can u t i l i z e  GH from many mammalian spec ies .  
pr imate  spec ie s  i s  active. 

C l a s s i c a l l y  GH is  required f o r  normal growth and long-bone 
Its p r e c i s e  r o l e  i n  t h e  adu l t  mammal, inc luding  man, remains 

I n  man only GH from 
GH from a v a r i e t y  of spec ie s  has  been subjected 
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t o  l imi t ed  enzymatic d iges t ion  and t h e  modified hormone r e t a ined  s i g n i f i -  
cant a c t i v i t y  as measured i n  t h e  ra t t6  
t h a t  t h e r e  is a common active "core" i n  GHs of  mammalian spec ie s  and t h a t  
t h e  r a t  has  t h e  c a p a b i l i t y  of  degrading non-rat GH t o  l i b e r a t e  t h i s  cope, 
but h igher  spec ie s  do not .  
i t  active i n  man have of fe red  some encouragement f o r  t h i s  h y p o t h e ~ i s : ~ - ~ ~  
but  t h e  f i n a l  answer r equ i r e s  sys temat ic  s tudy of  s t r u c t u r e - a c t i v i t y  
r e l a t ionsh ips .  A most important s t e p  toward r e a l i z a t i o n  of t h i s  goal  w a s  
t h e  e luc ida t ion  of t h e  major p a r t  of t h e  188-amino ac id  sequence of  HGH by 
L i ,  L iu  and Dixon?O S i g n i f i c a n t  advances t o  knowledge of  t h e  chemistry of 
BGH have been made by t h e  Buenos Aires group, first by showing t h a t  i n  
con t r a s t  t o  previous r e p o r t s  t h e  t r u e  m o l .  w t .  i s  ca 20,80051 (almost 
i d e n t i c a l  t o  t h a t  of HGH r a t h e r  than double) and r ecen t ly  by proposing a 
p a r t i a l  sequence?' I n  Fig. 1 t h e  sequence o f  HGH5' is  ind ica t ed  wi th  
homologous fragments of BGH placed alongside.  
cal  sequences; broken l ines  are used when t h e  sequence i n  BGH i s  not  known 
but  homology with t h e  corresponding fragment i n  HGH i s  assumed from t h e  
amino ac id  composition. I n  cases where an amino ac id  i n  HGH is  replaced 
by a d i f f e r e n t  one i n  BGH, t h e  replacement is  ind ica t ed  i n  t h e  BGH l i n e .  
Delet ions are indica ted  by X and unknown sequences are enclosed i n  paren- 
theses .  Considerable analogy exists between t h e  two s t r u c t u r e s  wi th  regard 
t o  s i m i l a r  l oca t ion  of t h e  d i s u l f i d e  br idges  and similar sequences C- 
terminad of pos i t i on  80. The N-terminal area of BGH (not  shown) has  a 
sequence only vaguely r e l a t e d  t o  HGH. 

These facts  l e d  t o  specula t ion  

Attempts t o  s e l e c t i v e l y  modify BGH t o  render  

So l id  l i n e s  i n d i c a t e  iden t i -  

Adrenocorticotropin (ACTH) .-Synthetic 1-24 ACTH has  the  f i rs t  24 amino 
ac ids  of n a t u r a l  6-1-39 ACTH and possesses  f u l l  a c t i v i t y .  
( v a l - N H ~ ) ~ ~  1-25 ACTH? w a s  more active i n  dexamethasone-blocked humans 
than 1-24 ACTH. Q-Ser w a s  s u b s t i t u t e d  f o r  L-Ser at  the  N-terminus t o  re- 
sist degradat ion cy carboxypeptidases, and Eet4 w a s  replaced by N l e  be- 
cause of t h e  i n a c t i v a t i o n  fol lowing methionine-sulfoxide f ~ r m a t i o n ? ~  
Ser1-17,18-diOrn 1-24 ACTH w a s  compared wi th  1-24 ACTa and found t o  be 5x 
more active i n  To determine whether t h e  t e t r a p e p t i d e  sequence Lys- 
Pro-Val-Gly a t  pos i t i ons  11-14 i n  s y n t h e t i c  1-19 ACTH is  necessary f o r  
adrenal- and melanocyte-stimulating ac t iv i t ies  only a s  a br idge  o r  spacer  
between t h e  N-terminal decapept ide and t h e  b a s i c  co re  at  15-18 o s i t i o n s  

ACTH, G ly l2 ' I3  (1-17) ACTH amide, G1y11'13 (1-17) ACTH amide and Gly13 
(1-17) ACTH amide?6 As a group t h e s e  pept ides  exhib i ted  much less ACTH 
a c t i v i t y ,  e spec ia l ly  t h e  GlyI3 compound, i l l u s t r a t i n g  t h e  importance of 
V a l 1 3  f o r  f u l l  s t e ro idogen ic  potency. 
V a l  sequence is s p e c i f i c  f o r  f u l l  ACTH and MSH a c t i v i t y ,  and not  t h a t  of a 
nonspec i f ic  spacer .  The l ack  of e s s e n t i a l i t y  of t he  imidazole-his t idine 
w a s  shown by synthes iz ing  5-Gln, 6-6- (pyrazoly1-3)-Ala-l-20 ACTH amide57 
which had 60% of t h e  s tandard a c t i v i t y .  
acid-base c h a r a c t e r i s t i c s  may be due t o  preserva t ion  of pept ide  confor- 
mation s i n c e  both imidazole and pyrazole  a r e  i s o s t e r i c  aromatic  r i n g  
systems?* 
ovarian f o l l i c l e s ,  r e n a l  glomerular l e s i o n s ,  adrena l  s t imu la t ion ,  and 
decreased thymus weight ( the  effects of t h e  n a t u r a l  hormone) 5 9  

D-Ser1-Nle4- 

2- 

11-13 were replaced by Gly i n  t h e  fol lowing pept ides :  G ly l l  , 13 ,213 (1-19) 

Therefore  t h e  effect of  t h e  Lys-Pro- 

The l a c k  of effect  from change i n  

Mice t r e a t e d  wi th  s y n t h e t i c  1-24 ACTH had increased numbers of 
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Subs t i t u t ion  of a C-terminal p r o l i n o l  f o r  t h e  Pro res idue  y i e ldea  a nona- 
decapeptide with MSH a c t i v i t y  similar t o  t h a t  of t h e  corresponding nonade- 
capept ide amide o r  n a t i v e  ACTH. ACTH a c t i v i t y  w a s  higher  than t h a t  of t h e  
amide and lower than t h a t  of  n a t i v e  ACTH, sugges t ing  t h a t  t h e  C-terminus 
s t r u c t u r e  has  a sepa ra t e  effect from t h e  b a s i c  co re ' s  n e t  charge on ACTH 
function?' Ar&) is e s s e n t i a l  f o r  ACTH and MSH funct ion  of t h e  1-17 hepta- 
decapeptide amide. Lysal-17 ACTH amide had much lower a c t i v i t y t l  ACTH 
elevates i n t r a c e l l u l a r  c y c l i c  3 ' , 5 ' ~ a d e n o s i n e  monophosphate (AMP) which 
may mediate ACTH-induced adrena l  s t e ro idogenes i s t2  2-PheZ1-10-ACTH w a s  
repor ted  t o  faci l i ta te  e x t i n c t i o n  of  a learned response when 
rats a whereas' t he  i n j e c t i o n  of  t h e  molecule conta in ing  L-Phd7?appeared t o  
i n h i b i t  ex t inc t ion?  Cer ta in  syn the t i c  amino ac id  sequences r e l a t e d  t o  
both ACTH and MSH raise blood131 I levels i n  mice, sugges t ing  increased 
thyro id  a c t i v i t y $ 4  The immunologic a c t i v i t y  of ovine ACTH and a-22-39 ACTH 
were almost abolished by carboxypeptidase t reatment  whereas s te ro idogenic  
a c t i v i t y  of ACTH w a s  unchangedt5 The s y n t h e t i c  f u l l  chain 8-1-39 ACTH is 
an t igen ic ,  whereas t h e  1-24 fragment is  v i r t u a l l y  n o t t 6  a fact which may 
expla in  t h e  c l i n i c a l  observat ion t h a t  8-1-24 ACTH does not  provoke hyper- 
s e n s i t i v i t y .  

n j ec t ed  i n t o  

Lipotropins.-Many substances with l ip id-mobi l iz ing  a c t i v i t y  have been i so-  
l a t e d  from a n t e r i o r  p i t u i t a r y  t i s s u e  of var ious  spec ies t i r  r68 
" l ipo t ropin"  (LPH) refers e s p e c i a l l y  t o  t h e  series of  pept ides  i s o l a t e d  by 
L i  and h i s  a s s o c i a t e s  du r in  
The first compound i so la tedF9 w a s  designated L' and was repor ted  t o  have 
MSH a c t i v i t y  and l i p o l y t i c  a c t i v i t y  i n  r a b b i t s  bu t  no t  i n  rats. L0 con- 
ta ined  59 res idues  with Glu as t h e  N-terminus. Ovfne and bovine 6-LPH 
were next  and found t o  have e s s e n t i a l l y  t h e  same amino ac id  
composition,mol. w t .  and b i o l o g i c a l  a c t i v i t y  inc luding  low-order adreno- 
c o r t i c o t r o p i c  a c t i v i t y .  
yielded y-LPH which exhib i ted  similar b io log ica l  a c t i v i t y ,  but  w a s  of  lower 
mol. w t ? 2  
LPH (Fig. 2) w a s  shown t o  be a s i n g l e  chain polypept ide of  90 res idues  wi th  
Glu as t h e  N-terminus and Gln as t h e  C-terminus. y-LPH w a s  i d e n t i c a l  t o  
t h e  N-terminal 58 r e s idues  of B-LPH and t h e  complete octadecapept ide 
sequence of  ovine f3-MSH w a s  represented by r e s idues  41-58. 
adrenal-s t imulat ing a c t i v i t y  w a s  accounted f o r  by r e s idues  47-53 which are 
t h e  same as res idues  4-10 of ACTH. 
with previous knowledge, r evea l  t h e  p o s s i b i l i t y  of  a mechanism f o r  p r o t e i n  
syn thes i s  which involves  e i t h e r  syn thes i s  of  a number of pept ides  wi th  
overlapping i d e n t i c a l  sequences o r  t h e  production of  l a r g e r  molecules con- 
t a i n i n g  mul t ip l e  active sequences which may be broken down s e l e c t i v e l y  t o  
provide an ind iv idua l  hormone. 

The term 

t h e  course of p u r i f i c a t i o n  o f  sheep ACTH. 

A s ide - f r ac t ion  from t h e  i s o l a t i o n  of ovine f3-LPH 

The complete sequence of both pept ides  w a s  e luc ida ted?0a73  0- 

The low-order 

These i n t e r e s t i n g  d i scove r i e s ,  along 

Other P i t u i t a r y  Hormones.-Continuing research  on melanocyte-stimulating 
hormone (MSH) has  been well-summarized i n  t h r e e  1967 reviews?4 76 
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  have been reported77 on s y n t h e t i c  C- 
t e rmina l  decapept ides  r e l a t e d  t o  f3-MSH of  several spec ies .  The t o t a l  s n- 
t h e s i s  of monkey f3-MSH w a s  reported?* 
f o r  8-MSH and claimed t o  be  capable of d i s t i ngu i sh ing  f3-MSH from a-MSH and 
ACTH. 

Some new 

7 9  A radioimmunoassay w a s  developed 

0-MSH w a s  found t o  p ro tec t  rats exposed t o  whole-body x- i r radi-  



H2
N-
-G
lu
--
Le
u-
-G
ly
--
Th
r-
-G
lu
--
Ar
g-
-L
eu
--
Gl
u-
-G
ln
--
Al
a-
-A
rg
--
Gl
y 

1
2
 

1
2

 3
4

 5
 

6
 

7
 

8
 

9
1

0
1

1
 

P
ro

 
1
3
 

G
lu

--
A

1a
--

A
rg

--
A

la
--

A
la

--
A

la
--

Se
r-

-G
lu

--
G

lu
--

A
la

--
A

la
--

G
lu

J 
2
4
 

2
3
 

2
2
 

2
1
 

2
0
 

19
 

1
8
 

17
 

16
 

1
5
 

14
 

CI‘ eu--G
lu
--
Ty
r-
-G
ly
--
Le
u-
-V
al
--
Al
a-
-G
1u
--
Al
a-
-G
lu
--
Al
a-
-A
la
--
Gl
u 

26
 

2
7
 

2
8
 

2
9
 

3
0
 

31
 

3
2
 

3
3
 

3
4
 

35
 

3
6
 

3
7
 

J 
Gl
y-
-S
er
--
As
p-
-L
ys
--
Ly
s 

/4
3 

4
2
 

4
1
 

4
0
 

3
9
 

Pr
o 

4
4
 L
T
y
r
-
-
L
y
 s
--
Me
t 
--
Gl
u-
-H
is
--
Ph
e 

4
5
 

4
6
 

4
7
 

4
8
 

4
9
 

Se
r-
-G
ly
--
Tr
y-
-A
rg
 

/5
4 

5
3
 

5
2
 

51
 

Pr
o 

Gl
y-

-~
y’

--
~~

g-
-x

s-
-A

Sp
--

L 
S-
-P
KO
 

5
8
 

5?
 

5
6
 

ly
--
Ph
e-
-M
et
--
Th
r-
-S
er
--
Gl
u-
-L
ys
--
Se
r 

Gl
n 

Th
r 

6
3
 

6
4
 

6
5
 

6
6
 

6
7
 

6
8
 

6
9
 

7
0
 
--
71
 
--
72
 
\
 

P
r
o
 

Ly
s-

-1
le

--
Al

a-
-A

m-
-L

 
s-

-P
he

--
L

eu
--

T
hr

--
V

al
--

L
eu

 
8
2
 

8
1
 

8
0
 

7
7
 

7
8
 

7
7
 

7
6
 

7
5
 

7
4
 

--
As
n-
-H
is
--
Al
a-
-L
ys
--
Gl
y-
-G
ln
--
CO
OH
 

85
 

86
 

8
7
 

8
8
 

8
9
 

9
0
 

Fi
gu

re
 2

 
--

 
~
-
~
i
p
o
t
r
o
p
i
n
~
~
 



191 Chap. 18 Non-Steroidal Hormones Hinman, M o r r e l l  

ation?O Important advances have been made i n  t h e  p u r i f i c a t i o n  and charac- 
t e r i z a t i o n  of p r o l a c t i n ,  l u t e i n i z i n g  hormone, f o l l i c l e - s t i m u l a t i n g  hormone 
and thyro id-s t imula t ing  hormone of var ious  spec ie s ,  but  as y e t  t h e  complete 
amino a c i d  sequence of none of t hese  p i t u i t a r y  p r o t e i n s  has  been reported.  
Oxytocin (OXT) and vasopressin (W) , t h e  major neurohypophyseal hormones, 
which are presumed t o  be synthesized i n  t h e  hypothalamus and re leased  from 
t h e  p o s t e r i o r  p i t u i t a r y ,  have continued t o  receive t h e  a t t e n t i o n  of many 
inves t iga to r s .  
a review82 and a symposium8 
broad classes of OXT and VP analogs. 
occurr ing hormones o f  t h i s  type  (Arg-W, Lys-VP , OXT , Arg-vasotocin, i so-  
t o c i n ,  mesotocin) has  been expanded t o  inc lude  p u m i t o c i n  (Ile&erkGlna 
VP)?4 The ques t ion  of  independent b iosynthes is8  
OXT is under s tudy along with t h e  r o l e  of t h e  carrier p r o t e i n  n e u r o ~ h y s i n ? ~  

- 

I n  add i t ion  t o  a genera l  compilation on active peptides:l 
cover s t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  of  

The o r i g i n a l  l ist  of  s i x  n a t u r a l l y  

and release86 of W and 

HORMONES OF THE STOMACH 

Gastrin.-The gas t r in s6  are a group of  polypept ide hormones which are re- 
leased  i n  t h e  g a s t r o - i n t e s t i n a l  tract  of man and cer ta in  o t h e r  spec ie s ,  
and can be ex t r ac t ed  from t h e  a n t r a l  region of t h e  stomach. 
nounced phys io logica l  ac t ions  on sec re to ry  cells  of  t h e  stomach and pan- 
creas, and on t h e  musculature of  stomach and i n t e s t i n e .  Kenner e t  al .  a t  
t h e  Universi ty  of Liverpool  and Morley e t  al .  of Imperial  Chemical 
I n d u s t r i e s ,  Ltd., have continued t h e i r  s t u d i e s  on hog and human g a s t r i n s .  
The sequence of human g a s t r i n  I has been determined and shown t o  d i f f e r  
from t h a t  of porcine g a s t r i n  I only i n  having Leu a t  p o s i t i o n  5 in s t ead  of 
Met. A s  i n  t h e  case of t h e  porcine hormones, human g a s t r i n  I1 i s  t h e  phe- 
n o l i c  s u l f a t e  ester of human g a s t r i n  I?8 

They have pro- 

1 2 3 4 5 6-18 11 12 1 3  14 15 l~-p:?*NH2 
Human Gas t r in  I C Glu-Gly-Pro-Try-Leu-Glu -Ala-Tyr-Gly-Try-Met-As 

To ta l  syntheses  of t hese  heptadecapeptide hormones have been reported89 
i n  d e t a i l .  The phys io logica l  p rope r t i e s  of a l a r g e  series of s y n t h e t i c  pep- 
t i d e s  s t r u c t u r a l l y  r e l a t e d  t o  t h e  g a s t r i n s  ind ica t ed  t h a t  only t h e  C- 
t e rmina l  t e t r a p e p t i d e  sequence was essential  f o r  most of t h e  remarkable 
range of phys io logica l  e f f e c t s  of t h e  n a t u r a l  hormones?l 
t h e t i c  pept ides  s tud ied ,  N-t-butyloxycarbonyl-B-Ala-Try-Met-Asp-Phe-amide, 
now known as pen tagas t r in  (Pentavlon) w a s  s e l ec t ed  f o r  ex tens ive  s t u d i e s  i n  
animals and man. Because of t h e  va luable  p rope r t i e s  found, t h i s  pept ide  
w a s  made commercially a v a i l a b l e  by ICI f o r  use as a d i agnos t i c  agent i n  t h e  
s tudy of g a s t r i c  s ec re t ion?2  Studies  i n  man showed t h a t  a s i n g l e  subcu- 
taneous dose of pen tagas t r in  could be used in s t ead  of his tamine i n  as- 
s e s s i n g  "max ima l"  ac id  response? '94 Wormsleyg5 repor ted  t h a t  a t  5x t h e  
subcutaneous dose pen tagas t r in  w a s  Equally e f f e c t i v e  when adminis tered by 
nasal i n s u f f l a t i o n .  Many s tud ie sg6  99 were repor ted  on t h e  comparison of 
t h e  activities of t h e  s y n t h e t i c  g a s t r i n  analogs vs. q a s t r i n s  I and 11 and 
- vs. histamine. I n  genera l ,  t h e  a c t i o n s  are c l e a r l y  d i s t ingu i shab le  from 
those  of his tamine and t h e  ac t ions  of t h e  s y n t h e t i c  gept ides  are i d e n t i c a l  
wi th  those  of t h e  n a t u r a l  hormones. repor ted  t h a t  penta- 
g a s t r i n  f a i l e d  t o  produce a m o t i l i t y  response i n  t h e  s m a l l  i n t e s t i n e  and 

O f  a l l  t h e  syn- 

However, Neelyl 
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t h a t  t h e  effect of a t rop ine  on t h e  ac t ions  of pen tagas t r in  and g a s t r i n  
d i f f e red .  
t o  induce g a s t r i c  and duodenal ulcers i n  conscious cats. S imi la r ly ,  pork 
g a s t r i n  administered with g e l a t i n  produced duodenal u l ce r s  i n  t h e  guinea 
p i g i o 2  and s t u d i e s  
wi th  them suggest  t h a t  t h e  C-terminal t e t r a p e p t i d e  which c o n s t i t u t e s  t he  
phys io logica l ly  active s i t e  is access ib l e  on t h e  su r face  of  t he  i n t a c t  hor- 
mone and determines t h e  s p e c i f i c i t y  of  t h e  antibody. 
pyr idyl )  thioacetamide ("ant igastr in")  has been r epor t ed lo5  t o  be a spe- 
c i f i c  i n h i b i t o r  of both g a s t r i n  I1 and pen tagas t r in ,  but t o  have no e f f e c t  
on response t o  his tamine o r  methachaline. 

Continuous I . V .  i n fus ions  of porcine g a s t r i n  I1 w a s  reportedl ' l  

Antibodies t o  t h e  g a s t r i n s  have been preparedlo 3 '  lo4 

2-Phenyl-2-(2- 

Secret in . - In  s p i t e  of t h e  f a c t  t h a t  t h e  term HORMONE w a s  coined i n  con- 
nec t ion  wi th  t h e  discovery of  s e c r e t i n  by Bayl i ss  and S t a r l i n g  i n  1902, 
very l i t t l e  d e f i n i t i v e  information w a s  known about t h e  chemistry of  t h i s  
substance u n t i l  r ecen t ly .  Mutt e t  a1i06 repor ted  t h e  amino ac id  compo- 
s i t i o n  and p a r t i a l  sequence of porcine s e c r e t i n  i n  1965. 
they proposedlo7 a t e n t a t i v e  sequence f o r  t h e  27 amino ac id  res idues  and i n  
October 1966 Bodanszky et a1!08 announced t h e  t o t a l  synthes is .  Detai led 
r epor t s iog  *lid of t h e  syn thes i s  are now ava i l ab le  and t h e  syn the t i c  hepta- 
cosapept ide amide possesses  t h e  c h a r a c t e r i s t i c  b i o l o g i c a l  activit ies of t h e  
n a t u r a l  porcine hormone. Some ambigui t ies  regarding s p e c i f i c  a c t i v i t y  
apparent ly  s t i l l  exist, but  samples of t h e  s y n t h e t i c  product were i n d i s t i n -  
guishable  from n a t u r a l  s e c r e t i n  i n  paper chromatographic behavior, quant i -  
ta t ive amino ac id  a n a l y s i s ,  and enzymatic cleavage products. 

Soon after t h i s  

The classic a c t i o n  of s e c r e t i n  w a s  t o  stimulate a copious flow of pancre- 
a t i c  j u i c e  wi th  a high b icarbonate  content  and low enzyme concentrat ion.  
With t h e  a v a i l a b i l i t y  of  p u r i f i e d  s e c r e t i n  evidence f o r  a g a s t r i c  i nh ib i -  
t o r y  e f f e c t  w a s  r e p o r t e d i l l  
both s e c r e t i n  and pancreozymin have in su l in - r e l eas ing  a c t i v i t y .  Boyns et 
&!I4 suggest  t h a t  although s e c r e t i n  is  i n s u l i n o t r o p i c  i t  is so only i n  
unphysiological  doses. 

Recently, Unger et al!13 have reported t h a t  

HORMONES O F  THE THYROID AND PARATHYROID 

Ca1citonin.-In 1962 Copp e t  al!lS pos tu la ted  t h e  ex i s t ence  of a hypocal- 
cemic hormone from t h e  para thyro id  and named i t  "calci tonin."  Shor t ly  
t h e r e a f t e r  Hirsch et  a 1  l6 discovered a hypocalcemic, hypophosphatemic 
p r i n c i p l e  i n  thyro id  t i s s u e  and named i t  "thyrocalci tonin."  Subsequently, 
i t  w a s  shown t h a t  t h e  two activit ies are i d e n t i c a l  and t h a t  s t r i c t l y  
speaking t h e  hormone i s  produced by p a r a f o l l i c u l a r  cells  which are embryo- 
l o g i c a l l y  analogous t o  t h e  ul t imobranchial  bodies o f  lower species! 17' l8 
Calc i ton in  acts d i r e c t l y  on bone by i n h i b i t i n g  resorp t ion .  
regard t o  calcium is  oppos i te  t o  t h a t  of parathyroid hormone; wi th  regard 
t o  phosphorus, t h e  a c t i o n  i s  t h e  same as t h a t  of  parathyroid hormone and 
add i t ive ; l8  The hormone appears t o  be a pept ide  of low molecular weight. 

Its a c t i o n  with 



1 9 3  Chap.  18 Non-Stero ida l  H o r m o n e s  Hinman,  Mor r ell 

Highly p u r i f i e d  prepara t ions  of  porcine c a l c i t o n i n  have been reported 19’* 
but  t h e r e  seems t o  be no general  agreement regard ing  amino ac id  composition 
and no sequence has  been repor ted .  There i s  one claim t h a t  t h e  hormone con- 
t a i n s  iodine!25 Highly p u r i f i e d  human c a l c i t o n i n  has  been prepared and re- 
ported t o  induce a sus ta ined  reduct ion  of serum C a  levels i n  hypercalcemic 
pa t i en t s?26  Although porc ine  c a l c i t o n i n  has  been shown127 t o  be hypo- 
calcemic i n  m a n  and c a l c i t o n i n  der ived from several spec ie s  is active i n  
t h e  ra t ,  t h e r e  is evidence t o  suggest  at  least some spec ie s  s p e c i f i c i t y  f o r  
t h e  h o r m ~ n e : ~ ~ ’ ~ ~ ~  This w i l l  undoubtedly cont inue t o  be a very active f i e l d  
of research  and t h e  the rapeu t i c  p o t e n t i a l  of c a l c i t o n i n  i n  os teoporos is ,  
metabolic bone d i seases  and C a  homeostasis w i l l  be evaluated i n  t h e  near  
f u t u r e  . 
Parathyroid Hormone (PTH) .-Arnaud, Tenenhouse and Rasmussen13 have pub- 
l i s h e d  a review on t h e  Ca-sparing hormone PTH which r ep resen t s  a survey of 
t h e  l i t e r a t u r e  through June, 1966. 
a c t e r i z a t i o n  of PTH were done mainly with material of bovine or ig in!  32 * l 3  
Recently porcine PTH has  been i so l a t ed134  and found t o  be  s i m i l a r  t o  t h e  
bovine hormone i n  b i o l o g i c a l  a c t i v i t y  and amino ac id  composition. 
mum mol. w t .  i nd ica t ed  by u l t r a c e n t r i f u g e  measurements is 11,100 and by 
amino ac id  composition, 9,622 f o r  t h e  porcine hormone. These values  are 
11% and 15%, r e spec t ive ly ,  l a r g e r  than t h e  va lues  determined f o r  bovine 
PTH. 
posed t h a t  t h e  minimum por t ion  of  bovine PTH r e q u i s i t e  f o r  b i o l o g i c a l  ac- 
t i v i t y  c o n s t i t u t e s  a C-terminal sequence of ca 20 amino a c i d s  with a 
s l i g h t l y  s m a l l e r  segment of t h e  same region being important f o r  immunolo- 
g i c a l  r e a c t i v i t y .  
t e rmina l  po r t ion  of t h e  molecule w a s  suggested: (Tyr,Gly,Arg)Try-Lys-His- 
Ile-Met-Glu-Sex-Phe-Ala-Val-Leu-Gln. Removal of  t h e  4 C-terminal res idues  
caused no l o s s  of a c t i v i t y  but  a l t e r a t i o n  of  M e t ,  T r y  and Tyr a t  pos i t i ons  
77, 74, and 65, r e spec t ive ly ,  caused marked i n a c t i v a t i o n .  Virus-trans- 
formed human parathyroid adenoma ce l l s  w e r e  repor ted  t o  produce PTH f o r  
long per iods as a monolayer cu l tu re?36  
oped!37 

- 

Early s t u d i e s  on t h e  i s o l a t i o n  and char- 

The mini- 

P o t t s  et al::5 on t h e  b a s i s  of  p a r t i a l  degradat ion s t u d i e s ,  have pro- 

The fol lowing presumptive p a r t i a l  sequence f o r  t h e  C- 

A radioimmunoassay has been devel- 

HORMONES OF THE PINEAL 

The p inea l  is  now recognized as a v i ta l  component i n  t h e  i n t e g r a t i o n  of  
light-mediated CNS a c t i v i t y  wi th  hormonal r egu la to ry  mechanisms. The pro- 
to type  family o f  methoxyindoles rgpresented p r imar i ly  by melatonin (MT) , is 
produced only i n  t h e  p i n e a l  i n  m a m m a l s  because i t  a lone  conta ins  t h e  enzyme 
hydroxyindole-0-methyl t r a n s f e r a s e  (HIOMT) which t r a n s f e r s  t h e  methyl group 
from S-adenosylmethionine t o  t h e  5-hydroxy (5-H) group of a v a r i e t y  of in -  
do le s ,  inc luding  N-acetylserotonin ( i ts  b e s t  s u b s t r a t e ) .  The enzyme HIOMT. 
is present  throughout t h e  CNS of amphibians138 and although it  is lacking  
i n  human pe r iphe ra l  nerve, its p i n e a l  product MT is found t h e r e ,  sugges t ing  
t h a t  i t  may be a t r u e  
photoreceptor ,  t r ansmi t t i ng  information about environmental l i g h t i n g  
d i r e c t l y  t o  t h e  I n  rats (and presumably i n  o t h e r  mamunals) t h e r e  i s  
no evidence f o r  a d i r e c t  p i n e a l  response t o  l i g h t ,  and y e t  continuous l i g h t  
markedly i n h i b i t s  HIOMT a c t i v i t y ? 4 1  This  w a s  explained by t h e  f ind ing  t h a t  

I n  lower v e r t e b r a t e s ,  t h e  p i n e a l  is a 
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c e n t r a l  nervous pathways 142 ca r ry ing  pho t i c  impulses from t h e  retina 
connect wi th  and activate s mpathet ic  nerve f i b e r s  o r i g i n a t i n g  i n  t h e  
supe r io r  c e r v i c a l  ganglion113 and te rmina t ing  on p inea l  parenchymal cells. 
I n  addi t ion  t o  MT, s e ro ton in  (5-HT), norepinephrine (NE) and his tamine a r e  
found i n  high concent ra t ion  i n  t h e  wi th  much of  t h e  5-HT and a l l  
of  t h e  NE being loca l i zed  wi th in  t h e  sympathetic 
5-HT rhythm146 i s  abol ished by cervical sympathetic g a n g l i o n e ~ t o m y ! ~ ~  

- 

A c i r cad ian  

5-HT occupies an important pos i t i on  because of i t s  dual  l o c a l i z a t i o n  i n  
se ro tone rg ic  nerves  and p i n e a l  parenchyma148 and because of l i g h t  regu- 
l a t i o n  of i t s  metabolism, which l eads  t o  t h e  formation of 5-H and 5-Me0- 
t ryp tophols  and 5-H and 5-Me0 indo leace t i c  ac ids .  Cycl ic  de r iva t ives  of  
t h e  carbol in  (5-MeO-TOL) type may a lso  be der ived from these  compounds. 
M w a s  charac te r ized  i n  1959149 as a p r i n c i p l e  i n  bovine p inea l  e x t r a c t s  
which l i g h t e n s  t h e  co lo r  of f r o g  melanocytes. The p inea l  enzymes t rypto-  
phan h y d r ~ x y l a s e l ~ ~  and aromatic amino ac id  d e ~ a r b o x y l a s e l ~  
5-HT from Try. Most of  t h e  5-HT formed i n  t h e  p inea l  from T r y  and 5H-Try 
i s  oxidized t o  5-H-indoleacetic ac id  (5-HIM) 152 by monamine oxidase 
(MAO)153 and aldehyde dehydrogenase. 
a ~ e t y l a t e d l ~ ~  and converted t o  MT by H I O M .  
t ransform 5-HT t o  5-HIM and t o  MT!55 
cervical sympathetic con t ro l  by way of nervous impulses whose frequency and 
p a t t e r n  are modulated i n  a c i r cad ian  fash ion  by f l u c t u a t i n g  ex te rna l  l i g h t  
and r e t i n a l  i l l u m i n a t i 0 n . 1 ~ ~  Axelrod e t  al!57 found t h a t  t h e  weight of t h e  
p i n e a l  and t h e  a c t i v i t y  of  t h e  MT-forming enzyme HIOMT were g r e a t e r  i n  
chickens exposed t o  continuous l i g h t  o r  t o  d iu rna l  l i g h t  than i n  those  
exposed t o  continuous darkness. Because l i g h t  s t imu la t e s  p inea l  MT and 
avian gonadal a c t i v i g y ,  M ,  which has an i n h i b i t o r y  inf luence  on repro- 
duc t ive  func t ion  i n  t h e  white  
photoperiods which a l s o  accelerate gonadal development. Therefore ,  i n  
rats,  l i g h t  cyc les ,  a c t i n g  by way of  t h e  r e t i n a  through cervical sympathe- 
t i c s ,  maintain an i n h i b i t i o n  of p inea l  ant igonadotrophic  (MT) a c t i v i t y .  

MISCELLANEOUS BIOLOGICALLY ACTIVE SUBSTANCES 

synthes ize  

A po r t ion  of  t h e  indoleamine is  N- 

The release of MT is under d i r e c t  
P inea l s  i n  organ c u l t u r e  

i s  probably induced i n  female b i rds  by 

The k i n i n s t  long known t o  be widely d i s t r i b u t e d  i n  l i v i n g  t i s s u e ,  are 
smooth muscle s t imu la t ing ,  vasodepressor ,  pain-producing pept ides  which act 
as l o c a l  hormones t h a t  mediate n a t u r a l  defense r eac t ions  t o  in ju ry .  They 
are l i b e r a t e d  from plasma p r o t e i n  by enzymes ca l l ed  k a l l i k r e i n s  which 
r e q u i r e  a c t i v a t i o n  by t h e  b lood-c lo t t ing  f a c t o r  X I 1  (Hageman f a c t o r ) .  Major 
advances i n  t h e  understanding of  t h e  r o l e  of  t hese  t i s s u e  hormones i n  
o l o g i c a l  and pa thologica l  phenomena are summarized i n  recent  symposia1 ’ 1 6 0  
and reviewsi6 Other n a t u r a l l y  occurr ing pept ides  such as e ledo i s in  and 
physalaemin6 have ac t ions  similar t o  t h e  k in ins .  
o f  t hese  s t r u c t u r e s  have been made (mainly t o  improve t h e  hypotensive 
a c t i v i t y )  a pa ren t ly  no c l i n i c a l l y  usefu l  compounds have been discovered. 
Caerulein!6e i s o l a t e d  from t h e  s k i n  of c e r t a i n  amphibians, has potent  and 
r e l a t i v e l y  long- las t ing  hypotensive a c t i v i t y  and a l s o  s t r i k i n g  a c t i o n  a t  
t h e  ng l e v e l  on t h e  ga l lb ladder  and on g a s t r i c  and panc rea t i c  sections!65 
This  remarkable decapept ide possesses  t h e  activities of both t h e  k in ins  and 
t h e  g a s t r i n s  and has t h e  same C-terminal pentapept ide sequence as g a s t r i n  

ghysi- 
Although modif icat ions16 
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11. Still 
other pharmacologically active peptides, e.g., melittin and apamin, have 
been isolated from insect venoms !59 ’I6 

Caerulein Llu-Gln-Asp-Ty r (SO 3H) -Thr-Gly-Try-Met-Asp-Phe-NH2 

The sequence of caerulein has been confirmed by synthesis!66 

1 2 3 4  5 6 7 8 9 1 0  

Angiotensin 116, the potent vasoconstrictor and pressor octapeptide released 
from a plasma cc2-globulin by the kidney enzyme, renin, continues to receive 
considerable research attention. 
istry, structure-activity relationshipsand biology of the renin-angiotensin 
system has just become available. 
was reported169 to be identical to that of horse (Ile in position 5 rather 
than V a l  for bovine). Several radioimmunoassays have been rep~rted:~’-~~~ 
The problems of achieving the pg sensitivity required for convenient deter- 
mination of blood levels and specificity for angiotensin I1 do not appear 
to be completely ~ o l v e d ! ~ ~ ’ ~ ~ ~  

The antihypertensive function of the kidney and the role of the kidney as an 
endocrine organ have received increasing attention in recent years. 
least three distinct types of compounds appear to be involved: 1) acidic 
lipids with short-term vasodepressor activity, 2) neutral lipids with long- 
term antihypertensive a~tivltyl~~ and 3) phospholipids with renin-inhibitor 
and antihypertensive activity:76 Of these only the first type has been 
characterized chemically. The acidic vasodepressor lipids of rabbit kidney 
were shown to be the prostaglandins, PGE2 and PGAz!~~ A distinguishing 
feature of the other two types is that they have no effect on the blood 
pressure of normotensive animals. 

A comprehensive review16 * of the chem- 
The structure of human angiotensin I1 

At 

REFERENCES 

1. 
2. 

3 .  
4. 
5. 

6. 

7. 
8. 
9 .  

10: 
11. 
12. 

1 3 .  

14. 
15. 

16. 

S. Bergstrbm, Science, x, 382 (1967). 
S. Bergstrbm and B. Samuelsson, Eds. “Trostaglandins.” Nobel Symposium 2, 
Almwvist & Wiksell, Stockholm, 1967. 
8 .  W. Hinman, BioScience, 11, 779 (1967). 
S. Bergstrh, B. Samuelsson and J. R. Weeks, Pharmacological Rev., g, 1 (1968). 
H. A. Selenkow, M. S. W O O 1  and S. Refetoff, “Radiologic Clinics of North America,” 
3, 317, 1967. 
E. C. Jorgensen, “Non-steroidal Hormones and Their Antagonists,” C. K. Cain, Ed., 
Ann. Rep. Med. Chem., Ch. 17, 191, 1965. 
H. Zahn, Annals D’Endocrinologie, a, 575 (1966). 
E. Zahn and G. Schmidt, Tetrahedron Lett., No. 50, 5095 (1967). 
Y. -T. Kung, Y.Du, W. Huang, C. Chen, L. Ke, S. Hu, R. Jiang, S. Chu, C. Niu, 
J. Bas, W. Chang, L. Chen, H. Li, Y. Wang, T. Loh, A .  Chi, C. Li, P. Shi, 
Y. Yieh. K. Tang, and C. Hsing, Sci. Sinica (Peking), 3. 544 (1966). 
A. Marglin and R. B. Merrifield, J. Am. Chem. Soc., 88, 5051 (1966). 
P. G. Katsoyannis, Science, a, 1509 (1966); Amer. J. Med., &, 652 (1966). 
P. G. Katsoyannis, A. C. Trakatellis, S .  Johnson, C. Zalut and G. Schwartz, 
Biochemistry, 6, 2642 (1967). 
P. G. Katsoyannis, A. C. Trakutellis, C. Zalut, S. Johnson, A. Tometsko, 
G. Schwartz and J. Ginos, Biochemistry, 6, 2656 (1967). 
L. F. Smith, Am. J. Med.. g. 662 (1966): 
M. Yamamoto, A. Kotaki, T. Okuyama, and K. Satake, J. Biochem. (Tokyo), s. 84 
S. Wilson and G. Dixon, Nature, s, 876 (1961). 
(1960). 



196 - Sect. IV - Metabolic & Endocrine Heineelman, Ed. 

17 - 
18. 
19. 
20. 
21. 
22. 
23- 
24. 
25. 
26. 

27. 
28. 
29 * 

30. 
31. 
32 * 
33. 
34. 
35. 
36. 
37. 

38. 
39. 

40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 

48. 

49. 

53. 
54. 
55. 
56. 
57 * 
58. 
59. 
60. 
61. 
62. 
63. 
64. 

R. E. Humbel and A. M. Crestfield, Biochemistry, 5, 1044 (1965).  
F. H. Carpenter, Am. J. Med., g, 750 (1966).  
W. W. Bromer and R. E. Chance, Biochir. Biophys. Acta, z, 219 (1967). 
J. Fraenkel-Conrat and H. Fraenkel-Conrat, Biochim. Biophys. Acta, 5, 89 (1950).  
G. L. Mills, Biochem. J., 2, 37 (1953).  
D. Levy and F. H. Carpenter, Biochemistry, 6 ,  3559 (1967). 
F. Sundby, J. Biol. Chem., a, 3406 (1962).  
L. I. Slobin and F. H. Carpenter, Biochemistry, 2, 22 (1963).  
S. A. Berson and R. S. Yalow, Diabetes, x, 875 (1966).  
J. Vallance-Owen, Insulin Antagonists. In "On the Nature and Treatment of Dia- 
betes." Excerpta Medica Foundation, pp. 340-53, 1965; P. G. Med. J., 44, 507 
(1968). 
J. S. Cameron, H. Keen, and G. Menzinger, Lancet, I, 74 (1964).  
M. B. Davidson and C. J. Goodner, Diabetes, x, 373 (1966).  
J. W. Ensinck, P. L. Poffenbarger, R. A. Hogan and R. H. Williams, Diabetes, s, 
J. W. Ensinck, R. J. Mahler and J. Vallance-Owen, Biochem. J., s, l5C (1965). 
R. L. Fenichel, W. H. Beckmann and H. E. Alburn, Biochemistry, 5, 461 (1966).  
J. Jervell and J. Vallance-Owen, Lancet,=, 2 1  (1967). 
R. J. Mahler, 0. Szabo and J. C. Penhos, Diabetes, 3, 1 (1968).  
P. J. Moloney, M. A. Aprile and S. Wilson, J. New Drugs, 5, 258 (1964).  
J. A. Little and J. H. Arnott, Diabetes, x, 457 (1966).  
J. E. Sokal, Am. J. Med., g, 331 (1966).  
R .  H. Unger, A. M. Eisentraut, M. S. McCall and L. L. Madison, J. Clin. Invest., 
g, 1280 (1961);  g, 1031 (1963). 
A. A. Costopanagiotis, J. Preston and B. Weinstein, Can. J. Chem., s, 759 (1967).  
B. 0. Handford. T. A. Hylton, J. Preston and B. Weinstein, J. Org. Chem., x, 
E. Whsch and G. Wendlberger, Chem. Ber., 100, 820 (1967). 
E. Wbsch and F. Drees, Chem. Ber., 100, 816 (1967).  
E. Whsch, 2. Naturforschg., 226, 1269 (1967).  
T. M. Schuster, Nature, a, 302 (1966).  
C. H. Li. Postgraduate Medicine, 3, 13 (1961).  
H. Friesen and E. B. Astwood. New England J. Med., 2, 1216 (1965). 
C. H. Li and W. K. Liu, Experientia, 0, 169 (1964).  
P. H. Forsham, C. H. Li, V. DiRaimondo, F. 0. Kolb, D. Mitchell and S. Newman. 
Metabolism. 1, 762 (1958).  
Z. LarOn, A. Yed-Lekach, S. Assa and A. Kowadlo-Silbergeld, Endocrinology, E,  

M. Sonenberg, A. C. Nadler, C. A. Free, M. Kikutani and J. M. Dellacha, Ann. New 
York Acad. Sci.. in press (1967).  
C. H. Li, W. K. Liu and J. S. Dixon, J. Am. Chem. Soc., 8_8, 2050 (1966).  
J. A. Santomd, C. E. M. Wolfenstein, M. Biscoglio and A. C. Paladini, Arch. Bio- 
chh. Biophys., 116, 19 (1965).  
J. M. Dellacha, J. A. Santome and A. C. Paladini, Ann. New York Acad. Sci., in 
press (1967);  J. A. Santomg, J. M. Dellacha and A. C. Paladini, International 
Sympos. Growth Hormone, Milan, 1967. 
R. P .  Biossonnas, St. Guttmann, and J. Pless, Experientia, 22. 526 (1966).  
W. Doepfner, Experientia, 22, 527 (1966).  
A. Walser and Th. Muller, Experientia, 2, 74 (1968).  
J.  Blake and C. H. Li, Biochim. Biophys. Acta, x, 386 (1967) .  
K. Hofmann, H. Boh, and R. Adreatta, J. Am. Chem. Soc., 5, 7126 (1967).  
K. Hofmann and H. Bohn, J. Am. Chem. Soc.,  B, 5914 (1966). 
J. J. Christian, Acta Endocrinologica, z, 62 (1967). 
W .  Oelofsen and C. H. Li, J. Am. Chem. S O C . .  E, 4254 (1966). 
D. Chung and C. H. Li, J. Am. Chem. Soc. ,  5, 4208 (1967).  
0. D. Taunton, J. Roth and I. Pastan, Biochem. Biophys, Res. Corn., 3, 1 (1967).  
T. Hall, Science, z. 318 (1966).  
A. V. Schally, A. J. Kastin, T. W. Redding, C. Y. Bowers, H. YaJima, K. Kubo, 

289 (1967).  

1243 (1967). 

532 (1964).  



Chap. 18 Non- Steroidal Hormones Hinman, Morre l l  197 - 
65. 

66. 

67 * 
68. 
69 * 
70. 
71. 
72- 
73. 
74. 

75. 
76. 
77 * 
78. 
79. 

86 .  
81. 

82. 
83. 

84. 

90. 
91. 
92 * 
93. 
94. 
95. 
96. 
97 * 
98. 

99. 
1oc. 
101. 
102. 
103. 

105. 
106. 
107. 

104. 

108. 

Metab. Clin. E x p . ,  s, 824 (1967). 
H. Imura, L. L. Sparks, M. Tosaka, S. Hane, G. M. Grodsky and P. H. Forsham, 
J. Endocrinol. Metab., 3, 15 (1967). 
J. P. Felber, S. H. J. Ashcroft, A. Villanueva and A. Vannotti, Nature, 2&, 

H. Friesen and E. B. Astwood, New Fng. J. Med., 122, 1272 (1965). 
D. Rudman, S. J. Brown and M. F. Malkin, Endocrinology, z, 527 (1963). 
Y. Birk and C. H. Li, J. Biol. Chem., a, 1048 (1964). 
C. H. Li, L. Barnaf'i, M. Chrstien and D. Chung, Nature, 208, 1093 (1965). 
P. Lohmar, C. H. Li, Biochim. Biophys. Acta, 3, 383 (1967). 
M. Chrgtien and C. H. Li. Can. J. Biochem., 5, 1163 (1967). 
M. Chrgtien, L'Union Med. du Canada, z, 166 (1968). 
J. Ramachandran and C. H. Li, in F. F. Nord, Ed., "Adv. in Enzymology," 3, 
391, 1967. 
S. Lande and A. B. Lerner, Pharmacological Rev., 2, 1 (1967). 
H. Yajima, "Proteins, Nucleic Acids and Enzymes," 2, 56, 1967. 
H. Yajima, Y. Okada, Y. Kinomura and E. Seto, Chem. Pharm. Bull., _15, 270 (1967). 
H. Yajima. Y. Okada, Y. Kinomura and H. Minami, J. Am. Chem. SOC., g, 527 (19683. 
K. Abe, W. E. Nicholson, D. P. Island, D. N. Orth and G. W. Liddle, J. Clin. 
Invest. 5. 1031 (1967). 
A. Sakamoto and K. N. Prasad, J. Rad. Biol., 12, 97 (1967). 
E. Schrbder and K. Lfibke, "The Peptides. 11. Synthesis, Occurrence, and Action of 
BiolQgically Active Polypeptides." Translated by E. Gross, Academic Press, Inc.. 
111 Fifth Ave.. New York, N. Y., 1966. 
K. G. Wakim, Am. J. Med., g, 394 (1967). 
R. Walter, J. Rudinger and I. L. Schwartz, "Symposium on Ahtidiuretic Hormones." 
I. L. Schwartz and W. B. Schwartz, Eds., Am. J. Med., 42, 653 (1967). 
R. Acher. T. Chauvet, M. T. Chaxvet and D. Crepy, Biochim. Biophys. Acta. 107 

H. Sachs, in H. Peeters, Ed., "Protides of the Biological Fluids," Elsevier Pub. 
Co., Amsterdam, p. 181. 1965. 
E. Gaiton, E. Cob0 and M. Mizrachi, J. Clin. Invest., 9, 2310 (1964). 
J. Chauvet, M. T. Lenci and F. Acher, Biochim. Biophys. Acta, 8, 266 (1960). 
R. A. Gregory, H. J. Tracy and M. I. Grossman, Nature, a, 583 (1966). 
J. C. Anderson, G. W. Kenner, J. K. Macleod and R. C. Sheppard, Tetrahedron, 22, 
Suppl. 8 ,  39 (1966). 
J. S. Morley. J. Chem. SOC., 1967, 2410. 
J. S Morley, H. J. Tracey and R. A. Gregory, Nature, a, 1356 (1965). 
F. Hartley. Chem. in Britain, 3,  217 (1967). 
Anon., Lancet, I, 291 (1967). 
S. J. Konturek, Am. J. Digest. Dis., 12. 285 (1967). 
K. G. Wormsley, Lancet,I. 7533 (1968). 
S. J. Konturek, A. Kieta-Fyda and K. Moczurad, Am. J. Digest. Dis., 12, 955 (1967). 
W. D. Davidson, C. A. E. Lemmi and J. C. Thompson, Nature, 214, 596 (1967). 
D. J. C. Shearman, N.D. C. Finlayson. I. M. Murray-Lyon, R. R. Samson and 
R. H. Girdwood, Lancet, 192 (1967). 
S. Bank, I. N Marks, J. H. Louw and N. Tigler-Wybrandi, Lancet, 11. 67 (1967). 
J. Neely, Gut, 8, 242 (1967). 
S. Emas and M. I. Grossman, Gastroenterology, 52-, 959 (1967). 
W. G. Gobbel, Jr. and R. B. Adkins, Am. J. Surg., x, 183 (1967). 
D. R. Schneider, G. L. Endahl, M. C. Dodd, J. E. Jesseph. N. J. Bigley and 
R. M. Zollinger. Science, a, 391 (1967). 
J. E. McGuigan, Gastroenterology, 51, 697 (1967). 
B. S. Bedi, G. Gillespie and I. E. Gillespie, Lancet, I, 1240 (1967). 
V. Mutt, S .  Magnusson, J. E. Jorpes and E. Dahl, Biochemistry, 3. 2358 (1965). 
V. Mutt and J. E. Jorpes, 4th International Symposium on the Chemistry of 
Natural Products, Stockhomm, 1966. 
M. Bodanszky, M. A. Ondetti, S. D. Levine, V. L. Narayanan, M. von Sultza, 
J. T. Sheehan, N. J. Williams and E. F. Sabo, Chem. and Ind. (London), 1757 (1966). 

654 (1966). 

393 (1965). 



198 Sect. IV - Metabolic & Endocrine Heinz elman, Ed. 

109. 
110. 

111. 
112.  
113. 

114. 
115. 

116. 
117. 
118. 

119. 

120. 

121 .  

1 2 2 .  

123 

124. 

125. 

1 2 6 .  
127. 

128. 

129. 
13c. 
131. 

132. 
133. 
134. 
135. 

136. 

137. 

138. 

140. 
141. 
142. 
143. 
144. 
145. 

146. 
147. 

139 * 

148. 

M. Bodanszky and N .  J .  Will iams, J .  Am. Chem. S O C . ,  &, 685 (1967) .  
M. Bodanszky, M. A. O n d e t t i ,  S. D .  Levine and N. J. Williams, J. Am. Chem. Soc. ,  

@s 6753 ( 1 9 6 7 ) -  
P. H. Jordan and N .  D.  Peterson,  Annals Surg . ,  e, 914 ( 1 9 6 2 ) .  
W .  A.  Gryboski and R. Menguy, Am. J .  Digest  D i s . ,  2, 87 (1964).  
R. H. Unger, H. K e t t e r e r ,  J.  Dupre and A .  M. E i s e n t r a u t ,  J.  Clin.  I n v e s t . ,  5, 

D .  R .  Boyns, R .  J.  J a r r e t t  and H. Keen, B r i t .  Med. J . ,  2,  676 (1967) .  
D. H. COPP,  E .  C .  Cameron, B. H.  Cheney, A. G.  F .  Davidson, and K. G .  Henze, 
Endocrinology, E,  638 (1962) .  
P. F. Hirsch, G.  F. Gauthier and P. L. Munson, Endocrinology, z, 244 (1963) .  
G .  Busso la t i  and A .  G .  E. Pearse ,  J .  Endocrinol . ,  x, 205 (1967) .  
D. H. COPP, D .  W .  Cockcroft and Y.  Kuch, Canad. J .  Physiol .  Pharmacol., 5, 
1095 (1967);  P. L. Munson and P. F. Hirsch,  Cl in .  Orthop.,  e, 209 (1966) .  
A. Tenephouse, C .  Arnaud and H. Rasmussen; Proc. Nat l .  Acad. Sc i .  U.  S . ,  2 
818 (1965). 
P. L. Munson, J. T .  P s t t s ,  Jr. ,  R. H. R e i s f e l d ,  C .  W. CJoper and E. F. Voelkel,  
Science,  m, 425 (1966) .  
T. V.  Gudmundsson, I. MacIntyre and H. H. Soliman, Proc. Roy. SOC. ,  a, 460 

I. P u t t e r ,  E. A.  Kaczka, R .  E.  Harman, E.  L. Rickes,  A. J. Kempf, L. Chaiet ,  
J. W .  Rothrock, A. W .  Wase and F. J. Wolf, J. Am. Chem. S o c . ,  &, 530 (1967) .  
F. W .  Kahnt, B. Rin iker ,  I. MacIntyre and R. Neher, Helv. Chim. Acta, 2, 214 

J .  Franz,  J. Rosenthaler ,  K. Zehnder, W .  Doepfner, A .  Huquenin and S t .  Guttmam, 
Helv. Chim. Acta, 3, 218 (1968) .  
P. Blanquet,  M. Cro ize t ,  A .  Moura, F. Dumora and A.  Baghdiantz,  Science,  G, 

A. Haymovits and J. F. Rosen, Endocrinology, 3, 993 (1967) .  
G .  V.  F o s t e r ,  G. F. J o p l i n ,  I. MacIntyre, K. E.  W. Melvin and E. S lack ,  Lancet,  

J . - C .  Job,  G. Milhaud, F. Gorce, J . - M .  Boigne and A. Rossier .  Arch. Franc. 
P g d i a t r i e ,  a, 643 (1966) .  
A. H. Tash j ian ,  Jr . ,  and P .  L. Munson, Endocrinology, a, 520 (1965) .  
J. D. Clark,  C .  A .  Heiske l l  and A. D. Kenny, Pharmacologist ,  2, 232 (1967) .  
C. D. Arnaud, J r . ,  A .  M .  Tenenhouse and H. Rasmussen, Ann. Rev. Phys io l . ,  3, 

H. Rasmussen and L. C.  Craig,  J.  Bio l .  Chem., @, 2852 (1961) .  
C .  D. Hawker, J. D. Glass and H. Rasmussen, Biochemistry,  5 ,  344 (1966) .  
E. T .  L i t t l e d i k e  and C .  D. Hawker, Endocrinology, 81, 261  71967). 
J .  T .  P o t t s ,  J r . ,  G .  D .  Aurbach, I.. H. Sherwood and A. Sandoval, Proc. Nat l .  Acad 
S c i .  u. S . ,  3, 1748 (1965) .  
L. J.  Def tos ,  A. S. Rabson, R. M .  Buckle, G .  D. Aurbach, J. T. P o t t s ,  J r . ,  
Science,  x, 435 (1968) .  
S. H. Berson, R .  S. Yalow, G .  D. Aurbach and J. T. P o t t s ,  J r . ,  Proc. Nat l .  Acad. 
S c i .  U. S. , 9, 613 (1963).  
J. Axelrod, W .  B. Quay and P. C .  Baker, Nature,  208, 386 (1965) .  
R .  J .  Wurtman, J. Axelrod and E. W .  Chu, Science,  141, 277 (1963).  
Y. Morita and E. Dodt, E x p e r i e n t i a ,  1, 2 2 1  (1965) .  
R. J.  Wurtman, J. Axelrod and L. S. P h i l l i p s ,  Science,  142, 1071 (1963).  
J. A.  Kappers, Z .  Ze l l forsch ,  z, 163 (1960).  
D. E.  Wolfe and L. T .  P o t t e r ,  Science,  s, 440 (1962) .  
N .  J. Giarman and M. Day, Biochem. Pharmacol., 1, 235 (1959) .  
D. E .  Wolfe, L. T .  P o t t e r ,  K. C .  Richardson and-J. Axelrod, Science,  s, 440 

W .  B. Quay, Gen. Comp. Endocr inol . ,  2, 473 (1963) .  
S. H .  Snyder, M. Zweig, J. Axelrod and J. E. F i s c h e r ,  Proc. Nat. Acad. S c i . ,  2, 

P. Jouan, Path.  B i o l . ,  &, 93 (1968) .  

630 (1967) .  

(1966 1.  

(1968).  

381 (1967) .  

- I, 107 (1966) .  

349 (1967) .  

( 1 9 6 2 ) .  

301 (19651. 



Chap. 18 Non-Steroidal Hormones Hinman, M o r r e l l  199 

149. 

150. 
151. 

152. 
153. 
154. 

155. 

156. 
157. 
158. 

159. 
16c. 

161. 
162. 
163. 

164. 
165. 

166. 

167. 

169. 
170. 
171; 
172. 
173 * 
174. 
175. 

176. 

177. 

168. 

A. B. Lerner, 3. D .  Case, K. Biemann, R.  V. Heinzelman, J .  Szmuszkovicz, 
W .  C. Anthony and A. K r i v i s ,  J. h e r .  Chem. SOC.,  81. 5264 (1959).  
W .  Lovenberg. E. Jequier  and A. Sjoerdsma, Science,  122, 217 (1967).  
S. H. Snyder, J. Axelrod, J. E. F ischer  and R. J.  Wurtman. J. Pharmacol. Exp. 
Ther. m, 371 (1965) .  
W .  B. Quay, Proc. SOC. EXF. Bio. and Med., 3, 7iO (1964) .  
R. J. Wurtman, J .  Axelrod and L. S. P h i l l i p s ,  Science,  142, 1071 (1963).  
H. Weissbach, B.  G. Redfield and J. Axelrod, Biochim. Biophys. Acta, 2, 352 

R. J. Wurtman, F.  Lar in ,  J. Axelrod, H.  M.  Shein and K.  Rosasco, Nature, 3, 

R .  J.  R e i t e r  and R .  J. Hester ,  Endocrinology, B, 1168 (1966) .  
J. Axelrod. R .  J.  Wurtman and C .  M. Winget, Nature, 201, 1134 (1964). 
A .  Wolfson, i n  "Recent Progress i n  Hormone Research," G. Pincus, Ed. New York: 
Academic, 177, 1966. 
Symposium on Vasoactive Pept ides ,  Fed. Proc. ,  3, 1, 49ff (19681. 
"Hypotensive Pept ides ,"  Ed. by E.  G.  Erdos, N. Back, F. S i c u t e r i  and A. F. Wilde, 
Springer-Verlag, New York, 1966. 
D. P. Mertz, Wien, Klin.  Wschr., a, 169 (1967). 
H. 0. J.  C o l l i e r ,  Endeavour, g, 14 (1968) .  
L. Bernardi ,  R. decas t ig l ione ,  G.  B. Fregnan and A. H. Glbsser ,  J. Pharm. 
Pharmacol., x, 95 (1967) .  
A .  Anastasi, V. Erspamer and R. Endean, Experient ia .  3, 699 (1967). 
V. Erspamer, G .  B e r t a c c i n i ,  G.  deCaro, R. Endean and M. Impicc ia tore ,  Experi- 
e n t i a ,  2, 7c2 (1967) .  
L. Bernardi. G.  Bosis io ,  R .  decas t ig l ione  and 0. Goffredo, Exper ien t ia ,  3, 

E. Habermann and J. Jen tsch ,  Arch. Expt l .  Pathol .  Pharmakol., a, 40 (1966). 
I. H .  Page and J. W. McCubbin, "Renal Hypertension," Year Book Medical Publ i shers ,  
h e . .  Chicago, 1968. 
K. Arakawa and M. Nakamura, Circ. Res. ,  21, Suppl. 11, 101 (1967). 
E .  Haber, L. Page and G. Jacoby, Biochemistry, 2, 693 (1965). 
T. Goodfriend, G. Fasman. D. Kemp and L. Levine, Immunochemistry, 3 ,  223 (1966) .  
H.  J. G .  Hollemans, J. vander Meer and J. L. Touber, Nature, z, 278 (1968).  
K. J. Cat t ,  J. P. Coghlan and B. Romberg, Nature, 215, 395 (1967) .  
F. M. D i e t r i c h ,  Immunology, 4, 65 (1967) .  
E. E. Muirhead. B. E. Leach, B. Brooks, P. H. Shaw, W. L. Brosius ,  Jr . ,  
E. G .  Daniels and J .  W. Hinman, Rev. Franc. 5 t u d e s  Clin. e t  B i o l . ,  12, 893 (1967).  
R. R .  Smeby, S. Sen and F. M .  Bumpus. Circ. Res. Suppl. II., 1. 1 2 9  (1967); Am. 
J. Physiol. a, 337 (1968). 
E. G .  Daniels ,  J. W. Hinman. B. E. Leach and E. E Muirhead, Nature, 9, 1298 

(1960 1 - 
953 (1968). 

700 (1967) .  

(1967). 



I 
E 
I 

Chapter 19. Reproduction 

I r v i n g  Scheer, Ortho Research Foundation, Rari t an ,  N. J .  

troduction - The proliferation of oral  contraceptive preparations on- 
i n i n g  combinations o f  progestins and estrogens continued unabated. 
tensive investigation of other drug-induced methods o f  reproduction 

control has not  yielded yet a marketable product. Meanwhile, private and 
public f u n d i n g  for research on human reproduction problems continues t o  
increase. B u t  real progress i n  the control of human population growth 
may be achieved only when the minds of men are w i l l i n g  to acknowledge the 
horrendous reali t ies of unchecked growth. The most singular contribution 
i n  the field of reproduction i n  1967 may well have been the courageous 
and forthright concepts of populat ion control p u t  forth by Kingsley 

Steroids - The synthesis of ethynodiol diacetate and various analogues 
-now has been described i n  detail .3 Two more potent pragestins 
related t o  norgestrel, compounds 1 and 2, have been biologically 
eva 1 ua ted. 

OH 

I l i  

2 R = -0COCH3 

The addition o f  a methyl group a t  C-18 of 19-norprogesterone enhanced its 
progestational and antiestrogenic activit ies whereas like treatment of pro- 
gesterone decreased i t s  progestational activity while increasing i t s  anti- 
estrogenic activi t ~ . ~  The biological activit ies of two progestins derived 
from chlomadinone acetate, compounds 36 and 47 have been described. The 
A-norsteroids 5 and 6 are progestational8 and represent the f i r s t  examples 

C H 3  

c1 

C H 3  
I &?- - OAc 

AcO 
c1 

3 4 
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o f  A-norsteroids w i t h  this act ivi ty .  

- - -0 4i:: FH 3 
C=O 

c1 c1 

5 6 

The progestational activity of 14a,l7a-ethenopregn-4-ene-3,2O-dione has 
been extended t o  the two interesting structures 7 and 8.9 

20 1 - 

7 8 

Substitution o f  a 17a-cyclopropyl group for the 17a-ethynyl group in a 
series of 19-norsteroids d i d  no t  qualitatively change their  biological 
activit ies.1° 
ethynyl analogue, norethynodrel. Compound 10 i s  a strong progestin and 
ovulation blocker. l 1  

Thus 9 i s  both estrogenic and progestational as i s  the 17a- 

9 10 
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The use of a long-acting estrogen, 3-cyclopentyl ether of ethynyl 

es t radiol  , w i t h  a short-acting progestin such as chlormadinone acetate  
resu l t s  i n  a lon -acting contraceptive e f f e c t  t h u s  p e r m i t t i n g  a one-pill- 
a-month regime. l9 Another long-acting contraceptive e f f e c t  was obtained 
by a sin l e  150 mg. in ject ion of medroxyprogesterone acetate  every three months. I!/ 

Non-steroids - In te res t  i n  non-steroidal agents f o r  reproduction control 
appears t o  be increasing. Several tetrahydronaphthalene derivatives of 
basic s t ruc ture  11 have potent estrogenic and a n t i f e r t i l i t y  a c t i v i t y . I 4  

Quite unexpected i s  the uterotrophic 
potency of the hydrocarbon 11 ( R I  
and Rz = H ,  R3 = C6Hs). When R i  = 
H ,  R2 = OCH2CH2N (CzH5)zHBr and R3= 
4-ClCrjH4 and the structure is  trans 
the compound is  a highly e f fec t ive  
implantation i n h i b i t o r .  Other act ive 
compounds i n  t h i s  s e r i e s  are  those 
o f  s t ruc ture  11 w i t h  the following 
subs t i  tuents : 

f4 & R3 

11 R ,  

R 3  

H ( c i s  isomer) 
4 4 1  C6H4 

The series of basic 3,4-di hydronaphthalenes and 1,2,3,4-tetrahydro- 
1-naphthols was extended15 t o  afford two dihydronaphthalenes 12 and 13 
and the naphthol 14 which are  very potent a n t i f e r t i l i t y  agents i n  r a t  
t e s t s .  

f- 
( C H E ) ~ N  J* HC1 
I 

CH 30 

A 

CH 3O H 

12 13 14 
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The reduced naphthaleneones 15, 16 and 17 are effective an t i f e r t i l i t y  
agents as indicated i n  r a t  studies.16 

15 16 17 
Compounds 18, 19 and 20 are effective implantation inhibitors in 

ra ts .  17 

20 R' = F R2 = O C H 2 C H 2 q  

The estrogenic activity and an t i f e r t i l i t y  effect  of fenestrel l 8  and 
similar substituted cyclohexenes such as 21 l9 and 2220were described. 

CH30 C0,Me 

22 COCH, CH, 21 

A compound similar to  clomiphene was separated i n t o  i t s  c is  
(I.C.I. 47,699) and trans (I.C.I. 46,474) structures (23 and 24 re- 
spectively) which were shown t o  have markedly different biological 
activi t ies.2l  

23 24 

Thus  24 is orally active i n  inhibiting nidation in rats and i s  a weak 
and atypical estrogen with anti-estrogenic properties and l i t t l e  
p i t u i  tary-inhibitory activity.  
estrogen. 
published.22 

The cis isomer 23 acts l ike a conventional 
The synthesis of the much investigated clomiphene c i t r a t e  was 

F6066 (25) prevents conception when given t o  ra ts  and mice 



20 4 Sect. IV - Metabolic & Endocrine Heinzelman, Ed. 

on day six o r  e a r l i e r  a f t e r  demonstration of spermatozoa i n  the 
No effect on pregnancy was observed when the compound was administered on 
day seven o r  thereaf ter .  2-Phenyl-3-di ethyl pyrrol i dino ethoxy-6- 
methoxybenzofuran hydrochloride caused a 100% reduction of f e r t i l i t y  i n  
r a t s  and mice when given on days 1-5 a t  4 mg/kg ora l ly .24  The an t i -  
f e r t i l i t y  effect is  presumed t o  be caused by premature expulsion of ova 
from the fal lopian tubes. 
agent by virtue of i t s  ant i thyroid e f fec t25  and i t s  mode of action s t i l l  
remains undetermi ned . 

U-11634 (26) i s  not ac t ive  as an a n t i f e r t i l i t y  

c " 3 C o o ( y  
0 

CF3 J-d H 
I 

25 26 

Natural Products - A s ing le  homogeneous protein component "blastokinin",  
i so la ted  from the rabbi t  uterus and of estimated molecular weight  27,000, 
has been identified as an agent w h i c h  induces blastulat ion of rabbi t  
morula and stimulates blastocystdevelopment.26 

Decapacitation f a c t o r  (DF) obtained from rabbi t  and bull  seminal 
plasma has a molecular weight b e l w  2000 and i s  estimated t o  be about 
500 f o r  the DF from the bu11.27 DF i s  said t o  be a natural ly  occurring 
a n t i f e r t i l i t y  substance s ince i t  does not possess tox ic i ty  f o r  sperm b u t  
def in i te ly  prevents sperm from penetrating ova. 

factors  i n  wheat germ o i l  w h i c h  may influence f e r t i l i t y  again focuses 
a t tent ion on this long-studied material .  Octacosanol , a 28 carbon 
s t r a i g h t  chain saturated alcohol present i n  wheat germ o i l  may enchance 
f e r t i l i t y  i n  some animal species.  Further investigation is  required. 

A crude aqueous e x t r a c t  of powdered Combretodendron a f r i  canum bark 
i s  a smooth muscle st imulant and reportedly29 has contraceptive as well 
as abort i facient  properties.  Another plant  material w i t h  a f e r t i l i t y  
lowering e f f e c t  on r a t s  i s  byakangelicin, a furancoumarin from Ferula 
a l l i a c e ~ . ~ ~  A steroidal  o i l y  f rac t ion  extracted from the seed of Abius 
precatorius was ora l ly  ac t ive  when tes ted  f o r  a n t i f e r t i l i t y  a c t i v i t y  on 
r a t s  and mice.31 The material a l so  produced 80% s t e r i l i t y  i n  r a t s  when 
administered as a s ing le  oral  dose of 150 mg of o i l  da i ly  f o r  1-5 days 
i n  the post c o i t a l  period. 

A report32 on the use of human menopausal gonadotropin i n  con- 
junction w i t h  human chorionic gonadotropin o r  the use of clomiphene 
c i t r a t e  i n  the treatment of anovulation i n  humans reveals t h a t  when 
pat ients  a re  careful ly  selected f o r  s u i t a b l e  therapy an overall pregnancy 
r a t e  of approximately 56% may be achieved. 

A review28 of the possible e f f e c t  of an unidentified fac tor  o r  
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Reviews - A review of the clinical effects of an t i fe r t i l i ty  agents 
appeared by Tyler.33 The action of drugs on spermatogenesis has been 
reviewed by Fox and 
the endocrinology of the human menstrual cycle. The mode of action o f  
contraceptive drugs has been comprehensive1 reviewed by Diczfalusy. 36 

for references t o  metabolic studies of oral contraceptives. 

B ~ r t h ~ ~  reviewed current concepts concerning 

A recent bibliography on steroid conjugates 37 makes an excellent source 
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Chapter 20. Steroid Hormones and Thei r  Antagonists 

Romano Deghenghi,  A y e r s t  Labora to r i e s ,  Montreal,  C a n a d a  

T h e  proceedings of a conference  on the activity of meges t ro l  
acetate ( y  and of a symposium on quinestrol  (14) have  been pub- 

. T h e  abs t r ac t s  of p a p e r s  p re sen ted  at e Sixth Ac ta  lished 
Endocrinologica C o n g r e s s  in Helsinki are available , and s o  are  
the proczedings  of the Fifth World C o n g r e s s  on Ferti l i ty and  
Steril i ty . 

!? 1, 

Progestat ional  Agents  - A biological classification of progestational 
agents  comparing tp var ious  activities of this c l a s s  of subs t ances  
has  been p u b l i s h q  . T h e  potent antiestrogenic effect of no rges t r e l  
( 2 )  i s  d i scussed  , and s tudies  on i ts  metabolic fate in humans  have  

c1 

c== 
I .  3 

I OH 
@ *,#- 

0 / /  

C Z H  

0 

CH 

C=O 
I 3  

CH3 
1 2 3 

6 
been repor ted  . T h e  interactions of no rges t r e l  with ethynyl e s t r a -  
dioi ( t r a d e  names  of h e  combination: OVRAL and E U G Y N O N )  
have  been descr ibed  . 3 

T h e  synthesis  and  biological p r o  erties of r acemic  18-homo- Ep 
proges t e rone  ( 3 )  have  been repor ted  . 
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A dose  relationship study with chlormadinone acetgte ( 4 )  as  a 
9 

llminipilllf had  been published ; a clinical study of this antifertility 
agent,  and a novel approach in the contraceptive field, a r e v e r s e -  
sequential regimen aimed to i prove  the acceptability of 4 as a 
minipill h a s  been descr ibed  . 1P 

ThfZsynthes is  of 5 ,  the A-nor  analogue of 4 ,  h a s  been 
r eco rded  . When compared  in animals to chlormadinone acetate 
( 4 )  , the  potent progestin AY-11,440 ( 6 )  displayed biological 
differences whoselTractical  significance may be  understood only 
after human trial . 

Cl 
1 8 CH3 9 dH3 

Maintenance of pregnancy data ip4 animals f o r  the 16-methylene 
analogue 7 have  been repor ted  and so w a s  the quantita v e  
determination of melengestrol  acetate ( 8 )  in bovine t issue . 3t.3 
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T h e  remarkable  antitumor propert '  s of medroges tone  ( 9 )  on 18 uterine myomas  have  been announ 29d 
cological evaluation w a s  published . , and additional pharma-  

T h e  Nobel p r i ze  lec ture  by Hu i n s  on endocrine-induced 
r e g r e s s i o n  of c a n c e r s  w a s  printed 1% . 

10 11 12 

Exper iments  on the synchronisa  on of e s t r u s  in s h e e p  with 
Cronolone ( 10)  have  been r epor t ed  . T h e  synthesis  and  biololo - 
ical  activity of the cyclobutane photoadduct 11 h a s  been d iscussed  2 8  . 
T h e  metabolic c l e a r a n c e  rate in man and  in rabbit of 17-acetoxy- 
pregnenolone sulfate ( 12), y1 oral ly  active and  w a t e r  soluble 
progest in ,  h a s  been studied . 

R qH 
3 

CH2CH3 

CH2CHZCH3 

R = CH 

T h e  proper t ies  f o ologous trienic s t e ro ids  of s t r u c t u r e  13 have  
22, %P 

been rev iewed 
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E s t r o g e n s  - 
OH OH 

14 15 

I n  addition to t e var ious p a p e r s  presented at a symposium on 
quinestrol ( 1 4 )  , a study on the distribution of radioactivity in body 
fat and o r g n s  of rats t rea ted  with this labelled estrogen h a s  
appeared  . 

% 

I n  line with many other  es t rogens ,  the introduction of a 7a- 
methyl sgoup into mestranol  to give ( 1 5 )  enhances i ts  estrogenic 
activity . 

16 11 

T w o  new series of equilin derivatives ( 1 6  and 17 )  of high estro-  
genic potency and interesting dissociation of certain e s t ro  
proper t ies  and uterotrophic activity have been reported 2 €F,eY7 

T h e  exceptionally high potency of a new synthetic es t rogen ,  
B . D  .H. 6197, 
ethynylestradiol, w a s  briefly mentioned . B . D .  H . patents on 
substituted 17~-butadiynyl de’rivatives of estradiol have  appeared .  

reported to be  250-3002Bmes m o r e  potent than 

29 
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Cort icoids  - 

18 

f 

19 

T h e  biological activities of the  &l-deoxy analogue 18 of triamcinolone 
acetonide have  been published . This  s teroid had  interesting 
long-lasting proper t ies  upon intraar t icular  injection. 

T h e  resu l t s  of a clinical investigation of a n e w  formulation 
consisting of flumethasone pivalate ( 1 9 )  a n d  coal- tar  f o r  the treat- 
ment of p so r i a s i s  have  been published . 31 

M 

' . O H  . CH3 f l  --.CH3 OCO(CH,)~CH~ 

/ 

O N  

21 

Dexamethasone pivalate ( 2 0 )  w a s  successful ly  e ployed pa ren te r -  
ally in patients with chronic  rheumatoid ar thr i t is  . T h e  u s e  of 
betamethyjone 17-valerate  ( 2 1 )  in the t reatment  of de rma toses  w a s  
repor ted  . 

33 

T h e  synthesis  and  progzr t ies  of va r ious  17a-alkyl corticoid 
analogues appea red  in p r e s s  . 
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Androgens  - Anabolics - Miscellaneous S te ro ids  - 

T h e  ctjzical pharmacology of the anabolic trienolone 22 w a s  inves-  
tigated . 

T h e  effesk of L S D - 2 5  in man w e r e  reduced  by the s teroid 
SC-7294 ( 2 3 )  . 
Antagonists - S e v e r a l  publications have  appeared  describing the 
interesting anti3fylzfgenic proper t ies  of cypro terone  ( 24 ) and its 
acetate ( 2 5 )  . 

A r e p o r t 4 2  on the  antiandrogenic activity of the B-nort g3t.s- 
t e rone  derivative ( 2 6 ) ,  and on the  anti-tumor compound ( 2 7 )  
a r e  significant contributions in the field of steroidal antagonists. 
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Chapter 21. Non-steroidal Anti-inflammatory Agents 

T. Y. Shen, Merck Sharp & Dohme Research Laboratories 
Division of Merck & Co., Inc., Rahway, New Jersey 

Introduction - With the introduction of several new nonsteroidal 
drugs over the past three years, the clinical application of anti- 
inflammatory agents has become widely accepted. Indications are 
that the trend will continue to increase and a superior agent, 
both from the potency and safety point of view, is still welcome. 
Several compounds mentioned in previous reports have gradually 
advanced to the clinical or marketing stage. A heightened 
interest in anti-inflammatory research is evidenced by the occur- 
rence of three international symposia on the medicinal chemistry 
of these agents within a year or s0.l 
publications, another comprehensive review summarizing some seven 
hundred literature articles up to 1964 has appeared as a convenient 
ref erence.2 
of Inflammation have just been published3 to highlight some 
current investigations related to the initial phases of the 
inflammatory response. 

Among the voluminous 

The proceedings of a conference on Che mica1 Biology 

Etiology and Immunological Aspects - The possible role of micro- 
organisms and viruses in the etiology of arthritis continues to 
receive some attenti~n.~, No simple correlation between any 
infection and rheumatoid arthritis has been observed, but the 
presence of Bedsonia organism in urethritis and Reiter’s disease 
appears more than a coincidence.6 It seems not unlikely that 
many cases of autoimmune diseases may be the consequence of a 
genetically predisposed immunological abnormality precipitated 
by a diversity of infectious agents,7 including hypothetical 
ffslow viruses.If8 
ulated for various chronic degenerative disorders and presumably 
is facilitated by states of immunologic deficiency such as 
aggammaglobul inemia. 

This kind of two-stage process has been pbst- 

Extensive literature on autoimmune diseases, e.g. clinical 
aspects,9 animal modelslO and chemical suppression,ll is now 
available. However, the immunological characteristics of many 
inflammatory disorders is still poorly understood. Traditional 
anti-allergy agents such as antihistamines and antiserotonins 
are inadequate for chronic inflammatory diseases like rheumatoid 
arthritis. Recent experiments with antimetabolites and cytotoxic 
agents capable of inhibiting cellular proliferation or antibody 
synthesis, e.g. cytoxan,l2 immuran,l3 methotrexatel4 and chlor- 
ambucill5 have demonstrated certain degrees of clinical efficacy 
but often within a narrow range of therapeutic safety. Should 
a less toxic agent become available some reorientation of both 
patients and clinician regarding the benefit and long term risk 
involved in the use of immunosuppressants may still be needed. 
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The juxtaposition of a complex network of immune responses with 
an equally dynamic inflammatory process isstill too speculative 
to offer any reliable approach to antirheumatic drugs. However, 
with the current advances in immunology and with the discovery 
of novel agents to unravel immune mechanisms at the cellular and 
molecular levels, a promising future in this new field of anti- 
rheumatic research is expected. 

Biochemistry of Inflammation - The relationship between anti- 
inflammatory activity and the uncoupling of oxidative phosphor- 
ylation16 is still being clarified. 
cells which releases histamine, serotonin, proteases and heparin, 
requires an energy supply either by oxidative or glycolytic 
pathway. A fair correlation between the anti-edema potency, 
uncoupling activity and inhibition of degranulation was demon- 
strated with a number of nonsteroidal agents. l7 
hand, the increase of ATP level in inflamed tissue was not 
affected by sodium salicylate at its anti-edema dose. If signi- 
ficant changes were indeed produced by drug treatment either the 
cells affected represent a minor constituent of the tissue or 
an unknown compensation mechanism is implicated.18 

The degranulation of mast 

On the other 

Previous considerations about the inhibition of histidine 
decarboxylase,l9 5-hydroxytryptophan decarboxylase20 and chymo- 
trypsin21 by anti-inflammatory agents have been extended. 
Several serum proteins such as necrotizing factor and complement 
are stabilized by low concentrations of these agents toward heat 
denaturation.22 These observations further strengthen the view 
that since the observed biochemical changes in inflammation are 
only quantitative in nature clinically effective anti-inflammatory 
drugs are likely to be multivalent in their actions. Some of 
these in vitro systems probably are useful as primary screens 
capable of testing large numbers of small samples. Of course, 
any in vitro assay is subject to limitations which will yield 
many false positive results not correlated to in vivo activities. 
The uncertainty of a proposed in vitro anti-inflammatory assay, 
the binding of 2,4,6-trinitrobenzaldeh de to plasma albumin, 

-- 
-- -- 

-- 
was critically demonst rated recent 1 y. 23 

At the cellular level, anti-inflammatory agents stabilize 
erythrocyte membrane in hypotonic solutions24 and against thermal 
shock25 partly by causing membrane expansion up to 
arylacids the protection is favored at lower pH, a condition 
which is ideally met in inflamed tissues and distinguishes 
cationic membrane stabilizers. 

For 

The well known cytotoxic properties of many anti-inflammatory 
drugs have assumed a positive role in the current search for 
immunosuppressive agents. Interest in lymphocytes was accent- 
uated by recent investigations of antilymphocytic serum (ALS), 
which strongly discriminates against sensitized lymphocytes 
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involved in cell-mediated delayed hypersensitivity.26,27 
anti-inflammatory agents at 10-50 y/ml inhibit protein and nucleic 
acid synthesis in lymphocytes and epithelial cells to a varying 
degree.28 
by indoxol although in a protein-free medium 0nly.~9 

Common 

Selective antilymphocytic property was demonstrated 

The close association of fibrin deposition and inflammatory 
response is further supported by several recent experiments. The 
carrageenin-edema in the rat paw is inhibited by agents such as 
pival and heparin which affect the formation and resolution 
of fibrin.30 
inflammatory drugs has been confirmed and attributed to their 
binding to the fibrin molecule and possibly the release of a 
fibrinolytic activator .31 Salicylate and phenylbutazone also 
inhibit platelet aggregation and adhesion induced by fibrin and 
collagen fragments.32 

The moderate in vitro fibrinolytic activity of anti- -- 

In acute gouty arthritis the activation of Hageman factor 
is suggested as the initiating event followed by release of 
mediators, permeability changes and migration of leukocytes.33 
The significance of numerous mediators varies according to t he  
nature of inflammatory response involved, whether it is an acute, 
immediate-immune or delayed hypersensitivity type. The lymph 
node permeability factor (LNPF) appears to have a major role in 
delayed hypersensitivity. It is affected by relatively high 
doses of indomethacin, (I ) salicylate and pyridinol carbamate. (XI) 

0 
II 

CH30 m C H 2 & H  

?J a 3  
\ 

C=O 

c1 
(1) 

A permeability factor similar to LNPF has been found in thymus35 
and a variety of chronic inflammatory joint lesions including 
rheumatoids.36 Newly formed capillary vessels in granulomas are 
particularly sensitive to stimulation or damage by biogenic mines, 
kinins, etc.37 A combination of precapillary dilation and post 
capillary constriction leads to edema and leakage of plasma 
protein. 
at their therapeutic concentrations in vivo.38 

These effects are inhibited by anti-inflammatory agents 
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In Vivo Assays - The adjuvant arthritis assay has gained a wide 
a c c ~ m ,  m d  the serum alpha-2-glycoprotein was suggested as 
a parameter to measure the inflammatory response in this proto- 
co1.39,40 The immunological component in the adjuvant arthritis 
assay is not affected by Zymosan and methyl palmitate which 
enhances or depresses the reticuloendothelial function, respec- 
ti~ely.~1 However, potent interf eron-inducers (and RES affectors) 
like statdon42 and pyran copolymer43 are very active. 
doubtful that these tfantiarthriticTt activities are in any way 
related to their antiviral properties. As expected, antilymph- 
ocytic serum (ALS) inhibits the developrhent of ad'uvant arthritis. 
The activity of estrone remains to be ~larified.'~ The diversity 
of inhibitors in this assay would suggest caution in relating 
in vivo activity to clinical significance. 

-- 

It is 

44 

-- 
In addition, several versions of arthritis in animals are 

now available. In a modified adjuvant arthritis protocol animals 
are dosed for the first three days only. Immunosuppressants like 
cytoxan and immuran are capable of inhibiting some early events 
and suppress the development of pol yarthr it is two weeks 1 ater . 46 
A periarthritis model is produced by the activation of a latent 
PPLO infection by 6-sulf ~ilarnidoinda~ole.~7,48 
syndromes are somewhat different from those expressed in the 
regular adjuvant arthritis. There is also a connotation regarding 
the possible etiology of human arthritis. So far no major 
discrepancy in drug response has been shown by these two versions. 

The pathological 

A comparison of adjuvant arthritis and allergic encephalo- 
myelitis suggested that the latter may be a superior model to 
evaluate the suppression of cell mediated delayed-hypersensitivity. 

49,50 

Polyene antibiotics such as filipin induce acute and 
chronic arthritis after repeated intra-articular injections in 
rabbit knee joints.51 
produced by lysosome disruption, resemble those in degenerative 
arthritis. Lesions produced by streptolysin S are considered 
to be rheumatoid arthritis-like. 

The histological lesions, presumably 

An in ova assay capable of detecting the granuloma-inhibitory -- 
activity of various steroids and non-steroids, including chloro- 
quin, has been developed. 52 
characteristics of this new protocol remain to be clarified. 

Indomethacin and Analogs - While the clinical application of 
hdomethacin in the treatment of spondylitis, gout, osteoarthrosis 
and rheumatoid arthritis remains widely accepted, its efficacy 
against rheumatoid arthritis has become a matter of some dis- 
cussion in the recent literature. 53 9 54 9 5 5 9  56 
chemists the inadequacy of existing animal models to simulate 
rheumatoid arthritis should also be realized. 

However, the selectivity and other 

For medicinal 
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Additional mechanisms of action of indomethacin suggested 
are the inhibition of leukocyte migrations7 and antagonism of 
capillary constri~tion.~~ Like other anti-inflammatory agents 
it possesses moderate antilymphocytic properties in vitro, but 
no adverse effect on the host-resistance of experimental 
animals .58 9 59 

-- 

c= 0 

A recently disclosed analog is the 5-dimethylamino deriva- 
tive (111)60 with a potency nearly 1/2 x indomethacin but with 
different metabolic and distribution properties.61 
analog of indomethacin (IV)62 is about 1/20 to 1/10 as potent 
in animals and being investigated in the clinic. The rigid 
position isomer (V) was found previously to be much less active 
in animals at Merck Research Laboratories and this was confirmed 
independently in France.63 

The tetrazole 

Aryl Acetic Acids - The a-methyl homolog of ibufenac (Dytransin), 
ibuprofen (VI), is 4 to 8 times more active iR anti-inflammatory, 
analgesic and antipyretic assays ,65 but the increased potency 
was not confirmed in a brief clinical study.66 Unlike other aryl 
acetic acids,67 both d and 1 enantiomorphs are active in animals, 
although only dextro-rotatory metabolites with oxidized isobutyl 
side-chains were isolated as principle urinary metabolites. 65 

OH 
I 0 

OH 
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The potent anti-inflammatory activity of MJ (BDH)-1983 (VII) 
was discussed in detai1,68 but no clinical data has yet 
disclosed. 

been 

Additional pharmacological results and the structure-activity 
relationship of p-n-butoxyphenyl acethydroxamic acid (VIII) 
(CP 1044 J 3, Droxgryl) have been published.69 
metabolized to the corresponding amide (CP 1044 J 4), the carboxy- 
lic acid and its glucuronide.70 

In man it is 

With namoxyrate, the acid moiety (IX) is strongly bound by 
plasma proteins. It deposits largely in fat and muscle and to a 
smaller extent in the brain.'jr1 Contrary to expectations, the drug 
is not converted to a hydroxyl or glucuronide metabolite but ex- 
creted unchanged. The observed differences in distribution and 
metabolism of several aryl acetic acids indicate that comparative 
metabolic studies may be a practical approach to evaluate the 
long-term safety of many active aryl aliphatic acids. 

Another analog, 2-(10-methylphenothiazinyl) acetic acid (X) 
(16,091 R.P.) has shown a potency 3 times phenylbutazone in the 
carrageenin edema and U.V. erythema assay but less irritating in 
animals .72 

Fenamates - N-Aryl anthranilic acid has become a major lead with 
broad appeal to many investigators. Several members of the fena- 
mate family are actively being developed at the clinical stage. 
Mefanamic acid (Ponstel) was cleared by FDA for short-term use in 
the relief of pain,73 and flufenamic acid (Arlef) is available 
abroad. 
laboratories inde~endently.?~-77 Niflumic acid (XI ) is comparable 

The pyridine analo s were investigated by at least four 

(XX)R2=H, R3=CF3 

(XII)R2=CH3, R3=Cl 

(XI I1 )R2=CH3, R3=N02 

to flufenamic acid in animals and is used in Europe at 1-1.5 g. 
per day. 
to be similar in potency but less ulcerogenic in animals. The 

The 2 - ( 2 '  -methyl-3' -chloro) analog (XII)77 was reported 
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2' -methyl-3' -nitro analog (XIII) was also claimed in a patent.78 
The phenothiazine analog, SKF 22908, reported last year is under- 
going clinical study.79 The quinoline analog (Glafenin, XIV) has 
been introduced to the European market as 200 mg. tablets. 

P OH 

Moderate antipyretic, analgesic and anti-edema activities 
were shown by the alkaloid damascenin, 3-methoxy-N-methylathrani- 
late, (XV)80 again structurally related to a metabolite in the 
tryptophan pyrrolase pathway as are several antirheumatic drugs. 

Analgesic Anti-inflammatory Agents - Inasmuch as a CNS component 
is involved in the development of inflammatory response, it.is 
not surprising that morphine, chloropromazine, anti-depressants 
and related structures are highly active in the edema, granuloma 
and other anti-inflammatory assay~.81,8~,83 
the alkaloid cryogenine84 equipotent to phenylbutazone. 
compounds usually produce less gastrointestinal irritation, but 
their application is more effective in acute inflammatory disorders 
and limited by other CNS effects associated with them. 

A recent example was 
These 

9 3  

0 a 3  

(XVI ) R=CH2CH2N, 

II 
(XVII) R=C-QH 

Benzydamine (Tantum) (XVI) was developed as an anal esic agent and 
its application in the clinic is being e~panded.~~r'~ The 
corresponding acetic acid (XVII ) is only weakly anti-inflammatory, 
again confirming that the aryl moieties optimal for carrying the 
anti-inflammatory acetic acid side-chain and the analgesic alkyl- 
amine side-chain are not usually identical. Oxolamine (XVIII) 
(Perebron) has been tried for treating inflammatory diseases 
of the urinar tract.88 Its potential teratogenic effect was 
investigated. gg 
Two 2-chloro-lO-( p -alanyl )phenothiazines XIX, XX) have shown 
anti-inflammatory and diuretic activity.91 The sulfone deriva- 
tive (XX) is 5 x hydrocortisone in the carrageenin edema assay. 

87 

Some related structures have also been examined. 
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FzH5  k 

c1  

H2CH2Iy 
C2H5 

N- 

(XVIII) 
O = C - C H ~ C H ~ N H ~  

(XIX) R=O (XX) R = 0 2  

Many anti-inflammatory a ry l  acids  possess  per ipheral  antinoci- 
ceptive effects; a ranking l i s t  of their  relative analgesia in man and in 
animals  has  been compiled. 92 Perhaps  to a l e s s e r  degree,  their  anti- 
inflammatory activity is  a l so  dependent on the CNS system in several  
a s say s. 

Miscellaneous - As a consequence of the wide-spread search  for 
anti-inflammatory agents several  novel s t ruc tures  with a variety of 
activity-profiles have been discovered. A pyrazolo( 3. 4-c) pyridine 
derivative (Su 15335) (XXI), possessing the par t ia l  s t ructure  of a family 
of very potent steroids,  has  been reported to be  one of the most  active 
nonsteroidal agents. 93 5-n-Butyl- 1 -cyclohexyl-2,4, 6-trioxoperhydro- 
pyrimidine (XXII) (TBA 305) is  a moderately active compound comparable 
to p henylbutazone. 94 

72H5 RO(7-32 

OH 

0 
(XXII) 

(XXIII) 

R = -CH2Q 

The narrow anti-edema acti rity of trihydroxyethyl rutoside (z 6000) is  
inhibited by adrenalectomy. '5 Ethyl 3, 5,6-tri-o-benzyl-D-glucofuranoside 
(XXIII) (CIBA 2 140 1 -Ba, Glyvenol) inhibits broadly the inflammatory 
mediators ,  the anaphylactic and acute  inflammatory responses,  the 
antigen-antibody reaction and the migration of granulocytes. 9 6 y  97 The 
clinical application of this novel s t ruc ture  has  not been published. 

The efficacy of penicillamine and cysteine in the t reatment  of 
rheumatoid a r th r i t i s  was considered modest only; fur ther  enhancement 
in  potency and improvement of side-effects a r e  needed. Sulfh dry1 
compounds possess  an inhibitory effect  on collagen ~ y n t h e s i s 9 ~  but 
their  immunochemical propert ies  remain to be  elucidated. 
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Section V - Topics  in Biology 
Editor:  I. I. A. Tabachnick, Schering C o r p . ,  Bloomfield, New J e r s e y  

C h a p t e r  2 2 .  Drug Metabol i sm 

Samson Symchowicz a n d  Edwin A .  P e e t s  
S c h e r i n g  Corp . ,  B l o o m f i e l d ,  N.  J. 

I n t r o d u c t i o n  - The s t u d y  o f  d r u g  m e t a b o l i s m  i n v o l v e s ,  i n  a d d i -  
t i o n  t o  t h e  d e t e r m i n a t i o n  o f  t h e  m e t a b o l i c  f a t e  o f  t h e  d r u g ,  
s t u d i e s  o f  d r u g  a b s o r p t i o n  a n d  d i s t r i b u t i o n ,  p r o t e i n  b i n d i n g ,  
t r a n s p o r t  a c r o s s  membranes,  a n d  d r u g  e x c r e t i o n .  A s  a r e s u l t  
o f  s u c h  s t u d i e s  i t  i s  now a p p a r e n t  t h a t  m o s t  l i p i d  s o l u b l e  
d r u g s  a r e  c o n v e r t e d  t o  o t h e r  s u b s t a n c e s  p r i o r  t o  t h e i r  e x c r e -  
t i o n  m a i n l y  i n t o  t h e  u r i n e  a n d  t h e  b i l e .  T h e r e f o r e ,  t h e  t h e r -  
a p e u t i c  a c t i v i t y  o f  a d r u g ,  i t s  d u r a t i o n  o f  a c t i o n , a n d  p o s s i b l e  
t o x i c  m a n i f e s t a t i o n s  w i l l  be i n f l u e n c e d  b y  t h e  t y p e  a n d  d e g r e e  
o f  i t s  c o n v e r s i o n  i n  t h e  o r g a n i s m .  

The r e a l i z a t i o n  t h a t  some d r u g s  owe t h e i r  t h e r a p e u t i c  
e f f e c t  t o  t h e i r  m e t a b o l i t e s  h a s  s t i m u l a t e d  a n  i n t e r e s t  i n  t h e  
s t u d y  o f  t h e  m e t a b o l i c  f a t e  o f  new a n d  o l d e r  d r u g s  i n  a n i m a l s  
a n d  man. Such s t u d i e s  have  l e d  t o  t h e  d e v e l o p m e n t  o f  s e v e r a l  
i m p o r t a n t  d r u g s  i n c l u d i n g  t h e  f o l l o w i n g  “ a c t i v e  m e t a b o l i t e s ” ;  
t h e  a n t i b a c t e r i a l  a g e n t  s u l f a n i l a m i d e ,  a m e t a b o l i t e  o f  p r o n t o -  
s i l  rubrum; t h e  a n a l g e s i c  p - h y d r o x y a c e t a n i l i d ,  a m e t a b o l i t e  o f  
a c e t a n i l i d ;  a n d  t h e  a n t i d e p r e s s a n t  d e s i p r a m i n e ,  a m e t a b o l i t e  
o f  i m i p r a m i n e .  P h e n y l b u t a z o n e  i s  c o n v e r t e d  t o  two “ a c t i v e  
m e t a b o l i t e s , ”  o x y p h e n b u t a z o n e ,  t h e  a n t i r h e u m a t i c  a g e n t ,  a n d  a n  
u r i c o s . u r i c  a g e n t .  I t  i s  e x p e c t e d  t h a t  d r u g  m e t a b o l i s m  s t u d i e s  
w i l  g r e a t l y  i n c r e a s e  i n  t h e  y e a r s  t o  come, p a r t i a l l y  due  t o  t h e  
i n c r e a s i n g  e m p h a s i s  b y  t h e  Food a n d  Drug A d m i n i s t r a t i o n  1’2 O* 
t h e  u s e f u l n e s s  o f  m e t a b o l i c  d a t a  i n  t o x i c i t y  s t u d i e s  a n d  p r e -  
c l i n i c a l  i n v e s t i g a t i o n s .  

I t  w i l l  n o t  be p o s s i b l e ,  i n  t h e  s p a c e  a l l o t t e d ,  t o  r e v i e w  
a l l  t h e  p a p e r s  r e l a t e d  t o  d r u g  m e t a b o l i s m  p u b l i s h e d  d u r i n g  t h e  
l a s t  y e a r ,  n o r  would s u c h  a n  e x t e n s i v e  a n d  d e t a i l e d  r e v i e w  be 
o f  much v a l u e  t o  t h e  m e d i c i n a l  c h e m i s t s  f o r  whom t h i s  r e v i e w  i s  
i n t e n d e d .  The p u r p o s e  o f  t h i s  communica t ion  i s  t o  p r e s e n t  t h e  
b a s i c  c o n c e p t s  o f  d r u g  m e t a b o l i s m  a n d  t o  i l l u s t r a t e  t h e s e  con-  
c e p t s  b y  r e v i e w i n g  s e l e c t e d  p a p e r s  on d r u g  m e t a b o l i s m  p u b l i s h e d  
i n  1967 i n  a f a s h i o n  u s e d  p r e v i o u s l y  3, 4. 

I t  i s  hoped  t h a t  a b e t t e r  u n d e r s t a n d i n g  o f  m e t a b o l i c  p a t h -  
ways of  d r u g s  w i l l  s t i m u l a t e  t h e  i n t e r e s t  o f  t h e  m e d i c i n a l  
c h e m i s t  t o  s t r u c t u r a l l y  m o d i f y  t h e  a n t i c i p a t e d  s i t e s , o r  r e g i o n s ,  
o f  t h e  m e t a b o l i c  a t t a c k s  t o  p e r m i t  s y n t h e s i s  o f  b e t t e r  a n d  more 
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u s e f u l  d r u g s .  A number o f  e x c e l l e n t  p a p e r s  a n d  r e v i e w s  p e r -  
t a i n i n g  t o  d r u g  m e t a b o l i s m  a p p e a r e d  i n  t h e  l i t e r a t u r e  o v e r  t h e  
l a s t  f e w  y e a r s  t o  which  t h e  reader i s  r e fe r r ed  3-16. 

G e n e r a l  A s p e c t s  - The m e t a b o l i s m  o f  a d r u g  i s  d e p e n d e n t  i n  a 
l a r g e  d e g r e e  on  i t s  p h y s i c o c h e m i c a l  c h a r a c t e r i s t i c s .  Drugs 
w i t h  e x t r e m e l y  low l i p i d  s o l u b i l i t y  a r e  g e n e r a l l y  n o t  metabo-  
l i z e d  a n d  a r e  l a r g e l y  e x c r e t e d  i n  u r i n e .  T h e i r  e x c r e t i o n  i s  
d e p e n d e n t  on  t h e  g l o m e r u l a r  f i l t r a t i o n  r a t e ,  a n d  t h e y  a r e  n o t  
r e a b s o r b e d  i n  t h e  r e n a l  t u b u l e s .  On t h e  o t h e r  hand ,  l i p i d  s o l -  
u b l e  d r u g s  d i f f u s e  from t h e  g l o m e r u l a r  f i l t r a t e  back i n t o  t h e  
p lasma u n t i l  t h e  c o n c e n t r a t i o n s  o f  t h e  un;gnized d r u g  i n  
p lasma a n d  u r i n e  a r e  v i r t u a l l y  i d e n t i c a l  . Thus, t h e  e l i m i n -  
a t i o n  o f  l i p i d  s o l u b l e  d r u g s  b y  t h e  k i d n e y  i s  e x t r e m e l y  s l o w .  
T h e r e f o r e , t h e  m a j o r  f u n c t i o n  o f  t h e  d r u g  m e t a b o l i z i n g  enzymes 
i s  t o  g e n e r a t e  more r e a d i l y  e x c r e t e d  p o l a r  d e r i v a t i v e s .  

There  e x i s t s  i n  a l l  s p e c i e s  a g e n e r a l  p a t t e r n  f o r  d r u g  
m e t a b o l i s m  which c a n  be d e s c r i b e d  a c c o r d i n g  t o  t h e  f o l l o w i n g  
s e r i e s  o f  r e a c t i o n s  13: 

o x i d a t i o n  , r e d u c t i o n  
DRUG a s y n t h e t i c  a n d / o r  s y n t h e t i c  c o n j u g a t i o n  

r e a c t i o n s ’  h y d r o l y s i s  p r o d u c t s  r e a c t i o n s ’  p r o d u c t s  

Most d r u g s  a re  o x i d i z e d  o r  r e d u c e d  b y  enzymes l o c a t e d  
m a i n l y  i n  t h e  e n d o p l a s m i c  r e t i c u l u m  o f  t h e  l i v e r  c e l l s .  The 
r o u g h - s u r f a c e d  form o f  t h e  e n d o p l a s m i c  r e t i c u l u m  c o n t a i n s  r i b o -  
somes w h i l e  t h e  s m o o t h - s u r f a c e d  form i s  d e v o i d  o f  r i b o s o m e s ,  
b u t  c o n t a i n s  t h e  r e l a t i v e l y  n o n s p e c i f i c  d r u g  m e t a b o l i z i n g  e n -  
zymes. Smclll amounts  o f  d r u g  m e t a b o l i z i n g  enzymes a r e  a l s o  
l o c a t e d  i n  t h e  e n d o p l a s m i c  r e t i c u l u m  o f  t h e  k i d n e y ,  l u n g ,  a n d  
t h e  g a s t r o i n t e s t i n a l  t r a c t  lo. I t  i s  o f  i n t e r e s t  t h a t  d r u g  
m e t a b o l i z i n g  enzymes a r e  f o u n d  i n  t h e  l i v e r  o f  m a m m a l s ,  b i r d s ,  
a n d  r e p t i l e s  b u t  a r e  l a r g e l y  a b s e n t  i n  f i s h  a n d  a m p h i b i a  which 
d i s p o s e  o f  f o r e i g n  l i p i d - s o l u b l e  compounds b y  d i f f u s i o n  t h r o u g h  
t h e  g i l l s  o r  s k i n  s o  

O x i d a t i o n s  a r e  p r o b a b l y  t h e  m o s t  common r e a c t i o n s  i n  d r u g  
m e t a b o l i s m .  They a r e  c a t a l y z e d  b y  enzymes c l a s s i f i e d  as  mixed 
o x y g e n a s e s  b e c a u s e  t h e y  r e q u i r e  b o t h  a r e d u c i n g  a g e n t  (TPNH) 
a n d  a t m o s p h e r i c  oxygen.  These  enzymic r e a c t i o n s  i n c l u d e  a r o -  
ma t i c  h y d r o x y l a  ti on ,  s i d e  - c h a i n  o x i d a t i o n ,  N - d e a l k y l a  t i o n ,  
0 - d e a l k y l a t i o n ,  s u l f o x i d e  f o r m a t i o n ,  a n d  d e a m i n a t i o n .  

The p r e s e n t  view o f  t h e  c h a i n  o f  e v e n t s  l e a d i n g  t o  t h e  
o x i d a t i o n  o f  a d r u g  b y  t h e  m i c r o s o m a l  enzymes h a s  b e e n  summar- 
i z e d  b y  B r o d i e  l 2  8s f o l l o w s :  
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Drug + P-450 +Drug - P -4 5 0 TPNH + Drug-P-450 
( o x )  - ( 0 x 1  P-450 ( r e d )  

r e d u c  t ase  

Drug-P-450 .02+ O x i d i z e d  d r u g  + P-450 
( r e d )  ( o x )  og\ 

A p r i n c i p l e  p a r t i c i p a n t  i n  t h e  pa thway i s  a newly descr ibed 
"component"- c y t o c h r o m e  P-450- which f o r m s  a n  " a c t i v e  oxygen" 
complex n e e d e d  f o r  t h e  t r a n s f e r  o f  a h y d r o x y l  g r o u p  t o  t h e  
d r u g  lo. T h i s  "component ,"  p r e s e n t  i n  t h e  microsomes  o f  l i v e r ,  
k i d n e y ,  a n d  i n t e s t i n a l  mucosa a n d  i n  t h e  a d r e n a l  microsomes  
a n d  m i t o c h o n d r i a  ha8  b e e n  c h a r a c t e r i z e d  as  a p i g m e n t  which i s  
u n u s u a l  i n  t h a t  i t s  s p e c t r u m  i n  o x i d i z e d  a n d  r e d u c e d  form i s  
v i r t u a l l y  t h e  same a n d  when o x i d i z e d  i t  d o e s  n o t  form a com- 
p l e x  w i t h  c y a n i d e  ''. 
b i n e s  w i t h  CO f o r m i n g  a complex w i t h  a n  a b s o r p t i o n  max.at  450 
mp ( h e n c e  t h e  name P-450) .  

I t s  r e d u c e d  form,  however ,  r e a d i l y  com- 

Many t y p e s  o f  d r u g s  a r e  m e t a b o l i z e d  b y  t h e  l i v e r  microsomes  
t o  more p o l a r  d e r i v a t i v e s ;  however  s u c h  m e t a b o l i s m  i s  n o t  l i m -  
i t e d  t o  d r u g s  a l o n e .  S i m i l a r i t i e s  h a v e  b e e n  shown b e t w e e n  d r u g  
m e t a b o l i z i n g  enzymes a n d  s t e r o i d  h y d r o x y l a s e s  i n  l i v e r  m i c r o -  
somes s u g g e s t i n g  t h a t  s t e r o i d  hormones c a n  s e r v e  as  s u b s t r a t e s  
f o r  t h e  d r u g  m e t a b o l i z i n g  enzymes 7 .  

A wide v a r i a b i l i t y  i n  t h e  m e t a b o l i c  p a t h w a y s  e x i s t s  b e t w e e n  
s p e c i e s ,  s t r a i n s ,  s e x e s  ( p r i m a r i l y  i n  t h e  r a t ) ,  a n d  e v e n  b e t w e e n  
i n d i v i d u a l s .  Most o f  t h e s e  d i f f e r e n c e s  a r e  q u a n t i t a t i v e  i n  n a -  
t u r e  b u t  some a r e  q u a l i t a t i v e .  The r e a s o n  f o r  s u c h  v a r i a b i l i t y  
i s  n o t  a s  y e t  c l e a r .  I t  i s  p o s s i b l e  t h a t  t he re  may be a d i f f e r -  
e n c e  i n  t h e  number a n d  q u a n t i t y  o f  m i c r o s o m a l  enzymes,  o r  a 

10 d i f f e r e n c e  i n  s u b s t r a t e  s p e c i f i c i t y  a n d  o t h e r  p r o p e r t i e s  . 
I t  i s  a l s o  p o s s i b l e  t h a t  v a r i o u s  t y p e s  o f  enzymes a r e  l o c a l i z e d  
i n  d i f f e r e n t  t y p e s  o f  c e l l s ,  t h u s  t h e  n a t u r e  o f  m e t a b o l i c  t r a n s -  
f o r m a t i o n  w i l l  be r e l a t e d  t o  t h e  amount  a n d  c e l l  t y p e  p r e s e n t  
i n  t h e  l i v e r  o f  a p a r t i c u l a r  s p e c i e s  o r  s t r a i n  o f  a n i m a l s  15. 

S p e c i e s  d i f f e r e n c e s  i n  d r u g  m e t a b o l i s m  make a r e l i a b l e  
e x t r a p o l a t i o n  o f  d r u g  S e h a v i o r  from a n i m a l  t o  man v e r y  d i f f i -  
c u l t  a n d  show t h e  i m p o r t a n c e  o f  c a r r y i r : g  o u t  m e t a b o l i c  s t u d i e s  
i n  man. However, i t  has b e e n  shown f o r  a number o f  d r u g s ,  t h a t  
a v a l i d  p r o j e c t i o n  o f  a c t i v i t y  a s  w e l l  a s  t o x i c i t y  f rom a n i m a l  
t o  man i s  p o s s i b l e  when clyyf,fz:ponses a r e  r e l a t e d  t o  p lasma 
l e v e l s  r a t h e r  t h a n  d o s e  

Microsouial  Enzyme I n d u c t i o n  - The a c t i v i t y  o f  l i v e r  m i c r o s o m a l  
enzymes c a n  be a l t e r e d  b y  n u t r i t i o n a l  f a c t o r s ,  hormones,  a n d  
many f o r e i g n  compounds. Drugs,  i n s e c t i c i d e s ,  a n d  c a r c i n o g e n s  
a r e  known t o  s t i m u l a t e  d r u g  m e t a b o l i z i n g  enzymes a n d  f r e q u e n t l y  
t o  i n c r e a s e  t h e  c o n c e n t r a t i o n  o f  enzyme p r o t e i n  ( i n d u c t i o n ) L 6 .  
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Enzyme i n d u c t i o n  i s  e x t r e m e l y  i m p o r t a n t  i n  e v a l u a t i n g  pharma- 
c o l o g i c a l ,  t o x i c o l o g i c a l ,  a n d  t h e r a p e u t i c  a c t i v i t y  o f  a d r u g  
s i n c e  i t  a f f e c t s  t h e  d u r a t i o n  a n d  i n t e n s i t y  o f  d r u g  a c t i o n .  

There  a r e  a t  l e a s t  two t y p e s  o f  enzyme i n d u c e r s  16'17. 
The f i r s t ,  e x e m p l i f i e d  b y  p h e n o b a r b i t a l ,  s t i m u l a t e s  a l a r g e  
v a r i e t y  o f  m e t a b o l i c  r e a c t i o n s  a n d  c a u s e s  p r o l i f e r a t i o n  o f  t h e  
s m o o t h - s u r f a c e d  e n d o p l a s m i c  r e t i c u l u m  '. I t  a l s o  e x e r t s  a 
marked a n a b o l i c  e f f e c t  on t h e  l i v e r  r e s u l t i n g  i n  a n  i n c r e a s e d  
c o n c e n t r a t i o n  o f  m i c r o s o m a l  p r o t e i n s  16. The s e c o n d ,  e x e m p l i -  
f i e d  by t h e  p o l y c y c l i c  a r o m a t i c  h y d r o c a r b o n  3 - m e t h y l c h o l a n -  
t h r e n e ,  s t i m u l a t e s  a l i m i t e d  g r o u p  o f  enzymic r e a c t i o n s ,  h a s  
l i t t l e  e f f e c t  on t h e  p r o l i f e r a t i o n  o f  t h e  s m o o t h - s u r f a c e d  endo-  
p l a s m i c  r e t i c u l u m  a n d  on  t h e  c o n c e n t r a t i o n  o f  l i v e r  m i c r o s o m a l  
p r o t e i n s ,  b u t  s t i m u l a t e s  l i v e r  g r o w t h  a n d  t h e  s y n t h e s i s  o f  
t o t a l  l i v e r  p r o t e i n s  16. The mode o f  a c t i o n  o f  enzyme i n d u c e r s  
i s  unknown , but s y n t h e s i s  o f  n u c l e i c  a c i d s  o r  p r o t e i n s  may be 
i n v o l v e d  s i n c e  t h e  i n d u c t i o n  b y  p h e n o b a r b i t a l  a n d  3 - m e t h y l c h o l -  
a n t h r e n e  i s  b l o c k e d  b y  e t h i o n i n e ,  puromycin  o r  a c t i n o m y c i n - D .  
I t  i s  o f  i n t e r e s t  t h a t  humans v a r y  i n  r e s p o n s i v e n e s s  t o  m i c r o -  
soma1 enzyme s t i m u l a t o r s  a n d  o c c a s i o n a l l y  a n i m a l s  a r e  f o u n d  
r e f r a c t o r y .  T h i s  s u g g e s t s  t h a t  a g e n e t i c  f a c t o r  may p l a y  a 
r o l e  i n  m i c r o s o m a l  enzyme s t i m u l a t i o n  16. 

I n  a d d i t i o n  t o  i n d u c i n g  t h e  m e t a b o l i s m  o f  o t h e r  d r u g s ,  
many s u b s t a n c e s  h a v e  t h e  a b i l i t y  upon c h r o n i c  a d m i n i s t r a t i o n  
t o  s t i m u l a t e  t h e i r  own m e t a b o l i s m .  While  some d r u g s  l i k e  p h e n y l -  
b u t a z o n e  a n d  t o l b u t a m i d e  a r e  r a p i d  s e l f - s t i m u l a t o r s ,  o t h e r s  
l i k e  p r o b e n e c i d  may r e q u i r e  3 weeks t o  e n h a n c e  t h e i r  own metab-  
o l i s m  l a .  The s e l f - i n d u c t i o n  c o u l d  a c c o u n t  f o r  c h a n g e s  i n  d r u g  
t o x i c i t y  o b s e r v e d  on p r o l o n g e d  t r e a t m e n t  Welch e t  a 1  l 8  
h a v e  r e c e n t l y  s u g g e s t e d  t h e  u s e  o f  t h e  p lasma h a l f - l i f e  o f  a n t i -  
p y r i n e  ( w h i c h  i s  c o m p l e t e l y  m e t a b o l i z e d  a n d  d i s t r i b u t e d  e v e n l y  
i n  body w a t e r )  as a n  i n d i c a t o r  o f  e n h a n c e d  d r u g  m e t a b o l i s m  i n  
a n i m a l s .  

Dayton e t  a 1  Is h a v e  o b s e r v e d  t h a t  t h e  r a t e  o f  d r u g  d i s a p -  
p e a r a n c e  ( p h e n y l b u t a z o n e ,  b i c o u m a c e t a t e ,  p r o b e n e c i d ,  a n d  
d i p h e n y l h y d a n t o i n )  from dog p lasma i s  d o s e  d e p e n d e n t .  H i g h e r  
d o s e s  r e s u l t e d  i n  s l o w e r  r a t e s  o f  m e t a b o l i s m  t h a n  l o w e r  d o s e s .  
The a u t h o r s  i n t e r p r e t e d  t h e  r e s u l t s  a s  d o s e  d e p e n d e n t  s e l f -  
i n h i b i t i o n .  S i m i l a r l y ,  Thomas e t  a 1  2 o  have  i n d i c a t e d  t h a t  
h i g h  d o s e s  o f  a c e t a n i l i d e  i n h i b i t e d  i t s  own m e t a b o l i s m  t o  
p h e n y l h y d r o x y l a m i n e .  The i d e a  o f  d r u g  s e l f - i n h i b i t i o n ,  i n  
a d d i t i o n  t o  s e l f - s t i m u l a t i o n ,  i s  v e r y  p r o v o c a t i v e .  However, 
more work i s  n e e d e d  t o  assess  b o t h  t h e  v a l i d i t y  o f  d o s e  depen-  
d e n t  s e l f - i n h i b i t i o n  of  d r u g  m e t a b o l i s m  a n d  i t s  e f f e c t  upon 
t h e r a p y  a n d  t o x i c i t y .  

A p p l i c . a t i o n  t o  Man - Buyske a n d  Dvornik * have  c i t e d  t h e  u s e  
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of  p h e n o b a r b i t a l  i n  t r e a t m e n t  o f  h y p e r b i l i r u b i n e m i a  as  a n  
example o f  t h e  t h e r a p e u t i c  a p p l i c a t i o n  o f  enzyme i n d u c t i o n .  
More i n f o r m a t i o n  g~ t h i s  s u b j e c t  a p p e a r e d  d u r i n g  t h e  p a s t  y e a r .  
C r i g l e r  a n d  Gold r e p o r t e d  t h a t  sodium p h e n o b a r b i t a l  l o w e r e d  
b i l i r u b i n  c o n c e n t r a t i o n  i n  a n  i n f a n t  w i t h  c o n g e n i t a l  nonhemo- 
l y t i c  j a u n d i c e  a n d  k e r n i c t e r u s  b y  e n h a n c i n g  t h e  r a t e  o f  b i l i -  
r u b i n  e x c r e t i o n .  P h e n o b a r b i t a l  was a l s o  c r e d i t e d  b y  D e  Leon 
e t  22 as  b e i n g  e f f e c t i v e  i n  human j a u n d i c e  c h a r a c t e r i z e d  
b y  a r e l a t i v e  d e f i c i e n c y  o f  g l u c u r o n y l  t r a n s f e r a s e  , b u t  n o t  
i n  t h e  t r e a t m e n t  o f  j a u n d i c e  c h a r a c t e r i z e d  b y  i n a b i l i t y  t o  
form b i l i r u b i n  g l u c u r o n i d e .  T h i s  c o n c l u s i o n  was based on 
s t u d i e s  i n  g l u c g g o n y l  t r a n s f e r a s e  d e f i c i e n t  (Gunn) r a t s .  
Bakken a n d  Fog h a v e  p o s t u l a t e d  t h a t  u n c o n j u g a t e d  b i l i r u b i n  
may a c t  a s  a t r i g g e r  f o r  i t s  c o n j u g a t i o n  i n  man a n d  h a v e  
p r o v e n  t h e i r  h y p o t h e s i s  t o  be v a l i d  i n  t h e  r a t .  

An a d d i t i o n a l  i t e m  o f  t h e r a p e u t i c  i n t e r e s t  w a s  p r e s e n t e d  
b y  Solomon a n d  S c h r o g i e  24. 
a n a l g e s i c  p h e n y r a m i d o l  ( A n a l e x i n )  when g i v e n  t o  s u b j e c t s  t r ea -  
t e d  w i t h  d i p h e n y l h y d a n t o i n  i n c r e a s e s  t h e  mean b i o l o g i c a l  h a l f -  
l i f e  o f  t h e  l a t t e r  d r u g  from 25 t o  5 5  h o u r s .  Such i n h i b i t i o n  
o f  d r u g  m e t a b o l i s m  may r e s u l t  i n  e l e v a t e d  l e v e l s  o f  d i p h e n y l -  
h y d a n t o i n  i n  p lasma a n d  c o u l d  a c c o u n t  f o r  t h e  o b s e r v e d  i n c r e a s e s  
i n  a n t i c o n v u l s a n t  a c t i v i t y  a n d  i n  p o s s i b l e  s i d e  e f f e c t s .  The 
a u t h o r s  s u g g e s t  a v o i d i n g  c o n c u r r e n t  a d m i n i s t r a t i o n  o f  b o t h  
d r u g s .  

The a u t h o r s  h a v e  shown t h a t  t h e  

M e t a b o l i c  Pa thways  o f  Drug T r a n s f o r m a t i o n  - The f o l l o w i n g  i s  
a summary o f  d r u g  m e t a b o l i s m  from s e l e c t e d  p a p e r s  p u b l i s h e d  i n  
1967. I t  w i l l  p r o v i d e  e x a m p l e s  o f  g e n e r a l  a n d  some uncommon 
m e t a b o l i c  t r a n s f o r m a t i o n s  o f  d r u g s .  The l a t t e r  w i l l  be p o i n t e d  
o u t  i n  t h e  t e x t .  

The summary i n c l u d e s  c h e m i c a l  o r  g e n e r i c  names, s t r u c t u r a l  
f o r m u l a e  of  t h e  compounds, a n d  t h e i r  main t h e r a p e u t i c  o r  pharm- 
a c o l o g i c a l  p r o p e r t i e s .  The a r r o w s  i n d i c a t e  s i t e s  o f  t h e  
d e s c r i b e d  m e t a b o l i c  t r a n s f o r m a t i o n s .  The a b b r e v i a t i o n s  u s e d  
a r e :  UP, unchanged p a r e n t  compound; ( M ) ,  m a j o r  m e t a b o l i t e ;  
(m), m i n o r  m e t a b o l i t e ;  ( t ) ,  t r a c e  amounts ;  g l u c . ,  g l u c u r o n i d e  
c o n j u g a t e ;  g l y . ,  g l y c i n e  c o n j u g a t e ;  sulf.,  s u l f a t e  c o n j u g a t e .  

N o v e r i l ,  a n t i d e p r e s s a n t  2 5 .  

Man a n d  dog:  d e m e t h y l a t i o n  o f  
s i d e  c h a i n  a n d  r i n g  N; r i n g  

/zH, u n s p e c i f i e d )  p r o d u c e s  p h e n o l i c  

*-CH2- N ,CH3 I g ..t.--C"3 
1. 

W-yJ h y d r o x y l a t i o n  ( p o s i t i o n  

hydroxy compounds p r e s e n t  a s  g l u c . ;  UP i n  u r i n e .  Rabb i t s :  
d e m e t h y l a t i o n  (mono) o f  s i d e  c h a i n  a n d  r i n g  N, t h e n  f o r m a t i o n  
of  g l u c .  M e t a b o l i t e s  f o u n d  26 i n  b r a i n  o f  ra t s ,  m i c e ,  r a b b i t s .  
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F l u r o x e n e ,  v o l a t i l e  a n e s t h e t i c  2 7 .  

Mice a n d  d o g s :  f o r m a t i o n  o f  
t r i f l u o r o e t h a n o l  g l u c . ,  t r i -  
f l u o r o a c e t i c  a c i d ,  a n d  C02. 

5 - ( 4-Aminophenyl)  - c y t o s i n e  , 
a n t i v i r a l  2u. Mouse: hydrox-  
y l a t i o n  o f  a m i n o p h e n y l  ( 8 $ ) ,  
t h e n  f o r m a t i o n  o f  g l u c .  ( t ) ;  
a c e  t y l a  t i o n  o f  ami n o p h e n y l  

o f  a c e t a m i d o p h e n y l  p r o d u c t  ( 6 % ) ;  
d e a m i n a t i o n  o f  c y t o s i n e  a n d  h y d r o x y l a t i o n  o f  a c e t a m i d o p h e n y l  
p r o d u c t  ( 3 % ) ;  UP ( 6 2 s )  i n  u r i n e .  

4 .  -AH3 4-Ace t y l - 2 - r  2 - ( 5  - n i t r o  -2 - 
furyl)vinyl]-Az-1,3,4-oxadiaz- 
o l i n e - 5  -one , a n t i m i c r o b i a l  
Man: one m e t a b o l i t e  i d e n t i f i e d  
a s  d e a c e t y l a t e d  d e r i v a t i v e  ( ~ 1 % )  

i n  u r i n e .  M e t a b o l i t e  more a c t i v e  a n d  more t o x i c  t h a n  p a r e n t .  

30 - m3, ,C*CW” M e t r o n i d a z o l e ,  t r i c h o m o n a c i d a l  . 
Man: o x i d a t i o n  of 2-methyl  C-N 

II I 

5.  

6 .  

g r o u p  t o  c o r r e s p o n d i n g  a l c o h o l  
( M ) ;  UP i n  u r i n e .  

E t h i o n a m i d e ,  a n t i t u b e r c u l o s i s  . 
Man, r a t s ,  m i c e ,  d o g s :  s u l f o x -  

31 

i d a t i o n  t h e n  f o r m a t i o n  o f  e t h y l -  
i s o n i c o t i n a m i d e  which is deam- 
i n a t e d .  T h i s  r e p r e s e n t s  a new 

pathway;  UP i n  u r i n e .  E t h i o n a m i d e  s u l f o x i d e  32. Mouse a n d  man: 
m e t a b o l i s m  more r a p i d  t h a n  t h a t  o f  e t h i o n a m i d e .  

s u l f o x i d e  r e d u c t i o n .  R a t  a n d  
monkey: r e d u c t i o n  a n d  o x i d a t i o n  o f  s u l f o x i d e .  Dog: s u l f o x i d e  
r e d u c t i o n ,  a n d  d e a c e t y l a t i o n ;  UP i n  u r d n e .  M e t a b o l i t e s  a r e  
a c t i v e  a n t i b a c t e r i a l  a g e n t s .  

8. M e t h y r i d i n e ,  a n t h e l m i n t i c  34 .  

Sheep ,  c a l v e s ,  cows, r a b b i t s ,  
r a t s :  0 - d e m e t h y l a t e d  t o  t h e  
c o r r e s p o n d i n g  p r i m a r y  a l c o h o l ;  
f u r t h e r  o x i d a t i o n  t o  p y r i d -  

1 
D C H $ W p O C H p  

2 - y l a c e t i c  a c i d  ( 6 2 % )  e x c r e t e d  unchanged o r  a s  g l y .  i n  u r i n e .  
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C h l o r o q u i n e ,  a n t i m a l a r i a l  35 . 
Man: N - d e e t h y l a t i o n  t o  d e s e t h y l -  
c h l o r o q u i n e  ( 2 3 $ ) ,  b i d e s e t h y l -  
c h l o r o q u i n e  (2k); o x i d a t i v e  

b3 d e a m i n a t i o n  t o  c a r b o x y l i c  a c i d  

9. c'lq 
I 1 
CH(CHz%N( C2H512 

(m); UP (705) i n  u r i n e .  C h r o n i c  d o s i n g  ( 1 1 4  d . )  B i d  n o t  a f f e c t  
own m e t a b o l i s m .  Monkey 36: o x i d a t i v e  d e a m i n a t i o n  t o  c a r b o x y l i c  
a c i d  ( M ) ,  a n d  N - d e e t h y l a t i o n ;  UP i n  u r i n e .  C h r o n i c  t r e a t m e n t  
i n c r e a s e s  f o r m a t i o n  o f  d e s e t h y l  m e t a b o l i t e .  

0 T o l b u t a m i d e ,  h y p o g l y c e m i c  37. 

lo* A H 3 O :  R a t  a n d  r a b b i t :  o x i d a t i o n  t o  
s-NH-'-NH-c4H9 h y d r o x y m e t h y l  p r o d u c t  (M) ; 
0 c a r b o x y  d e r i v a t i v e  ( m ) ;  UP i n  

data i d e n t i f y i n g  c a r b o x y  d e r i v a t i v e  a s  m a j o r  m e t a b o l i t e .  
u r i n e .  C o n t r a s t e d  t o  e a r l y  

I 1 2 .  \ 

CH$ONHCONH2 

5 -Me t h y l p y r a z o l e  - 3 - c a r b o x y l i c  
a c i d ,  h y p o g l y c e m i c  3u. Man 

~ ~~ 

a n d  r a t :  g l y .  ( 4 0 % ) ;  UP (60%) 
i n  u r i n e .  I n  dog  d r u g  e x c r e t e d  
unchanged.  

p h e n a c e t y l u r e a ,  a n t i c o n v u l s a n t  
R a b b i t :  h y d r o x y l a t i o n  o f  b e n -  
z e n e  r i n g  a t  C - 3 , 4 - f o l l o w e d  b y  
m e t h y l a t i o n  of t h e  3-hydroxy 
d e r i v a t i v e  ( 1 2 s ) ;  h y d r o l y s i s  

o f  u r e i d e  g r o u p  t h e n  g l y .  (12$); UP ( 7 $ )  i n  u r i n e .  Novel 
pa thway - f i r s t  example  o f  s u c c e s s i v e  h y d r o x y l a t i o n  a n d  
m e t h y l a t i o n  o f  a d r u g  i n  v i v o .  

13. 

-- 
3-Ethoxycarbonyl-5,5-diphenyl- Oq-=?2H5 h y d a n t o i n ,  a n t i c o n v u l s a n t  4". 

Ph- R a t :  loss o f  e t h o x y c a r b o n y l  
t L  g r o u p ,  t o  form a c t i v e  m e t a b o l i t e  

D i l a n t i n .  D i l a n t i n  t h e n  f u r -  
t h e r  m e t a b o l i z e d  v i a  p - p h e n y l  h y d r o x y l a t i o n  t o  i n a c t i v e  metab- 
o l i t e .  E x c r e t i o n  o f  a c t i v e  a n d  i n a c t i v e  m e t a b o l i t e s  i n t o  u r i n e  
a n d  f e c e s .  Low r e c o v e r y  o f  a d m i n i s t e r e d  mater ia l  i n d i c a t e d .  

2-Diethylamino-6,7-dimethoxy-4 
(3H) - q u i n a z o l i n o n e ,  h y p o t e n s i v e  *l. 
Man: 0 - d e m e t h y l a t i o n  a n d  N -  
d e a l k y l a  t i o n .  F i v e  m e t a b o l i t e s  

1 4 .  

- 1  OH d e s c r i b e d  r e p r e s e n t i n g  mono a n d  
d i  0 - d e s m e t h y l ,  a n d  N - d e s e t h y l  d e r i v a t i v e s  (<lo$); UP i n  u r i n e .  
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( 11, R ~ ~ H ( ~ H ~ ) ~  N-Isopropylmethoxamfne  ( I  1, 
( E l ,  R = H  a n d  Methoxamine (11), 
(m), R= tcqHg a d r e n e r g i c  b l o c k e r s  42 .  Rats, 

15' &&-!-CH3 

d o g s :  ( I )  0 - d e a l k y l a t i o n  a n d  
c o n j u g a t i o n  ( M ) ,  N - d e a l k y l a t i o n  ( m ) ;  

UP i n  u r i n e .  (11) 0 - d e a k y l a t e d  i n  d o g s  (12%); UP ( 3 8 % )  i n  
u r i n e .  No N - d e a l k y l a t i o n  o f  (111) i n  dog.  

16 .  P r o n e t h a l o l ,  a d r e n e r g i c  b l o c k e r  43.  LwK-%>:<;;; F - d e a l k y l a t i o n  f o l l o v e d  b y  o x i -  

- (343 

'NH 
f l  

R 
OCH3 4 

M e t a b o l i z e d . v i a  2 p a t h w a y s :  ( a ) ,  

d a t i o n ,  f o r m i n g  2 - n a p h t h y l -  
g l y c o l l i c  a c i d  ( M )  which i s  

o x i d a t i v e l y  d e c a r b o x y l a t e d  ( M ) ;  ( b ) ,  r i n g  h y d r o x y l a t i o n  a t  C-7 
a n d  g l u c . ;  UP ( t )  i n  u r i n e .  S p e c i e s  d i f f e r e n c e  i n  pathway.  
R i n g  h y d r o x y l a t i o n  a n d  g l u c .  ( M )  i n  r a b b i t ,  c a t ,  r a t ,  monkey, 
man. S i d e  c h a i n  o x i d a t i o n  ( M )  i n  g u i n e a  p i g .  

17  oCH2CHCt+NHCH(CHs)2 P r o p r a n o l o l ,  a d r e n e r g i c  b l o c k e r  4 4 .  

Rats ,  m i c e ,  r a b b i t s ,  g u i n e a  p i g s ,  
man: s i d e  c h a i n  o x i d a t i o n  ( m ) ,  
p r o p r a n o l o l  g l u c .  ( M )  , r i n g  
h y d r o x y l a t i o n  a t  C-4 a n d  g l u c .  

OH 
t a 4 

( M ) ;  UP ( t )  i n  u r i n e .  

18. 4 I s o s o r b i d e  d i n i t r a t e ,  c o r o n a r y  
v a s o d i l a t o r  45 .  Dog, man: 
d e n i t r a t i o n  ( M ) ;  m e t a b o l i t e s ,  
i s o s o r b i d e  a n d  i t s  2 a n d  5 
m o n o n i t r a t e s  ( t ) ,  i n  u r i n e .  

101 ON02 I 

CH2-CH-CH- CH-CH-CH2 

t P e n t a e r y t h r i t o l  (PE)  t e t r a -  
CH2ON02- n i t r a t e ,  a n t i a n g i n a l  4 8 .  R a t :  

d e n i t r a t e d ,  f o r m i n g  PE ( M ) ,  I 
02N OCH2- C - CH2ONO2 

I P E - d i n i t r a t e  ( m ) ,  P E - m o n o n i t r a t e  
CH20N02 ( t ) ,  i n  u r i n e  a n d  f e c e s .  

1 9 .  

b 

Dextromethorphan,antitussive 47.  
R e  t : 0-deme t h y l a  t i o n  a n d  g l u c  . 
o f  3-hydroxy d e r i v a t i v e  ( M ) ,  
c o m p l e t e  d e m e t h y l a t i o n  t h e n  s u l f .  
a n d  g l u c  ( m ) .  B i l i a r y  e x c r e t i o n -  

H3 CO 

B i s o l o v o n ,  s t i m u l a t o r  o f  
b r o n c h i a l  s e c r e t i o n  . R a b b i t s :  4 8  

\ y 3  

WtCH3 20. 

f 

m a j o r  r o u t e  f o r  m e t a b o l i t e s ;  UP ( 3 % )  a n d  m e t a b o l i t e s  i n  u r i n e .  

21.  

1 e x t e n s i v e  m e t a b o l i s m  ( 1 2  p r o d u c t s ) ;  
NH2 h y d r o x y l a t i o n  o f  c y c l o h e x y l  r i n g  BrvcH2-NG ( 3 0 % ) ;  N - d e m e t h y l a t i o n  (m); c y c l i -  Br 

z a t i o n  t o  d e r i v a t i v e s  o f  t e t r a h y d r o q u i n a z o l i n e  (m); UP ( 3 0 % )  
i n  u r i n e .  A l l  r n e t s b o l i $ e s  g l u c .  
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C h l o r c y c l i z i n e ,  a n t i h i s t a m i n e  4 s .  
Man a n d  r a t :  N-oxide f o r m a t i o n  
( m ) -  r e p r e s e n t s  a new m e t a b o l i t e .  
N-oxide n o t  c o n v e r t e d  d i r e c t l y  
t o  n o r c h l o r c y c l i z i n e  i n  v i t r o .  

C I ~ H  n J 
(y' 

23 0 Q 
6 

22. 

C-N N-CH3 

-- N-oxide d e m o n s t r a t e d  i n  p r e g n a n t  r a t  u r i n e  
/ 

c b  M e t h y l  N-(0-aminopheny1)-N- 
/ -(3-dimethylaminopropyl) 

CH3 Man a n d  dog:  N - d e m e t h y l a t i o n  
f ( 3 0 % ) ;  i n t r a m o l e c u l a r  c o n d e n s a -  

a n t h r a n i l a t e ,  d i u r e t i c  51. \% ~ 1 2  N-CH2CH$H$, 

t i o n  t o  t h r e e  d i a z e p i n  d e r i v a t i v e s  ( m ) ;  UP ( 4 % )  i n  u r i n e .  
D e c r e a s e d  m e t a b o l i s m  o r  c h a n g e  i n  e x c r e t o r y  pa thway o c c u r r e d  
upon c h r o n i c  d o s i n g .  

2 4 *  c,c CH3 I H,C$ I CH2 

o f  f u r a n  r i n g  (M), a n d  s p l i t  o f  m o l e c u l e  t o  4 - c h l o r o - 3 - s u l f a m o y l -  
N-methyl-benzene-sulfonamide (m) , a n d  7 - c a r b o x y - y - v a l e r o l a c  t o n e  (m) . 

N-(4'Chloro-3'sulfamoylbenzene -_.__ 

s u l  f o n y l  1 - N - m e  t h y b 2  -aminoe t h y l -  
SO,-N-C+- C k H 2  2-me thy l - t e t r ahydro fu ran ,  d i u r e t i c s 2 .  

t 1.0 Man a n d  r a t s :  d r u g  a l m o s t  com- 
C"3 p l e t e l y  m e t a b o l i z e d ;  o x i d a t i o n  

H a l o p e r i d o l ,  n e u r o l e p t i c  s 3 ' 5 4 .  
R a t ,  dog: o x i d a t i v e  N-dealky- 

p r o p i o r i c  a c i d ;  f u r t h e r  metabo-  

25 *F-@- - CH2CbCH2- / N% 
/ \ l a t i o n  t o  B - ( p - f l a o r o b e n z y l ) -  

l l i z e d  t o  p - f l u o r o p h e n y l a c e t i c  
a c i d  a n d  g l y .  of p - f l u o r o p h e n y l a c e t u r i c  a c i d  (40%). Unknown 
p o l a r  m e t a b o l i t e  ( 3 5 % ) ;  UP (1%) i n  u r i n e .  

26. cH/2 H C G C I  
I I 

so2 / 
Chlarmezanone ,  CNS d e p r e s s a n t  5 5 .  

Man, dog:  non-enzymic h y d r o l -  
CHz N-CH3 y s i s ,  t o  f o m e n z a l d e -  

C '  hyde t h e n  o x i d a t i o n  a n d  g l y .  (M); 
UP (14) i n  u r i n e ;  b i l i a r y  e x c r e -  I1 

0 t i o n  o f  UP i n  dog. Gfy. o f  c h l o r o b e n z o i c  a c i d  r e p r e s e n t s  a 
u n i q u e  pa thway s i n c e  g l u c .  i s  t h e  u s u a l  m e t a b o l i t e  o f  b e n z o i c  
a c i d .  

27 CH-CH2-CH2- NCCH3 C h l o r p r o t h i x i n e ,  t r a n q u i l l i z e r  5 8 .  

Rats a n d  d o g s :  s u l f o x i d a t i o n  
a n d  N - d e m e t h y l a t i o n  (mono) o f  
s u l f o x i d e  d e r i v a t i v e ;  UP i n  
u r i n e .  Dogs: h y d r o x y l a t i o n  o f  

CI t cH3 @a 
f 

t h i a x a n t h e n e  r i n g .  
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?tat  l i v e r  microsomes ,  2 
v i t r o  s 7 .  N - o x i d a t i o n  (MI, 
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26. 

- 

, CH3 
/f 

I 
CHZ-CH2-Cb-N p r e v i o u s l y  d e s c r i b e d  a s  m i n o r  

f‘CH3, m e t a b o l i t e ;  s u l f o x i d e  p r o d u c e d ,  
i n  par t ,  n o n - e n z y m i c a l l y .  Human l i v e r  microsomes ,  i n  V i t r O  s8: 
N - o x i d a t i o n ,  N-oxide r e d u c t i o n ,  a n d  r i n g  h y d r o x y l a t i o n ,  i n  
a d d i t i o n  t o  p r e v i o u s l y  d e s c r i b e d  p a t h w a y s .  

7-Hydroxychlorpromazine, ( m a j o r  
m e t a b o l i t e  of c h l o r p r o m a z i n e )  . 5 s  

c’ I,CH3 R a b b i t  l i v e r  microsomes ,  i n  

‘CH3 m ( b )  h y d r o x y l a t i o n  t h e n  

2 - c @ a  /” 

C H r C e C @ - N  v i t r o :  ( a )  mono N - d e m e t h F a t i o n  

0 - m e t h y l a t i o n  t o  form 0 - m e t h y l a t e d  7,6-dihydroxychlorpromazine; 
t h i s  r e p r e s e n t s  a new m e t a b o l i c  pa thway.  

Aminopyr ine ,  a n t i p y r e t i c ,  
a n a l g e s i c  Cow: N-demethyl- 
a t i o n  t o  a m i n o a n t i p y r e n e  ( 9 % )  
which  i s  a c e t y l a t e d  ( 2 4 % )  o r  0 h y d r o x y l a t e d  ( . 5 $ ) ;  UP ( 3 2 $ )  

CH3\ 
30. - N-C=C-CH3 

%‘0& N,k-CH3 

a n d  m e t a b o l i t e s  g l y .  o r  g l u c .  i n  u r i n e .  I n  c o n t r a s t  t o  dog  
where l i t t l e  a c e t y l a t i o n  o c c u r s .  R a b b i t  61: N - d e m e t h y l a t i o n  
( M ) ;  i n  r a t  a c e t y l a t i o n  ( M ) ;  m e t a b o l i s m  i n d i c a t e d  i n  r a b b i t  
f o e t u s .  UP a n d  n o n - c o n j u g a t e d  m e t a b o l i t e s  d e t e c t e d  i n  cow 
m i l k  62. 

31. P h e n a c e t i n ,  a n t i p y r e t i c ,  
a n a l g e s i c  63. R a t :  3-hydroxy-  
p h e n a c e t i n ,  a new m e t a b o l i t e  (m) 
d e t e c t e d  i n  u r i n e ;  m e t a b o l i t e  
also formed i n  v i t r o .  

G r i s e o f u l v i n  ( G ) ,  a n t i f u n g a l  6 4 .  

R a t :  e x t e n s i v e  b i l i a r y  e x c r e -  
t i o n  a n d  e n t e r o h e p a t i c  c i r c u l a -  
t i o n ;  b-demethyl - (G)  i n  b i l e  (M), 
6-demethyl - (  G )  i n  b i l e  (m). 

HiS $ O b  NHCOCH3 

&3 O C H ~  
I I 

32.  Fy\ /e=cb = 

+ ,c* ,c.o+ c /  
C W  $ 

CI C*3 
R a b b i t :  b i l i a r y  e x c r e t i o n  ( m ) ;  6 -demethyl - (G)  i n  u r i n e  (M). 
M e t a b o l i t e s ,  f r ee  a n d  c o n j u g a t e d .  

F e n f l u r a m i n e ,  a n o r e c t i c  6 5 .  

UP i n  u r i n e .  LOW r e c o v e r y  o f  
a d m i n i s t e r e d  ma te r i a l  i n d i c a t e d .  
Rate  o f  e x c r e t i o n  of m e t a b o l i t e  

yH3 ,Et Man: N - d e e t h y l a t i o n  (M); 
33 CF3 

@CH2-cH-N \ H  

a n d  U P  d e p e n d e n t  on  u r i n a r y  pK. 
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Chapter 23. 
Immunochemical Mechanism of Drug Allergy 

Bernard B. Levine, M.D., Dept. of Medicine, N.Y.U. School of Medicine, 
New York City 

Introductory Clinical Coments - The problem of drug allergy is one of 
considerable importance for the drug industry. The incidence of such 
adverse drug reactions varies with different drugs. For penicillin, aller- 
gic reactions occur in about 1-3% of patient courses. For other drugs, 
the incidence of allergic reactions is generally lower. However, nirvinol, 
a hydantoin derivative, which is no longer used, caused allergic reactions 
in 50-80% of patients treated with it. Some adverse drug reactions are 
clinically serious, and others such as anaphylaxis, can cause death. The 
many clinical syndromes believed to be allergic drug reactions are shown 
in Table I: 

Adverse Reactions Associated with Drug Therapy Thouvht to be 
Allergic-in-Mechanism 

Immediate (Occur within 1 to 30 minutes after initiation of drug therapy) 
Urticaria, diffuse flush, angioedema 
Hypotension, shock 
Asthma, laryngeal edema 

Accelerated (occur 1 t o  72 hours) 
Urticaria, angioedema 
Laryngeal edema, asthma 

Urticaria, angioedema 
Exanthematic eruptions, purpuric eruptions 
Erythema multiforme, nodosum 
Exfoliative dermatitis 
Fixed drug eruptions 
Fever 
Serum-sickness like reactions 
Hemolytic anemia 
Thrombocytopenic, low-thrombocytopenic purpuras 
Agranulocytosis 
Hepatitis, cholestatic and non-cholestatic 
Nephritis 
Myocartitis 
Pulmonary reactions 
Systemic lupus erythematosis 

- Late (Occur 3 days or longer after initiation of drug therapy) 

Just as the dtrug industry has taken steps to decrease the toxicity 
of useful drugs, it might now study ways of predicting and decreasing 
allergenicity of drugs. A practical approach to this problem would be 
based on a rational understanding of the innnunochemical mechanism 
involved in drug allergy. 

Mechanisms of Drug Allergy-Overall View - This discussion will be confined 
to low molecular weight or "simple chemical" drugs. These are drugs of 
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well-defined organic chemical structure with molecular weights under 500 or 
at most under 1000. By drug allergy is meant those adverse drug reactions 
which are mediated by immunological mechanisms, i.e., by antigen-antibody 
reactions that occur in tissues. We are not considering idiosyncratic 
adverse drug reactions which are mediated by biochemical mechanisms, e.g. 
primaquine induced hemolytic anemia in individuals with genetically con- 
trolled deficiencies of glucose 6-phosphate dehydrogenase. 

Three groups of unrelated molecular events are involved in the 
causation of allergic drug reactions. These are: 1. The formation of 
hapten-protein conjugates from the drug. These conjugates are the "com- 
plete inrmunogens" (i.e. substances which can induce antibody synthesis) 
responsible for inducing drug antibodies. This step may require drug meta- 
bolism and coupling of a reactive intermediate with tissue proteins. 2.  
The induction of antibody synthesis by the complete inrmunogens formed from 
the drug. Here, several different classes of antibodies, which can mediate 
different kinds of allergic reactions, may be induced. This is dependent 
upon geneticand environmental factors. 3 .  Antibody-antigen interaction in 
tissue will result in the formation of complexes. Certain antigen-antibody 
complexes can induce allergic tissue damage; others are relatively benign, 
Allergic tissue damage is generally mediated by pharmacological mediators 
(e.g. histamine) or by lytic enzymes which are released from tissues 
following antigen-antibody interaction. 

A clinical allergic reaction thus results from the above sequence of 
physiological events. Interfering with any one event in this sequence 
would prevent or abbrogate the allergic drug reaction. This interference 
could constitute the pharmacological attack upon the problem of drug 
allergy. 

The plan of the remainder of this exposition will be to discuss each 
of these 3 groups in more detail. Since much work has been done with peni- 
cillin allergy, this subject will be used frequently as a model. Where 
hard data are few, speculative hypotheses will be presented in the spirit 
of stimulating scientific dialogue. At the end will be presented recent 
work on the development of objective immunological tests to predict the 
potential allergic reactor to penicillin. This is meant to serve as an 
example of the practical application of the principles involved. The area 
t o  be covered is broad, including aspects of drug metabolism, immunology, 
and clinical allergy. Some oversimplifications are inevitable. 

Immunogenicity of Simple Chemical Drugs. Irreversible Binding Theory - It 
is widely accepted among immunologists that in order for a simple chemical 
to induce an immune response, (i.e. induce the organism to synthesize spe- 
cific antibodies) it must first bind irreversibly to tissue macromolecules, 
presumably proteins. According to this concept, the conjugated proteins 
formed from this union (termed hapten-protein conjugates) can induce the 
synthesis of antibodies specific for the drug, whereas the unconjugated 
drug itself is incapable of inducing antibody synthesis. This "irrever- 
sible binding theory" is based upon the empirical observations made by many 
investigators that of a large group of simple chemicals tested for 
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immunogenicity, only those which were capable of reacting irreversibly 
with proteins, or with protein-model compounds, could induce a strong 
immune response. Thus, Landsteiner & Jacobs1 found initially that of 17 
isomeric nitrochlorobenzenes, only the 10 which could bind covalently to 
aniline (and thus, by inference, with amino groups of proteins), could 
induce hypersensitivity in guinea pigs. Similar findings were later made 
by Gel1 et a12 in guinea pigs and rabbits, and be Sultzberger et a13 in 
man. These findings were extended by Eisen et a1 who demonstrated that of 
a group of 2,4-dinitrophenyl (DNP) compounds, the senaitizers could react 
irreversibly with amino and sulfhydryl groups of epidermal proteins in 
vivo, whereas the nonsensitizers could not. Eisen observed a rough correl- 
ation between the chemical reactivities of a series of DNP compounds and 
their abilities to sensitized guinea pigs for anaphylaxis. In addition, 
preformed DNP-protein conjugates were found to be more potent sensitizers 
than th most highly reactive of the low molecular weight DNP compounds 
tested .' Finally, the classes of organic compounds which regularly induce 
hypersensitivity are all known to react irreversibly with proteins. These 
include acid anhydrides, acid chlorides, reactive aromatic halides, iso- 
cyanates, and isothiocyanates, mercaptans, quinones, oxazolones, and 
diazonium salts. 

In immunogenic hapten-protein conjugates, the hapten is bound to the 
carrier protein almost invariably through covalent bonds. Covalent bonds 
are strong bonds with binding energies in the order of 5OKcal/mole. In 
rare instances immunogenic conjugates can result from the binding of pros- 
thetic groupings to carrier proteinthrough multiple ionic bonds. For 
example, it was found that a mixture of oligonucleotides with methylated 
bovine serum albumin could induce, in rabbits, antibodies specific for the 
oligonucleotides, whereas the oligonucleotides alone were non-immunogenic.5 
The polyanionic oligonucleotides appear to bind to the polycationic methyl- 
ated albumin through multiple electrostatic and hydrogen bonds. The summa- 
tion of electrostatic and hydrogen bonding could provide as much as 10Kcal/ 
mole (depending upon the dielectric constant of the medium) per bond. As 
few as 5 such bonds per mole could then provide as much binding energy as 
a covalent bond. 

Simple reversible protein binding, such as sulfonamides to human sera 
albumin, does not appear to result in immunogenic conjugates. This has been 
shown in the case of dinitrophenol which binds relatively strongly but 
reversibl to albumin, but which cannot induce a DNP-specific immune 
response.Z However,it is still possible that in very rare instances, multi- 
tonic drugs might be immunogenic through the formation of multiple non- 
covalent bonds with proteins. 

The theoretical basis for the apparent obligation for irreversible 
binding is not known. This is due to our lack of knowledge of the basis for 
imunogenicity of macromolecular immunogens such as proteins. As to the 
latter, there are at present two major working hypotheses. One is that the 
immunogen mYst first be metabolized, presumably in macrophages .6 ,  
to this hypothesis, the biochemical processing of the immunogen results in 
the formation of "inducer" substances (apparently RNA,either coupled to 
antigenic fragments, or informational RNA) which can stimulate lymphoid 

According 
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cells to proliferation, transformation to plasma cells among others, and 
antibody synthesis. The other hypothesis,8 is that the immunogen must be 
trapped and retained in the intercellular spaces between membranes of a 
dendritic web of interdigitating reticular cell processes in the follic- 
ular structures of lymph nodes and spleen. There the imunogen may stim- 
ulate certain lymphoid cells to proliferation, transformation, and anti- 
body synthesis. These hypotheses are admittedly vague, as this field is in 
its early stages of development. However, with either view, it may be 
considered that the simple chemical drug itself cannot undergo either the 
hypothetical necessary biochemical step's mentioned, or it cannot bind in 
the appropriate intercellular loci, which is necessary for immunogenicity. 
Strong binding to protein would then permit the simple chemical to utilize 
the biochemical pathways available to the protein, or to utilize the 
ability of proteins to localize and remain in the appropriate intercellu- 
lar sites, which is necessary for imunogenicity. Strong binding, best 
exemplifiedby covalent binding, might be viewed as being needed for the 
hapten-protein conjugates to survive conditions which would essentially 
completely break weakly-bound hapten-protein conjugates. 

This brief speculative discussion is presented in an attempt to 
rationalize the empirically derived obligatory binding hypothesis for the 
immunogenicity of simple chemicals. It serves also to indicate the current 
thinking on the mechanisms of immunogenicity. This is an area of consider- 
able interest for the medicinal chemist. The placing of appropriate blocks 
in the pathway of antibody synthesis (particularly of specific antibody 
classes) would constitute a general approach to immunotherapy, not only of 
drug allergy, but of other immunologically mediated diseases as well as 
of tissue transplantation. 

Role of Drug Metabolism and Degradation in Immunogenicity - Most allergenic 
drugs,do not appear to be capable of covalent binding with proteins. For 
such drugs (e.g. sulfonamides, barbiturates, local anesthetics, etc.), it 
is reasonable to postulate that either contaminants or degradation or meta- 
bolic products may be the chemically reactive substances responsible for 
immunogenicity. By degradation is meant transformations which do not re- 
quire enzymatic catalysis, By metabolism i s  meant transformations requiring 
enzymatic catalysis. 

An example of the role of degradation is the formation of the minor 
haptenic determinants of penicillin hypersen~itivity.~'~~ At least one of 
them appears to be. formed from benzylpenicilloate, a hydrolysis product 
which forms readily from penicillin in neutral aqueous solution in vitro. 

It has been suggested recently13 that the imunogenicity of penicil- 
lin is due, in part, to trace contaminants, including polymers of penicil- 
lin in combination with its degradation products, and foreign proteins. 
However, similar studies in several other laboratories have failed to find 
protein impurities i n  penicillin, and the polymers (which were found) have 
to-date been found to be non-immunogenic in rabbits (unpublished data). 
This question is thus presently unsettled, 
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There is presently no well worked out example of a drug metabolite 

being an intermediate in the formation of hapten-protein conjugates from 
drugs. This is probably due to the fact that very little work has been 
done in this area. There is a considerable amount of suggestive evidence 
that drug metabolism may be involved in drug allergenicity for the major- 
ity of allergenic drugs. Much of this evidence points to the possibility 
that reactive oxidative metabolites may be involved in many cases, (e.g. 
quinones, quinonimines, free radicals, epoxides, etc.). The lines of 
evidence are as follows: 1. Initially, Landsteiner and Di Sommal4 found 
that guinea pigs could be sensitized to picric acid, and that such animals 
would cross react allergenically to picramic acid, a reduction product of 
picric acid. Since picric acid is not known to react chemically with pro- 
teins, and picramic acid could be readily oxidized to a quinone (which is 
protein reactive), the implication of this finding was that a quinone meta- 
bolite of picric acid might be responsible for its immunogenicity. Mayer's15 
extensive studies in guinea pigs showed a high degree of allergic cross- 
reactivity among aromatic nitro, nitroso, amino and phenolic compounds. He 
interpreted these results as suggesting that common quinone or quinoni- 
mines were formed metabolically and were responsible for the allergenicity 
of these aromatic compounds. 2 .  There is suggestive chemical evidence that 
certain aromatic compounds are converted to quinones when incubated with 
liver slices or homogenates in vitro: a. The metabolic conversion of nitro 
compounds to amines, and hydroxylation of aromatic amines and phenols to 
form o or p-aminophenols, or dihydroxyphenols is well known. The latter are 
readily oxidized by 02 in mildly alkaline aqueous solution, non-enzymati- 
cally. In several cases this kind of oxidation has been shown to be mark- 
edly enhanced by the presence of rat kidney cortex mi ochondria and cata- 
lytic amounts of cytochrome C.I6 b. Riegel and Miller" showed that C14 
tagged estradiol binds irreversibly to proteins of a fortified rat liver 
homogenate. They found that the presence of an electron donating substrate 
such as hexose-1, 5-diphosphate, and an electron transporting coenzyme 
such as TPN, and 02 were necessary for irreversible protein binding of the 
estradiol tag. They suggested that the aromatic phenol ring of estradiol 
may be converted to a o-hydroxyphenol which could be readily oxidized to 
a quinone. Quinones are known to react readily with sulphydyl and amino 
groups of proteins under mild conditions.l8 The reaction appears to be 
complex, but the first steps appear to be simple addition reactions.18 
c. Studies on the metabolism of simple chemical carcinogens would suggest 
that other oxidative intermediates such as free radicals, peroxides, or 
epoxides may be reactive proimmunogens derived from drugs. Based upon 
initial studies of the Millers, l9 Hulten20, 21 investigated the irreversible 
binding of radio-tagged dimethylaminoazobenzene to proteins of rat liver 
microsome preparations. Here too, 02 and TPNH were necessary for binding, 
indicating the formation of chemically reactive oxidative intermediates. 
Whether the intermediates were quinones, epoxides, peroxides, or free 
radicals could not be established, since these unstable materials could 
not be identified or isolated. Hulten20j21 suggested also that the extent 
of protein conjugation by a chemical carcinogen in vivo is determined by the 
ability of the chemical to penetrate to the proper intracellular metabolic 
locus, its extent of metabolism here, and also by the competition for the 
reactive oxidative intermediates by sulfate and glucoronide conjugation 
s y s tem . 
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This concept appears to pertain also to the metabolic formation of 

hapten-protein conjugates from drugs. Maximal production of such conjugates 
would require the relative lack of competitive metabolic machinery (which 
would metabolize the drug in ways preventing the formation of chemically 
reactive intermediates), as well as the relative lack of competing systems 
which would drain off the reactive metabolites (e.g. as glucuronides). In 
this regard Shahidi22 recently reported two sisters who metabolize phena- 
cetin in an unusual way. These individuals metabolized phenacetin to 2- 
hydroxyphenacetin and 2-hydroxyphenetidin. It was suggested that the pri- 
mary difference between these individuals and "normals" might be a rela- 
tively inadequate de-ethylation mechanism in these individuals. This 
would permit a relatively minor metabolic pathway, ortho-hydroxylation, to 
become relatively major. These patients developed toxic hemolysis to 
phenacetin, possibly due to the excessive metabolic production of hydroxy- 
phenetidin (and or its quinoneimine oxidation products). The patients were 
not described as being allergic to phenactin. However, 2-hydroxyphenetidin 
was shown to be easily oxidizable (to quinone-imine derivatives) and this 
pathway might easily account for allergic reactions to phenacetin in other 
individuals 

Thus it appears probable that chemically reactive oxidative metabo- 
lites of many allergenic drugs may be intermediates responsible for their 
allergenicity. It would accordingly appear desirable to carry out studies 
on the metabolism of allergenic drugs such as sulfonanides, salicylate 
derivatives, etc., from the point of view of the formation of hapten-pro- 
tein conjugates. In vitro systems utilizing radio-tagged drugs and liver 
slices or fortified liver homogenates may prove of value here as they have 
in the field of chemical carcinogenesis. 

Immunogenicity of Benzylpenicillin - Considerable experimental work has 
demonstrated that the immunogenicity of penicillin is due to its ability to 
react chemically with tissue proteins to form several different haptenic 
groups .9-12 The major haptenic determinant is the benzylpenicilloyl (BPO) 
group. It is termed "major" from the indication that of the quantity of 
penicillin which reacts chemically with protein, the largest percentage 
appears to bind as benzylpenicilloyl (BPO) groups. The first indication 
that the BPO group is an important determinant of penicillin hypersensi- 
tivity was obtained from immunological and organic chemical considerations. 
It was found that guinea pigs made contact allergic to penicillin cross- 
reacted completely to benzylpenicillenic acid (BPE), a rearrangement pro- 
duct of pencillin. Since BPE was found to react readily with amino groups 
of simple protein model sgmpounds under physiological conditions to form 
benzylpenicilloyl-amines 
Firm proof fo'r the BPO group was obtained by immunizing rabbits with benzyl- 
penicillin and showing that the sera from these animals could be precipi- 
tated specifically by multivalent BPO-protein conjugates, and that the 
precipitation could be completely inhib$yd by structurally defined uni- 
valent benzylpenicilloyl amine haptens. Similarly, some patients hyper- 
sensitive to penicillin, gave positive immediate skin tests to BPO-protein 
conjugates. These tests were inhibited by univalent BPO haptens.24 BPO 
specificity of penicillin hypersensitivity has been amply confirmed .9-12 

the BPO group appeared a likely possibility. 



246 Sect. V - Topics in Biology Tabachnick, Ed. - 
It is not yet clear whether the BPO group is formed by the direct 

reaction of penicillin with amino groups of protein, or through the inter- 
mediate formation of benz lpenicillenic acid. This question has been amply 
discussed e l s e ~ h e r e . ~ - ~ ~ , ~ ~  If formed directly from penicillin, the BPO 
group would be formedas a- diastereoisomel;as the asymetric carbons retain 
their configurations. The crisomer then would mutarotate for form a dia- 
sterioisomeric mixture, as BPO-specificity is toward the diastereoisomeric 
mixture rather than toward the *diastereroisomer alone. 

The presence of minor haptenic determinants of penicillin hypersen- 
sitivity is inferred from immunological data. The structures of the deter- 
minants have not been defined chemically as yet. In guinea pigs made con- 
tact hypersensitive to penicillin, weaker re ctions can be elicited by D- 
penicillamine and by benzylpenicilloic acid .'6 From considerations of the 
chemical reactivity of these comp0unds,~7 it is likely that mixed disulfide 
residues of benzylpenamaldic acid and D-penicillamine function as minor 
determinants. Similarly, certain patients hypersensitive to penicillin 
give immediate skin tests to benzylpenicilloic acid but not to penicill- 
amine. These findings suggest that the benzylpen aldic acid mixed disul- 
fide group may be one of the minor determinants.' Other patients give 
positive skin tests to crystalline penicillin, but not to benzylpenicilloic 
acid, nor to multivalent BPO conjugates. Such patients thus produce anti- 
bodies to a haptenic determinant formed from penicillin which is not the 
BPO group nor is it a group formed from benzylpenicilloic acid.28 The 
identity of this minor hapten determinant is not known. In addition to 
these two haptens, other possible minor haptenic determinants of peni- 
cillin hypersensitivity have been proposed. 10 

Genetic and Environmental Controls of Drug Ilmnunogenicity - A s  genetic 
differences among individuals with regard to metabolic enzymes exist, this 
factor may determine, in part, which individuals in a population-at-risk 
will develop an allergic reaction to a drug. For example, it is conceiv- 
able that only a certain percentage of the population can metabolize a 
drug in the ways required for the formation of a chemically reactive inter- 
mediate, and for its conjugation with proteins to yield ilmnunogenic hapten- 
protein conjugates. Shahidi Is study22 on the unique metabolic formation 
of large amounts of 2-hydroxyphenetidin from phenacetin is an example of 
this possibility. Environmental factors may also control drug metabolism. 
For example, phenobarbital can induce the synthesis of microsomal liver 
enzymes capable of enhancing hydroxylation of other drugs.29 Thus in 
Shahidi's study pretreatment of the patient with phenobarbital resulted 
in an enhancement of her toxic reaction to phenacetin, presumably due to 
an enhanced production of hydroxyphenetidin.22 Thus genetic and environ- 
mental factors may influence drug metabolism the production of hapten- 
protein conjugates and determine, in part, which individuals develop drug 
allergy. However, other environmental and genetic factors influencing drug 
allergy may operate at the level of the immune response and at subsequent 
levels. 

Antibody Structure and Function - It is pertinent to review briefly the 
biological functions of antibodies, and how they mediate allergic 
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reactions. Detailed information can be found in several excellent 
reviews .30-32 Antibodies are y and P globulins, termed immunoglobulins. 
Antibody molecules are made up of two kinds of polypeptide chains, L or 
light chains (MW 25,000)and H or heavy chains (MW 50,000). The inrmunoglo- 
bulin G (IgG) molecule is 'made up of 2L and 2H chains held together by 
disulfide and non-covalent bonds (MY 150,000). Of importance to the mech- 
anism of allergic diseases, immunization of man with a given antigenic 
determinant may induce the synthesis of antibody molecules of several dif- 
ferent antibody classes. There are 5 classes presently known for  man. These 
different antibody classes are similar in that they are all immunologically 
specific for the antigen which induced their synthesis, and they have the 
same or similar L-chains. They differ in structural configurations of the 
H chain, and in their biological properties related to the different H 
chain. For example, whereas all antibody classes can bind antigen, only 
some can fix complement and mediate allergic reactions that require com- 
plement fixation, e.g. Arthus reactions and experimental serum sickness 
due to antigen-antibody complexes. Thus the antibody classes which are 
stimulated by a given drug will determine, in large part, whether the 
patient will have an allergic reaction and the form it will take. 

There are 5 immunoglobulin (Ig) classes recognized in man at the 
present time (IgG, IgM, IgA, IgD, and IgE) and there may be more. These 
classes are differentiated on the basis of their H chains. In addition 
there is delayed hypersensitivity, which is, at present, believed to be 
mediated by sensitized lymphoid cells and not be circulating antibody 
molecules. IgG is the connnon 7s (150,000 MW) antibody which, for example, 
is produced in large quantity by the rabbit. IgM is the macroglobulin 
antibody (MW 1,000,000). Both these classes can fix complement and, for 
example, can mediate the immunological destruction of blood cells in man 
in the presence of antigen (i.e., hemolytic anemia, thrombocytopenia, 
granulocytopenia). IgA has the unique function of being secreted in 
external secretions, e.g. saliva, intestinal fluid, etc., and is believed 
to play an important role in immunity against viral diseases. It has no 
known unique function in immunopathology as yet. IgD has no known unique 
function in immunopathology . IgE is a recently described irmnun~globulin~~ 
which carries the reagins (also called skin sensitizing antibody, anaphy- 
lactic antibody or homocytotrophic antibody). This antibody has H chain 
configurations which permit its firm fixation to certain cell membranes 
(presumably mast cell membranes, based upon studies in rat models). Bridg- 
ing of these "fixed" IgE antibody molecules with antigen, stimulates mast 
cell degranulation and liberation of histamine and other mediators, thus 
causing anaphylaxis. However it is not rigorously proved that histamine 
release in man requires degranulation. The IgE antibody is an important 
mediator of anaphylactic and urticaria1 drug reactions in man as well as 
allergic rhinitis and asthma, i.e., the atopic diseases of man. Since the 
incidence of atopy in the general population is about 15%, it is poten- 
tially an important area for the design of drugs. The attack upon atopy 
may be based upon specific interference in the production of IgE, in its 
fixation, in the histamine release process, as well as the well-known 
development of antimediators. 
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Antibody Assays - Reagins (IgE) are assayed by direct immediate skin tests 
for wheal-and-flare reaction, and by the Prausnitz-Kustner (P-K) test .34 
The former appears to detect skin-fixed reagins, the latter circulating 
reagins. The direct skin test is the more sensitive test. Reagins can be 
assayed also by in vitro techniques using human peripheral leukocytes35 or 
monkey ileum36 or chopped lung. These in vitro methods are currently less 
sensitive than the P-K test, or not completely specific for IgE. 

The optimal antigenic reagent for the detection of reagins appears to 
be a trivalent hapten where the haptenic groups are separated by optimal 
distances, approx. 15-20 A. This information is based on studies in the 
benzylpenicilloyl system in man. 37 

Assays for Serum Antibodies - Serum antibodies appear to be present in 
rather low concentrations in drug hypersensitivity in man. For example, 
in penicillin hypersensitivity, the serum concentrations of BPO-specific 
antibody protein is under 20-30 pg per ml. and most commonly under 5 pg/ml. 
Thus the quantitative precipitin analysis, which cannot accurately assay 
less than about 50pg/ml, cannot generally be used for drug hypersensitiv- 
ity. However,there are rare reports of precipitating antibody in drug 
allergy. 

The passive hemagglutination method is very sensitive and has been 
used to assay drug-specific antibodies in man. In penicillin hypersensi- 
tivity, the method38 consists of reaction of human group 0 red blood cells 
(RBC) with penicillin at pH 9.8, which couples BPO groups to RBC surfaces. 
Serial serum dilutions are then incubated for 1 hour with aliquots of the 
BPO-coupled RBC. The antibody concentration is expressed as a titer, i.e., 
the highest dilution which gives detectable agglutination of BPO-RBC. This 
method detects BPO-specific antibodies. This specificity is ascertained 
by specific inhibition of hemaglutination vith a univalent BPO hapten, 
BPO-n-propylamine. This method is very sensitive. It can detect as little 
as 0.0005 pg/ml of rabbit anti-BPO antibodies, or less than 10-l' molar 
concentration of these antibodies. IgM and IgG can be distinguished by 
noting the effect of treatment of the serum with 0.1 M mercaptoethanol 
(ME) upon the titer. Generally speaking, IgM hemagglutination activity is 
completely destroyed by ME, whereas IgG activity is not affected. However 
where IgG predominates, lower titers of IgM which may coexist in the serum 
would escape detection by this method. Similarly the lower titers of IgA, 
IgD,and IgE antibodies would also escape detection in the presence of com- 
paratively large amounts of IgG in any serial dilution method. 

The passive hemagglutination method is probably applicable to other 
drug allergies once the haptenic determinants are known. Other sensitive 
methods such as radioimmunoelectrophoresis and specific neutralization of 
hapten-coupled bacteriophage will probably be useful also. The use of drug 
induced blast transformation and DNA-synthesis in peripheral leukocytes 
for the assay of drug hypersensitivity ha$ been reported, but it is not 
yet known what immune factors are actually being measured nor is its 
clinical meaning yet clear. 
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Immune Responses to Penicillin - The passive hemagglutination system to 
assay IgG and IgM antibodies of BPO specificity as well as direct skin 
testing to assay reagins were used. Skin tests were done with benzyl- 
penicilloylpolylysine (BPL) to detect BPO-specific reagins, and a minor 
determinant mixture (MDM) to detect minor-determinant specific ‘reagins , 
The MDM contains penicillin, benzylpenicilloate, benzylpenilloate and 
benzylpenicilloylamine. These simple chemicals are presumed to elicit the 
minor-determinant test by reacting with soluble proteins in the skin test 
site to form the proper multivalent hapten elicitors. Although MDM is 
apparently an effective test reagent, little is clearly known about how it 
elicits positive skin tests. 

A brief summary of the immune responses to penicillin28 follows: 

Virtually all patients tested had detectable antibody. Most had only 
IgM antibodies in low titers. After a course of penicillin, there was a 
moderate increase in the titer of IgM antibodies, a higher frequency of 
patients with IgG antibodies (35%), and a higher frequency of patients with 
reagins (9%) .  What distinguished the non-reactors from patients having 
anaphylactic or urticarial reactions was the presence of reagins among the 
reactors (100”/, vs 9%). Other kinds of allergic reactions were associated 
with other kinds of immune responses. Delayed hypersensitivity to penicil- 
lin is also found.39 It is detected by skin.testing with 0.1 ml of 0.1 M 
penicillin injected intradermally, and reading the test at 24-48 hrs. A 
positive test is an area of erythema and infiltration. It is clear that 
the mere presence of antibodies does not mean that a patient is allergic 
to penicillin. What is important in this regard is the class and concen- 
tration of the antibodies. 

1 - Associations between un- 
usual immune responses to pencillin and the occurrence of allergic reac- 
tions permit inferences as to the immunological mechanisms involved. 
Urticaria1 eruptions (hives) as well as anaphylaxis (sudden shock-like 
states and acute obstruction to respiration) were associated with reagins. 
They are apparently mediated by this class of antibodies. Diagnosis of 
such reactions is supported by positive skin tests (for reagins). In some 
cases, morbilliform eruptions (red, measles-like rashes) are associated 
with high titers of IgM antibodies, and can be so diagnosed. Hemolytic 
reactions (anemia caused by rapid destruction of red blood cells) are 
apparently mediated by IgG antibodies .40 Accordingly these immunological 
tests are helpful in the diagnosis of these kinds of drug allergy. 

Prediction of the anaphylactic reaction to penicillin can be done by 
skin testing. Anaphylactic reactions appear to be mediated by reagins. 
Thus patients liable to an anaphylactic reaction to penicillin should be 
the ones with positive skin tests to BPL or the MDM. Clinical studies are 
bearing this out.41 Of 200 patients with past histories of penicillin 
allergy, 170 had negative skin tests and 30 had positive tests. The 170 
skin-test negative patients tolerated penicillin without anaphylactic or 
urticarial allergic reactions. Of 9 skin test positive patients given 
penicillin by gradual administration, 7 had urticarial reactions (which 
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were controlled with drugs). these tests are thus very promising as simple, 
objective clinical tests for serious penicillin allergy. 

Sunrmarv and Final Comments - The mechanism of drug allergy involves a 
sequence of 3 groups of unrelated molecular events: 1. The formation of 
hapten-protein conjugates form the drug. This appears t o  require the 
formation of chemically reactive metabolites in many cases. 2. The induc- 
tion of antibody synthesis. A given antigen may induce different antibody 
classes in different individuals. Different anttbody classes have differ- 
ent biological functions and mediate different kinds of allergic reactions. 
3. The mediation of allergic tissue injury by the antigen-antibody binding 
occurring in tissue. Here non-specific factors are frequently involved 
(e.g., complement), and tissue injury is frequently the result of the 
liberation of pharmacological mediators. 

- 

Theoretically, allergic drug reactions (and allergic diseases in 
general) can be prevented or abbrogated by interferring with this sequence 
at any level. Of classical interest to the medicinal chemist is the pos- 
sibility of altering the fundamental imunogenicity of drugs by structural 
alterations. Considering the diversity of metabolic operations on drugs, 
it may be impossible to completely prevent drug imunogenicity. However, 
it appears realistic t o  suspect that appropriate molecular alterations 
might greatly reduce imnunogenicity of drugs and the incidence of allergic 
reactions t o  simple chemical drugs. 
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Chapter 24. Drugs Affecting Enzyme Systems 

A. Horita and L.J. Weber, University of Washington 
School of Medicine, Seattle, Washington 

Drugs which affect enzyme systems continue to play an increasingly 
important part of contemporary pharmacodynamicd. During the past two 
years this has been evidenced not only by the many research articles in 
this field, but also by the reviews on the biochemical aspects of pharma- 
cology,l, 2 as well as on specific enzymes and their  inhibitor^.^, The 
following discussion will attempt to cover advances which have occurred 
during 1966-1967 in specific areas of current interest and which have not 
already been reviewed. These areas include drugs affecting (1) catechol- 
amine metabolism, (2) monoamine oxidase, (3)  5-hydroxytryptamine metab- 
olism, ( 4 )  histamine metabolism, (5) acetylcholine metabolism. Areas such 
as drug metabolism, protein synthesis, metabolic actions of catecholamines 
and the actions of steroids will not be covered since recent reviews on 
these subjects are covered in other chapters and sources. 

DRUGS AFFECTING CATECHOLAMINE MFTABOLISM - Studies on catecholamine metab- 
olism continue to dominate a major part of biochemical pharmacology. 
There are several reasons for this popularity, among them being the eluci- 
dation of the biochemical pathways of catecholamine synthesis and degrada- 
tion, and the development of new drugs affecting them. 

Tvrosine hydroxylase inhibitors - Perhaps the greatest effort is being 
directed toward studies of the enzyme tyrosine hydroxylase which repre- 
sents the rate limiting step in catecholamine synthesis. This enzyme 
catalyzes the conversion of tyrosine to DOPA and is localized in the par- 
ticulate fraction of the cell sedimenting at 16,000 x g. Inhibition of 
this enzyme has been found to be the most effective means of blocking the 
formation of n~repinephrine.~ Much of the biochemistry of this and other 
enzymes associated with catecholamines was discussed at the Second 
Symposium on Catecholamines and published in 1966.6 
have been examined for anti-tyrosine hydroxylase activity, but only a few 
exhibited inhibitor activity in vitro and these were mainly analogues of 
tyrosine or its catechol metabolites. It has become apparent, however, 
that there is not always a relationship between in vitro and in vivo 

Of the many compounds thus far tested, two which have shown 
- vivo activity are a-methyl-1-tyrosine (a-Ml') and H44/68 (the methyl ester- 
HC1 of arm), both acting as competitive antimetabolites of tyrosine. 
Their mechanism of lowering tissue levels of norepinephrine i s  not re- 
lated to an interference of the uptake, storage or release of 
amine~.~* lo The administration of CX-m results in a depletion of nor- 
epinephrine in various tissues of animals11 and a reduction in the synthe- 
sis of catecholamines by 70 percent in man.'* 
of is active as a tyrosine hydroxylase inhibitor, the d-form potenti- 
ates the action of 
as a result of an effect on membrane ~ermeabi1ity.l~ WMT has served as a 
valuable experimental tool wherever the involvement of catecholamines has 

Hundreds of compounds 

- -j 

catechol- 

Although only the 1-isomer 

a phenomenon which has been postulated to occur 
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been questioned. For example, the fact that a-MT selectively depletes 
catecholamines but not 5-hydroxytryptamine has been useful in determining 
the possible roles of these amines in the actions of reserpine. The fact 
that a-MT (but not p-chlorophenylalanine, a 5-hydroxytryptamine depleter 
through inhibition of tryptophan hydroxylasel4) produced behavioral de- 
pression which exhibited a time course similar to the catecholamine deple- 
tion in brain indicates a possible causal re1ation~hip.l~ 
a-MT to antagonize the central actions of amphetamine also provides strong 
evidence that this latter compound exerts its stimulatory effect by a 
mechanism dependent upon endogenous biosynthesis of catecholamines. 
A few words of caution need to be interjected here, for Cr-MT itself is 
able to produce a depressant condition when given in large doses. Moore -- et all9 emphasize the toxic actions of 200-300 mg/kg doses of MMT in 
single injections which result in a high frequency of deaths. Lethality 
is preceded by a state of depression, lethargy and hypothermia in rats 
associated with blood and organ abnormalities. 

The ability of 

Other workers have compared a-MT with related compounds such as 
H44/69 (methyl ester of a-methyl-dl-tyrosine) and H59/64 ( 3 ,  a-di-methyl- 
tyrosine methyl ester-HC1). All of these agents act similarly in blocking 
tyrosine hydroxylase, lowering tissue levels of catecholamines and roduc- 

They have also been employed t o  distinguish between the "depleter type" 
and the "releaser type" agents.21 
agents, while lowering tissue catecholamine levels, have vastly different 
characteristics and mechanisms. 

ing a decrease in conditioned avoidance responses in mice and rats. 40 

It is evident that these two types of 

Other interesting and significant findings re arding drugs affecting 
tyrosine hydroxylase include those of Levitt et a1 28 who described a 
series of phenylcarbonyl agents as in vivo inhibitors of the enzyme. 
McGeer et a123 found a group of 5-halogenated tryptophans to be highly 
effective as tyrosine hydroxylase inhibitors. dl-5-iodotryptophan pro- 
duced a 50 percent inhibition at 12.5 x 10-7 M of rat brain homogenate 
activity. Burkard et a124 reported on the unexpected finding of a con- 
siderable activation of t rosine hydroxylase by the tranquilizer chlor- 

of C14-dopamine after administration of C14-tyrosine in chlorpromazine- 
pretreated rats. 

Amino acid decarboxylase inhibitors - The second step in catecholamine 
formation involves the decarboxylation of DOPA by an enzyme amino acid de- 
carboxylase. 
difficulty in blocking adequately catecholamine synthesis by this means, 
little has appeared on newer inhibitors. A group of hydroxamic acid deriv 
atives was shown to be effective as inhibitors of amino acid decarboxylase 
and in lowering catecholamine levels in brain.26 Creveling et a127 em- 
ployed a new in vivo method for determining amino acid decarboxylase and 
studied a variety of compounds as inhibitors. Several of the hydrazine 
compounds proved to be highly effective inhibitors. Some of the previously 
reported amino acid decarboxylase inhibitors of the hydrazide (Ro-4-4602) 
and the benzyloxyamine types (NSD 1055 and 1024) have been employed as 

promazine. Nyback et a1 2T also observed an increase in the accumulation 

Inhibitors of this enzyme are known, but because of the 
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experimental tools in the study of decarboxylation by the enzyme and in 
the formation of catecholamines .28-30 

An interesting sideline regarding drugs affecting this enzyme is the 
finding that phenobarbital produced an activation of amino acid decarboxy- 
lase31 much like it activates the drug detoxifying microsomal enzymes. 
This activation was also blocked by the compound S W  5258. 

Dopamine 8-hydroxylase inhibitors - The conversion of dopamine to norepin- 
ephrine depends on dopamine p-hydroxylase, a copper de endent enzyme which 
is inhibited both in vitro and in vivo by disulfiram.g2 The mechanism of 
inhibition by disulfiram is related to its- reduction to form diethyldithi- 
ocarbamate, a copper chelating a ent. The compound phenylethyldithiocar- 
bamate also acts in this manner.33 The administration of disulfiram 
causes a marked lowering of tissue norepinephrine and a corresponding in- 
crease in dopamine levels.34, 35 
strate whether certain pharmacological phenomena are dependent upon the 
B-hydroxylation process to form norepinephrine or related compounds, such 
as on the restoration of tyramine action in reserpinized animals26, 37 
the replacement of nore inephrine by dopamine, 38 and to demonstrate the 

The drug has also been employed to demm- 

act ions of amphetamine. 39 

MONOAMINE OXIDASE INHIBITORS - Inhibitors of the enzyme MA0 still attract 
much attention of investigators in the area of the biochemistry and pharm- 
acology of biogenic amines. New compounds have been uncovered as MA0 in- 
hibitors, among these including a number of aziridine derivative~,~~ 
iodinated phenols ,41 various carboline compounds ,42 and certain stryryl- 
quinoliniums.43 Some of the latter two classes of compounds were of high 
potency in vitro, showing ID5o's at concentrations below 10-7 and 10-8 M. 
A number of nitrofuran derivatives has also been studied extensively as 
MA0 inhibitors. These agents are known as antiseptics, but in the intact 
animal some of them, such as furazolidone and nitrofurantoin, are biotram- 
formed to MA0 inhibitors of the hydrazine type.44 Stern et a145 suggest 
that 2-hydroxyethylhydrazine may be the active MA0 inhibitor from fura- 
zolidone. The bioactivation of the nitrofuran compounds appear to be a 
function of the liver microsomal enzymes, analogous to the bioactivation 
and subsequent inactivation of modaline sulfate (2-methyl-3-piperidinopyr- 
azine), another irreversible MA0 inhibitor.46 A variety of phenylalkyl- 
hydrazines have been tested for their MA0 inhibitor activity by several 
pharmacological tests, and these have led to the finding of other effects 
which are not always found in the standard direct determinations of MA0 
inhibit ion. 47 The compound SU 11 7 39 (N-me thy l-N-2 - propyny 1 - 1 - indanamine) , 
a non-hydrazine MA0 inhibitor which resembles pargyline in chemical struc- 
ture* was reported to be some 15-25 times more potent in vivo as a MA0 
inhibit0r.~8 It also displayed a considerably greater effect on brain MA0 
than on the liver enzyme in vivo. 4-Chloroamphetamine was also found to 
be a potent inhibitor of brain MA0 in vitro, and, based on brain concen- 
trations of the compound after its administration, Fuller49 has postulated 
it as an in vivo MA0 inhibitor as well. Finally, the observation of Ogawa -- et a150 that glyeryl trinitrate (nitroglycerin) was an effective competi- 
tive inhibitor of MA0 deserres attention, especially s i n c e  MA0 inhibitors 
have been considered as anti-anginal agents. 
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The role of MA0 inhibition in the mechanism of adrenergic nerve 
blocking action of bretylium, debrisoquin and other agents was investi- 
gated by Giachetti and Shore.51 
blockade by iproniazid and discussed the possibility of an action on the 
adrenergic terminals. However, others attribute a central vasomotor de- 
pressant as the mechanism of the antihypertensive effect of the MA0 inhib- 
itors. 53 

A n  important development that has emerged from the use of MAO inhib- 

Spencer5$ also observed the adrenergic 

itors has been the various interactions that occur between these agents 
and a variety of substances. The interaction between MA0 inhibitors and 
various foods is still of clinical concern, and the pharmacology of these 
paradoxical phenomena has been studied by Blackwell and his associates .54 
Aside from foodstuffs, MA0 inhibitors also potentiate the duration of 
hyperpyrexia produced by pyrogens ,55 initially decrease then increase the 
toxicity of cholinergic agents in reserpinized potentiate the card- 
iovascular effects of sympathomimetic arnine~,~~ although amphetamine and 
related compounds protect against the irreversible MA0 inhibitors .58 The 
hypoglycemic action of insulin is also enhanced,59 while the development 
of experimental diabetes by alloxan is prevented.60 In certain instances 
the interactions are peculiar to specific MA0 inhibitors, such as phenel- 
zine causing an increase in brain 7-aminobutyric acid (GABA) levels, 
while tranylcypromine is devoid of this action.61 
certain inhibitors is of interest since they act as anticonvulsants against 
metrazol shock. 62 The sympathomimet ic cardiovascular action of phenelz ine, 
but not of pheniprazine, exhibited tachyphylaxis more rapidly in the 
nialamide-pretreated cat .63 This and other related evidence was consideEd 
by the authors that phenelzine could serve both as a substrate and inhib- 
itor of MAO. The positive inotropic action of strophanthin-g on the dog 
heart may be potentiated or reduced by several MA0 inhibitors, depending 
upon the mode of admini~tration.~~ The extent of MA0 inhibition, rather 
than the elevation of cardiac catecholamines, has been considered more 
important in the potentiation phenomenon. 
sides such as digitoxin, produced a dose-dependent inhibition of brain 
MA0.6f 
cardiotonic activity since strophanthin-g was not active in inhibiting 
MAO. The role of cardiac MA0 is further clouded by the finding that phen- 
elzine and several other MA0 inhibitors are capable of partially blocking 
the development of myocardiopathy produced by large doses of isoproter- 
enol.66 

TKYITOPHAN HYDROXILASE INHIBITORS - The rate limiting step in the synthe- 
sis of 5-hydroxytryptamine is the hydroxylation of tryptophan which forms 
5-hydroxytryptophan. Studies of this system and its inhibitors have re- 
cently been re~iewed.~~-~' 
most references here will be of 1967 only. Since the discovery of -chlor- 
ophenylalanine (p-ChPhe) as an inhibitor of tryptophan hydroxylasele most 
investigations are involved with this compound and its analogues such as 
~-methyl-p-~hlorophenylalanine.7~ p-ChPhe is a competitive inhibitor of 
tryptophan-hydroxylase in vitro but is an irreversible inhibitor in vivd2 
Inhibition of tryptophan hydroxylase occurs in rat and rabbit brain stem,73 

The GAEA effect of 

Some of the cardioactive glyco- 

This effect, however, does not appear to be related to their 

Levi and Green67 reviewed through 1966, so 
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in beef, rat73 and human74 pineal gland, and human carcinoid tumor.73 In 
patients with carcinoid syndrome, p-ChPhe was found to lessen the gastro- 
intestinal symptoms .75 
animals depleted of 5-hydroxytryptamine with p-ChPhe.76, 77 
small but consistent decrease of norepinephrine in the brains of mice from 
p-ChPhe.78 
Amino acid imbalances similar to phenylketonuria occurred, but 5-hydroxy- 
tryptamine levels were much lower than that normally occurring in 
patients. 79 
by esculetin and H22/5480 and a variety of catechol compounds.81 
other enzymes involved with synthesis (amino acid decarboxylase) and 
degradation (monoambe oxidase) are so parallel to the catecholamines that 
they are covered in their respective sections. 

HISTIDINE D E O X Y L A S E  INHIBITORS - The subject of histamine has regained 
considerable interest among chemists and biologists as evidenced by several 
recent reviews.82, 83 
histidine decarboxylase, the enz me decarboxylating 1-histidine to form 
histamine. Shepherd and Mackay8r wrote an excellent review of this topic 
in 1967; therefore, no attempt will be made here to discuss the properties 
of the enzyme system. 

Several inhibitors of histidine decarboxylase have been investigated 
extensively by Johnston and K a h l ~ o n ~ ~  and by Levine, including the action 
of NSD 1055 (4-bromo-3-hydroxybenzyloxyamin~ in humans. Levine and 
Watts85 also reported on the inhibition of histidine decarboxylase activity -- in vitro by norepinephrine and related compounds. This is in contrast to 
the work by Pearlman and Waton86 who demonstrated that injections of epin- 
ephrine into mice increased histamine formation by skin, lung and skeletal 
muscle, but not by stomach tissue. Apparently the source of histidine de- 
carboxylase is of great importance as to the effects of inhibitors or 
potentiators. 

phenylbutazone and indomethacin, have been considered as histidine decar- 
boxylase inhibitors .87 
appears to be related to a competition with pyridoxal phosphate for the 
coenzyme binding site. 

ACETYLCHOLINESTERASE INAIBITORS - The acetylcholinesterase inhibitors have 
been used as pharmacological tools in the study of cholinergic mechanism 
in the automatic nervous and neuromuscular systems. 
various disease states, such as myasthenia gravis. Agricultural use of 
esterase inhibitors is extensive, but because of space limitation the re- 
search on this interesting area is not reviewed here. There are two major 
classes of inhibitors, the carbamates and the organophosphates. These two 
groups will be reviewed with respect to their mechanism of action, chemical 
interactions and pharmacology in the mammalian system. 

Carbamates - Structure activity relationships have been studied with re- 
spect to toxicity and anticholinesterase activity.88, 89 
acetylcholinesterase inhibition by the carbamates is not entirely clear. 

Several behavioral studies have been done with 
There is a 

p-ChPhe has been used as a model of phenylketonuria in rats. 

Tryptophan and phenylalanine hydroxylase are also inhibited 
The 

Of special relevance is the biosynthetic step via 

A number of acidic anti-inflammatory agents, such as salicylate, 

Their ability to inhibit histamine formation 

They are used in  

The mechanism of 
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Although kinetic studies of inhibition by monomethylcarbamates indicate 
these compounds to be poor substratesg0 there is evidence that carbamyla- 
tiongl and the actual structure of the "leaving group" is of most import- 
ance.92 
eserine and seving3 and by carbawlation rate constants.94 

Organophosphates - As with the carbamates, studies of the mechanism of 
action and elimination have been performed. Kinetic studies indicate that 
dealkylation in a series of organophosphates is a first order rate.95 The 
inhibitory action of diisopropylfluorophosphate (DFP) was found to be re- 
lated to its affinity toward the enzyme; both inhibition and affinity 
greater for serum cholinesterase than for erythrocyte acetylcholin- 
esterase.96 The effect of substituent groups on phosphate esterase has 
been kinetically determined and electronic, steric and hydrophobic factors 
are implicated in their action.97 
8.5 decrease inhibitory actions of phosphate esters and carbamates.98 

thion will inhibit esterases whkh normally destroy it before inhibition 
of cholinesterases ,99 although it is not a substrate of serum cholines- 
terase.100 Sarinase, the enzyme which hydro1 zes sarin, is found to be 
less effective toward 1-sarb than d-sarin. lox The microsomal detoxifica- 
tion of parathion has been shown to be accomplished by desulfonation.lo2 

Reactivation - Antidotal actions toward compounds with the relative potency 
of the organophosphate insecticides is of continued interest. The general 
mechanism of reactivation of organophosphates has been reviewedlo3 and 
there is continued research for new reactivators and comparison with those 
existing.104, 105 Reactivation by oximes of acetylcholinesterase inhibited 
by DFP would be expected to cause decrease of DFP in the tissue, but this 
is not the case. The amount of DFP bound in tissue is not influenced by 
either oximes or atropine.lod The aging process in which the enzyme be- 
comes unreactivatible has been studied in dog with respect to the half- 
time aging for soman and was found to be 5.3 minutes in vitro and 5.5 
minutes in vivo.l07 
mined to be a 1:l stoichiometric relationship between the isopropyl alcohol 
and nonreactivatible esterase,l08 and the percent of enzyme not reactivated 
by oxime approximated the amount of methylphosphonate as measured isotop- 
ically.109 Other factors involved with aging are the nature of the alkyl 
group and temperature changes.110 
ase and acetylcholinesterase is the same with respect to bond 

That carbamylation does occur is supported by the destruction of 

Studies indicate that pH levels above 

Detoxification of organophosphates indicates that in low doses mala- 

The actual process of aging of sarin has been deter- 

In general, aging of plasma cholinester- 

-- In vitro studies of reactivation of phosphorylated serum cholinester- 

fission.lll 

ase indicate a varying effect of salt concentration on the reactivation 
process.112 The prophylactic use of oximes has been suggested, and the 
half-life of 2-PAM was determined to be 1.4 hours.ll3 The half-life of the 
oximes TMB-4 and toxogonin has been determined to be 28.3 and 19.9 minut-, 
respectively .I14 

Other agents affecting cholinesterases - By chtBing ionic strength of 
media containing acetylcholinesterase Changeux has shown that an in- 
crease of ionic strength will increase the velocity of reaction but de- 
crease affinity of substrates and competitive inhibitors. Through a 
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decrease in ionic strength he further demonstrated that flaxedil and 
d-tubocurarine are inhibitors of acetylcholinesterase. Irreversible 
acetylcholinesterase inhibition specifically at the anionic site of the 
enzyme was demonstrated for p- (trimethylammoniom) benzenediazonium f luo- 
borate, and this enzyme inactivation could be prevented with the revers- 
ible inhibitor phenyltrimethyl ammonium chloride.116 
compounds have been shown to inhibi 
oxide, and .some isoquinolines. Phosphorylated oximes inhibit 
acetylcholinesterase by mechanisms which are not different from the organ- 
ophosphates. 

Acetylcholinesterase has also been shown to be increased by a & - novo induced synthesis by actinomycin D. 
esterase is inhibited by puromycin and 5-fluororotic acid.120 Acetyl- 
cholinesterase activity can be accelerated with acetyl fluoride in the 
presence of acetylcholine. 

Pharmaco1op;ic effects and interactions of esterase inhibition - The car- 
bamate and organophosphate cholinesterase inhibition has been used exten- 
sively as a tool to study effects of changed or altered levels of esterase 
on animal behavior,122 in nerve conductance,123, 124 on body 
and on other systems briefly discussed below. 
are of current interest, as well as the effects of pesticides on drug 
actions and drug metabolism. 
esterase inhibitor type) on drug and steroid metabolism have been recently 
reviewed. 126 
insecticide, aldrin, could protect animals against the acetylcholinestemse 
inhibitors, such as parathion and physostigmine, for four days. 127 
thermore, it was shown that there was first an increase in toxicity to 
chlorinated hydrocarbons followed by a decrease in the toxicity; this 
parallels an increase in hexobarbital sleeping time and then a decrease. 128 
In this latter study it was shown that there was an increase of the car- 
boxylic esterase "A" of the liver. With respect to this methodsfor separ- 
ating the liver carboxylic esterases with organophosphates have been devel- 
oped .I29 
several carbamates .I30 

A number of other 
cholinesterases as dimethylsulf- 

This synthesis of acetylcholin- 

Interactions between drugs 

The effects of pesticides (not the cholin- 

Since this review, it has been shown that the Chlorinated 

Fur- 

The chlorinated hydrocarbons also increase acute toxicity to 

The toxicity of the organophosphates by different routes of admin- 
istration indicates that the liver can serve to increase toxicity, to 
detoxify and to serve as a buffering organ by absorbing certain carbamates 
and organophosphates. 131-133 A number of new toxicological effects of 
acetylcholinesterase inhibitors have been reported. The organophosphate, 
o-ethyl-o-p-nitrophenyl phenylphosphonothioate (EM) has been shown to 
cause malformation in the developing duck foot due to a dystrophic effect 
on mu~cle.l3~ Malathion will inhibit chick cell growth in tissue culture 
but will stimulate mouse liver cell growth in subacute toxic doses.135, 136 
Inhibition of erythrocyte cholinesterase from low doses of carbamates has 
been investigated,137 and intensity of effects of carbamates has been com- 
pared to various mammalian esterases . 138 

Resistance to certain parasympathomimetics, such as carbachol, has 
been shown to develop with prolonged treatment with acetylcholinesterase 
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inhibitors i n  the cardiovascular system, isolated i1eum,~39 and in the 
eye.140 A number of miscellaneous effects and interactions with acetyl- 
cholinesterase inhibitors deserve mention. Central ne ous system depres- 
sants cause an increase in toxicity to parathion. '2 Physostigmine 
was found to directly decrease excitatory response to cholinergic stimula- 
tion and to ch01inesterase.l~~ 
inhibition of chymotrypsin and trypsin were determ'ed.14f Sco olamine- 
induced delirium was found to be antagonized by physostigmine. lE5 

Choline acetylase - Much of the work of inhibitors €or choline acetylase 
has been done before the period of 1966 with hemicholinium-like compounds. 
The mechanism of the hemicholinium-like compounds is thought to be either 
a block of the active concentrating mechanism for choline, because its 
action is so readily antagonized by choline, or it may compete with bind- 
ing and storage of acetylcholine. Further studies of hemicholinium a m -  
logues have shown a wide variation of activity. l46 Hemicholinium-3 itself 
was found t o  have atropine-like activity,l47 and with va us nerve blocking 
activity no reduction of atrial acetylcholine is seen,14t5 nor is any 
change seen in acetylcholine containing vesicles in the caudate nucleus 
although there was a decrease in the parietal cortex.149 
of hemicholiniums has been recently reviewed. 150 

The reaction rates for or anophosphate 
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Chapter 25.  Current Status of Neurotransmitters 

Floyd E. Bloom and Nicholas J. Giarman, Yale Univ. 
School of Medicine, New Haven, Connecticut 

Introduction - Although 46 years have elapsed since the relatively simple 
experiments of tto Loewi demonstrated neurohumoral transmission at auto- 
nomic junctions', it is only during the past 10 years that this theory of 
neurotransmission has become almost universally accepted. Indeed, more 
evidence favoring the extension of this theory to nerve-nerve junctions 
(synapses) in the central nervous system (CNS) has been presented in the 
past 7 years than in the entire preceding quarter-century. Briefly 
stated, the theory of neurohumoral transmission holds that nerves produce 
their physiologic effects by releasing chemical substances which act on 
the cell that the nerve endin s innervate, rather than by the continuous 
flow of bio-electric currents 9 . 

The identification of a putative transmitter substance as the neuro- 
transmitter for a defined neural pathway (i.e., from cell type A to cell 
type B) is generally attempted by gathering data to satisfy criteria3r4 
in the manner of "Koch's Postulates" for the identification of a specific 
disease-producing microbe: 1) the putative transmitter must be detect- 
able, together with the synthesizing and degradative enzyme systems, in 
the appropriate regions of the brain, or more precisely in the appro- 
priate nerve endings. 2) The physiologic effect of the putative trans- 
mitter on the post-synaptic neuron must be identical to the effect 
produced by stimulation of the nerve pathway under investigation; de- 
pending on the electro-physiological finesse of the investigator, the 
effect of the putative transmitter may be compared on such general para- 
meters as spontaneous or induced activity, or more intricately, on trans- 
membrane permeability changes induced by the putative and true trans- 
mitter~~. 
response of the innervated neuron to the true transmitter must also in- 
fluence (i.e., block or potentiate) the effects of the putative trans- 
mitter in an identical fashion. 4) When the pathway in question is stim- 
ulated, the substances released by activation of the nerve endings must 
be demonstrated to be identical to the putative transmitter; although 
constituting perhaps the most direct single piece of evidence, this 
criterion is the most difficult to satisfy in the CNS. 

3) Those drugs which either enhance or interfere with the 

While a large number of substances have been proposed as neurotrans- 
mitter~~, only norepinephrine (NE) and acetylcholine (ACh) have been shown 
to satisfy rigorous criteria 
syst m2. In the CNS only AChzJ6 and possibly N E 7 s 8  and gamma-aminobutyric 
acid' can presently be accepted as likely transmitters for particular 
synaptic junctions, and the evidence for this comes mainly from extensive 
electrophysiological data. 

Neuromodulation - It may be pertinent to point out here that some sub- 
stances may act as neuromodulators in addition to or instead of acting as 

or a transmitter in the peripheral nervous 
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neurotransmitters. The concept of neuromdulation, although not well de- 
fined, might be considered in the context of the modulator altering in 
some way the receptivity or reactivity of the post-synaptic element to 
the transmitter. Serotonin, for example, seems to have a buffer or modu- 
lator function in some peripheral systems with the possible exception of 

peristaltic reflex of the guinea pig, 5-HT facilitates the response of 
mechano-receptor sensory endings in the mucosa to changes in intralumenal 
pressure, inhibits the mediating "ganglion" (in Auerbach's plexus) and 
may facilitate response of serosal muscle to the transmitter (probably 
ACh) at the neuro-effector j u n ~ t i o n l ~ , ~ ~ .  
modifying the threshold for stimulation of cardiopulmonary and carotid 
sinus receptors have been demonstratedl4r15. Evidence for a modulator 
action has also been obtained for histamine and NE at adrenergic ganglia 
and for NE at neuromuscular junctions (for discussion see reference 5). 

the clam heart, where transmitter function is suggested 11 . In the 

Similar effects of 5-HT in 

Thus, in addition to the rather strictly defined concept of "neuro- 
transmitter" given above, the conceptual possibility also exists that 
nerve stimulation to a tract of axons which densely innervate certain 
regional brain nuclei, might liberate substances that can act as local 
hormones by modulating activity, but without the requirement that these 
local hormones be the exclusive transmitter for any particular set of 
junctions. 

Steps in Neurotransmission - At the outset it is important to detail the 
various steps in the synthesis, storage, release and destruction of 
neurotransmitters and their sites of action (receptors) on which this 
review will dwell. Very briefly these steps are thought to occur in the 
following chronological sequence: 

1. 

2 .  

3 .  

4. 

Facilitated or active uptake of the transmitter precursor 
(tyrosine for NE and tryptophan for 5-HT) by the neural elements. 
In the case of ACh the uptake of precursors (choline and acetate) 
and the extent of recycling of these substances after hydrolytic 
cleavage of ACh are not yet clearly defined. 

Biosynthesis of the neurotransmitter by enzymes which are either 
"soluble" in the cytoplasm or "bound" to certain subcellular 
organelles. 

Uptake of the newly synthesized neurotransmitter by membrane- 
bound vesicles of various sizes and electron opacity, and storage 
of the neurotransmitter in a form bound to as yet undefined sub- 
stances within the matrix of the storage vesicles. Other sites of 
storage also exist from which the transmitter may be more readily 
mobilizable. All of these various pools of transmitter maintain 
a dynamic equilibrium with each other. 

Release of quanta of the transmitter by unknown physiological 
processes and association of the transmitter with the receptor 
macromolecule on the post-synaptic cell membrane. This 
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transmitter-receptor complex initiates a chain of events leading 
to depolarization or hyperpolarization of the post-synaptic cell, 
which in turn leads to its excitation or inhibition. 

5. Very nearly simultaneously with the events in (4) occur the dis- 
sociation of the transmitter from the receptor and termination o f  
its effect by enzymatic degradation or re-uptake b 
synaptic nerve ending or both. Some investigators l6 9 l7 believe 
that the receptor and degradative enzyme are one and the same 
macromolecule in the case of ACh, so that receptor-response and 
hydrolysis do indeed occur simultaneously. 

Repolarization of the post-synaptic membrane to a state of readi- 
ness for the next volley of transmitter molecules. 

the pre- 

6 .  

New Analytical Techniques - As with all explosions of interest and data in 
scientific areas, the special reason for recent successful experimentation 
in chemical synaptology is the discovery and application of a number of 
new and pertinent techniques. 
data which has emerged from the application of the following techniques to 
the problem of neurotransmitter identification in the CNS: 

This review will be concerned with the new 

1. A variety of morphological techniques for directly localizing 
putative transmitters, such as: 

H i s  tochemical fluorescence microscopy18 and microspectro- 
fluorometry19 in the elucidation of monoaminergic fibers; 

electron microscopic analysis of nerve ending organelles in 
relatioqoto storage and release of putative neurotrans- 
mitters ; 

electron microscopic radioautography in the identification of 
specific mnoaminergic fibers and storage of monoamines in 
the CNS21,22,23; 

the localization of enzyme activities relevant to particular 
putative transmitters24. 

2. Micro-techniques for assaying the electrophysiologic effects of 
putative transmitters on single units in the CNS with respect to 
receptor activation and specificity of drug effects at possible 
receptors, especially the technique of microiontophoresis25~26~27. 

A variety of attempts to elucidate the release of transmitter 
substances after nerve s t i m u l a t i ~ n ~ , ~ * ~ ~ ~ ~ ~ .  

3. 

4 .  The use of advanced neurochemical approaches on a multi-cellular 
level to identify and correlate various functional pools of 
transmitter substances, particularly the monoamines, with the 
effects of drugs and functional-behavioral manipulations, by 
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means of both j$;Sfpic and non-isotopic methods for examining 
turnover rates 

Each of these major areas of work relevant to the topic of neuro- 
transmitters will now be considered, with the presentation restricted to 
the three monoamines which are currently prime candidates for transmitter 
roles in the CNS of mammals: ACh, NE, and 5-HT. 

Cellular and Subcellular Localization of Neurotransmitters - When ACh was 
shown to be a transmitter at various sites of the parasympathetic nervous 
system, it was natural to analyze the brain for the presence of this sub- 
stance as a reliminary qualification for its consideration as a central 
transmitter . However, analysis of whole brain homogenates by bio- 
assay33, or even regional analyses of di cr 
extraction and identification techniques 35,9E can only serve to show 
differences in chemical content, and the crucial question remained as to 
whether the ACh in the brain was in nerves, and if so, in which nerves. 
It may be noted that the placenta is rich in ACh, yet no inference as to 
neurotransmission is associated with this chemical observation. In like 
manner, the same questions may be leveled at the chemical assays of NE and 
5-HT in the brain, and it is in precisely this problem area that the 
morphological attempts at localization have been most heavily utilized. 
For all three amines considered in this review, the technique of differ- 
ential centrifugal analysis of brain h~mogenates~~ showed that the mono- 
amines were all found in highest concentration in that portion of the 
homogenate richest in particles which resembled sheared-off nerve- 
endings38; but obviously from an homogenate it is only rare1 

the problem requires a technique capable of providing both chemical and 
structural informat ion simultaneously . 

39 

e CNS areas34 by more refined 

possible to 
identify the pathway from which the nertre endings were torn 33 . Therefore, 

Histochemical Localization of Neurotransmitters: For the catechol- 
amines and indoleamines, much data are now at hand to establish not only 
the neuronal origin of the amines within the CNS, but also to describe 
the neuronal pathways invo1ved4O s4l. This progress has been possible 
because of the development of a fluorescence histochemical method for 
these substances42 and the method has been widely applied to evaluate the 
relative influence of an extensive assortment of psychopharmacological 
substances on the n rve endings and neuron cell bodies of the monoamine- 
containing cells l8aZ3. Beyond this, however, the technique has certain 
limitations, particularly when the data are interpreted to yield state- 
ments regarding release and binding of monoamines with respect to synaptic 
function. Among the shortcomings of the method which have previously been 
cited44,46 are the quantitative and qualitative estimation of the 
fluorophor in the tissue and the difficulty of identifying 5-HT fluores- 
cent cell bodies in the absence of drug treatment. As the available 
technique is commonly applied, the observer's eye is used to estimate both 
the color of the fluorophor and its relative intensity, and it should be 
noted that the human eye is not an objective or accurate instrument for 
either measurement. The joint problems of quantitation and qualitative 
discrimination are complicated by the fact that large amounts of 
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fluorescence related to catecholamines sometimes give the apparent color 
of 5 - E  (as in the adrenal medulla), and to the fact that both 
dopamine and epinephrine have similar fluorescent emission peaks . 
These proble 
ergic system E-50 by the use of microspectrophotometric measurements for 
obtaining exact activation and emission spectra of fluorophors, but a 
great deal of data, particularly pertaining to the CNS, prior to this 
latter technical sophistication, remains to be confirmed. Finally, it 
should be noted that the "system" of monoamine-containing neurons 
identified by fluorescence hi 
recognized by neuroanatomists 3fy'9 and that the cellular morphology of 
freeze-dried tissues subjected to the fluorescence reaction leave much to 
be desired, particularly with regard to intracellular organelles. 

Fine Structural Localization of Monomine-containing Nerves: 

T? 
have been circumvented in studies of the peripheral adren- 

emistry are not always similarly 

Fine 
structural analysis has the immediate advantage over the fluorescence 
approach in that it provides clearly superior resolution of cellular 
organelles, but at the same time requires multiple simultaneous maneuvers 
in order to provide chemical information on the cellular details 
vi~ualized~~. In the peripheral nervous system, fine structural analyses 
with a variety of fixation techniques and drug treatments have established 
that NE-containing nerve fibers exhibit synaptic vesicles with electron- 
opaque contents (dense-core or granular vesicles) and that the amount of 
granular material within the 400A0 vesicles varies in good correlation 
with the NE content by both biochemical and fluorescent histochemical 
rneas~rements~~,~~. 
material which becomes electron-2gaque could be either the monoamine or 
the binding matrix for the amine . 
attempts to identify monoamine-containing nerves have also made extensive 
use of pharmacological depleting agents, par icularly r e ~ e r p i n e ~ ~ , ~ ~ ,  
a-methyl-m-tyr~sine~~ and p-C1-phenylalanine" as well as monoamine 
oxidase  inhibitor^^',^^ in efforts to observe changes in the frequency 
with which brain granular vesicles occur. However, although intriguing 
correlations can be shown between the regional concentration of NE and 
5-HT and the frequency of nerves containing granular vesicles, most 
quantitative efforts to examine the problem fail to show any relation 
between the amount of granular material within the vesicles and the con- 
tent of the mine after a variety of pharmacological manipulations in the 
amine levels20,55,56. The main problem has been the fact that in the CNS, 
the only form of granular vesicle found with routine types of tissue 
fixation has been a granular vesicle which is ap roximately twice as large 
as that studied in the peripheral nervous system 30,59, implying that fix- 
ation may be a critical factor in the preservation of the dense material 
which could represent the storage form of monoamine20,60,61. 

However, from the available data, it appears that the 

In the central nervous system 

A second approach to the identification of monoamine nerve fibers in 

3 to the CNS has been the use of electron microscopic autoradiograph 
identify those nerves capable of taking up and storing either H NE or 

The common result of all such studies thus far has been that the nerves 
which exhibit superimposed autoradiographic grains also contain the large 

H 3 -5-HT after their injection directly into the cerebral ventricles21,22. 
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granular vesicles23, 
these vesicles might be a protein matrix used in the binding of the 
monoamine, but which does not vary in amount with fluctuations in the 
tissue mine level . 

It has been suggested that the granular matrix of 

20 

Enzyme Activity Localizations: An additional histological approach 
would be the ability to identify the intracellular location of enzyme 
activities related to one or another of the amines with which we are con- 
cerned. This approach has been used mainly for the acetylcholine- 
containing  nerve^^^,^^, 63 since there is at present no his tochemical test 
for ACh itself. The histochemical demonstration of possible ACh- 
containing paths has rested upon the demonstration of cholinesterases by 
various light microscopic62 and electron microscopic24, 63 techniques. 
Several types of brain cholinesterases with distinctive sensitivities to 
cholinesterase inhibitors64 have been described by chemical characteriza- 
tions, but it is not always possible to make these discriminations in the 
cytological tests. Furthermore, inasmuch as a variety of cell types 
unrelated to nerve function (such as pancreatic acinar cells and erythro- 
cytes) also contain cholinesterase activity it is by no means certain 
that the presence of the enzyme is a valid indicator of ACh. By means of 
refined micromethods for the measurement of the ACh-synthesizing enzyme65, 
it has recently been possible to show that the levels of the two enzymes 
are also not correlated with each other in a variety of sites in mammalian 
CNS66. 
activity can be localized, it is not clear how significant these 
localizations may be to the determination of ACh-containing neurons 

presented only for monoamine ~ x i d a s e ~ ~  and this work has not yet been 
extended to the fine structural analysis of enzyme sites within nervous 
tissue. 

Therefore, while it seems likely that the cholinesterase enzyme 

24,63 

Of the enzymes related to the catecholamines, methods have been 

Thus to summarize the present status of information derived from the 
histochemical experiments, we may conclude that neuronal circuits rich in 
acetylcholinesterase innervate the caudate nucleus24 deep cerebellar 
nuclei68, hippocampus and possibly cerebral cortex6'. Neurons con- 
taining NE and 5-HT arise mainly from the mid-brain and brain stem nuclei 
and course widely throughout the entire CNS18.40, their synapses being 
particularly rich in basal ganglia4', hypothalamus41, 70 and cerebellar 
cortex71. 
transmitter substance, and we shall now consider data concerning the 
response of the neurons in these areas to the substances. 

The key fact here is that these neurons contain the potential 

Microiontophoresis - The characterization of a transmitter function for a 
chemical substance also depends upon the demonstration that its physio- 
logic effects and sensitivity to drugs are identical to the natural 
transmitter, This statement implies that the putative transmitter sub- 
stance is able to elicit some sort of physiologic response on the cell in 
question. In order to know this with certainty requires optimal physical 
resolution of the drug-neuron interaction and discreteness in both the 
route of administration of the substances tested and the delineation of 
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the neuron's responses26. 
complex organization of nerve-nerve junctions, the presence of permeabil- 
ity barriers to the access of substances from the blood into the brain, 
and through the extracellular spaces of the brain to the active site, and 
also because neuronal events occur in matters of milliseconds, while 
substances injected into nervous tissue by parenteral or topical routes 
will require finite diffusion times which make it possible for observed 
effects to have been initiated many neurons away from the site of observa- 
tion. In order to circumvent the major sources of diffusional barriers 
and to reduce the number of potential sites for drug-neuron interaction, 
the technique of microiontophoresis2~ was applied to the CNS as a method 
for administering small amounts of chemical substances into the immediate 
extracellular environment of neurons whose electrical activity could be 
recorded simultaneously and di~cretely~~. 
drug barrels containing ionizable substances are fused to a recording 
micropipette in such a way that the tips of all the pipettes are within 
3-5 micra of each other73. When desired, the drugs in the side barrels 
are then ejected from the pipettes by passage of electrophoretic 
currents74, 75, although direct application of positive p$gssure76r77 or 
electro-osmosis can be used for non-ionizable substances . 

As with all methods, this too has its technical limitations . 

This requirement arises partly because o f  the 

As generally applied, 4 or more 

72 

Controls to rule out electrical current effects must be performed and the 
drugs must be prevented from leaking inadvertently from the pipettes when 
their administration is not desirable. In addition, although the amount 
released from the pipettes is small, the drug concentration in a small 
region may become relatively high. Since the extent of diffusion from 
the pipette is virtually innneasurable79, the drug concentration at the 
site of action is also an unknown. Finally, since it is not possible to 
know with absolute certainty the anatomical location of the receptor site 
on the neuron in question (and in some cases not even the type of neuron 
under investigation), the interpretation of the direction of the response 
(i.e., activation or depression) may have to include the possibility of 
effects being mediated by an action on a near-by interconnected cell 72980. 
Effects which indicate artifactitiously positive responses may also be 
observed when a neuron is found to be responsive to a substance with 
which it is physiologically unlikely ever to contactg1yg2. 

When the data accumulated to date are considered from a statistical 
viewpoint, it appears likely that neurons sensitive to either ACh, NE, or 
5-HT can be found in all regions of the CNS which have been analyzed72~83. 
The proportion of cells in any given region varies considerably, but when 
the neurons in a region are selected on the basis of their identifying 
response to a distinct athway stimulus, the number of cells which are 
sensitive is higher72,ge. Again from a statistical vie p;intl cells re- 
sponsive to ACh can be either excited or de ressed by it while cells 
responding to either NE or 5-HT are usuallyi5 but not exclusivelyg6 de- 
pressed. 
electrophysiological responsiveness and complementariness of responses to 
agonist and antagonist drugs, consensual acceptance of ACh as the excita- 
tory transmitter from motoneurone axon  collateral^^,^ and of NE as an 

When the available data are analyzed for completeness of 
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inhibitory transmitter from lateral olfactory tract axon collateral to 
mitral cells7a8 represent the most satisfactory synaptic analyses. 
complete evidence would suggest ACh-mediated excitatory paths into 
caudate n u c l e u ~ ~ ~ , ~ ~ ,  onto c ~ r t i c a l ~ ~ , ~ ~  and hippocampal p ramidal 
cells72, for NE-mediated depression of spinal motorneurons" and for 5-EIT 
mediated depression of lateral geniculate  neuron^^^,^^. In none of these 
cases are the histochemical and electrophysiological data complete but 
such combined approaches would seem to be essential, particularly in view 
of the difficulty encountered in attempting to demonstrate neuronally- 
mediated release of transmitters. 

Less 

Demonstration of Release of Neurotransmitters - In the peripheral nervous 
system it was possible to isolate the innervated end-organ and to collect 
the vascular perfusate during nerve stimulation to associate the release 
of substances contained in the nerves with junctional transmission2r3, 
However, perfusion of specific local brain areas through their blood 
supply, with collection of the venous effluent for assay of liberated 
substances , is clearly impossible; furthermore, CNS stimulations are dif- 
ficult (but not impossible) to conduct in such a way that the details of 
the neuronal pathway involved are fully known. Early approaches to this 
problem involved embedding minute polyethylene cylinders in specific 
regions of the cortex and collecting released material in saline irri- 
gating the tissue under the ~ y l i n d e r ~ ~ , ~ ~ , ~ ~ .  
this approach it was possible not only to demonstrate spontaneous and 
evoked release of ACh from the cortex, but also to show that atropine and 
scopolamine, both powerful cholinolytic agents, also elicited a marked 
output of ACh by the cortex. This drug-induced release of ACh was direct 
confirmation of earlier findingsg6ag7 that a number of centrally acting 
cholinoceptive receptor blocking drugs would reduce the level of ACh 
specifically in the cerebral hemispheres. 
by this techniqueg8 has demonstrated that in animals transected either at 
a midpontine pre-trigeminal level or at a collicular level, the activated 
electro-encephalographic (EEG) pattern was associated with a high release 
of ACh from the cortex, while a synchronized EEG pattern was associated 
with a reduced ACh release. These investigators also showed that scopol- 
amine administered intravenously, intra-arterially or into the collecting 
cylinders caused a long-lasting increase in the spontaneous output of ACh. 
The most plausible explanation of this apparent release of cortical ACh by 
cholinolytic agents is that these drugs produce a net increase in output 
through occupation of specific ACh receptors. However, atropine in very 
high concentration failed to influence uptake of ACh by isolated slices of 
rat cerebral cortexg9. 
ACh by nerve ending particles prepared from rat brain homogenates have 
recent 1 y been observed loo. 

and the chemitrodelo2 that a technique was made available to collect and 
examine the local perfusate from brain nuclear masses. This technique, 
however, has been utilized surprisingly little. It was found that ACh was 
released when the tip of the cannula was in the cortex, but not when it 
was in the underlying white matterlo3. 

It is of interest that by 

A recent analysis of findings 

Similar results with scopolamine on the uptake of 

It was with the independent development of the I'push-pull cannula" 101 

Furthermore, the rate of ACh 
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release was increased by stimulation of the cortex, injection of the con- 
vulsant drug, pentylenetetrazole, and stimulation of sensory nerves in the 
contralateral fore-paw. When the cannula was placed in the center of the 
caudate nucleus, the resting rate of ACh release was high (20 to 80 q g /  
10 min), which was increased 3 to 8 times by stimulation of the anterior 
border of the primary motor cortex. By a similar approach, which con- 
sisted of 2 cannulas and 2 recording-stimulating electrodes, ACh ( 3  to 30 
wg/hr) was detectable on perfusion of the caudate nucleus, putamen, and 
subcortical areas of intact unanesthetized rn~nkeys"~. Seizures evoked by 
local electrical stimulation increased the release o f  ACh up to 375 w g /  
hr1°5. 

More recent applications of cannulas of the push-pull type have in- 
dicated release from the brain parenchyma of either endogenous or radio- 
active amines after electrical s t i m u l a t i ~ n ~ ~ ~ , ~ ~ ~  or drug treatments 108 . 
It should be borne in mind, however, that these cannulas, particularly 
when chronically implanted, lead to considerable tissue damage, casting 
some doubt on the significanceof such types of "release". 

Nevertheless, even the few data on the local release of ACh in brain 
induced either physiologically or pharmacologically, when added to the 
wealth of other data on ACh in brain, indicate a hi h probability that ACh 
does function as a transmitter at central synapses189, and that pharma- 
cological agents, which are active at peripheral cholinergic sites are 
able to exert effects by the same mechanisms in the CNS. A similar state- 
ment cannot be made with same degree of assurance for any other sub- 
stance considered to be a central transmitter, although strongly presump- 
tive evidence has been presented for 5-HT and NE in central neuronal 
systemsllO,lll,112. 

By imposing even less stringent demands on the physiological nature 
of the neuronally mediated release, both NE and 5-HT have been shown to be 
releasable from isolated spinal cords113 or from brain slices by electri- 
cal stimulation114. Release has also been studied by indirect methods ,& - vivo by analyzing amine levels and related substrates after more or less 
physiologic electrical stimulation of the cell body regions115,116*117. 
Here release is inferred by modification of the fluorescence histochemical 
picture or by changes in the amounts of transmitter metabolites, but such 
changes may well occur exclusively within the nerve ending and do not 
require that the nerve ending actually released the substance. Clearly a 
cellular approach to the question of release is essential. 

Multi-cellular Biochemical Synaptology - While it is clear from the pre- 
vious material that the critical assessment of neurotransmitter functions 
for ACh, NE, or 5-HT is almost completely lacking, it is also clear that 
these deficiencies are technical. On the other hand a variety of dru s 
such as reserpine118, 
various psychotomimetics amf21,122 appear to be involved with the neuronal 
metabolism of NE and 5-HT. It may be tentatively inferred, then, that 
biochemical studies of the metabolism of these substances, when inter- 
preted in the light of the previous data, may help to provide insight into 

hetamine119, imipramine120, chlorprornazine1l8 and 
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the subcellular mechanisms of action of these drugs. That is, if the 
behavioral effects of reserpine are mediated through neurons whose 
synapses transmit by the release of either NE or 5-HT, the biochemical 
results of reserpine treatment might be discernible from the examination 
of the turnover rate of the various functional metabolic pools of these 
monoaminesll2, 123. 

Very early considerations of the subcellular status of brain mono- 
amines were concerned with two postulated pools: 
storage compartment of the amine bound in an inactive form to some cellu- 
lar components and the other representing a freely diffusible, active 
form of the amine124,125,126. In addition to the problems concerning the 
identification of the one or more intra-cellular storage particles is the 
clarification of the number and inter-relationship of the chemical 
"pools" of stored amines. 
"soluble" and "particle-bound" amine, the concept of vesicular and extra- 
vesicular mine pools has been repeatedly proposed127, 128, but with con- 
siderable lack of agreement on the exact proportion represented in each 
compartment. Moreover, beyond the concept of vesicular and extra-vesicu- 
lar pools, there is also partial evidence in favor of the existence of 
pools representing storage of recently synthesized amine, recently in- 
corporated amine and more or less tightly bound amine (cf. 29). 
Despite the fact that these various sub-compartments are identifiable in 
functional and not morphologic terms , the probability of their existence 
makes it no longer possible to attach significance to alterations in total 
levels of the amines as correlates of altered function. Therefore, the 
effect of many centrally acting drugs on total levels of brain amines 
must now be re-examined in the light of dynamic aspects of monoamine 
metabolism in the brain, since the storage levels of these amines are not 
static but reflect dynamic equilibria between their rates of formation and 
their rates of u t i l i ~ a t i o n ~ ~ , ~ ~ ~ .  

one representing the 

Based on the centrifugal analyses defining 

The turnover of monoamines has been estimated by measuring the rate 
of decline of specific activity of the amines after introducing small 
amounts of radio-isotopic amines into the endogenous pools. This tech- 
nique was first used to measure the rate of turnover of adrenal medullary 
catecholamines after the administration of radioactive precursors130. 
problem of the relative impenetrability of the blood-brain barrier to 
peripherally circulating amine was circumvented by the development of 
techniques for the administration of radioactive NE into the lateral cere- 
bral ventricle13I, which allows a direct labelling of brain catecholamines. 
The principle of this approach is to introduce a "pulse dose" of labelled 
NE into the endogenous stores of this amine in the brain, and to follow 
the rate at which the radioactive material is catabolized and becomes 
diluted with newly synthesized NE1293132. Similar studies with H3-5-HT 
have a l so  been reportedlll~l33. 

The 

Other approaches to this problem of amine turnover as applied to 
catecholamines in brain have been to follow either (a) the rate of dis- 
appearance of endogenous NE after inhibition of catecholamine biosynthesis 
by a-methyl-p- tyro~inel~~ or (b) the rate of disappearance of synthesized 
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radioactive NE after the intraventricular injection of 3H-dopamine30,129. 
Regardless of the technique used, there were no significant differences in 
the estimates of NE turnover129. 
appearance from whole brain, and this is taken to indicate that the 
labelled amine is retained in more than one pool. On the other hand, more 
than 90% of the 3H-NE accumulated in brain seems to be retained in a 
single compartment from which it disappears with a single exponential 
decay rate during the first 8 - 12 hrs. after administration. The slope 
of this major decay curve indicated a half-life for NE in brain of about 
4 hours. Tritiated-5-HT injected into the lateral ventricles of rats is 
also taken up by the brain and declines with a half-life of 4 to 5 hr.133. 

- 

3H-NE demonstrated a multi-phasic dis- 

Another technique36 for measuring turnover time of 5-HT makes use of 
a blockade of monoamine oxidase with a number of inhibitors (including 
pargyline and tranylcypromine) and calculation of the rate of synthesis 
from the product of the rate constant of 5-hydroxyindole acetic acid 
(5-HIAA) decline and the normal 5-HIAA level. On the other hand, because 
of variation seen in the rate of increase in NE after inhibition of MA0 in 
different species, it has been inferred that the rate of increase in NE 
after blockade of MA0 is not a good measure of rate of synthesis of this 
amine37. 

With the establishment of these techniques for studying amine turn- 
over, a variety of procedures and drugs on such turnover has been investi- 
gated. 
jected to intermittent electric shock to their. feet135. This was inter- 
preted as a sustained increase in the synthesis and utilization of NE in 
the brain. In addition, an increased turnover o f  NE was observed in the 
brains of rats during the rebound phase following REM-sleep deprivation1% 
After depletion of 5-HT stores by reserpine the rate of 5-HT synthesis is 
not decreased, but may even be in~reasedl~7,~38,~39. 

There was an increased rate of 3H-NE in the brains of rats sub- 

Sumnary - It is clear that the elucidation of the mechanism of action of 
centrally active drugs, cannot yet be conclusively related to the synaptic 
actions of particular neurotransmitters. However, the continued applica- 
tion of constantly improving technology provides greater hope of a 

sophistication of technique is making possible a clarification of the 
nature and role(s) of neurotransmitters in the CNS. 

than ever before in .this area. In addition, the increasing 
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Chapter 26. Drugs and Memory and Learning 

Albert Weissman, Chas. P f i z e r  6 Co., Inc., Groton, Conn. 

Introduction - Another general  survey of t h i s  sub jec t  would be  gra tu i tous .  
There is a p le thora  of recent, o f t en  exhaustive reviews of t h e  various 
overlapping sub-areas t h a t  comprise b io log ica l  approaches t o  learn ing  and 
memory, i.e., d r ~ g s l ' ~  ctroshock and "consolidation" of memo 4-12, 
biochemical theor ies  9 '3e-'8, neurophysiological theories3,4,8*9 ~fl-25 
and e f f e c t s  of trauma and neuropathy21,22,26-31. 
are espec ia l ly  recommended f o r  t h e  un in i t i a t ed  : 
P a r t  4 of Grossman's ambitious t e ~ t 3 ~  present exce l l en t  and complete ac- 
counts of contemporary theories--with ample source material--on b io log ica l  
bases of learning and memory. Ef,ron's ph i losophica l  sc ru t iny33 of recent 
biochemical theories and t h e i r  experimental props adds a needed and read- 
ab le  cr i t ical  perspective f o r  any newcomer t o  t h e  f i e l d .  

A few up-to-date reviews 
John's volume22 and 

The present discussion w i l l  concentrate on a s i n g l e  component of re- 
cent learning and memory research, one which perhaps most immediately con- 
cerns t h e  nredicinal chemist: the  current status of drugs which have been 
purported--indeed, sometimes heralded--to f a c i l i t a t e  memory and learning. 

Current S t a tus  of Drum Purported t o  Enhance 
Memory and Learninq 

Before proceeding t o  the  drugs themselves, l e t  us consider i n  t h e  
b r i e f e s t  and most general way t h e i r  sources and r a t iona le s .  Details can 
be found i n  references c i t e d  above. 

This reviewer is unaware of any reputedly active memory and learn ing  
drug which was se l ec t ed  empir ica l ly ,  e i t h e r  i n  man or i n  laboratory 
animals. 
joyed such a c t i v i t y ,  i n t e l l e c t u a l  enhancing e f f e c t s  would be  uncovered by 
c l i n i c a l  accident. Comparable acc idents ,  a f t e r  a l l ,  l e d  t o  t h e  discovery 
of such cen t r a l ly  ac t ing  drugs as chlorpromazine, ip roniaz id  and 
imipramine. Similarly,  i t  is no t  a l toge the r  unfeas ib le  that a behavior 
s c i e n t i s t  i n  a drug environment might have chanced across  a new compound 
tha t  enhances acqu i s i t i on  in animals. Discovery of o the r  drugs by this 
route  is not uncommon. 

One might assume t h a t  i f  any common clinical  agent i n  f a c t  en- 

But ins tead ,  experimental compounds of i n t e r e s t  in memory and learn- 
ing research have a l l  derived from well-verbalized, but necessa r i ly  poorly 
founded, theor ies .  Often the  inves t iga to r  sought t o  use a drug primarily 
t o  b u t t r e s s  a theory. And foremost among cur ren t  t heo r i e s  are those con- 
cerned with "consolidation" mechanisms f o r  t h e  "memory trace". A wealth 
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of experimental da t a  and c l i n i c a l  experience has been in t e rp re t ed  as show- 
ing  t h a t  memory formation can be subdivided i n t o  at least t w o  components. 
The f i r s t  of these  is a l a b i l e ,  short-term phase usually thought of as 
electrical. Certain treatments,  most notably electroconvulsive shock, can 
d i s rup t  memory i n  t h i s  phase, thereby producing "retrograde amnesia". The 
second phase, resistant t o  d is rupt ion  by electroconvulsive shock although 
o the r  amnestic treatments are sometimes claimed t o  be d f s r u p t i v e j 4 ~ 3 5 ,  may 
be described as permanent, long term o r  "consolidated" memory. Most prom- 
inent among t h e  various subs t r a t e s  proposed t o  account f o r  such long term 
s torage  are intraneuronal mRNA molecules13. F a c i l i t a t i o n  of events at  the  
still  hypothe t ica l  i n t e r f a c e  between the  assumed electrical subs t r a t e s  of 
shor t  term memory s torage  and t h e  assumed biochemical subs t r a t e s  of long 
term memory s torage ,  i n  o ther  words f a c i l i t a t i o n  of t h e  "consolidation'' 
process, has been t a c i t l y  chosen as the  f a v o r i t e  recent r a t i o n a l e  f o r  drug 
discovery. Most drugs cur ren t ly  advanced as enhancers of memory and 
learn ing  thus e i t h e r  s t imula te  electrical processes i n  t h e  CNS (e.g. 
strychnine) o r  enhance ( a t  least i n  claims) RNA formation o r  concentration 
i n  b r a i n  ( e  .g. magnesium pemoline, tricyanoaminopropene, RNA i t s e l f ) .  

Strychnine and Other Analeptics - McGaugh and Pe t r inovichl  have already 
reviewed an extensive series of s tud ie s ,  performed mostly by themselves, 
t h e i r  colleagues and t h e i r  s tudents ,  showing enhancement o f  acqu i s i t i on  i n  
animals y strychnine.  Reports a l leg ing  such an e f f e c t  are not new. 
Lashley3' i n  1917 found s t rychnine  to enhance maze learning i n  rats. But 
McGaugh ' s  group has added seve ra l  important experimental modifications. 
Perhaps the  most important of these  is t h e  use of p o s t - t r i a l  i n j ec t ions ,  
t h a t  is, administration of drugs sho r t ly  a f t e r  t h e  animal i s  exposed t o  
t h e  learning s i t u a t i o n .  
i n t e r p r e t i v e  complications of t r a in ing  animals under t h e  drug and b) t o  
s t imu la t e  neura l  processes during t h e  so-called period of consolidation. 

Such treatment is intended a)  t o  avoid t h e  

Pos i t ive  findings on e f f e c t s  of CNS s t imulant  drugs on learning i n  
animals have not been l imi ted  t o  strychnine.  
appeared of learn ing  enhancement following pos t - t r ia l  treatment with such 
ana lep t ica  as diazadamantanol (1757 I.S.: 
p i c r o t o ~ i n ~ ~ - ~ ~ ,  pentylenetetrazol43, and even amphetamineb4 and 
caffeine45. 

Comparable r epor t s  have a l s o  

a s t rychnine  a n a l o g ~ e ) 3 7 , ~ ~ ,  

McGaugh's specula t ions  on t h e  s ign i f i cance  of learn ing  enhancement by 
s t rychnine  primarily concern its CNS s t imulant  ac t ion .  
between the  e f f e c t  of s t rychnine  and enhanced synthes is  of RNA can not ,  
however, be ru led  out.  Strychnine has i n  f a c t  been reported t o  elevate 
RNA content i n  rat brain46,47 by unknown mechanisms. 

Several  s tud ie s  48-51 are incons i s t en t  with t h e  o s i t i v e  r e s u l t s  of 
McGaugh and h i s  coworkers. For example, P r i en  et  a1.18 saw no enhancement 
e f f e c t  from e i t h e r  i n t r ape r i tonea l  s t rychnine  o r  p ic ro toxin  i n  a ca re fu l  
rat  maze atudy, and S te in  and ~ imble49 ,  also using a maze, f a i l e d  t o  f i n d  
f a c i l i t a t i o n  with p o s t - t r i a l  s t rychnine  in j ec t ions .  
PetrinovichS2 a t t r i b u t e  these  findings t o  problems of dosage o r  rat strain, 

A conceivable l i n k  

McGaughb and 
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and have admirably presented d i r e c t  da t a  i n  support of t h e i r  contention. 
It may be assumed, however, t h a t  t he  usua l  negative study "iceberg e f f e c t "  
appl ies ;  f o r  every negative finding which sur faces  i n  a published r epor t ,  
a much l a r g e r  number of unpublished negative r e s u l t s  e x i s t s .  

But t h e  chief p r a c t i c a l  defect of t h e  animal da t a  on strychnine--as 
w e l l  as those on most o the r  analeptics--is t h e  dearth of re levant  human 
data,  o r  even of d a t a  i n  spec ies  o ther  than rats and mice. 
amphetamine, hwever ,  have been subjected t o  many o lde r  human s t u d i e s  con- 
cerned with e f f e c t s  on learning. 
l i t e r a t u r e 5 3  concludes t h a t  "the evidence at  hand.. . ind ica tes  t h a t  n e i t h e r  
amphetamine nor ca f f e ine  possesses p rope r t i e s  which lead t o  improved in-  
t e l l e c t u a l  performance except, perhaps, when normal performance has been 
degraded by f a t igue  o r  boredom." 

"Naive" RNA - With the  p r o l i f e r a t i o n  i n  t h e  e a r l y  1960's of theor ies  l ink-  
ing  RNA t o  memory i t  w a s  perhaps inev i t ab le  t h a t  RNA i t s e l f  would be  
t e s t e d  f o r  its f a c i l i t a t i v e  e f f e c t s  on learning. Present i n t e r p r e t a t i o n s  
of such experiments, and the re  have been seve ra l  i n  animals and humans, 
m u s t  be tempered by the  recognition t h a t  exogenous RNA introduced by o the r  
than in t r ace reb ra l  routes does not  e n t e r  t h e  CNS intacts4-57. 
then, pos i t i ve  resu l t s  can only be  a t t r i b u t e d  t o  fragments of RNA which 
may enter t h e  CNS, o r  t o  i n d i r e c t  sequelae t o  per iphera l  e f f e c t s .  

Caffeine and 

The most a u t h o r i t a t i v e  review of t h i s  

Obviously, 

The most frequently c i t e d  study of e f f e c t s  of RNA on memory i s  t h a t  
of Cameron and Solyom58 i n  humans. 
pa t i en t s  yeast-derived RNA exe r t s  a favorable e f f e c t  on re ten t ion .  
ness and i n t e r e s t  were also enhanced, and p o s i t i v e  r e s u l t s  w e r e  seen i n  a 
double b l ind ,  as w e l l  as i n  an uncontrolled study. Remarkably, RNA given 
o r a l l y  was e f f e c t i v e ,  though less so than intravenous RNA. Other s t u d i e s  
by Cameron and h i s  a s s 0 c i a t e s 5 9 - ~ ~  a l s o  yielded mostly p o s i t i v e  r e s u l t s .  
However, recent attempts t o  re licate t h e  p o s i t i v e  e f f e c t s  on learn ing  and 
memory have been unsuccess fu16~~63 .  In t he  former of these  s tud ies62 ,  a 
suggestion is advanced t h a t  unusual a t t e n t i o n  t o  senescent p a t i e n t s  i n  
Cameron and Solyom's s tud ie s  may have accounted f o r  t h e  favorable e f f e c t s ;  
t h i s ,  however, i ores  t h e  double b l i n d  study i n  t h e i r  i n i t i a l  repor t .  In 
the  second stud$, done by Cameron's former coworkers, no evidence of 
enhanced memory function w a s  found, bu t  t h e  dosage d id  not  reach t h e  high 
l eve l s  ( a  t o t a l  of 700 g. over a 3-month period) used by Cameron and 

These authors claimed t h a t  i n  aged 
Alert- 

Solyom58. 

The rat study of Cook e t  al.64 a l s o  gained wide a t t en t ion .  These 
authors reported t h a t  prolonged administration of yeas t-derived RNA in- 
creased the  rare of learn ing  i n  a pole-jump avoidance t a sk ;  r e s i s t ance  t o  
ex t inc t ion  w a s  a l s o  increased i n  t h e  RNA group. 
these  r e s u l t s  have been repor ted65~66,  but i n  each of these  s t u d i e s  the 
e f f e c t  enjoyed very l i t t l e  genera l i ty .  Other acqu i s i t i on  tasks, in- 
cluding shock avoidance procedures, were not enhanced by yeas t  RNA. 
negative rep0r t s67-7~ a l s o  suggest t h a t  i f  RNA is e f f e c t i v e  i n  animal 
learning s tud ie s ,  it is an e f f e c t  highly s p e c i f i c  t o  t h e  procedure used 
by Cook et 1. 

Two confirmations of 

Other 

Of these  s t u d i e s  a few are of s p e c i a l  relevance: 
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Boiss ie r  et  al. 67'69 w e n t  t o  some lengths t o  r e p l i c a t e  t h e  dosage protocol 
used by Cook et  a l .64  bu t  obtained only negative e f f e c t s  i n  a shuttle-box 
avoidance situation. 
of electroconvulsive shock-induced re t rograde  amnesia; i n  f a c t ,  an en- 
hanced anmestic e f f e c t  was seen. 
i n d i c a t e  t h a t  RNA e leva te s  response rates on a va r i ab le - in t e rva l  
reinforcement schedule i n  rats, curiously suggesting t h a t  a s t imulant  
ac t ion  r e s u l t i n g  from per iphera l  administration of RNA might have t o  be  
reckoned with i n  i n t e r p r e t a t i o n s  of learn ing  data. 

"Trained" RNA and "Learning Transfer" Experiments - This highly contro- 
v e r s i a l  subject is considered t o  f a l l  beyond the  scope of the  present re- 
view. One j u s t i f i c a t i o n  is t h a t  t h e  polypeptide-, protein-,  nucleotide- 
o r  RNA-rich b ra in  homogenates (from t r a ined  animals) usually employed i n  
ve r t eb ra t e  experiments can sca rce ly  be  considered drugs. 
few c l a r i f i c a t i o n s  have appeared i n  t h i s  f i e l d  s i n c e  t h e  exce l l en t  cr i t ical  
reviews by Booth13 (see  e spec ia l ly  p. 162) and Grossman3*. 

Beaulieu7O could not demonstrate a blockade by RNA 

Two operant conditioning s t ~ d i e s ~ ~ r ~ ~  

Another i s  t h a t  

Magnesium Pemoline - Although pemoline (Cylert) had previously been mar- 
keted i n  Europe f o r  some years as a s t imulant  and "antifatigue" agent, 
s e r ious  interest i n  its e f f e c t s  on learn ing  and memory d id  not be  i n  u n t i l  
e a r l y  1966. In  consecutive articles i n  Science, Glasky and Simonf4 re- 
ported t h a t  mayeaium pemoline s t imu la t e s  b ra in  RNA polymerase i n  Vi t ro ,  
and Plotnikoff 
conditioned avoidance response i n  rats. 
nesium pemoline w a s  not shared by o t h e r  CNS s t imulants .  The inference  t h a t  
t he  two e f f e c t s  might be  r e l a t e d  wa,s clear. The suggested memory-enhance- 
ment proper t ies  of magnesium pemoline, along w i t h  t h e i r  t h e o r e t i c a l  impli- 
ca t ions ,  w e r e  accepted at face  value and heralded i n  many s c i e n t i f i c  and 
l ay  publ ica t ions .  P lo tn ikof f  has s i n c e  f u r t h e r  claimed a) t h a t  t h e  com- 
pound "enhances consolidation of 'memory s torage '  processes"76, s i n c e  the  
e f f e c t  on r e t en t ion  occurs when i n j e c t i o n s  are given following acqu i s i t i on  
trials (c f .  McGaugh and Petrinovichl)  , b) t h a t  magnesium pemoline i s  more 
potent i n  enhancing r e t en t ion  than is pemoline i t s e l f ,  although pemoline 
is active77, and c)  t h a t  magnesium pemoline enhances r e t e n t i o n  and ac- 
q u i s i t i o n  of a conditioned pho t i c  response i n  rabbits78. 

reported i t  t o  enhance acqu i s i t i on  and r e t en t ion  of a 
I n  each case, the  ac t ion  of mag- 

The biochemical f ind ings  of Glasky and Simon have no t  been confirmed 
by o the r  groups. On t h e  contrary,  t h r e e  l abora to r i e s  have repor ted  nega- 
t i v e  o r  i ncons i s t en t  data. Cain79 found t h a t  pemoline does not s t imula te  
RNA polymerase i n  v i t r o  as assayed by incorpora t ion  of r3H] ur id ine  i n t o  
b ra in  slices. Morris e t  a1.80 repor ted  a similar negative r e s u l t ,  in- 

i n i t i a l  work derived. The conclusion: "repeated attempts.. . t o  reproduce 
the  o r i g i n a l  experimental observations [of Glasky and Simon] have been 
unsuccessful". 

S imi la r ly ,  Plotnikof f 's avoidance s t u d i e s  and h i s  i n t e r p r e t a t i o n s  
of them have not withstood attempts at r e p l i c a t i o n  and reana lys is .  No 
fewer than t e n  recent ly  published behavioral  s t ~ d i e s ~ ~ - ~ '  have a t t r i b u t e d  
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reductions i n  avoidance l a t e n c i e s  i n  mice o r  rats t o  a s t imulant  ac t ion  of 
the  compound on performance, r a t h e r  than t o  an enhancing e f f e c t  on ac- 
q u i s i t i o n  o r  retention. 
proposed, f o r  example, t h a t  magnesium pemoline acts i n  avoidance s i t u a t i o n s  
by reducing emotion-induced immobility ("freezing") of t he  anima184,92, 
t h a t  t h e  o r i g i n a l  e f f e c t  on r e t en t ion  reported by Plotnikoff confuses a 
true re ten t ion  e f f e c t  with an a r t i f a c t  r e s u l t i n g  from s h o r t  acqu i s i t i on  
latencies93, and tha t  pernoline-treated rats may be more s e n s i t i v e  t o  a 
conditioned stimulus o r  t o  foot-shockg2. 
behavioral  s tud ie s  by Teneng4 on t h e  tryptophan hydroxylase blocker,  p- 
chlorophenylalanine, are noteworthy. This drug was found t o  accelerate 
learning by rats of a shock-avoidance task  similar t o  t h e  one used by 
Plotnikof f ,  but ca re fu l  behavioral  ana lys i s  revealed t h a t  t h e  e f f e c t  i s  
probably caused by a hyperalgesic ac t ion ,  making foot  shock more aversive.  
This is prec ise ly  the  type of ana lys i s  lacking i n  the  i n i t i a l  behavloral  
s tud ie s  on pemoline, 

Other i n t e r p r e t i v e  p o s s i b i l i t i e s  have a l s o  been 

With respect t o  t h i s  last po in t ,  

I f  magnesium pemoline has a generalized acquisition-enhancing e f f e c t  
i n  rats, independent of i ts stimulant e f f e c t ,  one might a l s o  expect i t  t o  
f a c i l i t a t e  acqu i s i t i on  under conditions where response r e s t r a i n t  i nd ica t e s  
appropriate behavior, as w e l l  as i n  %a i d  response'' s i t u a t i o n s .  But only 
negative r e s u l t s  have been r e p ~ r t e d ~ ~ ~ ~ ~ ~ ~ ~ .  

E f fo r t s  t o  achieve an acquisition-enhancing e f f e c t  with s i n g l e  doses 
of magnesium pemoline i n  humans have a l s o  encountered negative r e s u l t s .  
Tallandg6, using s tudent  volunteers,  found enhanced a t t e n t i o n  a f t e r  mag- 
nesium pemoline on a task  e n t a i l i n g  rap id  d i g i t  counting and v ig i lance ,  
but decided tha t  the  drug e f f e c t  w a s  r e l a t e d  t o  i ts  s t imulant  ac t ion  and 
not t o  an e f f e c t  on memory processes. Three s t u d i e s  using widely var ied  
learning tasks  i n  normal humans found acutely-administered magnesium pemo- 
l i n e  t o  exer t  no prominent learn ing  enhancement effect97-99. 

Cameron's100 c r i t i c i s m  of one of these  studies'' app l i e s  t o  a l l :  
chronic dosage may be  e s s e n t i a l  f o r  an e f f e c t  i n  man. 
presented data--although without protocols--asserting e leva ted  IQ scores  
i n  e lde r ly  pa t i en t s  with memory de fec t s  a f t e r  one month of continuous 
pemoline therapy. 
be regarded very cautiously i n  t h e  absence of v e r i f i c a t i o n .  
with Korsakoff's syndrome, including one whose syndrome w a s  not a sequel 
to  chronic alcoholism, Talland e t  al.lol f a i l e d  t o  see a u s e f u l  e f f e c t  of 
magnesium pemoline, even a f t e r  3 weeks of da i ly  administration. Their 
conclusion, "the day t h a t  o f f e r s  a pharmacological remedy for severe 
memory disorders  has not dawned y e t ,  and i t  i s  unl ike ly  t h a t  Cylert  w i l l  
prove t o  be the  much-hoped-for cure", o f f e r s  an appropr ia te  departure 
point from the current status of magnesium pemoline. 

Tricyanoaminopropene (TCAP; U-9189) - Like magnesium pemoline, TCAP at- 
tained prominence as a p o t e n t i a l  learning-enhancing compound following a 
reported e f f e c t  on neura l  RNA, It had i n i t i a l l y  been reported t h a t  t h e  
common intermediate,  malononitri le,  stimulates nuc le i c  a c i d  production i n  

CameronlOO i n  f a c t  

This reviewer be l ieves  t h a t  Cameron's a s s e r t i o n  should 
Using p a t i e n t s  



284 Sect. V - Topics in Blology Tabachnick, Ed. 

t h e  CNS102, b u t  chemical analyses 103'104 suggested t h a t  a dimer, TCAP, 
r a t h e r  than malononitri le i t s e l f ,  w a s  t h e  a c t i v e  agent. 
HydenloS indeed confirmed t h a t  TCAP i n  r a b b i t s  increases  nerve cell RNA 
by 25% i n  Deiters cells; changes i n  RNA base makeup w e r e  a l s o  reported. 
No independent confirmations of these  findings have appeared. 
however 

v i t r o  i n  RNA concentrations i n  
the  sa l iva ry  glands of an i n s e c t ,  and E s s a 7  repor ted  e leva ted  t o t a l  
RNA concentrations i n  several p a r t s  of mouse b ra ins  a f t e r  TCAP treatment. 

- 

Egyhazi and 

Two s tud ie s ,  
are cons is ten t  with t h e  Egyhazi and Hyden data.  Jacob and 

S i r l i n l  & 6 found pronounced elevations 

TCAP was f i r s t  t e s t e d  f o r  e f f e c t s  on r e t en t ion  by Chamberlain et - a1.1°8. 
response i n  rats under conditions where poss ib le  "emotionality" o r  
"arousal' ' e f f e c t s  could be  discounted. I n  addi t ion ,  TCAP w a s  found t o  
accelerate " f ixa t ion"  of a pos tu ra l  asymmetry i n  an unusual rat prepara- 
t i on ,  an e f f e c t  which could conceivably be  considered enhanced "consoli- 
dation" of memory ( c f .  W e i s s m a n 2 ,  p. 193). 

Since the  s tud ie s  of Chamberlain e t  a1.1°8 appeared, s eve ra l  attempts 

The compound w a s  reported t o  enhance r e t en t ion  of an avoidance 

t o  dupl ica te  or extend the  behavioral  d a t a  have been made. Most of t h e  
published repor t s  have yielded p o s i t i v e  r e s u l t s .  
rats TCAP has been reported to  reduce e r r o r s  i n  a v i s u a l  d i scr imina t ion  
T-mazelo9, and i n  rats chronically t r e a t e d  with TCAP, f a c i l i t a  on of a 
s p a t i a l  discrimination task  and of r eve r sa l  t r a in ing  w a s  seen'". In  
t h i s  latter s tudy ,  remarkably, acqu i s i t i on  w a s  apparently enhanced desp i t e  
t h e  func t iona l  c re t in i sm induced by the  anti-thyroid e f f e c t  of TCAP111, U2. 
No such symptomatic manifestations were reported by Essman113, who t r e a t e d  
neonate mice up t o  16 days of age with TCAP, and who noted improved ac- 
q u i s i t i o n  of a water maze a t  25 days, t h a t  is ,  10 days a f t e r  t h e  last TCAP 
treatment. In t e re s t ing ly ,  these  3 behavioral  s tud ie s  are incons i s t en t  
with t h e  one negative r e s u l t  reported by Chamberlain e t  al.:  
did not enhance acqu i s i t i on  i n  a maze. 
have s ince  also been reported. 

In  "dull" o r  "average" 

t h a t  TCAP 
Additional negative findings114 

E s s m a n  107'115 has of fe red  evidence of a d i f f e r e n t  type i n  favor of 
an acqu i s i t i on  enhancing e f f e c t  of TCAP. Mice given TCAP and then exposed 
t o  very rap id  learn ing  (a "1-trial passive avoidance s i tua t ion" )  appeared 
resistant t o  the  re t rograde  amnesic e f f e c t s  of electroconvulsive shock; 
rat d a t a  i n  t h e  same d i r ec t ion  as these  findings have a l s o  been reported2. 
Nevertheless, t h e  da t a  are probably not  y e t  f i rm enough t o  warrant 
E s ~ m a n ' s ~ ~ ~  conclusion " tha t  an acce lera t ion  of RNA synthes is  with TCAP 
serves  t o  f a c i l i t a t e  memory trace formation." 

Davenport (cf.'", footnote 2) has made ava i l ab le  an unpublished 
sununary (dated Aug. 14 ,  1965) of a s u b s t a n t i a l  number of behavioral  
s t u d i e s  on TCAP, a l l  conducted at t h e  Wisconsin Regional P r i m a t e  Research 
Center. Most of these used rats, but some used s q u i r r e l ,  stump-tail,  o r  
rhesus monkeys. Considerable v a r i a t i o n  i n  t h e  e f f e c t  of TCAP w a s  seen, 
and i n  some s tud ie s  even decremental e f f e c t s  on acqu i s i t i on  and r e t en t ion  
w e r e  indicated.  Nevertheless, f a c i l i t a t i v e  e f f e c t s  were o f t en  seen, 
espec ia l ly  when dosage was chronic. 



28 5 - Chap. 26 Drugs,  Memory & Learning W ei s sman 

Two published s tud ie s  of t h e  e f f e c t  of TCAP on acqu i s i t i on  i n  
humans, both discouraging, have appeared. 
with memory d e f i c i t s  were exposed t o  a P-week course of treatment. No 
evidence of improved acqu i s i t i on  o r  r e t en t ion  w a s  seen i n  a v a r i e t y  of 
t a sks  a t  which these  subjec ts  were normal1 I n  t h e  
o ther ,  r a t h e r  poorly described experimentlf7, negative r e s u l t s  w e r e  ob- 
tained from aged pa t i en t s  given a chronic course of treatment. As y e t ,  
then, the medical p o t e n t i a l  of TCAP must be considered doubtful. 

Miscellaneoue Comvounda - Simon e t  al.'I8, the  same group which i n i t i a t e d  
biochemical interest i n  magnesium pernoline as an enhancer of RNA polymerase 
a c t i v i t y ,  have very recent ly  announced t h e  discovery of ribaminol, a sa l t  
of RNA and diethylaminoethanol. 
(unlike its two components) "stimulates in vivo  and i n  vitro t h e  systems 
i n  b r a i n  responsible f o r  p ro te in  syn thes i s  .I' The authors f u r t h e r  assert 
t h a t  "ribaminol has been shown t o  enhance t h e  acqu i s i t i on  of learned 
responses under a wide v a r i e t y  of conditions.  I' Glasky has presented these  
learn ing  experiments119, which include a study i n  humans, and they are not 
without complications. For example, Glasky suggests t h a t  females (both 
rats and humans) are responsive, bu t  males of each spec ies  are not ;  i n  
f a c t ,  males exh ib i t  a performance decrement, poss ib ly  as a result of ex- 
cessive dosage. Furthermore, only c e r t a i n  tasks  e x h i b i t  improvement under 
drug, and dosage and dura t ion  of t reatment  are cri t ical .  Ribamino1 w i l l  
inev i tab ly  enter t h e  treadmill of d ive r se  biochemical and behavioral  rep- 
licative attempts, just as pemoline has done. Time w i l l  t e l l  whether t he  
eventual appra i sa l  by d i s i n t e r e s t e d  inves t iga to r s  w i l l  be  more p o s i t i v e  
than i t  has been f o r  pemoline. 

I n  one l l6 ,  23 senile p a t i e n t s  

markedly defec t ive .  

According t o  Simon e t  al., t h i s  sa l t ,  

Deutsch and h i s  colleagues 120-122, have reported t h a t  under re- 
s t r i c t e d  conditions (par t ia l ly- t ra ined  sub jec t s ,  i n j e c t e d  on t h e  r i g h t  day 
a f t e r  t r a in ing )  rats can recall a maze task  more accura te ly  i f  t h e  cholin- 
esterase blocker,  DFP, is administered intrahippocampally . In  w e l l -  
t ra ined  rats, however, o r  i n  rats i n j e c t e d  at a sub-optimal t i m e ,  DFP 
exerts a de le te r ious  (amnesic) e f f e c t  on recall. These abs t ruse  r e s u l t s  
are obviously of l i t t l e  p r a c t i c a l  value u n t i l  f u r t h e r  statements of t h e i r  
genera l i ty  can be made. 

The cur ren t ,  unencouraging status of c e r t a i n  o lde r  drugs which were 
a t  one t i m e  reputed t o  enhance acquisition--thiamine, glutamic ac id ,  nico- 
tine--has not changed s i g n i f i c a n t l y  s ince  t h e  review by McGaugh and 
Pe t r inovichl ,  which may be consulted f o r  primary sources. 

General Assay Considerations 

The preceding sec t ions  make i t  clear t h a t  none of t h e  compounds 
present ly  i n  the  l imel ight  as p o t e n t i a l  memory enhancers has given reason- 
ab le  evidence of p o s i t i v e  e f f e c t s  i n  man. I n  addi t ion ,  the  animal r e s u l t s  
are a l l  too of ten  cont rovers ia l .  It is of course t r u e  t h a t  those negative 
r e s u l t s  which are ava i lab le  do no i  "prove" i n a c t i v i t y ,  but one must con- 
clude t h a t  no r e l i a b l e  comparison standard is avai lab le .  It follows t h a t  
animal tests cannot now be  va l ida ted  by t h e  use of known ac t ives .  In  t h e  
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case of an t ipsychot ic  drugs, t h e  a v a i l a b i l i t y  of chlorpromazine enabled 
p a r t i a l  va l ida t ion  o f ,  f o r  example, conditioned avoidance and a n t i -  
amphetamine procedures ; i n  t h e  case of an t idepressants ,  t h e  a v a i l a b i l i t y  
of imipramine enabled p a r t i a l  va l ida t ion  of r e se rp ine  antagonism proce- 
dures and tests f o r  blockade of norepinephrine uptake; i n  t h e  case of 
an t ianxie ty  drugs, t he  a v a i l a b i l i t y  of chlordiazepoxide enabled p a r t i a l  
va l ida t ion  of an t i -penty lene te t razol  and anti-"conditioned emotional 
response" e f f e c t s .  
research. 

But no such drug t o o l  bu t t r e s ses  memory and learn ing  

In t h e  absence of any p o s s i b i l i t y  f o r  "empirical va l ida t ion" ,  rea- 

And once t h i s  
sonable animal procedures m u s t  necessar i ly  o f f e r  "face va l id i ty" ,  t h a t  i s ,  
r a t iona le s  which relate t h e  assays t o  acqu i s i t i on  i n  man. 
is agreed, i nves t iga to r s  can not avoid consideration of t h e  many p i t f a l l s  
i n  the  i n t e r p r e t a t i o n  of a n i m a l  l ea rn ing  experiments, t h e  m o s t  common 
being a confusion between drug e f f e c t s  on performance and drug e f f e c t s  on 
learn ingl .  Obviously, no animal tests can p a r a l l e l  c e r t a i n  common learn- 
i ng  and memory phenomena i n  m a n .  A s  Weiskrantz4 po in t s  ou t ,  f o r  example, 
" f ree  recall"--perhaps t h e  most common type of memory test i n  =--has no 
apparent a n i m a l  p a r a l l e l .  
human situations, f o r  example, re t rograde  amnesia experiments2. 
models m u s t  probably comprise t h e  core of any p r e c l i n i c a l  t e s t i n g  program. 

But some a n i m a l  tests do bear  an analogy t o  
Such 

Val id i ty  is not  t h e  only need of an adequate test; r e l i a b i l i t y  is 
equally important. 
produce r e s u l t s  seems too o f t en  t o  be: 
doses d i f f e r e d  s l i g h t l y ,  t h e  s t r a i n  of animal is all-important,  etc. 
Some burden would appear t o  rest on any discoverer of a drug-induced 
memory-enhancement e f f e c t  a) t o  reproduce h i s  r e s u l t s  ca re fu l ly ,  and b)  
t o  pursue as f a r  as is p rac t i cab le  t h e  gene ra l i t y  of t h e  e f f e c t ,  f o r  
example, at seve ra l  doses, i n  a va r i e ty  of spec ie s ,  and i n  seve ra l  tasks. 

In memory and 

The behavior s c i e n t i s t ' s  excuse f o r  i n a b i l i t y  t o  re- 
conditions were s l i g h t l y  d i f f e r e n t ,  

A t h i r d  requirement of sound assays is  p r a c t i c a l i t y .  
l earn ing  research t r a in ing  procedures are complex and, because of t h e  
v a r i a b i l i t y  inherent i n  t h i s  research, group s i z e s  must be subs t an t i a l .  
Furthermore, by the  very na ture  of t h e  problem, one test of a w e l l -  
t r a ined  a n i m a l  may exhaust h i s  usefulness.  Methodological improvements 
are needed t o  cont rac t  t h e  t i m e  scale of behavioral  t e s t i n g  to  r e a l i s t i c  
durations.  One-trial learning procedures, o f ten  used i n  retrograde 
amnesia experiments, can be  usefu l .  Delayed matching procedures, i n  
which subjec ts  can be repeatedly used, exemplify another type of p r a c t i c a l  
procedure. 
perhaps a modicum of la rge ly  empirical  drug assay i n  animals can proceed. 
A t  the  present t i m e  any t r u l y  active drug would make a s u b s t a n t i a l  
cont r ibu t ion  t o  theory,  regardless of p o t e n t i a l  u t i l i t y  i n  therapeut ics .  

When p r a c t i c a l  learning and memory tasks are introduced 
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Ed i to r :  E .  E .  Smissman, Un ive r s i ty  of Kansas, Lawrence, Kansas 

Chapter 27.  Syn the t i c  Approaches t o  Pros tag landins  

Udo Axen, The Upjohn Company, Kalamazoo, Michigan 

The i n t e r e s t  i n  t h e  f i e l d  of pros tag landins  i s  r a p i d l y  increas ing  as 
demonstrated by a growing number of pub l i ca t ions  (156 i n  1967 compared t o  
105 i n  i966 and 73 i n  1965). 
l a r g e  ex ten t  our p re sen t  knowledge of the  chemistry , biochemistry and 
b i o l o a  of t h e  pros tag landins .  
have appeared which provide an  exhaust ive review of t h i s  new c l a s s  of 
compounds covering e s p e c i a l l y  t h e i r  biochemistry , biology and pharmacology. 
Together wi th  the  r e fe rences  c i t e d  t h e r e i n ,  they  provide a convenient in-  
t roduc t ion  t o  t h i s  f i e l d  f o r  t he  i n t e r e s t e d  r eade r .  The major handicap i n  
pros tag landin  r e sea rch  i s  s t i l l  t h e  l i m i t e d  amount of m a t e r i a l  a v a i l a b l e .  
Natura l  occurrence al though ubiqui tous  i n  mammalian t i s s u e s  i s  r u l e d  out  
as a p r a c t i c a l  source of l a r g e  amounts because of the  low concent ra t ions  
i n  which they  a r e  p re sen t .  Bioconversion of unsa tura ted  f a t t y  a c i d s ,  t h e  
n a t u r a l  p recursors  of pros tag landins8J9 ,  y i e l d s  pros tag landins  i n  reason- 
a b l e  amounts', bu t  i s  l i m i t e d  by high c o s t s  and the  amount of seminal 
ves i c l e s  available.  Therefore ,  t o t a l  syn thes i s  i s  considered t o  be t h e  
u l t ima te  source f o r  these  n a t u r a l  products .  The major breakthrough i n  
t h i s  d i r e c t i o n  has  y e t  t o  come but  s e v e r a l  groups a r e  worKing i n t e n s i v e i y  
toward t h i s  goa l .  

Two books1J2 publ ished i n  1967 cover t o  a 

I n  add i t ion ,  s e v e r a l  a r t i c l e ~ ~ J ' ' ~ J ~  J7 

The f i r s t  syn thes i s  of t h e  pros tag landin  ske le ton  w a s  descr ibed  by 
Samuelsson and S t a l l b e r g l o  i n  connection wi th  t h e  s t r u c t u r e  e luc ida t ion  of 
pros tag landin  E l  ( E E L )  V .  Alkyla t ion  of methyl 3-ketoundecane-l , l l -  
d ioa t e  with 1-bromodecane-2-one y i e l d e d  diketone I , which was converted t o  
l$-desoxy-l3,14-dihydroprostaglandin B1 I1 v i a  base ca t a lyzed  c y c l i z a t i o n ,  
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e s t e r  hydro lys is  and decarboxylat ion.  
Grignard r e a c t i o n  of 4-Ketododecane-l,l2-dioate with  n -oc ty l  magnesium 
bromide and c y c l i z a t i o n  of t h e  r e s u l t i n g  Y-lactone 111. 
i d e n t i c a l  with a degradat ion product of n a t u r a l  =El .  

The same product was obta ined  by a 

I1 proved t o  be 

I m i t a t i n g  t h e  b iosyn thes i s  of pros tag landins  t h e  Unilever  groupl l  
ob ta ined  prostaglandin- l iKe m a t e r i a l  i n  1-2% y i e l d  by au toxida t ion  of a l l -  
- c i s  -8,11,1b-e i c o s a t r  i eno ic  acid 
reduct ion  with SnC12. About 5-lO% of t h i s  m a t e r i a l  was i d e n t i f i e d  as d , l -  

( dihorney -1 inolen ic  a c i d )  I V  fol lowed by 

PGEl V. 

V 
# 

HO H' "OH I V  

V:  d,l-PGEl 

Bagl i  and c o w o r ~ e r s ~ ~ ~ ~ ~  a t  Ayerst were t h e  f i r s t  t o  r e p o r t  t h e  
t o t a l  synthes is  of a pharmacologically a c t i v e  de r iva t ive  of pros tag landins .  
S t a r t i n g  wi th  e t hy1  2-cyclopentanone carboxylat  e V I  d ,  1- 11-desoxy- pros ta -  
glandin F1p X I 1  was prepared i n  a 12-s tep  syn thes i s .  Noteworthy i s  t h e  

&C,,,00H 

V I  I 1 V I I I  

& C 00C2H5 -3 

V I  

X I X  

H ,OH 4 1 
C OOH 

11 

OH 
X I  I 

cons t ruc t ion  of the  o l e f i n i c  s i d e  chain: Bromination and a c i d  t reatment  of 
in te rmedia te  VII gave cyclopentenone V I I I  which was converted t o  n i t r i l e  
I X .  I X  was converted i n t o  a c i d  ch lo r ide  X ,  i n s e r t i o n  of heptyne fol lowed 
by base t reatment  y i e l d e d  eno l  e t h e r  X I ,  e s t e r  hydro lys is ,  NaBH4 reduct ion ,  
dehydration and second NaBH4 reduct ion  gave t h e  end product X I I ,  a mixture 
of a l coho l s  epirneric a t  C - 1 5 .  
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The f i r s t  n a t u r a l l y  occurr ing  pros tag landin  was synthes ized  by Beal,  

Babcock and Lincoln14 of t h e  Upjohn l a b o r a t o r i e s .  
2-cyclopentenone X I 1 1  d,l-dihydro-prostaglandin El e t h y l  e s t e r  XVII was ob- 
t a i n e d  as one isomer of a complex mixture of isomeric racemates.  S t r u c t u r e  
and s te reochemis t ry  oi XVII was proved by a number of phys ica l ,  chemical 

S t a r t i n g  wi th  3-ethoxy- 

1) 2) NaH, B r C k  HCOOC2H5 (CH=CH)2COOC2H5, +O%H5 

X I V  
+ H5C20 

(Cc;H5 ) 3 P 
3) Hz, Pd/C 

H5C2 ii 
1) NaH, HCOOC2H5 + 
2 @3x k -$ -c 5H11c1- 

0 
3 )  H2, Pd/C, ( C 2 H 5 ) 3 N  ! 

X I 1 1  

XVII 

and b i o l o g i c a l  methods, comparison wi th  the  e s t e r  of hydrogenated n a t u r a l  
Pal, and unambiguously confirmed by r ad io i so tope  d i l u t i o n .  An i n t e r e s t -  
i ng  f e a t u r e  of t h i s  syn thes i s  i s  the  l a r g e  number of highly  s e l e c t i v e  r e -  
duct ions and hydrogenations.  Each of t he  two s ide  chains  i s  introduced in-  
t o  the  f i v e  membered r i n g  v i a  formylat ion fol lowed by a modified W i t t i g  r e -  
a c t i o n .  

I n  another  approach by t h e  same group15, a Diels-Alder r e a c t i o n  was 
u t i l i z e d  f o r  the  in t roduc t ion  'of both s i d e  cha ins  which l e d  t o  a syn the t i c  
pros tag landin  analog wi th  cis conf igura t ion  of t h e  a l k y l  s i d e  cha ins .  The 

OH 

Gw2H5 12 steps  

OH O H  OH 
X I X  

b 
XVIII 

Diels-Aider adduct XVIII of cyclopentene-3,5-dione and butadiene was con- 
ve r t ed  t o  the  "8-&" analog of dihydro-prostaglandin F la  e t h y l  e s t e r  X I X  
i n  12 s t e p s .  

A syn thes i s  of d , l -pros tag landin  F la  (Ella) was descr ibed  i n  a 
prel iminary communication by J u s t  and Simonovitchl' a t  McGill Univers i ty .  
Cyclopentenol XX was converted t o  the  b i c y c l i c  ketone X X I  i n  seven 
s t eps .  Alkyla t ion  of X X I  w i th  methyl 7-iodoheptanoate followed by NaBH4 
reduct ion  and e s t e r  hydro lys is  y i e l d e d  a c i d  X X I I  . Oxidative formolysis ,  
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HO 

0 
XX 

P r o  staglandin s 

7 s t eps  > 

C OOH 
H2 02 

HO., 0;- ~ HCOOH 

HO' 
OH 

X X I I I :  d,l-PGFla 

H202 
HC OOH < d,l-PGEl 

Axen 

U 

X X I  

3 s t eps  1 
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XXIV 

the  key s t e p  of t h i s  syn thes i s ,  gave d,l-PGFla XXIII according t o  TIC,  
mass spectrum and prel iminary b i o l o g i c a l  da t a .  TLC ana lys i s  of an impure 
product obtained by oxida t ive  formolysis  of XXIV ind ica t ed  the  presence 
of d,l-PGEl V .  A very recent  pub l i ca t ion  by a group a t  Smith Kline and 
French labora tor ies17  descr ibes  a r e p e t i t i o n  of t h i s  approach and l i s t s  
some d i f fe rences  from the  McGill work p a r t i c u l a r l y  regard ing  t h e  s t e reo -  
s e l e c t i v e  nature  of t he  synthes is  and t h e  a b i l i t y  of  the l a s t  s t e p  t o  give 
e i t h e r  d,l-PGFla or d,l-FGEl. A modif icat ion d id ,  however, produce d , l -  
FGBl (XXX).  Presumably a r e so lu t ion  of these  d iscrepancies  can be 
achieved and t h e  p o t e n t i a l  of t h i s  o v e r a l l  scheme as ses sed  as a workable 
synthes is  when t h e  f u l l  papers a r e  publ ished.  

Hardegger, Schenir and Brogerl' publ ished a s t ra ight forward  syn thes i s  
of d , l -prostaglandin B1 (PGB1, e a r l i e r  ~ ~ ~ ~ - 2 7 8 )  XXX, t h e  racemate of a 
n a t u r a l l y  occurr ing pros tag landin  and base degradation product of PGEl V . 
Reaction of ketone X X V  ( e t h y l  e s t e r  of V I I I )  wi th  Grignard reagent  XXVI 
l e d  t o  the  t e r t i a r y  a l coho l  X X V I I ;  a l l y l i c  rearrangement and oxidat ion t o  
Ketone X X I X ,  pa r t i a l  hydrogenation of the  t r i p l e  bond followed by removal 
of t he  p ro tec t ing  groups gave d,l-PGB1 XXX. The o v e r a l l  y i e l d  i s  s u r -  
p r i s i n g l y  high (over 14'$), p a r t l y  because t h e  end product has  only one 
asymmetric cen te r  ( a t  C - l 5 ) ,  thus  r u l i n g  out  t h e  formation of s tereoisomers .  
Sa tu ra t ion  of t h e  t r i p l e  bond i n  X X V I I I  l e d  t o  d,l-PGE1-237 (d,l-dihydro- 
PGB1) XXXI . 



294 - Sect. VI - Topics in Chemistry Smi s sman, Ed. 

XXX: d,l-PGBl XXXI 

An i n t r i g u i n g  approach was taken at  Columbia University'' based on 
the  n i t r i t e  c leavage of bicycloketone X X X I I  t o  oxime XXXIII followed by 
mild conversion t o  d,l-pGEl V .  Although in te rmedia tes  p o t e n t i a l l y  iead ing  

* v  - 
HO 

X X X I I  X X X I I I  

t o  X X X I I  have been prepared, t he  syn thes i s  of t h i s  key in te rmedia te  has not 
y e t  been success fu l .  

I n t e r e s t i n g  analogs,  ?(-oxa-pros tag landins ,  have been prepared by 
F r i e d  e t  a12'. 
XXXV, ob ta ined  from &-cyciopentene-3,5-diol XXXIV, wi th  d ie thyl -oc tynyl -  
a l ane  XXXVI, which l e d  t o  a l coho l  X X X V I I .  
iodohexanoate, removal of t h e  p r o t e c t i n g  groups and pa r t i a l  reduct ion  of 
t h e  t r i p l e  bond y i e l d e d  d,l-15-deso~y-~(-oxaprostaglandin F~Q, X X X V I I I  . The 
corresponding %-isomer and dihydro compound were prepared by minor v a r i -  
a t i o n s  of t h i s  sequence. 

A key f e a t u r e  of t h i s  syn thes i s  i s  t h e  opening of epoxide 

0-Aliiylation with t - b u t y l  w- 
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HP 

_ - -  + ( C  2H5 ) 2A1CsC -C 6H13 

HO O-.-Ib OC H2 # XXXVI 

2 s t eps  

-7 XXXV XXXIV 

.... OH Q czc-c&L3 

. C OOH 3 s t eps  

d H  

XXXVI I I 

I n  summary, a few n a t u r a l l y  occurr ing pros tag landins  have been pre- 
pared by non-enzymatic synthes is  and some i n t e r e s t i n g  analogs have been 
made. B u t  so  f a r  none of these  is  completely s a t i s f a c t o r y  e i t h e r  as a 
p r a c t i c a l  way t o  these  precious compounds nor i n  a c l a s s i c a l  sense as 
f i n a l  s t r u c t u r e  proof of t he  n a t u r a l  product. 
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Chapter 28. Nucleosides and Nucleotides 

Thomas J. Bardos, Department of Medicinal Chemistry, School of Pharmacy, 
S t a t e  University of New York a t  Buffalo, Buffalo, New York. 

Recent discovery of a rapidly growing number and va r i e ty  of nucleo- 
s ide  antibiotics1,  "minor nucleosides" of t r a n s f e r  RNA2 a 3 ,  and other 
na tu ra l ly  occurring nucleoside derivatives4r5,  as  w e l l  as  the promising 
biological  a c t i v i t i e s  of some synthet ic  nucleoside analogs i n  various 
test systems', fu r the r  stimulated work i n  the f i e l d  of nucleoside synthesis  
during the past  year. Essent ia l ly ,  the methods developed i n  the 
preceding years have been employed with some modifications and ref ine-  
ments; no new general  methods of nucleoside synthesis w e r e  reported 
during 1967. 

For the d i r e c t  synthesis of purine nucleosides, var ia t ions of the 
chloromercuri method and the  fusion procedure have been employed. 
former method was used i n  the syntheses of several  2-substituted-N6-methyl 
der ivat ives  of adenosine (vasodepressor agents)6 a 2-amino-2-deoxy sugar 
nucleosides of adenine738, and two new s e r i e s  of nucleosides (Qoa p-L- 
r ibosides  and p-D-3'-deoxyribosides) derived from 2-acetamido-6-chloro- 
purineg; the l a t t e r  compound was, however, used i n  the form of an unusual, 
incompletely characterized mercury der ivat ive9 r a the r  than the chloro- 
mercuri s a l t .  I n  the react ion between the bromomercuri der ivat ive of 
hypoxanthine and acetobromoglucose, the 1 , 7  and la9-dig1ucopyranosyl- 
hypoxanthines were produced simultaneously, i n  considerable y i e lds ,  i n  
addi t ion t o  the 7- and 9-monoglucosides1°. I n  the  synthesis of 9-(1- 
deoxyq-D-psicofuranosy1)adenine ( I ) ,  chloromercuri-6-benzamidopurine was 
reacted with the r e l a t i v e l y  s t a b l e  1-bromo derivat ive of the protected 
1-deoxy-D-psicofuranosyl bromide, t o  give 11, which was then se l ec t ive ly  
reduced t o  111, using t r i -n-butyl t in  hydride i n  the presence of 2 ,2 ' -  
azobis ( isobutyroni t r i le)  as  c a t a l y s t  , i n  r e  fluxing benzenell. 

The 

I R = R ' = X = H  
I1 R = benzoyl, R '  = 2-toluoyl, X = B r  

I11 R = benzoyl, R '  = E-toluoyl, X = H 

Several workers employed with apparent advan- 
tage the modification of t he  chloromercuri 
procedure involving d i r e c t  use of the 
1-acetates of the various blocked sugars i n  
t h e  presence of t i tanium tetrachlor ide.  
a l l  the  e ight  possible isomeric 9-tetrofur- 
anosyladenines were obtained by the coupling 
of chloromercuri-6-benzamidopurine with the 

R ' m d H 2 x  R ' O  R ' O  t r i a c e t a t e s  of each of the four t e t roses ,  D- 
and L-erythrose and D-and L-threose, respect ively,  i n  the presence of 
t i tanium chloride a followed by deacylation and subsequent resolut ions of 
the r e su l t i ng  four p a i r s  of a- and p-nucleosides by chromatography on a 

&> 
Thus, 
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strong anion exchange resin''. 
tri-(O,S)-benzoyl-3-thio-D-ribof~ranose~~, 1,2-di-O-acetyl-5-O-benzoyl-3- 
0-me t hy 1 -D-r ib o f ur anos el4, and 4 -ace t amido - 1,2,3,5 -tetra -0- ace ty 1-4 - 
deoxy-D-~ylofuranose~~, respectively, yielded the TIjrresponding blocked 
p-nucleosides; after deacylation, 3'-thioadenosine , 3'-O-methyladeno- 
sinel4, and 9-(4-acetamido-4-deoxy~-D-xylofuranosyl)adenine~~ (IV, a 
pyrrolidine sugar nucleoside), were obtained. 

Analogous reactions with l-acetyl-2,3,5- 

Ac By application of the acid catalyzed fusion 
procedure, 2,6-dichloro-9-(2,3,4-tri-O-acetyl- 
p -D-r ibo Pyranosy 1) purine was prepared ; 
deacetylation with ethanolic aunnonia at room 
temperature resulted in concomitant nucleo- 
philic replacement of the 6-chloro group, and 
subsequent catalytic dehalogenation in the 

adenosine16. 
amine, respectively, for deacetylation, the N6- 
methyl and @-dimethyl derivatives of 6-amino- 
9-(p-D-ribopyranosyl)purine were prepared in an 
analogous manned6. 

that 2,6-dichloropurine (as some other purine derivatives with electron- 
withdrawing groups) can be condensed by fusion with fully acetylated 
sugars even in the absence of an acidic catalyst in vacuo17. 
condensation of 2,6-dichloropurine with 1,2,3,5-tetra-O-acetyl-p-D-ribo- 
furanose was a l so  achieved by refluxing in nitrome ane solution for 1 hr 
(in the absence of catalyst),although in low yield". On the other hand, 
acid catalyzed condensation of theophylline with 1,2,3,4,6-penta-O-acetyl- 
p-D-glucopyranose in refluxing nitromethane or anisole gave the protected 
N-7 nucleoside in more than 50% yield17. A different modification of the 
fusion procedure involves direct use of unsaturated sugars (glycals)l8. 
Acid-catalyzed fusion of 2-chloropurine or 2,6-dichloropurine with 
3,4-di-O-acetyl-D-arabinal led to the corresponding anomeric 2'-deoxy-D- 
ribopyranosides 18. 

I 

OH OH 2-position gave the pyranose ring isomer of 
By using methylamine and dimethyl- 

IV 

O H C W A d  

It is of interest, however, 

Moreover, 

Extension of the fusion procedure to other heterocycles led to the 
total synthesis of several 7-@-D-ribofuranosyl)pyrrolo-[2,3-d~pyrimi- 
dineslg, including the important antibiotics, toyocamycin (V) and sangi- 
vamycin (VI)20. The structures of these compounds have been unequivocally 
established; V was converted to the related antibiotic tubercidin (VIX) .20 

V R = C N  Acid catalyzed fusion of 

VII R = H  with tetra-0-acetyl-p-D- 
VI R = C O T  2-nitroimidazole (azomycin) 

ribofuranose at 210' for 7 
minutes in vacuo gave, after 
deacetylation, 2-nitro-1- - 
D-ribofuranosy1)imidazole B 

K& 
"07W OH OK 
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Schramm et a1.22 reported further studies and improvements on their 
originally poorly reproducible nucleoside synthesis which involved the 
condensation of unprotected sugars with the free bases by the use of 
polyphosphate esters. Heating a mixture of adenine and ribose, or 
2-deoxyribose, with phenyl polyphosphate at looo, for 3 min, in DMF 
solution containing some conc. HC1, gave mixtures of the a and p anomers 
of adenosine, or 2'-deoxyadenosine, respectively, in yields of 20 and 
40Xz2. 
based on the method of Glaudemans and Fletcher, employed the reaction of 
2,3,5-tri-O-benzyl-~-D-arabinosyl chloride with 2,6-dichloropurine in 
methylene chloride in the presence of molecular sieves23. 
protecting group, pivaloyloxymethyl (Porn) was used for blocking of the 
N-7 position of adenine in the synthesis of 3-(2'-deoxy-D-ribofuranosyl) 
adenine; the Pom group is readily removable by mild basez4. 

A new synthesis of 9-(p-D-arabinofuranosyl) -2-chloroadenine, 

A new 

Several methods were reported for the synthesis of purine nucleo- 
sides from 5-amino-l~-D-ribofuranosyl-4-imidazole carboxamide, Guanosine 
and its deriva ives were synthesized r'ng closure with benzoyl 
i~othiocyanate'~ or sodium Ethyl xanthate36; S-methylationZ5 , or oxida- 
tion of the mercapto group to the sulfonic acidz6 facilitated nucleophilic 
displacement of the sulfur by treatment with ammonia. 
suitable ester reagents gave inosine, 2-alkylinosines and xanthosine , 
respectively. An apparently useful, general synthesis of various guanine 
nucleosides involves the nucleophilic displacement of the 6-chloro group 
in the corresponding 2-amino-6-chloropurine nucleosides (which are 
readily obtained via the mercury derivative of 2-acetamido-6-chloropurine) 
with mercaptoethanol-sodium methoxide, followed by facile hydrolysis of 
the intermediate 6-(2-hydroxyethylmercapto) derivatives9. 

8- (n2-isopentenyl)adenosine (IPA) 2,28 and various other N6- 
substituted adeno~ines~~ having cytokinin activity, were synthesized by 
condensation of 6-chloro-9-@-D-ribofuranosyl)purine with the appropriate 
amino compound. However, a better method for the synthesis of IPA2 or 
its 5'-phosphate28 (a "minor nucleotide" of transfer RNA) involves the 
alkylation of adenosine or adenylic acid with a,a-dimethylallyl bromide 
to give the N-1 substituted intermediate hich on heating undergoes 
rearrang ment to the Nb-alkylated productT8. A somewhat analogous, 

tubercidin30. 

YPh Ring closure 

N-3 + iJ rearrangement occurred upon alkali treatment of methylated 

A series of 8-aminopurine nucleosides and their #-substituted 
derivatives were prepared &I direct bromination of the natural purine 
ribosides and deoxyribosides and subsequent nucleophilic displacement 
of the 8-bromo group with hydrazine or azide (followed by catalytic 
reduction) , hydroxylamine or alkylamine~~~. A new synthesis of 2-fluoro- 
adenosine was developed, starting from 2,6-diazido-9-(tri-O-acetyl+-D- 
ribofuranosy1)purine which was reduced to the 2-amino-adenosine derivativq 
the latter was selectively diazotized in the presence of fluoroboric 
a~id3~. 
2-amino-3 ' -deoxyadenosine in an analogous manner33. 2-Aminoadenosine was 
also prepared by Raney-nickel catalyzed reduction of 2,6-dihydroxylamino- 

2-Fluoro-3 I-deoxyadenosine was prepared from the unprotected 
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purine rib~side~~. 
phoryl chloride in the presence of pic0 

- 
Treatment of acetylated inosine-1-N-oxide with phos- 

ne gave the corresponding 
protected 2,6-dichloropurine nucleoside 34 . 

By modification of the sugar moiety, 9-(2,3-0-isopropylidene-a-D- 
1yxofuranosyl)adenine was obtained from the corresponding mannofuranosyl- 
adenine derivative y& periodate oxidation followed by reduction of the 
5'-aldehyde with sodium b~rohydride~~. Several amino sugar nucleosides 
of theophylline were prepared y& periodate oxidation of the p-D- 
glucoside or p-D-riboside, followed by cyclization of the dialdehyde with 
nitromethane and catalytic reduction of the resulting nitro sugar nucleo- 
sides37, 
followed by treatment with phenylhydrazine led to the isolation of 
glyoxal bisphenylosazone together with the corresponding aglycons 38 

Synthesis of the naturally occurring 2'-O-methylpurine ribonucleosides 
was accomplished 

Periodate oxidation of tubercidin (N) and toyocamycin (V) 

selective 2 '-0-methylation with dia~omethane~~. 

Epoxide ring opening reactions of 9-(2,3-anhydro-5-deoxy-B-D- 
1yxofuranosyl)adenine and of the analogous ribofuranosyl derivative with 
sodium azide and benzyl mercaptide, were studied in detai140. 
cyclonucleosides derived from 8-hydroxy- and 8-mercapto guanine and 
adenine, having 8,2'-and 8,3'-0- or 4-, as well as 8,5'-S-anhydro link- 
ages, were synthesized from the corresponding 8-bromopurine nucleosides; 
the latter were converted to the appropriate 2',3', or 5'-sulfonates of 
the 8-0x0- or -mercaptopurine nucleoside intermediates before or during 
cyc liz a t ion 41-t3e Desulfurization of the 8,2'-S-cyclonucleoside derived 
from adenosine with Raney-nickel yielded 2'-deoxyadenosine, while desul- 
furization of the 8,3 '-S-cyclonucleoside yielded 3 '-deo~yadenosine~~. 
Reaction of xanthosine with diphenyl carbonate resulted in 3,5'-cycliza- 
tion of the expected 2',3'-carbonate; subsequent mild alkali treatment 
yielded 3,5'-cycloxanthosine44. 

Several 

Several new pyrimidine nucleosides have been prepared by direct 
synthesis, but many more were obtained by chemical transformations of 
other pyrimidine nucleosides. 1-(2-Amino-2-deoxy~-D-glucopyranosyl) 
thymine and the corresponding nucleoside o f  cytosine were synthesized 
fusion of the fully protected amino sugar halide with the bis(trimethy1- 
silyl) derivatives of thymine and cytosine, re spec ti vet^^^,^^*^^ As N- 
blocking groups for the amino sugar, 2,4-dinitrophenyl , trichloro- 
acetyl46, trif lu~roacetyl~~ and bis (phenoxy)phosphinyl C-PO(OC6H5)2T7where 
employed. The latter could be readily removed by conversion to a - 
bis (benzy1oxy)phosphinyl group E-PO (OCH2C6H5)23 with amoniacal benzyl 
alcohol at room temperature followed by hydrogenation at low pressure in 
the presence of palladium-charcoal catalyst7. Coupling of tri-0-acetyl- 
2-deoxy-2-(2,4-dinitroanilino)~-D-glucopyranosyl bromide with 
miny1)mercu 
exclusively3 or pred~minantly~~ the corresponding 0-glucoside 
o f  the latter to undergo rearrangement to the N-glucoside on treatment 
with mercuric bromide in xylene, was attributed to the stabilizing 
influence of the dinitrophenyl Erou on the glycosidic bond47. Several 
new 6-azapyrimidine nucleosides ,49 and various pentopyranosyl deriva- 

$dit!y- 45, or, with the mercury salt of N-acetyl~ytosine~ , yielded 
Failure 
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tives of thymine50s51 have been prepared by direct synthesis, using modi- 
fications of the sily148-50 55 mercuryfjl methods. The Hilbert-Johnson 
method was recently reviewed . 

In view of the biological activity found in nucleosides containing 
an arabino moiety, the synthesis and chemistry of arabinonucleosides 
received particular attention. Two selectively methylated derivatives of 
l-p-D-arabinofuranosyluracil(spongouridine) were prepared, Q., the 2'-0, 
N-3 and 3'-0, N-3 dimethyl  derivative^^^. 
blocked 2'-0H group, is relatively stable to aqueous sodium hydroxide, 
the latter is readily cleaved53 to a "6,2 '-anhydro," open-chain ureide, in 
a manner reported previously in the case of l-p-D-arabinofuranosyl-5- 
fluorouracil. The unusual transformations of the latter compound were 
further investigated54. The ureide (VIII), on heating in 1.0 N sodium 
hydroxide, was converted to 1-@-D-arabinofuranosy1)-2-oxo-4-imidazoline- 
4-carboxylic acid (Ixa) which was also obtained directly,in 61% yield, 
from l-p-D-arabinofuranosyl-5-bromouracil (X,a) under sfrilar conditions; 
from N-3-methylated X,b, 70% yield of IX,b was obtained . Iodination of 

While the former, having a 

F COOH 

XNA 
OH Ix 

0 
HOOC 

\--- N-R 

OH ' 
= H  
'CH3 

19-D-arabinofuranosylcytidine with iodine-iodic acid yielded, in addition 
to the expected 5-iodocytosine arabinosid 
tra and X-ray crystallography as 5-iodo-0' :2 ' -6-hydroxycyclouridine (xI)52 
In the absence of alkaline conditions, an intermediate hydrogen iodide- 
5,6-adduct of XI could be isolated. Catalytic hydrogenation of XI yielded 

0 ,2 '-6-hydroxycyclouridine (~11)~~. Thiation 
and subsequent methylation of suitably protected 
2'-deoxy-2'-(fluoro-or ch1oro)uridines gave the 
corresponding 4-methylthio-2-pyrimidone nucleo- 
sides which, by treatment with liquid ammonia 
yielded; in addition to the 2'-deoxy-2'-halocyti- 
dines, the halide salts of l-p-D-arabinofuranosyl 
-2 -amino- 1,4 (2H) -4-iminopyr imid ine ; format ion of 
the latter product was shown to roceed y& 2,2'- 

of various 2,2'-anhydroarabinofuranosyl pyrimi- 
XI X = I  dines with liquid ammonia afforded the arabino- 

a product identified by spec- 

anhydroarabinofuranosylcytosine 5% . The reaction 
XI1 X = H sides of 5-methyl*cytosine, 5-fluoroisocyto- 

sine and 4-thioiso~ytosine5~. Reaction of 2,2 '- 
anhydro-l-(5-O-trityl-p-D-arabinofuranosyl)uracil with hydrogen sulfide in 
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alkaline medium, followed by detritylation, yielded 1-p-D-arabinofuran- 
osyl-2-thiouracil which, thiation and subsequent amination was con- 
verted to the arabinosides of cytosine (CA) and 2-thiocytosineS7 e 
original procedure for the synthesis of CAY y& conversion of  cytidylic 
acid with polyphosphoric acid to a phosphorylated 2,2'-anhydrocytidine, 
followed by hydrolysis and dephosphorylation, was greatly improved by the 
application of Dekker's chromatographic separation method 

The 

58 . 
2',3'-Dideoxynucleosides and 2',3'-unsaturated nucleoside analogs 

are of interest as potential chain terminators of DNA biosynthesis. 2',3'- 
Dideoxycytidine and the corresponding 2',3'-unsaturated nucleoside were 
synthesized y& an tlepoxy'l nucleoside inter~nediate~~. The synthesis of 
2',3'-dehydro-5-fluoro-2'-deoxyuridine (DHFUDR, XIII) was achieved by 

treatment of the 5'-unprotected 2,3'-anhydronu- 
cleoside with potassium L-butoxide in DMSO at 

F room temperature; catalytic hydrogenation of XI11 
yielded 2 $3 I-dideoxy-5-f luor~uridine~~. While the 
latter showed little biological activity, DKFUDR 
(XIII) was a highly potent inhibitor of thymidine 
kinase-less (FUDR-resistant) Novikoff hepatoma 
cells in cu1ture.k vivo, DHFUDR showed high ac- 
tivity against Sarcoma 180, leukemia L1210 and 
various FUDR-sensitive and FUDR-resistant trans- 

XI11 planted leukemias in mice6'. Other new, biologi- 
cally active 5-fluoropyrimidines were prepared by 

0 

13 
the addition of methyl hypobromite across the 5,6-double bond; the result- 
ing 5,6-substituted 5-fluoro-5,6-dihydropyrimidines and their 2l-deoxy- 
ribonucleosides showed in vivo activity, apparently acting as releasers of 
5-fluorouracil (EV) and 5-fluoro-2'-deoxyuridine (FUDR) , respectively . 61 

Interesting "imino-bridge" analogs of 2 $3 ' -anhydrothymidine were 
synthesized by treatment of 3'-O-mesyl-2,5'-anhydrothymidine with liquid 
a m n i a  or methylamine62, and a pyranoside analog of 2,3'-anhydrothymi- 
dine was also reported63. 
lyxofuranosyluraci164 , and several pyrimidine a-L-lyxo an3 a-L-xylonucleo- 
sides were prepared y& the directly synthesized a-l-arabino~ides~~. 

Uridine was converted to its C'-epimer, 1-a-L- 

The 
metaperiodate-nitromethane procedure was utilized 
for the synthesis of 3I-nitro- and 3'-amino-3'- 
deoTYlucopyranosides of cytosine66 and thymi- 
dine . 

Various nucleosides of 5,5-disubstituted 
barb ituric ac id6 
have been reported Several indole nucleosides 
were synthesized70; and a review was 

and 4-a lkoxy-6 (1H)-pyr imidones 

ublished on 
XIV imidazole nucleosides and nucleotidesP1. The 

established as 2 -  -D-ribofuranosyl)maleimi.de, Q., a "C-nucleoside" 
related to uridine q2 Y 73. Two other "C-nucleosides" , 1-deazuridine and 
2'-deoxy-l-deazauridineY were synthesized analogously to pseudouridine; 
however , these compounds were highly labile74. 

OH OH structure of the antibiotic showdomycin XIV was 
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In the synthesis of nucleotides, (3-cyanoethylphosphoric acid with 
DCC in pyridine remained the most widely employed phosphorylating agent75. 
However, a reinvestigation of the use of phosphoryl chloride resulted in 
an apparently very useful, novel method for the synthesis of nucleoside- 
5 ' -phosphates76. Treatment of the 2 ' ,3 ' -0-isopropylidene-protected 
nucleosides with phosphoryl chloride in a trialkyl phosphate solvent, at 
low temperature, followed by hydrolysis of the phosphochloridates and 
deprotection, gave nearly quantitative yields of the 5'-nucleotides. 
Moreover, the latter could be obtained in 80.90% yields even from the 
unprotected nucleosides by the same procedure if the phosphorylating 
agent was pretreated with a small amount of water76. 
of purine nucleotides was also reported, involving the fusion of fully 
acetylated sugar-5'-phosphates with 9-acetylpurines at 150°, to give a 
mixture of the anomeric nucleoside-5'-phosphates and of the corresponding 
diph~sphates~~. 

A direct synthesis 

98" Several structural analogs of the nucleoside-5'-monophosphates 
been synthesized in which the phosphate moiet 
nitrate79, phosphite80, or methanephosphonateiil. Structurally most simi- 
lar to the 5'-nucleotides are the corresponding 5'-deoxynucleoside-5'- 
phosphonic acidsg2 ig3 

gical activities of such compounds, should be awaited with interest. 

is replaced by sulfate , 

Further studies, concerning the potential biolo- 

Various protecting groups have recently been adopted in the syn- 
thesis of mono- and/or oligonucleotides. For the protection of c&-(2', 
3')-diol systems, in lieu of the isopropylidene group, recently the more 
acid-labile methoxy- or ethoxymethylidene, methoxyethylidene and methoxy- 
benzylidene groups have been increasingly employed; such blockiEg groups 
are introduced 2 acid-catalyzed orthoester exchange reactions . For 
the protection of the 2'-, or both the 2 ' -  and 5'-hydroxyls, lieu of 
the tetrahydropyranyl group85i86 which leads to diastereoisomersythe 
symmetrical 4-methoxytetrahydropyranyl group has been proposed87. 
p-benzoylpropionyl [C6H -CO-CH CH -CO-] , a "blocking group with a 
trigger for selective c3eavage;'l ;as introduced recently for the 
tion of the 3 '-hydroxyl in Letsinger's oligonucleotide synthesis !'This 
group is stable to either acid or alkali, but is removable after reaction 
with hydrazine under essentially neutral conditions88. The interesti g 
adamantoyl group was also proposed for protection of the 5'-hydroxyl 8g . 

The 

otec- 

Numerous dinucleoside phosphates, di- and trinucleotides have been 
synthesized containing ang~u~~atural" nucleoside or nucleotide, such as 
cytosine arabinoside (CA) 
dinesg3, 5'-deoxyuridine-5'-phosphonate9',thymidine-5 ' -phosphorothioate95. 
Biological studies on the CA-derivatives indicate that their activities 
in cellular systems depend on cleavage with the release of CA96997. 

3 , 6-azauri ineg2 sg3 , 5-halo-2 '-deoxyuri- 

Several modifications of Letsinger's and two 
novel procedureslOOslO1 were reported for the synthesis of oligonucleo- 
tides on insoluble polymer supports. 
polymer support, was published in detaillo2. 

Khorana's procedure, using soluble 



304 - Sect. VI - Topics in Chemistry Smi s sman, Ed. 

References 

1. J.J.Fox, K.A.Watanaba and A.Bloch, Progr. in Nucleic Acid Research 

2. M,J.Robins, R.H.Hal1 and R.Thedford, Biochem., &1837(1967). 
3. L.Baczinskyj , K.Biemann and R.H.Hal1, Science, =,1481(1968). 
4. R.R.Selrendran and F.A.Isherwood, Biochem. J., %,723(1967). 
5. J.W.Donovan, J.G.Davis and L.U.Park, Arch. Biochem. and Biophys., 

6. %ugh and M.H.Maguire, J. Med. Chem., u,475(1967). 
7. M.L.Wolfrom, P.J. Conigliaro and X.J.Soltes, J. Org. Chem., 32,653 

8. M.L.Wolfrom and M.W.Winkley, J. Org. Chem., 32,1823(1967). 
9. G.L.Tong, K.J.Ryan, W.W.Lee, E.M.Acton and L.Goodman, J. Org. Chem., 

10. ZHashizume and H.Yamazaki, Tetrahedron Letters , 3839 (1967) 
11. J.Farkaz and F.zorm, Coll. Czech, Chem. Comun. , 32,2663(1967). 
12, D.H,Murray and J.Prokop, J. Pharm. Sci., %,865(1967). 
13. E.M.Acton, K.J.Ryan and L.Goodman, J. Am. Chem. SOC., 89,467(1967). 
14. G.L.Tong, W.W.Lee and L. Goodman, J. Org. Chem., 32,1984(1967). 
15. E.J.Reist, L.V.Fisher and L. Goodman, J. Org. Chem., =,2541(1967). 
16. Y.H.Pan, R.K.Robins and L.B.Townsend, J. Heterocyclic Chem., 5,246 

(1967) . 
17. Y.Ishido, H.Tanaka, T.Yoshino, M.Sekiya, K.Iwabuchi and T,Sato, 

Tetrahedron Letters, 5245(1967). 
18. E.E.Leutzinger, W.A,Bowles, R.K.Robins and L.B.Townsend, J. Am. Chem. 

SOC., 90,127 (1968) . 
19. R.L.Tolman, R.K.Robins and LOB .Townsend , J. Heterocyclic Chem. , 5, 

230(1967) . 
20. R.L.Tolman, R.K.Robins and L.B.Townsend, J. Am. Chem. Soc., 90,524 

(1968). 
21. R.J.Rousseau, R.K.Robins and L.B.Townsend, J. Heterocyclic Chem., 5, 

311 (1967). 
22. G.Schranrm, G.Lunzmann and F.Bechmann, Biochim. Biophys. Acta, 145, 

221 (1967) . 
23. F.Keller, 1.J.Botvinick and J.E.Bunker, J. Org. Chem., 32,1644(1967). 
24. M.Rasmussen and N.J.Leonard, J. Am. Chem, SOC. , 89,5439(1967) . 
25. A.Yamazaki, 1.Kumashiro and T.Takenishi, 3. Org. Chem. , 2,1825(1967) 
26. A,Yamazaki, 1.Kumashiro and T.Takenishi, J. O r g .  Chem., 32,3032(1967). 
27. A.Yamazaki, 1.Kumashiro and T.Takenishi, J. Org. Chem,, 32,3258(1967). 
28. W.A.H.Grim and N.J.Leonard, Biochem., 6,3625(1967). 
29. J.Hildesheim, J,Cleophax and S.D.Gero, Tetrahedron Letters, 5013 

30. J.F.Gerster, B. Carpenter, R.K.Robins and L.B.Townsend, J. Med. Chem., 

31. R.A.Long, R.K.Robins and L.B,Tawnsend, J. Org. Chem., 32,2751(1967). 
32. J.A.Montgomery and K.Hewson, J. Org. Chem., 33,432(1968). 
33, M.J.Dickinson, F.W.Holly, E.Walton and M,Zinnnerman, J. Med. Chem., 

34. &iner-Sorolla, C.Nanos, J.H.Burchena1, M,Dollinger and A,Bendich, 

and Mol. Biol,, 2,251(1966). 

122,171(1967) 

(1967) . 
32,859(1967). 

(1967). 

10,326 (1967) . 

10 1165 (1967) . 
J. Med. Chem., ll,52(1968). 



30 5 - Chap. 28 Nucleosides & Nucleotides Bardos 

35. H. Kawashima and I.Kumashiro, Bull. Chem. SOC. Japan, 40,639(1967). 
36. P.Kohn and L.M.Lerner and B.D.Kohn, J. Org. Chem., 32,4076(1967). 
37. F.W.Lichtenthaler and T.Nakagawa, Chem. Ber., =,1833(1967). 
38. T.Uematsu and R.J,Suhadolnik, J. Org. Chem., 33,726(1968). 
39. T.A,Khwaja and R.K.Robins, J. Am. Chem. SOC., 88,3640(1966). 
40. E.J.Reist, D.F.Calkins and L. Goodman, J. Org. Chem., 32,2538(1967). 
41. M.Ikehara and K. Muneyama, J. Org. Chem., 32,3039(1967). 
42. M.Ikehara and M.Kaneko, Chem. Pharm. Bull. (Tokyo), 15,1261(1967). 
43. M.Ikehara and H.Tada, Chem. Pharm. Bull. (Tokyo), l5,94(1967). 
44. A.Hampton and A.W.Nicho1, J. Org. Chem., =,1688(1967). 
45. M.L.Wolfrom and H.B.Bhat, J. Org. Chem., 32,2757(1967). 
46. M.L.Wolfrom and H.B.Bhat, J. Org. Chem., 32,1821(1967). 
47. H.G.Garg and T.L.V.Ulbricht, J. Chem. SOC. (C), 51(1967). 
48. M.Bobek, J.Farkag and F.Eorm, Coll. Czech. Chem. Connnun., 32,3581 

49. G.J.Durr, J.F.Keiser and P.A.Ierardi, J. Heterocyclic Chem., 5,291 

50. E.Wittenburg, G.Etzold and P.Langen, Chem. Ber., lOl,494(1968). 
51, G.Etzold, R.Hintsche and P.Langen, Chem. Ber., =,226(1968). 
52, J.Pliml and Meprystag, Adv. Heterocyclic Chem., 8,115 (1967). 
53, J.F,Codington, R.J.Cushley and J.J.Fox, J. Org. Chem., 33,466(1968). 
54. B.A.Otter and J.J.Fox, J. Am. Chem. SOC., 89,3663(1967). 
55. M.Monjo, Y.Furukawa, M.Nishikawa, Chem. Pharm. Bull. (Tokyo), l5, 

56. 1.L.Doerr and JoJ.Fox, J. Org. Chem., 32,1462(1967). 
57. W.V.Ruyle and T.Y.Shen, J. Med. Chem., &331(1967). 
58, W.K.Roberts and C.A.Dekker, J. Org. Chem., 32,816(1967). 
59. J.P.Horwitz, J.Chua, MeNoel and J.T.Donatti, J. Org. Chem., 32,817 

60, T.A,Khwaja and C.Heidelberger, J. Med. Chem., lO,1066(1967). 
61. R.Duschinsky, T,Gabriel, W.Tautz, A.Nussbaum, M.Hoffer, E.Grunberg, 

62. 1.L.Doerr and J.J.Fox, J. Am. Chem. SOC., 89,1760(1967). 
63. G.Etzold, R.Hintsche and P.Langen, Tetrahedron Letters, 48,4827(1967). 
64. M.J.Robins, J.R.McCarthy, Jr. and R.K.Robins, J. Heterocyclic Chem., 

65, N,Yamaoka, B.A.Otter and J.J.Fox, J. Med. Chem., ll,55 (1968) . 
66. H.A.Friedman, K.A.Watanabe and J.J.Fox, J. Org. Chem., 32,3775(1967). 
67 , F,W .Lichtenthaler and HOP .Albrecht, Chem. Ber ., 100,1845 (1967). 
68. M,Sprinzl, J.Farkag and F.gorm, Coll. Czech. Chem. Comun., 32,4280 

69. M.Prysta8, Coll. Czech. Chem. Commun., 32,4260(1967) 
70. E.Walton, F.W.Holly and S.R.Jenkins, J. Org. Chem., =,192(1968). 
71. L.B.Townsend, Chem. Reviews, =,533(1967). 
72, K.R.Darnal1, L.B.Townsend and R,K.Robins, Proc. Nat'l. Acad, Sci., 

73. TNakagawa, H.Kano, Y.Tsukuda and H.Koyama, Tetrahedron Letters, 

74. M.P.Mertes, J.Zielinski and C.Pillar, J. Med. Chem., l0,320(1967). 
75, J.Smrt, Coll. Czech. Chem. Commun., 32,3958(1967). 
76, M.Yoshikawa, T.Kato and T.Takenishi, Tetrahedron Letters, 5065(1967). 

(1967). 

(1967) 

1076 (1967). 

(1967). 

J.H.Burchena1 and J.J.Fox, J. Med. Chem., lO,47(1967). 

4,313 (1967) . 

(1967). 

57,548 (1967) . 
4105 (1967). 



306 Sect. VI - Topics in Chemistry Smi s sman, Ed. 

77. H.Nomura, 1.Suhara and N.Uno, Chem. and Pharm. Bull. (Tokyo), 15, 

78. H.P.M.Fromageot, B.E.Griffin, C.B.Reese and J.E.Sulston, Tetrahedron 

79, P.K.Chang, L.J.Suavini and J.W.Cramer, J. Med. Chem., g,733(1967), 
80. R.Duschinsky and U.Eppenberger, Tetrahedron Letters, 5103(1967). 
81. A.Hol$, Coll. Czech. Chem, Commun. , 32,3064(1967) 
82. A.Hol$, Coll. Czech. Chem. Commun. , 32,3713(1967). 
83. D.H.Rammler, L. Yengoyan, A.V.Pau1 and P.C.Bax, Biochem., 6,1828 

84. A.Hol$, Tetrahedron Letters, 881(1967). 
85. J.Smrt and A.Hol$, Tetrahedron Letters, 981(1967), 
86. B.E.Griffin, M.Jarman and C.B.Reese, Tetrahedron Letters, 639(1967). 
87. C.B.Reese, R.Saffhil1 and J.E,Sulston, J.Am. Chem. Soc., 89,3366 

88. R.L.Letsinger, M.H.Caruthers, P.S.Miller and K.K.Ogilvie, 5. Am. Chem. 

89. K.Gerzon and D.Kau, J. Med. Chem., lO,l89(1967). 
90. W.J.Wechter, J. Med. Chem., lO,762(1967). 
91. J.Smrt and Foxormy Coll. Czech. Chem. Commun. , 2,3169(1967) 
92. A.Hol$, J.Smrt and Fezormy Coll. Czech. Chem. Commun. , 32,2980(1967), 
93. J.A.Mytgomery and H.J.Thomas, J. Med. Chem., lO,l163(1967) 
94. A.Holy, D-Grhberger, J.Smrt and F.Sorm, Biochim. Biophys 

95. F.Eckstein, Tetrahedron Letters, 1157(1967). 
96. C.G.Smith, H.H.Buskirk and W.L.Lummis, J. Med, Chem., l&774(1967). 
97. H.E.Renis, C.A.Hollowel1 and G.E.Underwood, J. Med. Chem., 10,777 

98. R.L.Letsinger, M.H.Caruthers and D.M.Jerina, Biochem., 6,1379(1967). 
99. T.Shimidzu and R.L.Letsinger, J. Org. Chem,, 2,708(1968) ,, 
100. G.M.Blackburn, M.J.Brown and M.R.Harris, J. Chem. Sac, (C),2438(1967). 
101. L.R.Melby and D.R.Strobach, J. Am. Chem. SOC. , @,450(1967). 
102. H.Hayatsu and H.G.Khorana, J. Am. Chem, SOC., 89,3880(1967). 

- 

1258 (1967). 

Letters , 2315 (1967). 

(1967) . 

(1967). 

SOC. , 89,7146 (1967). 

Acta, 
-9 138 207 (1967) . 

(1967) 



Chapter 29. STEROIDS 

Raphael Pappo, G. D. Searle & Co., Chicago, Illinois 

Introduction - The year saw an explosion in the number of publications on 
the total synthesis of steroids, and especially estratriene derivatives. 
Research in the field of steroidal alkaloids is also reaching monumental 
proportions and is fast becoming the single most active field of steroid 
chemistry. For example, recent work by Kyoto chemists has led to the 
isolation and identification of 27 pregnane alkaloids from the common 
Pachisandra Terminalis .I 

General - Preliminary reports on a new fragmentation of a,B-epoxy ketones 
to acetylenes and carbonyl-containing products showed that the reaction 
can be of general application and a number of variations have already 
been described."j3 
prepare readily secosteroid acetylenic ketones. 

Tosylhydrazones on reaction with alkylithium reagents give olefins 
in high yield. 
16-androstene from androstan-17-one in quantitative yield.*$ Reduction 
of carbonyl finctions to methylene can be effected electrochemically6 or 
by treatment ofthe steroid ketones with powdered zinc in acetic anhy- 
dride saturated with hydrogen chloride at room temperature. 

A convenient method for transposing the oqrgen of a carbonyl to an 
adjacent methylene involved condensing the ketone with an aromatic alde- 
hyde, reduction of the resulting arylidene ketone with lithium aluminum 
hydride-aluminum chloride reagent to the corresponding desoxy compound, 
followed by ozonolysis to the new ketone. This way a 3-ketone led to a 
2-ketone' and a 17-ketone was converted to a 16-ketone.' 
ethynyl and l7a-iodoethynyl steroids can be made by metal-halogen inter- 
conversion using respectively bromotrifluoromethane and iodoheptafluoro- 
propane on the appropriate lithium acetylide derivatives.lo 
of steroids having the novel 3-deoqr-l,4-diene structure has been 
described. It involved step-wise reduction of a A1r4-3-ketone first with 
lithium aluminum hydride followed by lithium-in-ammonia hydrogenolysis of 
the resulting mixture of epimeric 3-alcohols .I1 

Androstane Series - A new type of substitution reaction has been described. 
When the D-homo steroid (I) was treated with a primary mine, attack 
occurred at the 16 position with elimination of dimethylamine at 17a, to 
yield II.12 
enol by the entering amino group. 

Thus, for the first time it has been possible to 

This new synthesis allowed for example the preparation of 

17a-Br0mO- 

The synthesis 

Most probably the key step is a SN2' displacement on the 
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Additional examples of backbone rearrangement of steroids have been 
de~cribed.l~rl~,~' 

Derivatives of 17~-hydroxy-19-norandrosta-4,9-dien-l7-one and 
17~-hydroxy-19-norandrosta-4,g,ll-trien-l7-one have been the subject of 
extensive studies by various groups because of their marked anabolic and 
androgenic activitie~.~~,~~,* 
pared. 

17f3-acetoxy-androstane has been converted to 19-nor-A-homotestosterone. 
This compound has X 
235 w. 
be attributed to a difference in the respective conformations of ring A. 
This type of problem has been studied recently.a 

Rigorous experimental analysis of the factors influencing the 
relative stability of C/D trans versus C/D cis 17-aUryl-15-0x0 andros- 
tanes has shown that as the size of l7-alkyl group increases, the amount 
of C/D trans product predominates over the C/D cis isomer at equilibriumF2 

A novel synthesis of bridged aziridines has been discovered by the 
Shionogi chemists. The reaction is quite general and involves an intra- 
molecular addition of a nitrene to a double bond, as exemplified by the 
high yield conversion of 111 to IV.23 

The 2-oxa analogs have also been pre- 

An acid catalyzed rearrangement product of 3a, 5acyclo-6, 19-dioxo;o 

243 IQ, whereas A-homotestosterone shows X- 
The uneXpe%d shift in the ultraviolet absorption could 

n 

tetraacetate 

Antibiotics - The complete structure 
posed, based on chemical evidence.24 

V for Helvolic acid has been pro- 

' " OAC 
c?I, 0 

Cardenolides and Related Structures - A number of new synthetic deriva- 
tives of strophanthidin have been prepared in an attempt to delineate and 
compare the structural requirement for activity. 25 Other modified car- 
denolides having C1s halogens have been prepared.= Two nwel methods 
for the preparation of unsatured lactones have been developed and the 
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most elegant one involved the condensation in the presence of sodium 
hydride of diethyl methoxycarbonylmethylphosphonate= with an Sketol 
system (VI to VII): 

' m f  I 90$ yield 

0 0 
II r 

CH30-CCH2-P- (OC2H5 )2 

VI 

The Rehovoth group has discovered that cardenolides can react with 
selenium dioxide to form 17CGhydroxy derivatives in relatively good 
yields. 28 

has been studied. 
butenolide ring and extrema at 228 nu1 and 260 q, were ob~erved.~' 

Corticosteroids - Some attention has been directed towards finding better 
methods for esterification of the various hydroxy groups. Thus, when 
cortisol was treated with formic acid in the presence of phosphoric 
anhydride, the lip, 17cl,2l-triformate derivative was obtained. 30 Simi- 
larly, when the complex (CH3C0)+SbCl6' was used the corresponding tri- 
acetate was formed.31 
pyrophosphoryl chloride led to a convenient synthesis of 21-phosphate 
esters.32 
grouping is compatible with activity. 
the activity of cortisol in the anti-granuloma assay.33 

The optical rotatory dispersion of a large number of cardenolides 
They showed a distinct Cotton effect caused by the 

Reaction of C-21 hydroqlated steroids with 

It is interesting to note that the (17cl,ldCGd) oxazolino 
For instance, VIII had 35 times 

CH~OAC 
L O  

A clever approach has been designed for the preparation of 16cU,17cU- 
dimethyl corticoid, involving conjugate 1,4-addition of methyl magnesium 
iodide to the Als-20-ketone system, followed by methylation of the 
resulting magnesium enolate with methyl iodide.- 
attempted conjugate 1,k-addition of methyl magnesium iodide to prednisone- 
BMD gave 40$ of the expected ICGmethyl cortisone-BMD and 3576 of the 
3-methylene derivative arising from a 1,2-addition. 35 

Estratriene Series - The study of the aromatization of various A1r4-3-keto 
steroids is continuing. Reductive aromatization of 17-hydroxyandrosta- 
1,4,1l-trien-l2-one in the presence of zinc in pyridine, proceeded 
normally. 36 
194-diene-3,11,17-trione by reduction with lithium-biphenyl. 37 Along 
different lines, a certain group of steroidal dienones has been shown to 
undergo ionic aromatization3* as exemplified by the conversion of M to X 
in the presence of hydrochloric acid: 

On the other hand, 

Similarly 11-hydroxyestrone has been prepared from androsta- 
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& / Ix ____f Acetone HC1 H \  & 0 X + CH3Cl 

The Birch reduction of estrone gave a 77$ yield of estr-5(10)-ene- 
3a,17@-di01.~' Surprisingly, this same compound was obtained as the 
major product from the photochemical sodium borohydride reduction of 
e~trone.~' 

been de~cribed.~' 
ketones gave the corresponding lbmethyl estratriene derivative (C/D 
trans) .42 
studied. 43 For instance, 3-methoyy-17@-amino-1,3,5-estratriene 
rearranges to C-homo-D-bisnor steroids on treatment with nitrous acid.44 

trones,45 Ib-OXa and 16-azaestrone methyl ether.46 

Total Synthesis - A major effort was devoted to developing and improving 
the original Smith-Torgov reaction sequence leading to estrapentaenes of 
type XIII. 

synthesis of a steroid. It consists in reacting the secodione XI with 
L-tartaric amide hydrazide under conditions where the monohydrazone XI1 
formed was insoluble. After ring closure and hydrolysis the resolved 
pentaene XI11 was obtained in 30% yield overall from XI.47 

The synthesis of highly potent 7amethylestratriene derivatives has 
It is interesting to note that methylation of Al6-l5- 

D-Norestratrienes have been synthesized and their chemistry 

Among new compounds of interest one should mention 1,ll-iminoes- 

The Roussel group has achieved the first totally chemical asymmetric 

0 NHcoCHOHCHOHCONH2 &p TO$ ~ o% 1) HCl+& - 
2) w 

XI11 (3530 \ XI XI1 C&O \ 

The Schering A.G. group has published f'ull details of its asymmetric 
synthesis by microbiological reduction of compounds of type XI to the 
corresponding optically active 17-hydroxy  derivative^.^' 

Other applications of the Smith-Torgov reaction involved the 
synthesis of 3-dialkylamino estrapentaene~,~~ aramatic C-ring analogs of 
lknorestrone, 50 estrahexaenes, 51 8cr-estranes, 52 U-oxygenated estratri- 
enes, 53 bB-norestrones, 54 13-phenyl and 13-benzyl estrapentaenes, 55 
lo-oxaestratrienes, 56 bisdehydro-doisynolic acids, 57 and A-nor-2,3-diaza- 
steroids. 5 8  

A different but also elegant approach led to dl-Lazaestrone methyl 
ether5' and dl-18-nor-D-homo-8-azaestrone methyl ether. 6o Also synthe- 
sized were 8,13-diaza-l&.norestrone methyl ethers"' and 8-aza-19-norpro- 
gesterone.'" A new method using the isoxazole annelation and having the 
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potential of wide application has been described for the total synthesis 
of dl-D-homot es t 0s t erone and dl-proges t erone . 63 
F'regnane Series - The synthesis of 1,2-methylene 19-nor-17Gaceto~cypro- 
gesterones has been the subject of a c~mmunication."~ 
to note that the reaction of hydrazoic acid on the 16f3,17!3-epo%ypregneno- 
lone acetate can lead to ring opening with inversion at 16 and 17 to form 
the corresponding 16ahydroxy-17aazido derivative. "' 
involved a Wolff-Kishner reduction of a 9f3,10f3-methylene-ll-ketone. 66 

conessine has been reported in detail and involves the reaction of 
p-nitroperbenzoic acid with a 20-in~ine.~~ 

Sterols and Related Products - The Westphalen rearrangement of some 30- 
substituted-b~-acetoxy-5CY-hydroxycholestanes has been studied and the 
products and kinetics shown to be dependent on the nature of the 
3-sub~tituent.~~ 
the case of the Westphalen-Lettre derivatives it was shown that ring B is 
in the boat conformation."' 
3CGacetoxy-W,5-epoxy-5acholestane afforded the expected backbone 
rearrangement products containing a 13 (17) double bond.70 A similar 

It is of interest 

A synthetic approach to the 9(1&19) abeo-g(ll)-pregnene system, 

The novel preparation of 4,5-dihydro-18-hydroxyprogesterone from 

The conformatiyns of the products were studied and in 

The boron trifluoride catalyzed cleavage of 

er ment with 3CY.-acetoxy-5,bGepoxy-5a-cholestane yielded some of the a'q1.i rearranged reaction time of 25 seconds, 
along with the expected 

Base catalyzed decomposition -of cholesteryl acetate ozonide led in 
one step to the corresponding seco-acid in 70$0 yield, thus making this 
type of system readily available.72 Cholestanone dimethyl ketal, on 
reaction with acetamide in the presence of acid, gave 3-acetamido-2- 
cholestene. 73 

an intermediate in the biosynthesis of tig~genin.~* 
synthesis of tachysterols has been claimed.75 

been identified as 22-hydroxyhaloth~rinogenin~" (XV). 

Using labeled mevalonic acid it was proved that cholesterol is not 
A formal total 

The new triterpenoid sapogenin griseogenin of the sea cucumber has 
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Steroidal Alkaloids - Plant steroids with 21 carbon atoms have been 
reviewed.= As mentioned in the introduction, the Pachisandra alkaloids 
were subjected to a thorough and meticulous study. 
the 27 alkaloids isolated so far were identified as belonging to the 
pregnane group and were related to pachisandrine-A (XVI). 
ing to note that some of the alkaloids extracted from the South American 
species Malouetia arborea and Malouetia tamaquarina possess the conessine 
ring system. 78 

Without exception all 

It is interest- 

Verazine is a new veratrrun alkaloid derived from 22,26-iminocholes- 
tane.- Veralksmine fran Veratrum album, a novel type of steroidal 
alkaloid, has a 17B-methyl-1&nor-17-isocholestane carbon skeleton. 
complete structure was determined by x-ray A complete 
x-ray structural analysis of tomatidine hydroiodide showed that the spiro 
carbon at 22 has the S-configuration and that the C25 methyl is equato- 
rial.ELZ 
the C z  and Cz5 substituents were shown to be trans to each other.= 

In connection with the preparation of various aminosteroids, the 
influence of the nature of solvent on the azidolysis of various tosylates 
was investigated. In the case of 3B-tosyl0w-A~ steroids, the highest 
yield of 3aca~ido-A~ products was obtained with hexamethylphosphoramide. 
It was also the solvent of choice in the case of 20B-to~ylates.~ The 
rearrangement of mine oxides in the presence of anhydrides (Polonovski 
reaction) was investigated on N-methyl-5~dihydroparavallarine, a 3p- 
dimethylaminosteroid. 
be changed depending on the anhydride used. 
3-acetylmethykamino derivative in 70% yield, whereas trifluoroacetic 
anhydride, after mild basic hydrolysis, afforded the corresponding 
3-ketone in 60s yield and the 3-methylamino derivative in 40% yield.% 

It has been known that dissolution of conessine in cold sulf’uric 
acid-acetic acid mixture gave rise to rearrangement of the molecule. 
new product, novoconessine, was isolated recently from this reaction 

The 

The configuration of veratramine and jervine have been revised: 

It was found that the course of the reaction could 
Acetic anhydride led to the 

A 
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mixture. 
dissolution of 3Cbamino-5-pregnen-2O-one (XVII) in cold sulfiric acid led 
to a backbone rearrangement to give the A/B trans unsaturated ketone 
XVIII. 
corresponding A/B cis derivative. 86 

It is the lW(K)-epimer of neoconessine.88 On the other hand, 

It is important to note the p-dimethylamino analog afforded the 

CHS 
The 17B-hydroxy positional isomer of samandarine was synthesized 

The last 
starting from 17$-acetoxy-l-mdrosten-3-one. s7 A forms1 partial synthesis 
of samandarone was announced using testosterone as a relay. 
step of this synthesis consisted in transposing the 17-oxygen to the 16 
position. 88 The total synthesis of 17-acetyl-5&etiojerva-l2 14,Strien- 
33-01 ( X n t )  was accomplished recently by the Stanford group.& This work 
led to a formal total synthesis of Veratramine'' and JervineSl using X M  
as a relay. 
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Chapter 3 0 .  Reactions of Interest i n  Medicinal Chemistry 

Joseph G. Cannon, Division of Medicinal Chemistry, College of Pharmacy 
The University of Iowa, Iowa City, Iowa 

The seemingly endless procession of useful new chemical reactions and 
techniques appearing i n  the literature i s  a constant wonder to the bibliographer and 
a source of comfort to the medicinal chemist who i s  faced with ever more sophisti- 
cated synthetic challenges. This narrative i s  intended to be illustrative rather than 
thorough or exhaustive. 

Alkynes in ethereal solvents are stereospecifically reduced by LiAlH4 to 
trans-olefinsl . This result contrasts with the cis-products reported from L i A l  H4 
reduction of alkynes in hydrocarbon solvents. A homogeneous catalytic hydro- 
genation of unsaturated aldehydes to saturated aldehydes can be accomplished by 
use of a tris-(tripheny1phosphine)chlororhodium catalystz. The reaction i s  specific 
for carboFcarbon multiple bonds, and other functional groups do not interfere. Use 
of  dilute reaction solutions minimizes decarbonylation of the aldehyde. Reaction of  
N i C l 2  with methyl hydropolysiloxane gives rise to a black substance which i s  an 
extremely active catalyst for hydrogenation of carbon-carbon double bonds3. The 
catalyst is  inactivated by diethyl ether or tetrahydrofuran, but it can be reactivated 
by addition of a large excess of  water. A complex cobalt dihydride i s  formed by 

catalytic ability, the compound stoichiometrical ly  hydrogenates alkenes to alkanes. 
Olef inic acids and derivatives can be hydroformylated with C O  and H2 i n  the pre- 
sence of Rhm3 5: 

- L 

reaction of cobalt stearate with alkyl Grignard reagents 4 . In addition to having 

A 

Acrylic aciaanalogs behave similarly, giving rise to formyl or hydroxymethyl systems, 
hydroxypivalates, and y-butyrolactones6. 

A NaBHq-cobalt(lI)u,a’-bipyridyl system reduces azidosteroids to amines 
under conditions which NaBH4 alone i s  ineffective7. Earlier workers had found that 
this system i s  stronger than NaBH4 for reduction of nitrobenzene to aniline. 

Ago in acidic media converts primary alcohols to aldehydes and secondary 
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alcohols to ketones under mild conditions9. The reaction appears to be specific for 
alcohol groups, and i t  succeeds in  instances where tetravalent cerium reagents fail. 
Argentic picolinate has been reported to have a spectrum of oxidizing ability similar 
to A 010. In addition, however, the picolinate salt converts amines to the corre- 

try i s  suggested. A rapid preparative method with minimal ex losion hazard for 

9 

spon 8 ing carbonyl system. Significant ut i l i ty of this reagent in carbohydrate chemis- 

AgC104 and A BF4 involves precipitation from ethylbenzene r1 . 
Aliphatic and alicyclic olefins are oxidized to ketones by a pertrifluoroacetic 

acid-BF3 reagentl2. For some carbocyclic systems ring contraction, expansion, or 
rearrangement may also occur, forming interesting compounds not otherwise readily 
preparable. An unusually effective oxidizing form of MnO2 results from ozonization 
of Mn(N03)2 13. This reagent converts cinnamyl alcohol to cinnamaldehyde in 94% 
yield and triphenylphosphine to triphenylphosphine oxide i n  68% yield. 

A facile conversion of several aliphatic and aromatic acyl peroxides, halides, 
and anhydrides to the "per" acids has been effected by treatment with H 2 0 2  and a 
threefold excess of base in the presence of a soluble magnesium saltl4. The mag- 
nesium salt i s  proposed to stabilize the "per" acid as i t  i s  formed, and to prevent i t s  
decomposition. 

Grignard reagents of the types CX3MgC 1, CHX2MgC 1, and CH2XMgC 1 
(X=halogen) have been reported15. The latter two structures show l i t t le carbenoid 
character, but CX3MgC 1 reacts with olefins to form dihalocyclopropanes in poor 
yields. A l l  three of the systems react as normal Grignard reagents with acid anhy- 
drides and aldehydes, but they do not react with esters or ketones. Phenylethynyl- 
magnesium bromide reacts with propylene oxide to give a 90% yield of 3 and only 
trace amounts of the "normal 'I product 4 expected of propylene oxide rizg opening 
due to attack on the primary carbon16.- 

OH 
I OH 

CH -C-CG CH -CH-CH 
3 2 

3 1  GH2 ' a . 3 4 
Methylenernagne ium 10 ide, CH2(Mgl)2, prepared from magnesium amalgam and 
methylene iodide, reacts with aldehydes and ketones i n  a Wittig-like reaction, 
substituting a methylene group for a carbonyl17; this finding refutes earlier reports 
that - gem-dimetal I ic systems exhibit very low reactivity toward aldehydes and ketones. 

Terminal acetylenic groups can be protected from participating i n  undesirable 
reactions with organometall ic reagents by first forming the ethynyl Grignard reagent 
and treating i t  with trirnethylchlo.rosilane, forming a carbon-silicon bond at the pri- 
mary acetylenic carbon 18. p-Bromotolane, protected by trimethylsilylation, was 
converted to i t s  Grignard reagent and this was carbonated to form a benzoic acid 
derivative. The carbon-silicon bond was cleaved with dilute base to regenerate the 
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primary acetylene. Non-terminal carbon-carbon triple bonds in  poly-ynes can be 
selectively reduced catalytically when the terminal acetylenic bond i s  masked by 
trimethylsilylation19. Desilylation involves hydroalcoholic A g N 0 3  which forms the 
silver acetylide which i s  converted to the free acetylene with cyanide ion. 

Trialkyl boranes react with CO under convenient laboratory conditions to form 
(depending upon relative amounts of reagents and reaction conditions) trialkylcar- 
binols, symmetrical ketones, or methylols20. The reaction at atmospheric pressure i s  
greatly enhanced by the presence of lithium trimethoxyaluminohydride21. Some 
modification of the technique permits use of the reaction for conversion of an olefin 
to the saturated acid having one more carbon22; methyl undecylenate i s  converted to 
the C 12 dicarboxylic acid, and undec-10-en-1-01 forms 12-hydroxyduodecanoic 
acid. Acrolein reacts with organoboranes derived from olefins to produce saturated 
aldehydes having three more carbons than the starting olefin23. The reaction i s  
generally complete in five minutes at room temperature. Methylvinyl ketone may be 
simi larly hydroborated24: 

0 
FH3 I I  

3 
Both steps are complete in a few minutes at room temperature; the reaction seems quite 
general. Since the methyl ketones w i l l  undergo a haloform reaction, a way i s  
available for preparation of carboxylic acids having lengthened the chain by three 
carbons. I-Alkylcyclohexenes which are hydroborated normally w i l l  (as was shown 
some years ago in acyclic systems) isomerize with heat such that the boron migrates to 
the primary position of the alkyl substituentE: 

d R-CH -CH=C-OBR2 4 RCH -CH -C-CH 
3 2- 3 2 2 2  

A 
R B + CH -CH-C-CH 

/ 

Aliphatic tosyl hydrazones containing a-hydrogen react with alkyl lithium to 
form olefins which might otherwise be dif f icult  to prepare26. Camphor tosylhydrazone 
was converted quantitatively into 2-bornene. The reaction appears to be general. 
Several I-alkenes reacted with a lithium dispersion to form the corresponding 
1-alkynylIithium27; attempts to extend the reaction to olefins other than 1-alkenes 
failed. A method has been devised28 for preparation i n  high yields of methoxymethyl- 
lithium and for i t s  manipulation i n  normal organometallic reactions. A 10:3 ratio of 
potassium tert-butoxide: water in a rotic solvents i s  an exceptionally mi ld  reagent for 
cleavage ofon-enolizable ketone&, and causes only a slight degree of epimeri- 
zation of the acidic product. Magnesium adducts of naphthalene, biphenyl, and 
phenanthrene are useful in metal lation of fluorene, indene, and pheny la~e ton i t r i l e~~ .  
In a somewhat analogous reaction, lithium naphthalene reacted with ethylvinyl ether 
to yield l-ethylnaphthalene31. 2-Pyridyl lithium reacts with cinchoninic acids to 
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form pyridyl ketones which may be reduced with NaBH4 to 2-pyrid I quinoline- 
methanois, thence catalytically to 2-piperidyl quinolinemethanols r 2. 

tris-(Disubstituted amino) arsines react with aldehydes and ketones to form 
aminals33. If the original carbonyl compound bears a hydrogen on the a-carbon, the 
aminal wi l l  spontaneously lose the elements of a secondary amine and wi l l  form an 
enamine. The aminoarsine derivatives are easily prepared. 

Earlier technical difficulties in  the use of phosphite esters have been obviated 
by use of o-phenylenedioxyphosphorus chloride 5, which reacts with alcohols to form 
- o-phenylene phosphites which upon treatment with 12 form iodides in  almost quanti- 
tative yields with l i t t le tendency for elimination to occur34. 

QJ )P - c 1 Q l 3 B r 3  Q_O\P-Br / 

- o-Phenylenedioxyphosphorus tribromide 6 converts carboxylic acids or anhydrides to 
the acyl bromides under m i l d  conditionss. Alternately, - o-phenylenedioxyphosphorus 
bromide - 7 and Br2 may be employed. 

Carbon-carbon bonds can be formed between unlike groups by reaction of 
rr-ally1 nickel derivatives (formed from nickel carbonyl) and alkyl halides%. 

to form carbon-carbon bonds at the original site of the bromine37. 2-Bromo-1- 
tetralone was converted to 2-methyl-1-tetralone in 85% yield. A variety of al lyl  
alcohols reacts with cyclohexyl isocyanide under cuprous ion catalysis to form al lyl  
formimidates38. 

O 1  6 5 - 

a-Bromoketones lose Br2 to form zinc enolates which react with electrophiles 

Terminal olefins may be converted to the a,$-unsaturated acid bearing one 
more carbon by hydroalumination followed by treatment with CO239. Hydro- 
alumination of disubstituted acetylenes followed by carbonation can be controlled so 
as to produce isomerically pure cis- or trans<,$ -unsaturated acids39. - - 

Formyl carbene is preparable by a copper acetylacetonate-catalyzed decom- 
position of diazoacetaldehyde40. This new carbenoid species formed a cyclopropane- 
carboxaldehyde with a substituted olefin. A novel approach to P-lactones of above 
70% optical purity involves reaction of a carbonyl compound with a ketene (or with 
an acyl halide convertible to a ketene) in  the presence of an optically active base41. 
Trichloroacetaldehyde reacts with ketene in  the presence of brucine to form (+)-8; - in 
the presence of (-)-1-phenyl-1-dimethylaminoethane, (-)-8 - i s  formed. 

10 

a 
3 -  

c c 1  
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A variation of the Wiitig reaction between triphenylphosphine acyl carbene and 
bromoacetic ester results in C-alkylation and ylide formation to give structure 942. 
Treatment of these ylides with aqueous base results in  y-keto acids; pyrolysis orthe 
ylides forms a,g-olefinic-y-keto esters. 

Q 
R-Z-C-CH -COOCH I I  3 

4 
Dimethylsulfoxonium methylide addition to olefins, forming cyclopropane 

systems, has been demonstrated&, and appears to be superior to the older method of 
Simmons and Smith. Stereochemistry of the cyclopropane products depends upon that 
of the starting olefins, but it i s  sometimes difficult to predict; however, the product 
frequently consists of only one isomer (cis- or trans-). - gem-Dichlorocyclopropanes 
bearing an ether link elsewhere on theyn  rnqx reductively dehalogenated with 
Na in liquid NH3 without ring cleavaged. Pyridinium-, quinolinium-, and - 
isoquinolinium ylides of type L 10 have preparative value in their reactions with 
alkylating agents6 

10 
The y l i d e a n  be treated with acyl halides, ultimately to form @-diketones or 
B-ketoesten. 

gem-Dicarboxylic esters when heated with NaCN in dimethyl sulfoxide 
decarboFate to the monocarboxylic - ester in high yields&. Since - gem-dicarboxyl ic 
esters are frequently readily available, this i s  potentially a valuable procedure. 

1-Dimethylamino-1-ethylthioethylene (ketene-N ,S-acetal) 1 1 reacts with a 
variety of electrophilic reagents, resulting in  interesting products47-F 

CH 3'N-C=CH2 + 2 CH =CH-CeN .-> QK; 
a' I 2 

2 5  C EM 
3 S I C  H 

11 - 
Iodine isocyanate reacts with olefins to form a-iodoisocyanates which can be 

converted to a variety of useful derivatives'@. The method can be employed for 
stereospecific synthesis of cis-B-aminoalcohols. Iodine azide, prepared -- in situ, adds 
in a highly stereospecific manner to a variety of unsaturated system#. Cyclohexene 
and cholestene form the trans- and trans-diaxial 1 -azido-2-iodo systems respectively. 
Open chain cis- and trans- olefins W d  the - threo- and erythro- 1-azido-2-iodo 
systems. 

- 
- - 
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Primary and secondary amines and certain hydrazines are cyanomethylated by 
cyanomethylbenzenesulfonate and p-toluenesulfonate to give aminoacetonitri le deriva- 
tives50. Trimethyl- and triethylamines were quaternized, but other less reactive 
tertiary amines did not react. 

carbonyl derivatives with tert-butylcarbonic diethylphosphoric anhydr idy . The free 
amine may be regeneratedzth KOH. A variety of tertiary amines i s  quaternized by 
refluxing with methyl salicylate52; benzyl and ethyl salicylates provide less satis- 
factory reactions. ,d,B,&TrichloroethoxycarbonyI chloride acylates a variety of 
aromatic and aliphatic OH and NH2 groups under m i l d  conditions53. The acylated 
derivatives are inert toward Jones or Sarrett oxidations; dioxane-HC1; trifluoroacetic 
acid; and toward catalytic hydrogenation at room temperature. Treatment with Zn- 
acetic acid regenerates the OH or NH2 group. 

new functional group undergoes a variety of reacTons leading to a-hydroxyketones, 
a-hydroxy-N-ethylamines, 1 -aziridinocyc loheptanones, and aziridinomethy I 
cyclohexanols. 

Primary amines are conveniently masked by conversion to their tert-butoxy- 

The first stable, crystalline epoxyamine 12 has been reported54; this versatile 

A 12 - 
Phenyl chloroformate is  claimed to be superior to the benzyl or ethyl esters as a 
general reagent for cleavage of tertiary amines, Comparing favorably to Br-CN in 
efficacy as well as convenience55. Sulfonamides are rapidly cleaved by sodium 
naphthalene anion radical; the ease of N-alkylation of sulfonamides makes possible 
a new method for attaining very pure secondary amines56. Methylcyclohexane may be 
directly aminated with trichloroamine in the presence of AlC 13, forming l-methyl- 
1 -aminocyclohexane; this is  a new useful synthesis for carbinamines57. 

Primary amines are converted to nitri les by lead tetraacetate58; however, some 
side products are formed. 

N-Chloro-N-cyclohexylbenzenesulfonarnide in the presence of a small 
amount of benzoyl peroxide i s  an excellent agent for effecting allylic chlorination59. 

1-substituted adamantane systems has been reported60. A subsequent publication6l 
describes preparation of l-@-hydroxyethyl)-2-hydroxyadamantane and o number of 
chemical transformations on this system. 

Preparation of 1,2-disubstituted adamantanes by an insertion reaction on 

The efficacy of alcoholic solutions of urea in neutralizing strong acids has been 
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cited62; i t  can replace pyridine for this purpose. tert-Butanol may be acetylated in 
15-20% yield with acetyl chloride i n  the absence ofoutside base. In the presence 
of urea or pyridine, the yield increases to 50-60%. 

treatment of methylene bis-trichloroacetamide with alkaline hypGhlorite63. The 
starting bis-amide i s  easTy prepared in one step i n  almost quantitative yield. 3H- 
Diazirine has previously been shown to undergo reactions of preparative interest64. 

A greatly simp1 ified preparation of cyclodiazomethane (3H-diazirine) involves 

An isoxazole annelation reaction has been utilized to prepare (inter alia) -- - d 1 -progesterone and - d 1 -homotestosteroneG: 

CH 
3 

1. t r i e  thyloxonium I 
B t e  

2. H 0-base 
2 

Enamines of cyclic ketones react with N3-CN i n  a ring contraction; the 
enamine of pyrrolidine with 5%-cholestane-3-one i s  converted into the A-homosteroid 
13 66: - 

Reaction of 1 -N-pyrrolidinocyclohexene with p-nitroacetophenone or ethyl 
- p-nitrobenzoate results in reduction of the nitro groupto amino and formation of 
2-N-pyrrolidinocyclohex-2-en-l-one67. Reduction of nitrobenzene to aniline i s  
sluggish; the enamine i s  converted to o-pyrrolidinophenol , not to a cyclohexenone. 
Literature procedures for preparation 3 enamines via titanium-amine complexes, 
Ti(NR2)4, are often hampered by the somewhat t e x u s  methods available for pre- 
paration of the titanium reagent. An improved enamine synthesis68 utilizes a stoichio- 
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metric mixture of TiC14, the secondary amine, and the aldehyde or ketone, in which 
the enamine i s  formed directly and rapidly. Tic 14 i s  an efficient water scavenger and 
it also acts as a Lewis acid to polarize the carbonyl bond. This i s  an excellent method 
for preparation of highly sterically hindered enamines. The first report of C-alkylation 
of an aldehyde enamine69 utilizes enamines derived from n-butyl-isobutylamine. 
Success in C-alkylation i s  due to prevention of N-alkylation by the bulk around the 
nitrogen. 

sugar 1,2-0rthoacetates with cllcohols in the presence of HgBr270. 3,4,6-Triacetyl- 
glucose-l,2-orthoacetate reacts with cholesterol to afford a 48% yield of the pure 
@)inked glycoside. New and improved routes for preparation of sugar orthoacetates 
add to the value of the method. 

A highly stereospecific synthesis for 1,2-trans-gIycosides - utilizes a reaction of 

The well-known preparation of @-lactones by reaction of ketene with carbonyl 
systems has been modified such that i f  the reaction i s  performed on a methyl ketone in 
the presence of BFrr, the initially formed @-lactone rearranges to a y-lactone71: 

R, R', R" = H; C2Hs; and/or cyolohexyl 
preparable from a diazoketone-ketene acetal 

reaction, can be hydrolyzed to y-ketoacids or esters, providing a new general method 
for these systems72. 
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Chapter  3 1 .  A n t i r a d i a t i o n  Agents 

Edward R. Atkinson,  Arthur  D. L i t t l e ,  I n c . ,  Cambridge, Mass. 02140 

I n t r o d u c t i o n  - This  r e p o r t  is f o r  t h e  most p a r t  based on a r t i c l e s  s e l e c t -  
ed from t h e  425 inc luded  i n  t h e  a u t h o r ' s  b ib l iography1 cover ing  1967. A s  
i n  t h e  two previous  r e p o r t s  i n  t h i s  s e r i e s  no a t t e m p t  has  been made t o  
cover  developments i n  rad iobio logy  o r  r a d i a t i o n  b iochemis t ry  such  as t h e  
e f f e c t  of r a d i a t i o n  on c e l l u l a r  k i n e t i c s 2  o r  t h e  development of a math- 
e m a t i c a l  model f o r  '_he b i o l o g i c a l  e f f e c t i v e n e s s  of r a d i a t i o n .  

During t h e  p a s t  y e a r  t h e  world-wide e f f o r t  i n  t h e  areas covered by 
t h i s  r e p o r t  w a s  maintained a t  t h e  s a m e  l e v e l  as i n  t h e  preceding  few 
y e a r s  and t h e r e  w a s  no s i g n i f i c a n t  change i n  t h e  r e l a t i v e  amount of a t t e n -  
t i o n  be ing  g iven  t o  t h e  s tudy  of mechanisms of damage and r e p a i r  on t h e  
one hand, and t o  t h e  s y n t h e s i s  of e f f e c t i v e  a n t i r a d i a t i o n  drugs  on t h e  
o t h e r .  

The WRAIR Program - A major advance i n  a v a i l a b l e  knowledge about  a n t i -  
r a d i a t i o n  drugs came w i t h  t h e  removal of s e c u r i t y  r e s t r i c t i o n s  from t h e  
e x t e n s i v e  program sponsored by t h e  Department of t h e  Army i n  t h e  D i v i s i o n  
of Medicinal  Chemistry,  Walter Reed Army I n s t i t u t e  of Research.  This  con- 
t i n u i n g  program began i n  1959 and has  involved  t h e  p a r t i c i p a t i o n  of about  
60 l a b o r a t o r i e s  o p e r a t i n g  under g r a n t s  and c o n t r a c t s  w i t h  WRAIR a s  w e l l  as 
in-house a c t i v i t y  a t  WRAIR. 

Most of t h e  chemical  s y n t h e s i s  work i n  t h e  program has  been pub- 
l i s h e d ,  b u t  t h e  r a d i o p r o t e c t i v e  e f f e c t i v e n e s s  of t h e  drugs  i n  b a c t e r i a ,  
mice,  and h i g h e r  s p e c i e s  w a s  d e s c r i b e d  i n  only  q u a l i t a t i v e  terms. No 
d e c i s i o n  has  been reached concerning t h e  manner i n  which t h e  q u a n t i t a t i v e  
pharmacological  d a t a  w i l l  be  publ i shed  by WRAIR; h o p e f u l l y  t h e s e  w i l l  
appear  dur ing  1968. 

A c o n s i d e r a t i o n  of publ i shed  chemical  s y n t h e s e s  suppor ted  by WRAIR 
shows t h a t  t h e  program has  been r e s t r i c t e d  t o  a m i n o t h i o l s  and a m i n o t h i o l  
d e r i v a t i v e s  having a 2 o r  3 carbon atom c h a i n  between t h e  two f u n c t i o n a l  
groups.  I n  r e t r o s p e c t ,  t h e  d e c i s i o n  t o  s o  res t r ic t  t h e  program seems t o  
have been a w i s e  one,  s i n c e  t h e  a m i n o t h i o l s  c o n t i n u e  t o  be t h e  only 
chemical  c l a s s  t h a t  p r o t e c t  mammalian ce l l s  by t h e i r  d i r e c t  p resence  i n  
t h e  i r r a d i a t e d  c e l l .  It i s  known t h a t  approximately 3000 such compounds 
have been s t u d i e d  t o  d a t e  i n  t h e  W I R  program. 

S e l e c t e d  drugs have been e v a l u a t e d  i n  o t h e r  areas of medicine i n -  
c l u d i n g  t h e i r  u s e  t o  a l lev ia te  s u r g i c a l  shock and a r t h r i t i s ,  and a s  antag-  
o n i s t s  f o r  n i t r o g e n  mustards .  The e v a l u a t i o n  i n  t h e s e  l a t t e r  a r e a s  i s  n o t  
y e t  complete.  

4 Reviews - The most r e c e n t  comprehensive review w a s  t h a t  of J .  B.  L i t t l e ,  
who inc luded  a lengthy  d i s c u s s i o n  of  i n t r a c e l l u l a r  recovery  p r o c e s s e s .  
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Conventional and t rea t i se  l i t e r a t u r e  7 y 8 y 9  are a l s o  a v a i l a b l e ;  
t h e  l a s t  c i t e d  r e f e r e n c e  i s  p r imar i ly  concerned wi th  t h e  mechanism of dam- 
age. Spec ia l i zed  reviews ap eared  covering work done a t  Sloan-Kettering 
during t h e  per iod  1950-1965 ,I0 t h e  in f luence  of phys io log ica l  states on 
r a d i a t i o n  r e s p o n s e , l l  space  r a d i a t i o n  biology12 and p r o t e c t i o n  .I3 
annota ted  b ib l iography covering rad iobio logy  dur ing  t h e  per iod  1898-1957 
is  ava i l ab le .  l4 

An 

Drug Evaluat ion - Medicinal  chemists  d i f f e r  from the  o rd ina ry  breed i n  
t h a t  they r e t a i n  an  i n t e r e s t  i n  t h e  f a t e  s u f f e r e d  by t h e i r  hard-won com- 
pounds once they have been p laced  i n  t h e  hands of pharmacologis ts  f o r  
eva lua t ion .  They are, t h e r e f o r e ,  i n t e r e s t e d  i n  drug eva lua t ion  t echn ic s .  
"Standard" eva lua t ion  procedures  today inc lude  t h e  use  of b a c t e r i a  and 
mice as tes t  organisms, wi th  some eva lua t ion  i n  dogs and o t h e r  h igher  
spec ie s .  
t ive a c t i v i t y  w i l l  be  c a r r i e d  o u t  i n  human vo lun tee r s .  

I t  i s  u n l i k e l y  t h a t  any s i g n i f i c a n t  eva lua t ion  of rad iopro tec-  

I n  t h e  case  of rodent  tests r e p o r t s  cont inue t o  appear t h a t  stress 
t h e  e f f e c t  on s u r v i v a l  of balanced d i e t s 1 5  and of t h e  t i m e  of day when 
t h e  animal is i r r a d i a t e d . 1 6  
ences between t h e  b a c t e r i a  and mouse test systems i t  is  unfo r tuna te  t h a t  a 
b e t t e r  c o r r e l a t i o n  between t h e  two systems does no t  e x i s t ,  even f o r  a 
s i n g l e  class of drugs.17 
t i o n  dosimetry t o  inc lude  a phys ica l  q u a n t i t y  o t h e r  than absorbed dose w a s  
recommended t o  permit  a b e t t e r  c o r r e l a t i o n  wi th  b i o l o g i c a l  e f f e c t s  .18 

Even i f  one al lows f o r  t h e  obvious d i f f e r -  

A mod i f i ca t ion  of t h e  b a s i c  concepts  of r ad ia -  

I n  t h e  case  of t h e  important  aminothiol  class of drug,  sp l een  colony 
counts19 and p r o t e c t i o n  of ce l l s  i n  t i s s u e  cu l tu re20  w e r e  used f o r  evalua- 
t i o n ,  and t h e  p r o t e c t i o n  of t h e  deoxyribonucleoprotein qua ternary  s t r u c -  
t u r e  w a s  a l s o  recommended as a sc reen  f o r  such drugs.  2 1  

Other new r a p i d  screening  t echn ics  included i n h i b i t i o n  by drugs of 

23 t h e  release of i no rgan ic  phosphate  from bake r ' s  y e a s t  under i r r a d i a t i o n 2 2  
and i n h i b i t i o n  of t h e  r e a c t i o n  between i r r a d i a t e d  o l e i c  a c i d  and caro tene .  
It w a s  observed t h a t  gamma-irradiated mouse t i s s u e  h ~ m o g e n a t e s ~ ~  o r  a lbu-  
men25 undergo a chemiluminescent r e a c t i o n  and t h e  i n h i b i t i o n  of t h i s  re- 
a c t i o n  by r a d i o p r o t e c t i v e  drugs ' w a s  used f o r  t h e  eva lua t ion  of these .26  
The chemiluminescent r e a c t i o n  w a s  a sc r ibed  t o  f r e e  peroxy r a d i c a l s  formed 
i n  t h e  l i p i d s  of c e l l  membranes.27 
test  simply measured t h e  r ad ica l - t r app ing  power of t h e  drug,  which is prob- 
ab ly  n o t  i t s  only mode of p r o t e c t i o n .  

It i s  l i k e l y ,  t h e r e f o r e ,  t h a t  t h i s  

For some t i m e  t h e  use  of p l a n t  ce l l s  as test systems has  a t t r a c t e d  
i n v e s t i  a t o r s .  
~ p o r e s , ' ~  and a wide v a r i e t y  of subs tances ,  none of which are recognized 
a n t i r a d i a t i o n  drugs , pro tec t ed  onion r o o t  cel ls .  30 One g e t s  t h e  impres- 
s i o n  t h a t  t h e  replacement of b a c t e r i a  and rodents  by p l a n t s  i n  t h e  drug 
sc reen  i s  un l ike ly  i n  t h e  fo r seeab le  f u t u r e .  The use  of seeds  f o r  s tudying  
g e n e t i c  e f f e c t s  of r a d i a t i o n  is  w e l l  known. 

MEA and o t h e r  aminoth io ls  p ro tec t ed  p l a n t  seeds28 and 

Drug Development - During t h i s  r e p o r t  per iod  a g r e a t  many art icles de- 
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s c r i b e d  cont inuing  s t u d i e s  of t h e  e s t a b l i s h e d  drugs and t h e  s y n t h e s i s  of 
new p r o t e c t i v e  compounds. A c r i t i c a l  review of t h e  l a t t e r  i s  n o t  p o s s i b l e  
because q u a n t i t a t i v e  pharmacological d a t a  are usua l ly  s p a r s e  o r  non- 
e x i s t e n t .  
t h e  newer drugs are i n  any way supe r io r  t o  t h e  o l d e r  ones.  
raphy' r e f e r r e d  t o  above should be consul ted  f o r  complete coverage of 
drug development. 

U n t i l  such d a t a  are publ ished w e  cannot s a f e l y  conclude t h a t  
The b ib l iog -  

An ex tens ive  review of t h e  pharmacological  p r o p e r t i e s  of important  
drugs appeared. 31 More recent d a t a  0~ aminoth io l  drugs  inc luded  t h e i r  
a c t i v i t y  as 6-adrenergic i n h i b i t o r s  ,jZ e f f e c t  on sodium t r a n s p o r t  and ab- 
sorp t ion ,33  e f f e c t  on o x i d a t i v e  phosphor l a t i o n  i n  l iver,34 e f f e c t  on 
amino a c i d  conten t  of l i v e r  and spleen,33 e f f e c t  on r e s p i r a t i o n  of m i c e , 3 6  
and e f f e c t  on l e ~ k o p o i e s i s . 3 ~  When mercaptoethylamine w a s  adminis tered t o  
dogs a delayed undes i rab le  hypotension ensued, accompanied by an i n c r e a s e  
i n  c i r c u l a t i n g  his tamine.38 
-- i n  v ivo  t o  t h e  r e l a t e d  d i s u l f i d e ,  cystamine, which is known t o  cause 
hypo t ens i on promptly . 

This may have been t h e  r e s u l t  of ox ida t ion  

T)t  f a t e  and d i s t r i b u t i o n  of t h e  w e l l  known drug se ro ton in  w a s  des- 
c r ibed  
drug. 46,41 

and a l s o  c y t o l o g i c a l  d a t a  r e l e v a n t  t o  i t s  use  as a p r o t e c t i v e  

The as y e t  unexplained p r o t e c t i v e  e f f e c t  of d imethylsu l foxide  (DMSO) 
on a v a r i e t y  of t i s s u e  c u l t u r e s  and animals42 w a s  explored i n  g r e a t e r  de- 
t a i l  by Moos and h i s  a s s o c i a t e s .  P r e - i r r a d i a t i o n  t o p i c a l  a p p l i c a t i o n  
through the  t a i l  gave s i g n i f i c a n t  p r o t e c t i o n  t o  m i c e  a g a i n s t  760r43 and 
counterac ted  p o s t - i r r a d i a t i o n  saccha r in  avoidance. 44 
observed when mice were confined i n  a chamber conta in ing  an  equi l ibr ium 
p res su re  of DMSO vapor;45 even g r e a t e r  p r o t e c t i o n  w a s  observed when t h e  
l i q u i d  phase w a s  a 7% s o l u t i o n  of Nembutal i n  DMSO. How t h i s  l a t t e r  
modi f ica t ion  could s i g n i f i c a n t l y  e f f e c t  t h e  dose of DMSO absorbed by the  
mice is n o t  apparent .  Perhaps t h e  a g i l e  mice were a b l e  t o  d i p  t h e i r  t a i l s  
i n t o  t h e  s o l u t i o n  and absorb t h e  b a r b i t u r a t e  by a DMSO-promoted process .  
P ro tec t ion  by DMSO w a s  independent of oxygen and showed synergism wi th  
aminothiol  drugs.  
i t s  mechanism of a c t i o n  d i d  n o t  involve  
h y p ~ x i a , ~ ~  o r  changes i n  plasma enzymes.g7 DMSO pro tec t ed  lactate  de- 
hydrogenase,  probably by formation of a m e t a l  complex.48 

P r o t e c t i o n  w a s  a l s o  

When p r o t e c t i n g  rats a g a i n s t  800r a t  4.5 g/kg,  i . p . ,  
r i m a r i l y  t h e  induc t ion  of 

F i e l d  and h i s  a s s o c i a t e s  prepared a v a r i e t y  of novel  d i s u l f i d e s  and 

50 
observed "good" p r o t e c t i o n  i n  m i c e  wi th  2-acetamidoethyl a c e t y l  d i s u l -  
f i de49  (< 50 mg/kg) , with  p-cyanobenzyl 2-(n-decylamino)ethyl d i s u l f i d e  
(p-CH , p-CHO and p-C1 analogs w e r e  i n a c t i v e )  and with. 3-acetamidopropyl 
2- (n-2ecylamino)ethyl d i s u l f i d e 5 1  (30-50 mg/kg) . The 2-acetamido isomer 
of t h e  last-named compound w a s  much less p r o t e c t i v e .  Thiamine te t rahydro-  
f u r f u r y l  d i s u l f i d e  (40 mg/kg, i . p . ,  p o s t - i r r a d i a t i o n )  r o t e c t e d  m i c e  
a g a i n s t  600-700r wi th  a dose reduct ion  f a c t o r  of 1.34. 52 

Addi t iona l  examples of phosphorothioate  drugs were descr ibed .  
H2NCH2CH2SP(0) (OH) (ONa) ("Cystaphos") w a s  t h e  most p r o t e c t i v e  of 20 amino- 
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thiol derivatives studied53 and its absorption in tumors was just 40% of 
that in other organs.54 It is believed that in all phosphorus-containiw 
drugs the phosphorus-containing group acted only to facilitate transport. 
The lithium salts of S-(3-amino-2-hydroxypropyl)phosphorothioate and S-(2- 
aminopropy1)phosphorothioate protected mice with dose reduction factors of 
2.16 and 1.96 respectively (MEA=1.84) ; the purely inorganic diammonium 
salts of amidophosphorothioic and thiodiamidodiphosphoric acids gave dose 
reduction factors of 2.30 and 2.16 respectively, at molar doses 10-20 times 
lower than those used with MEA.55 

- 

A drug mixture, whose active principle is thiazolidinecarboxylic 
ave 70% 30-day survival in rats (cysteine=8%) at 30 mg/kg against iE6::5g Thiol groups liberated by enzymatic cleavage during the thiazo- 

lidinecarboxylic acid cycle were believed to be more protective than those 
derived from the drug mixture. 

The possibility of using reservoir forms of potent antiradiation 
drugs, by analogy with similar technics in the treatment of cancer, has 
been explored by Friedman and associates. 
radioprotective effects of MEA derivatives and the widely-varying rates at 
which they liberated MEA in rat tissues was attempted.57 The N-(2-mercap- 
toethy1)carbamoyl derivatives of glycine and alanine released significant 
levels of MEA in the stomach, spleen, and thymus of rats. Analogous 
derivatives of phenylalanine, methionine, aspartic acid and palanine re- 
leased no MEA in 15 tissues examined.58 

A correlation between the 

A dose reduction factor of 3.8 in mice was achieved by combining a 
variety of drugs and factors.59 
pre-irradiation), hypoxia (nitrogen atmosphere during irradiation), 
syngeneic bone marrow (22 hrs. post-irradiation), sodium penicillin G 
(50,000 I. U., 30 days) and streptomycin (50 mgfkg, 30 days). 

Mechanisms of Damape and Protection- During 1967 investigations continued 
in all the areas summarized in last year's report, but greater emphasis 
was placed on fundamental radiation-induced processes in important cell 
components ,60-63 particularly DNA,64,65 which would lead to mitotic 
failure. There is substantial evidence that DNA is the site of the sig- 
nificant primary lesion in the cell. 

Earlier studies of the reaction of the hydrated electron with simple 
amino acids were extended to include di- and tripeptides,66 in which 
primary amino groups were cleaved provided they were attached to a carbon 
atom alpha to an unsaturated function. The determination of the absolute 
rate constants for reactions with peptides and proteins led to the con- 
clusion that such reactions account for only a portion of the chemical 
changes occurring in irradiated protein. 67 

These included: MEA (200 mg/kg, 15 min. 

The number of breaks in the DNA chain produced by x-rays was the 
same in cells and in isolated DNA, and leukemia cells were found to have a 
very efficient system €or repairing such breaks. 68 Gamma-irradiation of 
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RNase brought about changes considerably more profound than di ulfide or 
hydrophobic bond cleavage and effectively prevented ref~lding.~g The con- 
siderable amount of earlier work in which electron spin resonance spectros- 
copy (ESR) was used to identify the specific site of damage in irradiated 
nucleic acids was revie~ed7~ and such studies continue.71 
hydroxyl radicals on purine bases occurred at the 5 and 6 positions except 
in the case of adenine, which was unrea~tive.7~ 

inding to it and carrying out localized radical scavenging 
on its surface.F3 While the degradative effect of radiation on DNA con- 
tinues to be studied, there is some opinion that the more serious matter 
is the effect of irradiation on DNA ~ynthesis.7~ 

- 

The attack of 

GED at 10-3 molar pro- 
tected DNA by 

Although ESR continues to be used widely for the identification of 
specific sites of damage proteins and other cell constituents, the spec- 
trum obtained may be sleading since it can be generated by the lyophil- 
ization process used.% Within the limits of the experimental technics 
now in vogue it appears 
stability to radiati~n,~' that the odd electron is delocalized in glycine 
peptides,77 while in the case of sulfur-containing amino acids it migrates 
to sul#r even in the solid state with a relatively low energy of acbiva- 
tion. 
trapping of free radicals required specific interactions and characteris- 
tic structures found in the native state.79 The appearance of the charac- 
teristic ESR spectrum 88s m t  necessarily associated with a loss of 
biological properties; this is in accord with the fact that the transfer 
of the odd electrons to thiols in frozen aqueo s mixtures occurred from a 

hat amino acids vary considerably in their 

ESH data for irradiated proteins showed that the migration and 

limited number of sites on the macromolecules. 81 

The formation of free radical sites in irradiated living systems was 
detec itiate copolymerization with acryl- 
amide@ and with vinylpyrrolidone% The results of this work were in 
accord with ESR data. 

d by s u i n g  these sites to 

Previous reports have described the hypothesis that copper ions axe 
involved in the radiolytic inactivation of biological systems. 
ions bound to specific amino acid residues of enzymes enhanced sensitivity 
to hydroql  radicals; if the ions are bound to non-essentical sites these 
same ions 
copper ion% may be pided by catalysing their binding to plasma com- 
ponents with cysteine and presumably with other aminothiol drugs. The 
protective action of m T  and serotonin was markedly decr ased when zinc, 

Cupric 

protect the enzyme.& The sensitizing action of the free 

nickel, and cobalt salts were administered concurrently. 87 

The mixed disulfj.de hypothes for the repair action of aminothiol 
d r u g s  continued to draw support.g8 A variety of aminothiols exchanged 
readily with lc,4 '-dithiobis( benzenesulfonic acid) but no simple correla- 
tion was found between the equilibri reached and the antiradiation 
potency of the particular aminothiol% While the presence of thiol 
groups in protein may be a sufficient feature for the operation of the 
niixed disulfide mechanism it is not a necessary feature, because anino- 
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t h i o l  drugs protected enzymes t h a t  contained no sulfur.90 
a l  r ad ica l  scavenging feature  of aminothiols probably functions i n  these 
and many other  cases. 91,92 The protect ive act ion of d i su l f ide  drugs such 
a s  cystamine and cys t ine  has been a t t r i b u t e d  t o  t h e i r  conversion i n  vivo 
t o  the r e l a t ed  aminothiols. Recent work on the r ad ia t ion  chemistry of 
aqueous solut ions of these d i su l f ides  indicated t h a t  they function as rad- 
i c a l  acceptors and oxygen scavengersg3 i n  processes t h a t  involve oxida- 
t i o n  t o  sulfonic  a ~ i d s . ~ 4  An a l t e r n a t i v e  mechanism of protect ion may in- 
volve a pe r s i s t en t  change i n  c e l l  permeability t o  potassium and magnesium 
ions noted i n  r abb i t s  when cystamine w a s  administered a t  150 mg/kg.95 

The convention- 

The protect ive e f f e c t  of endogenous t h i o l  groups i s  well known. 
Soviet workers continued t o  support the idea t h a t  aminothiols 96 
alkylamines (and consequent anoxia)96,97 and even hypothermiab8 a l l  
protect  because of a marked increase of endogenous t h i o l  concentration i n  
sens i t i ve  organs. 

indolyl-  

The "biochemical shock" mechanism of rotect ion,  discussed last  year,  
continued t o  be supported by new datag9-1I2 col lected i n  experiments in- 
volving a va r i e ty  of drugs. 

Ever s ince the radioprotective e f f e c t  of t i s s u e  anoxia w a s  estab- 
l ished years ago there  has been an increasingly successful e f f o r t  made t o  
r e l a t e  the mode of radioprotective drug ac t ion  t o  t h i s  important factor.  
With minor exceptionslo3 the protect ive a c t i v i t y  of serotonin and p-amino- 
propiophenone i s  c l e a r l y  the r e s u l t  of a s ign i f i can t  lowering of oxygen 
tens ion. '03-'06 The aminothiols may protect  f o r  the same reason, f o r  they 
gave no added protect ion under anoxic conditions. l o 7  However, another 
study106 showed t h a t  while serotonin lowered both oxygen tension and tissue 
redox po ten t i a l ,  the aminothiols affected only the redox potent ia l .  I n  
model experiments using thermally oxidized methyl o l ea t e  both types of 
drugs reduced the peroxide l eve l  by serving a s  peroxide decomposers, 108 
while "antioxidants" of the propyl g a l l a t e  type did not;l09 the l a t t e r  
type of a c t i v i t y  c l e a r l y  involves r ad ica l  scavenging. The conclusion w a s  
reached some t i m e  ago t h a t  low oxygen tension was protect ive because of 
the consequent infrequent capture of the hydrated elect ion, l lO or  other 
primary c e l l  r ad io lys i s  products. An a l t e r n a t i v e  explanation ascribed the 
oxygen e f f e c t  t o  accumulated endogenous substances t h a t  a r e  simply incom- 
p l e t e ly  oxidized substances. 111 

It i s  l i k e l y  t h a t  addi t ional  data  on the r e l a t i o n  between aminothiol 
drugs and the oxygen e f f e c t  w i l l  be accumulated i n  the coming year. The 
function of aminothiols as decomposers fo r  perioxides i n  biological  macro- 
molecules might account fo r  the high degree of s t r u c t u r a l  s p e c i f i c i t y  
t h a t  the radioprotect ive aminothiols exhibi t .  

Cel ls  d i e  or  a r e  a l t e r ed  through damage t o  t h e i r  DNA o r  t o  t h e i r  
extranuclear components, and these deaths and changes a f f e c t  the general  
physiology of the animal. It has been suggested t h a t  protect ion against  
low-level chronic r ad ia t ion  by prophylactic doses of an t i r ad ia t ion  drugs 
may prevent ageing i n  c e l l s .  There e x i s t s  a p o s s i b i l i t y  t h a t  knowledge 
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of these drugs may find significant application in gerontology. 112,113 
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Chapter 32. 

Phannaceutics, Pharmacokinetics and Biophannaceutics 

Edward R. Garret t  and Oscar E. Araujo 
College of Pharmacy, University of Florida, Gainesville, FL 32601 

Introduction - The a v a i l a b i l i t y  of the  drug from t h e  dosage form depends on 
physical chemical factors ,  chemical in te rac t ions  and a p r i o r i  predict ions 
and confirmations of re lease i n  biological  systems. 

Drug Dissolution and Diffusion - The importance of the  relat ionship between 
drug absorption and the r a t e  processes of d i f fus ion  and dissolut ion has 
been w e l l  established i n  recent years. 
erature  and extracted t h e  physical and mathematical treatments of drug 
transport. 
solids a s  affected by ag i ta t ion ,  p a r t i c l e  s ize ,  in te rac t ion  with solut ion 
addi t ives  and drug release r a t e s  from matrices t h a t  do and do not obey 
Fick's law. 
across the  isolated rabbi t  mesentery ind ica te  d i f fus ion  of both ion ic  and 
non-ionic forms of the drugs across the  membrane. with no s igni f icant  
change i n  r a t e  due t o  pH2. 
models of l iv ing  membranes indicated t h a t  when the  Hildebrand 6 value of 
the  drug molecule apprcached t h a t  of t h e  l i p o i d a l  bar r ie r ,  t r a n s  er of t h e  

When aqueous d i f fus iona l  b a r r i e r s  on each s ide  of t h e  l i p o i d a l  membrane 
a re  included, Fick's law does not  f u l l y  hold i n  t h i s  case of protonation of 
weak bases4. The t r a n s f e r  of amidopyrine and s a l i c y l i c  acid through an or- 
ganic l iqu id  obeys t h e  theoret ical  equation proposed5. The formation of 
complexes can modify t h e  r a t e  of t ransfer  of drugs t rough such b a r r i e r s  

emulsion droplets  a c t  as sinks f o r  drug, equations were derived for m i -  
c e l l a r  solubi l izat ion t o  take i n t o  account t h e  possible e f f e c t s  of an ? e l e c t r i c a l  b a r r i e r  between the  micelle and t h e  charged oil-water interface.  
Drug release from water i n  o i l  emulsions a s  a function of pH i n t o  an aque- 
ous sink8 and with a separating membrane9 was studied and t h e  experimental 
data agreed with the physical models suggested. 
dissolut ion s tudies  of poorly soluble drugs t o  bear any re la t ionship  t o  & - vivo observations, s i n k  conditions must  be maintained and t h i s  can be s i m -  
ulated by t h e  presence of an organic solvent phaselo. 
simultaneous determinations of 
r a t e s  i n  a s ingle  system has been studied, a s  affected by ag i ta t ion  and 
temperatwell .  
d issolut ion and subsequent absorption of a drug has been s h m  t o  be of 
extreme importance before recent governmental committees. Suspensions con- 
ta ining only chloramphenicol polymorph B gave s igni f icant ly  higher blood 
leve ls  than suspensions containing only polymorph A, regardless  of p a r t i c l e  

W. Higuchil has reviewed the  lit- 

He considered t h e  laws governing t h e  dissolut ion r a t e s  of 

The diffusion r a t e s  of pentobarbital ,  s a l i c y l i c  acid and urea 

Drug t ransport  through nonpolar l iqu ids  a s  

drug molecule across and through t h e  l i p o i d a l  b a r r i e r  was faster 5 . 

and demand modification of the d i f fus iona l  equations 2 . When micron-sized 

I n  order f o r  i n  v i t r o  

The k ine t ics  of 
v i t r o  drug dissolut ion and par t i t ion ing  

The e f f e c t  of d i f f e r e n t  polymorphic forms on t h e  rate of 
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sizel2. The r a t e s  of reversion of t h e  metastable t o  the  s t ab le  f o n s  dur- 
ing dissolut ion were correlated t o  the  c r y s t a l  growth r a t e s  f o r  polymorphs 
of sulfathiazole  and methylprednisolone13. 
fluence on the  shape of c E s t a l s  and can promote t h e  formation of unstable 
polymorphic modifications . 

Solvents have a d i s t i n c t  in- 

P a r t i c l e  s ize  has a decided e f f e c t  on t h e  r a t e  of dissolut ion of 
drugs. Examples of t h e  i n t e r r e l a t i o n  of p a r t i c l e  s i ze ,  so lub i l i t y ,  ab- 
sorption and therapeut ic  a c t i v i t y  i l l u s t r a t e  t h e i r  importance i n  medici- 
n a l s  f o r  o ra l ,  t o p i c a l  or parenteral  administrationl5.  The angle of re- 
pose and s l id ing  angles of sodium borate and bo r i c  acid powders were calcu- 
l a t ed  and it was found t h a t  t h e  cohesive force between t h e  p a r t i c l e s  i s  
negl igibly small f o r  p a r t i c l e  diameters l a r g e r  than t h e  c r i t i c a l  
while it s i g n i f i c a n t l y  influences the  angle a t  smaller diameterslg:ZeThe 
apparent spec i f i c  volume of samples i n  t h e  looses t  packing i s  near ly  con- 
s t a n t  f o r  sizes above t h e  c r i t i c a l  diameter, but  it increases  gradually 
with decreasing p a r t i c l e  s ize  below the  c r i t i c a l  diameter1?. 
of repose were a parent ly  lowered by t h e  addi t ion of the lubricantsl!. The 

ious samples of griseofulvin.  
a f f e c t  spec i f i c  surface area and thus blood l e v e l s  demanded s t r i c t e r  
o f f i c i a l  specifications20. 

bas i s  of i n  vivo measurements a r e  unl ikely t o  r e f l e c t  t he  gas t ro - in t e s t ina l  
absorption and may i n  f a c t  y i e ld  misleading dataz1. I n t r i n s i c  dissolut ion 
r a t e s  varied con iderably among t a b l e t s  f o r  aspirin22, sodium sal icylate23 
and phenindione2', depending on the  c r y s t a l l i n e  form, compression and tab- 
l e t  technology. 
simultaneously and t h e  resul ts  agree w e l l  with standard procedures*S. 
Drug In t e rac t ions  - The f i r s t  order r a t e s  of deaggregation abbetted by wet- 
t i n g  and dispers ing agents of a suspension of  a s u b s t i t u t e  benzoic acid 

c a l  simultaneous r e l ease  of  a mixture of two non-interacting drugs d i s -  
persed i n  an i n e r t  p l a s t i c  matrix was confirmed by s tud ie s  on a s a l i c y l i c  
acid-benzoic acid p l a s t i c  mixture27. 
t e r ac t ing  system, benzocaine-caffeine, was also verified28. Surprisingly,  
the r e l ease  of s a l i c y l i c  acid from polyethylene matrices exhibited no r a t e  
increase i n  the  presence of increasing concentrations of dibasic  potassium 
phosphate even though t h e  s o l u b i l i t y  increased a s  much a s  45 fold. 
presence of a surfactant ,  however, produced a dramatic r a t e  increase. The 
r e s u l t  indicated t h a t  matrix permeability and r a t e s  of permeation by the 
solvent can restrict  drug r e l ease  r a t e s  a s  a function of pore s i z e  d i s t r i -  
bution of t h e  matrix and wetting propert ies  of the solvent defined by sur-  
face tension and contact angle29. The r e l ease  of benzoic acid and salicy- 
l i c  acid i n t o  aqueous media from wax matrices a r e  b e s t  analyzed from a 
diffusion control led model and square roo t  of t i m e  r e l ease  profiles30. Over 
one range of composition the  r a t e  of r e l ease  of a hydrogenated cas to r  o i l -  
propylene glycol monostearate-sulfanilamide i s  diffusion controlled,  with 
high to f tnos i ty  values. 
let .  the r e l ease  i s  not d i f fus ion  controlled31. Dissolution r a t e s  of 

The an les 

Coulter counter 15 was used t o  study t h e  p a r t i c l e  s ize  d i s t r i b u t i o n  of var- 
The considerable differences which would 

Dissolution test procedures which have not been cal ibrated on the 

A new dissolut ion apparatus permits 20 d i s so lu t ion  tests 

and i t s  sodium s a l t  co r re l a t e  with the  r a t e s  of solution2 2 . The theo re t i -  

The v a l i d i t y  of t he  model f o r  the in- 

The 

A t  higher sulfanilamide concentrations i n  t h e  tab- 
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hexestrol ,  d ienes t ro l  and griseofulvin increased s i g n i f i c a n t l y i n  t h e  pre- 
sence of l y ~ o l e c i t h i n 3 ~  a s  they did f o r  tes tosterone i n  aqueous solut ions 
of polysorbates33. In  general, increasing conc n t ra t ions  of surface-active 

agents i n t e r a c t  with preservative, decrease t h e i r  antimicrobial  a c t i v i t y ,  
and a f f e c t  the over-all  absorption of the  medicaments35. 
and a polyelec ro ly te  dispersant  increased t h e  release r a t e s  of so l ids  i n  

permeation of various chemical s t ruc tures  through p l a s t i c  mater ia ls  were 
postulated37. 
studied f o r  t h e i r  a b i l i t y  t o  permeate through a polyethylene f i l m .  Benzyl 
alcohol and benzo c acid had the lowest permeability due t o  intermolecular 

Drug S t a b i l i t y  - The theore t ica l  bases for formulation of s tab le  drugs 
depend upon knowledge of the  k ine t ics  of the  thermal solvolysis  of the  drug 
i n  solution a s  a function of pH, concentration and excipients. 
t i o n  considers recent fundamental contributions on t h e  k ine t ics  and mech- 
anisms of drug s t a b i l i t y .  A series of review 
s t a b i l i t y  of drugs ha 
c a l  review by GarrettE2 of the  avai lable  l i t e r a t u r e  up t o  1966 on k ine t ics  
and mechanisms i n  t h e  s t a b i l i t y  of drugs is now available.  The hydrolysis 
of undissociated a s  i r i n  i n  buffered solut ions of t h e  non-ionic surfact-  
ants ,  cetomacrogel$? and polysorbate 80N i s  inhibi ted due t o  t h e  p a r t i t i o n  
of,  and thus t h e  unavai labi l i ty  i n  t r u e  solut ion of, aspirin4?, A spec i f ic  
hydrogen ion catalyzed hydrolysis of t h e  undissociated a s p i r i n  par t i t ioned 
i n t o  t h e  micelles i s  observed but i s  of a smaller magnitude than i t s  coun- 
t e r p a r t  i n  t r u e  solution. 
@g overa l l  inh ib i t ion  of solvolyt ic  r a t e  i n  t h e  presence of t h e  surfactant  

H values 
The 

former i s  ascribed t o  t h e  s t e r i c  juxtaposit ion of ionized hydroxyl groups 
t o  bound asp i r in  whereas the l a t t e r  i s  ascribed t o  inclusion 
where t h e  solution a v a i l a b i l i t y  of the  substrates  i s  reduced'y. It was 
a l so  shown t h a t  the  spec i f ic  hydroxyl ion catalyzed hydrolysis of benzo- 
caine and homatropine i n  the  presence of nonionic surface-act e agents 
i s  unaffected a t  l e s s  than the  c r i t i c a l  micelle concentration . However, 
a t  a concentration i n  excess, the  s t a b i l i t y  i s  enhanced due t o  micel lar  
in te rac t ion  or par t i t ion .  Fersht and Kirby47 have demonstrated t h a t  t h e  
pH independent region f o r  the solvolysis  of a s p i r i n  i s  due t o  the  f a c t  t h a t  
the ionized carboxyl group a c t s  a s  a general  base i n  i t s  a t t a c k  on water 
t o  form the hydroxyl ion t h a t  a t tacks  the  ester, ra ther  than t h e  previously 
accepted mechanism of intramolecular nucleophilic a t tack  on ester carboxyl 
carbon t h a t  r e s u l t s  i n  a mixed anhydride. 
subst i tuted with highly electron withdrawing groups . General base 
c a t a l y s i s  by ace ta te  and phosphate was a l s o  demonstrated. 
nucleophiles on t h e  ester group i s  promoted by intramolecular 

agents increase the dissolut ion r a t e s  of drugs3 8 . Non-ionic surface ac t ive  

microcapsules3 2 . Chemical, physical and morphological reasons for the  

hydrogen bonding3 & . 

Polysorbate 20 

A s e r i e s  of s t r u c t u r a l l y  re la ted  aromatic compounds were 

This sect-  

rs on the k ine t ics  and fsm . A complete and c r i t i -  recent ly  been published 

Dissociated a s p i r i n  i s  not par t i t ioned and shows 

. Cyclodextrin enhances the hydrolysis of a s p i r i n  a t  elevated 
but i n h i b i t s  t h e  hydrolyses of e thyl  aminobenzoates and atropine 4F . 

henomena 

ts 

This occ).~gs when a s p i r i n  i s  

The a t tack  of 
eneral  acid 

c a t a l y s i s  effected by t h e  undissociated carboxylic acid group 45 , 

Schwartz5', a s  p a r t  of a continuing and de ta i led  series on model cat-  
a l y s t s  which simulate penici l l inase has studied t h e  mechanism of hydrolysis 
of p e n i c i l l i n  catalyzed by catachol and t h e i r  pH dependencies. The degra- 
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dation of 6-aminopenici~1anic acid by solvolysis  of t h e  B-lactam i s  first 
order below pH 6.6 and tends toward second order with respect  t o  substrate  
above t h i s  valuefii. 
reaction is dimerization through the  nucleophilic a t tack  of t h e  amino 
group of one molecule t o  the B-lactam of another t o  form penic i l l in .  
k ine t ics  of a series of 3,b-dialkylsydnones were studied where the pre- 
sence of ana-hydrogen ion on the  a lkyl  subst i tuents  tended t o  s t a b i l i z e  
against  hydrogen ion and water a t tack,  probably by decreasing the concen- 
t r a t i o n  of a reac t ive  intermediate with equi l ibrated tautomeric f0ms5~. 
The rate-pH p r o f i l e  nd Arrhenius' parameters have been determined f o r  

The pH of minimum solvolysis  i s  8.0. A concomitant 

The 

echothiophate iodide 33 . The k ine t ics  show a pH independent solvolysis  with 

(CH,),N+ - CH, - CH, - S - O(O)(O - C H ) I- 2 5 2  
the  l o s s  of one mole of ethanol and a spec i f ic  hydroxyl ion a t tack  on t h e  
S-P bond t o  f ie ld  ( 2-mercaptoethyl)-trimethylamonium iodide. 
has s ta ted  t h a t  the  primary mechanism of hydrolytic deamination of cytosine 
arabinoside appears t o  r e s u l t  frm t h e  a t tack  of t h e  nucleophilic monoanion 
of a polybasic ac id  ( b i s u l f i t e ,  dihydrophosphate, etc.) with a readi ly  
dissociable  proton on t h e  activated C-6 posi t ion of t h e  protonated nucleo- 
side,  I, with subsequent saturat ion a t  the  C-5 posi t ion by the  l a b i l e  
proton, 11. 
with a l o s s  of NH,. 
l i n e  treatment can regenerate t h e  u r a c i l  arabinoside 

Notari54 

Subsequent nucleophilic displacement by H,O occurs a t  C-4 
The products I1 and I11 a r e  isolable .  Further alka- 

The hydrolytic r a t e s  of various N-substituted 6-amino-thiouracils t o  
the  corresponding 6-aminouracils were compared i n  strongly ac id ic  and alka- 
l i n e  solut ions and were enhanced over t h e  unsubstituted compound55. 
high acid concentrations, t h e  pH independent a t tack  of water on t h e  pro- 
tonated species becomes rate-determining. The r a t e s  of formation of hy- 
droxymethylfurfural from fructose and sucrose56, of f u r f u r a l  from ribosefi7, 
and of the now ident i f ied  5-methyl-3( 2H)-furanone from 2-deoxy-D-ribo~e5~ 
have been characterized a s  a function of temperature and acid concentration. 
The k ine t ics  of degradation of these products hav en characterized a s  a 

anerobic hydrogen ion catalyzed solvolysis  with s ign i f icant  buffer  e f f e c t s  
t o  i sonico t in ic  acid t h a t  can be assigned to'hydrogen ion a t tack  on the 
monocation or water a t tack  on the dication59. Certain su l fa  drugs such a s  
2-sulfanylamido-~, 5-dimethyloxazole and 3- sulfanylamido-2-phenyl-pyrazole 
a r e  highly sugSeptible t o  oxidative degradation through sulfanylurea t o  
sulfanylamide . The in te res t ing  observation of an unusual acid-catalyzed 
solvolysis  of an anhydride was obse ved by Nestler and Seydel i n  the case 
of the  i sonico t in ic  acid anhydridesgl. The k ine t ics  of solvolysis  of 2- 
ethylpyridine-4-carboxythioamide have been described. It undergoes sol- 
vent and specif ic  acid catalyzed solvolysis  t o  t h e  corresponding carboxyl- 
amide and carboxyl, and i n  a l k a l i  forms both s tab le  carboxylic acid 

A t  

function of temperature and a l k a l i  concentration5 %-B . Isoniazid shows an 
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and thiocarboxylic acid&. 
hydroacetic acid with amino compounds under i n  v i t r o  physiological condi- 
t i o n s  has been studied i n  e thanol ic  solutions. Schiff base formation a s  a 
function 
mechan sn of a t tack  of undissociated amines on the  protonated carbonyl 

pharmaceutical propert ies  and can release pharm cological ly  act ive com- 
pounds on hydrolysis i n  vivo has been suggestedg4 and thus he study of 
t h e i r  enzymatic hydrolysis of a-chymotrypsin was conducted 65 . The r a t e s  
were proportional t o  enzyme and substrate  concentration where the former 
could be saturated i n  accordance with typ ica l  Michaelis-Menten kinetics.  
A sigmoid pH-rate curve is obtained charac te r i s t ic  of an enzyme function 
of pKa2. There is a very rapid production of alcohol, Pi, and a subse- 
quent slo er r a t e  when enzyme concentration, E, i s  def ic ient .  This can be 

the  acyl moiety, P, from a p a r t i a l l y  dissociated enzyme complex ES' 
becomes r a t e  determining 

An apparatus f o r  solut ion k ine t ics  t o  minimize l a g  t m e  f o r  thermal equil-  
ib ra t ion  and oxygen contamination has been described k6 . The maintenance 
of constant spectrophotometric absorbance of an acid-base ind ica tor  while 
monitoring added acid-base reactant  has been pro osed and evaluated t o  

The react ion of the  food preservative,  de- 

of pH is maximal 3. pH 7 and i s  consis tent  with t h e  c l a s s i c a l  

carbon h3 . The use  of carbonate esters a s  "prodrugs"which possess desirable  

explained 2 5 on t h e  premise t h a t  the regeneration of enzyme, E, along with 

E +  S m  E S d P ,  + ES1-+P2 + E 

maintain constant pH i n  t h e  hydrolysis of esters % 7. 

--- Pharmacokinetics and Biophannaceutics - The quant i f icat ion of t h e  d is t r ibu-  
t ions  of acute  doses of a drug and i t s  metabolites i n  the  multicompartment- 
a 1  complex organismand i t s  r a t e s  of metabolism and excretion a s  functions 
of dose a r e  necessary prerequis i tes  f o r  the  determination of i t s  biological  
a v a i l a b i l i t y  f r o m  dosage forms and depends on perturbations of the time- 
course of observed d i s t r i b u t i v e  patterns.  
fying hypothesis of a rap id ly  equi l ibra t ing  t o t a l  volume of d i s t r i b u t i o n  
t o  va l id ly  estimate t h e  first order r a t e  constants f o r  loss of drug f r o m  
the  blood and for accumulation i n  t h e  ur ine have recent ly  been appreciated 
f3,69. 
discussion of t h e  l imi t ing  conditions for observing simple exponential loss 
of drug from the  blood plasma7O. This simplifying postulate  i s  s t i l l  used 
i n  computer programs f o r  the simple model 
first order removal of drug frcm the blood qf*'2 which permit determination 
of both r a t e  constants even when they a r e  of s imilar  magnitude72. Methods 
have been proposed73 f o r  estimating first order r a t e  constants of absorp- 
t ion,  metabolite formation and overa l l  l o s s  of drug from t h e  body when the  
t i m e  course f o r  urinary excretion of a metabolite i s  known and the  r a t e  
constant f o r  urinary excretion of t h e  metabolite is available.  

excretion of metabolites on t h e  assumption of rapid clearance may lead t o  
an erroneous conclusion of saturat ion of metabolic pathways. 
s ta ted  t h a t  the apparent l i n e a r i t y  of a cumulative urinary excretion curve 
and/or t h e  curvature of semilogarithmic p l o t s  of drug blood l e v e l s  or of 
amounts of drug-not-excreted against  t i m e  a r e  i n s u f f i c i e n t  evidences t o  
conclude zero order s teps  i n  metabolite production o r  zero order absorption 

The l imi ta t ions  of t h e  simpli- 

Examples of the  i n v a l i d i t y  of t h i s  hypothesis a r e  referenced i n  a 

irst order appearance and 

Wagner74 has claimed t h a t  evaluation of the time course of urinary 

H e  a l so  
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of a drug. He used data i n  the  l i t e r a t u r e  on asp i r in  phannacokinetics a s  
h i s  examples. 
avai lable  f o r  the pharmacokinetic model f o r  s a l i c y l a t e  elimination i n  man 
which assumes capacity-limited o r  zero order formation of sa l icy lur ic  acid 
a t  higher doses. 

If the  time-course of drug leve ls  i n  the  accessible compartments of 
the body i s  correlated with t h e  time-course of pharmacological ac t iv i ty ,  
ins ight  can be gained i n t o  the  propert ies  of t h e  compartment i n  which re- 
side the receptor s i t e ~ 7 ~ 9 ~ 6 .  Methatrimeprazine levels i n  the  brain were 
correlated with the  onset and duration of pharmacologic e f f e c t s  and impli- 
cated d i r e c t  act ion and d is t r ibu t ion  of the  parent compound . The over- 
turn time f o r  goldfish and i t s  duration were used a s  a phannacologic end- 
point for  the act ion of ethanol and pentobarbi a 1  and i s  a function of 

Levy75has claimed t h a t  addi t ional  and strong evidence i s  

body drug leve ls  and r a t e  of drug elimination 78 . 
Urinary excretion studies79 have shown t h a t  r iboflavin-5 * -phosphate 

and r iboflavin a r e  incompletely absorbed i n  the  upper region of the  gastro- 
i n t e s t i n a l  t r a c t  and the  absorption sites appear t o  be saturable  since the  
percent recovery decreases with increasing o r a l  dose. 
c l ing i s  a l s o  indicated. Probenecid i n h i b i t s  t h e  specialized t ransport  
process responsible f o r  the i n t e s t i n a l  absorption of r iboflavin i n  man and 
apparently i n h i b i t s  t h e  ac t ive  renal  tubular secretory process, thereby in-  
creasing the apparent blood level  half-l ife80. Further work has been 
carr ied out on the pharmacokinetic model f o r  na l id ix ic  acid i n  man81. 
blood leve ls  on repeated dosing could be predicted from t h e  pharmacokinetic 
model obtained from t h e  study of an acute  dosage and demonstrated no sat-  
urat ion o r  induction effects .  
methylpyrazole-3-carboxylic acid has been studied i n  the r a t ,  dog and hum- 
an and no var ia t ions i n  the pharmacokinetic parameters were observed on 
chronic dosing. The drug i s  completely absorbed and rap id ly  excreted with 
an ac id ic  conjugate a s  a p a r t i a l  metabolite i n  the r a t  and man82. The ap- 
parent ha l f - l i fe  of diazoxide i n  t h e  blood of man was determined t o  be 
28* 8.3 hrs.83. Thiothixene i s  wel l  absorbed, rapidly d is t r ibu ted  and 
rn tabolized t o  products which a r e  b i l i a r y  e ~ c r e t e d 8 ~ .  
l 'b-labelled teroxalene H C 1  i n  various species showed a l i n e a r  r e l a t i o n  t o  
o r a l  dose and apparent first order elimination although la rge  residuals  
were maintained i n  adipose tissue85. The absorption, excretion and metab- 
olism of dimethylsulfoxide has been studied i n  man and un hanged drug and 
the metabolite dimethylsulfone a r e  excreted i n  the urinebg. Salicylamide 
i s  eliminated a s  the glucuronide and the sulfate ,  the  former decreasing 
with increasing dose and t h e  l a t t e r  increasing and imply saturat ion pro- 
c e ~ s e s ~ ~ .  Probenecid i n h i b i t s  eff lux of 5-hydroxyindoleacetic acid from 
r a t  brain t o  plasma i n  steady-state k ine t ic  studies88. 
rifamycin, has been pharmacokinetically studied a s  t o  absorption, diffu-  
sion and elimination i n  human&. 
chlormezanone has been studied i n  man and laboratory animals9O. p-Methoxy- 
cinnamate i s  rapidly absorbed i n  r a b b i t s  and is rapidly metabolized t o  
p-metho~ybenzoate9~. Blood l e v e l  half- l ives  are greater  on o r a l  than on 
intraveneous administration. The maximum concentration i n  t h e  blood i s  
proportional t o  t h e  dose. The f i r s t  order l o s s  of intravenously admini- 
s tered bishydroxycoumarin, levels  i n  plasma has been compared f o r  the  r a t ,  

Enterohepatic cy- 

The 

The pharmacokinetics and metabolism of 5- 

The absorption of 

Rifampicin, a new 

The pharmacokinetics and metabolism of 
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guinea pig, dog and rhesus monkey92. 
t h a t  the  h a l f - l i f e  increased with increasing dose. 
absorbed and d is t r ibu ted  i n  sheep, calves and cows on various routes  of 
administration93. 
a l s o  excreted as  a glycine conjugate. 
s a t e  for enzyme induction may r e s u l t  i n  marked toxicit iesg4. 
administrative routes of cholinesterase i n h i b i t o r s  vary 
and it is suggested t h a t  t h e  a v a i l a b i l i t y  f o r  metabolism i n  the l i v e r  i s  
t h e  major factor95. 
dependent but  there  i a d e f i n i t i v e  difference i n  the r e l a t i v e  excretion 

t a t e  were s imilar  i n  men and baboons and s igni f icant  gas t ro in tes t ina l  
resorption was 0bserved9~. 

On the  hypothesis t h a t  modifications of t h e  r a t e  of drug absorption 
may control  or reduce nausea and/or emesis associated with t h e  d i f f i c u l t l y  
soluble ni t rofurantoin administration, t h e  c r y s t a l  s i z e  was controlled and 

98 a v a i l a b i l i t y  i n  r a t ,  dog and man, and emesis i n  t h e  dog were shown t o  
increase a s  a function of t h e  avai lable  surface area of f ine  c r y s t a l s  
Griseofulvin absorption i n  man correlated with i t s  dissolut ion r a t e s  i n  
various f ormulations i n  simulated i n t e s t i n a l  fluids99. 
of dextroamphetamine 1 k s u l f a t e 1 0 0  i n  dogs and humans and amobarbital- 
14C i n  humans101 were monitored i n  plasma and urine t o  compare the  availa- 
b i l i t y  from sustained and nonsustained-release dosage forms. Biological 
a v a i l a b i l i t y  from various formulations f o r  r e c t a l  absorptionloz, 103 were 
determined from blood levels.  
ated from d i f f e r e n t  formulationslO? Relative absorption r a t e s  of pente 
e r y t h r i t o l  
t r a c t  were a t t r ibu ted  t o  i t s  degradation i n t o  lower ni t ra tes l05.  
t i o n  of quinine hydrochloride from e n t e r i c  coated t a b l e t s  has been moni- 
tored by plasma and urinary l e v e l s  with time a d i t s  absorption i s  de- 
creased i n  t h e  d i s t a l  p a r t s  of the  intestinelo'. Urinary excretion data 
was used t o  s tudy  t h e  re lease  r a t e  i n  vivo of an t ipyre t ic  and analgesic 
drugs from commercial sugar-coated tablets lo7.  Polysorbate 80 enhances the  
absorption of secobarbi ta l  i the  goldfish by increasing t h e  pemeabi l i ty  
of the biological  mernbranelo8. The e f f ic iency  of te t racycl ine absorption 
i n  d i f fe ren t  subject  panels has been shown t o  be similar  based on t h e  se- 
quent ia l  first order model of absorption and excretion and premise t h a t  the  
area under t h e  blood level-time curve i s  r e l a t e d  to the  r e l a t i v e  absorption 
efficiencylO9. 
absorption of sulfanilamidesllo. 
differences i n  t h e  phannacokinetic constants f o r  benzyl p e n i c i l l i n  i n  
humans when ambulatory o r  during bed rest which may be a t t r i b t u t e d  t o  
var ia t ions i n  apparent volumes of d i s t r i b u t i o n  t h a t  a f f e c t  apparent meta- 
bo l ic  ra tes .  Signif icant  differences i n  dissolut ion r a t e s  may a f f e c t  s a l i -  
cy la te  a v a i l a b i l i t y  i n  individuals with high absorption r a t e s  but  not those 
t h a t  a r e  slow absorbers21. 

Amphetamines blocked i n  t h e  para posi t ion r d t h  a chlorine disappeared 
f r o m  the brain a t  slower r a t e s  which could be at ts ibuted to the blocking of 
the para hydroxylation route112. 
phenyl) N- 

Only i n  the monkey was it d e f i n i t i v e  
Methyridine is rapidly 

The major metabolite i s  pyrid-2-ylacetic acid which i s  
Increase of drug dosage t o  compen- 

Different  
t h e i r  t o x i c i t i e s  

The t o t a l  urinary excretion of amphetamine i s  pH 

r a t e s  of t h e  isomers9 8 . The pharmacokinetic models f o r  cyproterone ace- 

. 
The time-courses 

Pla a l e v e l s  of phenmetrazine were evalu- 

t e t r a n i t r a t e  from l iga ted  sect ions of t h e  gas t ro in tes t ina l  
Absorp- 

Similar procedures have been used t o  compare t h e  e n t e r a l  
Levy11 1 has demonstrated s igni f icant  

Four ur inary metabolites of N-(0-amino- 
dimethylaminopropyl ) anthrani la te  h ve been i d e n t i f  ied i n  t h e  
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dog and humanll3. The k ine t ics  of excretion of the drug and i t s  metabolites 
have indicated t h a t  absorption and metabolism take place rapidly and t h a t  
the  b i l i a r y  route  i s  the  major one i n  excretion. 
s tud ies  of t h e  protein binding of c o r t i s o l  show t h a t  the  chemical degrada- 
t i o n  i n  the f i n i t e  time of t h e  study give erroneous estimates of t h e  bind- 
ing i f  not accounted forii4. 
cutaneous and intramuscular drug administration have been reviewed recent- 
1~115 a s  has t h e  mechanisms of drug absorption and excretionll6.  

pat terns  vary among individuals  f o r  t h e  same drugsll7r70 and t h a t  i n  the 
f u t u r e  t h e  metabolic and pharmacokinetic p r o f i l e s  of individuals  w i l l  be 
mapped before prescribing drugs and dosage regimens. 
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Chapter 3 3 .  Physicochemical Parameters in 
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Introduction - Interest in quantitative correlation of chemical structure 
and biological activity is developing at a much more rapid pace than one 
might deduce from the number of papers which have appeared since our last 
review.’ From informal talks it is apparent that a variety of laborator- 
ies have formulated computer programs and are actively pursuing such stud- 
ies. The two general approaches that are receiving attention are the em- 
pirical Free-Wilson2 and Kopeck$-Bo$ekS methods and the semi-empirical 
method in which changes in biological activity of members of a set of con- 
geners are correlated with known physicochemical constants .’ We are un- 
questionably entering a new era where the role of the computer in drug de- 
sign is becoming indispensible. 
precisely defined in numerical values, the drug designer faces the sharper 
challenge of explaining quantitative differences in physical chemical 
terms. Sorting out roles for the large number of variables can only be 
accomplished through computerized regression analysis. 

De Novo Constants - Purcell and his colleagues have continued their devel- 
opment of the Free-Wilson empirical method in which the biological activ- 
ity is expressed as a function of the activity contributions associated 
with segments of the molecule (substitutent groups and the parent portion). 
In one study3 they have obtained de novo substituent constants for the 
contribution of hydrogen, methoxy, and various alkyl groups to the hypo- 
glycemic activity of piperidinesulfamylsemicarbazides. From the observed 
biological activity of 12 derivatives they have predicted activity for 12 
other derivatives. 
stants for Froup contributions to the antitumor activity of acetylenic 
carbaates. 
de ~ O V O  constants for the correlation of toxicities to mice of ortho-di- 
substituted benzenes. 

As pharmacological testing becomes more 

In a second study they have derived substituent con- 

Borek and Kopeck; have reported5 an example of the use of 

Semi-Empirical Method - More effort is being directed toward using known 
physicochemical parameters to rationalize the change in biological activ- 
ity resulting from the modification of a parent molecule. In this ap- 
proach, attempts are being made to relate ABR (change in biological re- 
sponse) to changes in hydrophobic, electronic, and steric effects of sub- 
stituents. The very great importance of hydrophobic interactions in bio- 
chemical systems is receiving increased attention.6 

Partition Coefficients - In using an aqueous phase and a simple organic 
solvent to serve as a reference system for approximating hydrophobic in- 
teractions in biochemical systems, C~llander~~ has pointed out that we are 
assuming: log Pi = a log P2 + b. In this relationship Pi is the partit- 
ion coefficient in one system (fatty and aqueous biophases) and P2 is the 
partition coefficient in a second system (e.g., octanol-water). While 
Collander did provide some evidence for this linear relationship, much 
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better evidence is available from the earlier work of H. W. Smith. Equa- 

log PCHC13 = 1.064 log Pxylene + 0.393 n = 30 r = 0.979 (1) 

tion 1, based on Smith's results, shows7 a good linear relationship be- 
tween the partition coefficients of a variety of acids in the two systems 
CHCl3-water and xylene-water. In eq 1, n is the number of compounds used 
in the regression and r is the correlation coefficient. 
amples validating Collander's relation come from the work of Kakemi, 
Arita, Hori and Konishi.a These workers also pointed out that for barbi- 
turates the value of P is independent of the concentration of barbiturate 
partitioned. This seems to be generally true of more or less neutral mol- 
ecule~.~' Of more interest is the type of correlation possible between a 
simple solvent system and biopolymers. That log P or from the octanol- 
water system is a good parameter for such correlations can be seen from 
the following equations. 

Binding of ROH by Ribonuclease7 

Other good ex- 

In eq 2 and 3 ,  K are binding constants of pre- 

log K = 0.504 log P - 1.560 n = 4 r = 0.999 (2) 

Binding RCOO- by Serum Albumin7 

log K = 0.5941~ - 6.514 n = 5 r = 0.966 (3) 

Binding Barbiturates by Rabbit Brain9 

log % bound = 0.526 log P + 0.467 n = 4 r = 0.992 (4) 

Binding of Penicillins by Serumlo 

log (B/F) = 0.48811 - 0.628 n = 79 r = 0.924 (5) 

cise definition while eq 4 and 5 are not so sharply defined. In eq 5, B 
refers to the % bound and F to the % free. The work of Bird and Marsha1l:O 
embodied in eq 5, is most significant because of the large number of com- 
pounds studied and the great variation in their structure. The binding of 
sulfanilamides to plasma protein has also been quantitatively correlated 
using substituent constants .I1 Kakemi, Arita, Hori and Konishi have shown 
that the absorption of barbiturates by the rat stomach is linearly related 
to their partition coefficients .I2 
ents can outweigh lipophilic effects in certain instances is apparent from 
a study of the uptake of S-benzoylthiamines by human erythr0~ytes.l~ 
this study a good correlation was found between u and the adsorption of a 
given derivative. Actually, in this case u may correlate the degree of 
ionization which affects the partition coefficient. 

That electronic effects of substitu- 

In 

Enzyme Studies - Log P, along with the Hammett u constant, has found use 
in the correlation of enzymic reacti0ns.l The study of Blomquist14 on the 
electronic effects of substituents in alcohol dehydrogenase reactions il- 
lustrates the point. Blomquist noted that both electronic and hydrophobic 
effects appear to be involved in the enzymic reduction of benzaldehydes. 
We have placed his results in mathematical context in eq 6 and 7 where K = 

log K = 0.886~ + 2.109 n = 5 r = 0.917 (6) 

log K = 0.444n+ 0.9090+ 1.986 n = 5 r = 0.999 (7) 
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[1/+2 derivative/l/+2 benzaldehyde)lOO]. 
cant improvement over eq 6. An F test indicates the IT term to be signifi- 
cant at ..995. 
efficients in eq 7 are similar to those found by McMahon for the enzymic 
reduction of aromatic ketones to alcohols.1 
embodied in eq 8, formulated from the results of Bender e t  aZ.16 for the 
cycloamylose-catalyzed hydrolysis of phenyl acetates. 
points are for the meta isomers only. Equation 8 is not highly signifi- 
cant statistically because of the few points used in the regression; how- 

Equation 7 is a highly signifi- 

The co- The IT values are from the benzoic acid system.15 

Another enzymic example is 

The five data 

log K = 0.5061~ + 1.202U - 1.432 n = 5 r = 0.913 ( 8 )  

ever, it does point to new directions for research. Wildnauer and Canady 
have used a variety of parameters to correlate enzyme-inhibitor complexes 
of a-chymotrypsin .45 A considerably more complex structure-activity re- 
lationship, in terms of IT and u ,  was found for the inhibition of malate 
dehydrogenase by phenols. 

Nonspecific Inhibition - The use of log P in the correlation of the struc- 
ture-activity relationship in a wide variety of narcotics9 has shown a 
linear relation between log 1/C and log P for 16 different systems with 
slopes near 1. The similar equations point to a common mechanism of ac- 
tion, possibly the inhibition of electron transport in oxidative metabo- 
lism. The use of log P for relating the effect of different sets of con- 
geners acting on different biological systems is indicated in eq 9 and 10. 

50% Inhibition Arbacia Egg Cell Division by Barbiturates9 

log 1/C = 0.801 log P + 1.076 n = 19 r = 0.960 (9) 

Inhibition Avena Cell Elongation by Phenoxyacetic Acids1 a 

log 1/C = 0.778 log P + 1.971 n = 22 r = 0.928 (10) 

The slopes of the above equations are the same, indicating the same depen- 
dence of inhibition on the hydrophobic character of the drug. The inter- 
cepts are different, indicating greater sensitivity of the Avena test. 
These are arbitrary standards and it would be interesting to place both 
on the same basis to compare the intrinsic activity of the two classes of 
inhibitors. An equation similar to 10 was also found for the phenylacetic 
acids.l* 
much lower concentrations they promote cell elongation. 

While both sets of acids are toxic at high concentrations, at 

An interesting example illustrating how conformational changes in an 
enzyme can be quantitatively correlated using IT constants comes from the 
work of Ichikawa and Yamano.19 Equation 11 correlates the molar concen- 
tration of phenol causing 50% conversion of cytochrome P450 to P420. 

log 1/C = 0.6311~ + 1.194 n = 11 r = 0.986 (11) 

The study was made using liver microsomes and 14 different phenols. Equa- 
tion 11 differs from the one formulated by Ichikawa and Yamano in that the 
three most lipophilic phenols (2,4,6,-triCl; 2,3,4,6-tetra-C1; penta-C1) 



351 
-* 

Chap. 3 3  Drug Design Hansch 

were omitted since a plot of the data showed a departure from linearity 
at IT 2 2.3. 
ilar to 11 was also found for aniline derivatives.19 

Using a  IT^ term, all points are well fit. An equation sim- 

Alkylatine. Agents - Hansch and Lien20 have shown that adrenergic blocking 
by 8-halophenylethylamines (I) studied by Graham can be correlated by two 
types of equations. 

I I1 I11 IV 

Equation 12 correlates the effect of ring substituents (X) in compounds of 
type I and eq 13 correlates the effects of changes in R. In eq 12, where 

log 1/C 1.2211~ - 1.587~ + 7.888 n = 22 r = 0.918 (12) 

log 1/C = 1.113Ez + 3.5660* - 4.432nH + 11.911 n = 10 r = 0.986 (13) 

the haloamines were studied US. adrenaline in rats, the hydrophobic char- 
acter of the substituent was most important. In eq 13, where the benzene 
ring was held constant and variations in the R groups attached to the ni- 
trogen of the side chain were made, hydrophobic binding did not appear to 
play a significant role. In eq 13, nH represents the number of hydrogens 
attached to the protonated nitrogen and EZ is Hancock's corrected steric 
parameter. E: often appears to give better results7 than E,. The ratio- 
nale for using nfi was that eq 14 could be used to correlate the base 
strengths of primary, secondary, and tertiary amines .20 

pKa = 3.140~* + 1.816% + 7.817 n = 92 r = 0.985 (14) 

Ishida21,22 and coworkers have studied the ovicidal activity of a set 
of congeners of bromoethylthiobenzenes (111). Equation 15 was derived to 
rationalize the toxicities. They postulated that the onium compound (IV) 

log 1/C 5 -2.241~~ + 1.741~ - 1.44~ + 4.34 n = 8 r = 0.967 (15) 

w a s  an important intermediate and that this intermediate might then act 
biochemically as an alkylating agent. In an in v i t ro  study of the alky- 
lation of 4-(p-nitrobenzyl)-pyridine with compounds of type 111, they 
found a rho constant of -1.85 to -2.04. Rho for hydrolysis was similar, 
-1.71 to -1.98. These negative values of rho are reasonably close to 
-1.44 of eq 15 considering the different "solvent" environments. 
ue of rho of eq 15 is close to -1.59 of eq 12. 
also assumed to act as alkylating agents via 11. 

The val- 
The haloalkylamines are 
While one would not ex- 
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pect  t h e  same value  f o r  rho i n  these  two systems, similar values  would be 
expected. 

H i l l  Reaction - Equation 16 c o r r e l a t e s 2 3  t h e  i n h i b i t i n g  a c t i o n  of N,N-di- 
a lkylphenylureas  on the  H i l l  r eac t ion .  Equation 16  i s  s i m i l a r  t o  t h a t  

P I 5 0  = 1 . 7 8 ~  - 2.440 + 4.59 n = 8 r = 0.87 (16) 

found f o r  o the r  H i l l  r eac t ion  i n h i b i t o r s .  

Nonlinear Dependence of Ac t iv i ty  on LOP P - Evidence24, 2 5  cont inues t o  
mount t h a t  while  t h e  dependence of b i o l o g i c a l  a c t i v i t y  on log  P is  not 
l i n e a r ,  over l a r g e  ranges of P i t  can be t r e a t e d  i n  a r a t i o n a l  manner 
using t h e  expression 

log  BR 5 log 1 / C  = -k(log P )2  + k'log P + k" (17) 

When e l e c t r o n i c  and s ter ic  e f f e c t s  i n  a set  of congeners can be neglec ted ,  
eq 1 7  o f t e n  y i e l d s  good c o r r e l a t i o n s .  
t e s t e d  i n  a v a r i e t y  of ways on m i c e ,  rats, r a b b i t s ,  and guinea p igs ,  an 
average va lue  of log  Po of 2 with a range of 1.5-2.7 w a s  found. While 
log  Po says  nothing about t h e  i n t r i n s i c  a c t i v i t y  of a set of drugs,  i t  
does set a l i m i t  t o  t h e  m a x i m u m  a c t i v i t y  one can expect t o  reach i n  a 
given set opera t ing  by a f ixed  mechanism by simply increas ing  t h e  l ipo-  
p h i l i c  cha rac t e r  of t h e  parent  drug. 
should be an i d e a l  l i p o p h i l i c  charac te r  f o r  a se t  of drugs so t h a t  t h e  
members having t h i s  va lue  would be least r e s t r i c t e d  i n  t h e i r  random walk 
through b i o l o g i c a l  t i s s u e  t o  t h e  sites of ac t ion .  Once t h e  drug molecule 
reaches the  s i t e  of ac t ion ,  t h e r e  is  a last  p a r t i t i o n i n g  s t e p  onto a re- 
ceptor  s i t e  which may be h ighly  important i n  determining BR and highly 
dependent on log P .  

For 16  d i f f e r e n t  sets of hypnotics 

It has been pos tu la ted24 t h a t  t he re  

To br ing  t h i s  ou t ,  eq 1 7  can be wr i t t en24  as: 

log  1 / C  = -kl ( log  P ) 2  + k210g P + k310g P + k4 (18) 

I n  eq 18, k3log P comes from fac to r ing  t h e  k'log P term of eq 1 7  t o  sepa- 
rate t h e  dependence of log 1 / C  on t h e  l a s t  p a r t i t i o n i n g  s t e p .  I f  w e  as- 
sume t h a t  t h e  hypnot ics  a c t  by a r a t h e r  nonspec i f ic  mechanism and the  last 
p a r t i t i o n i n g  s t e p  is l i t t l e  d i f f e r e n t  from t h e  many o t h e r s ,  t h e  empir- 
i c a l l y  found log  Po should be t h e  same as t h e  i d e a l  va lue ,  log  P i ,  repre- 
sen t ing  maximum freedom i n  t h e  random walk process .  There i s  some evi- 
dence t h a t  log  P i  may be about 2 .  The f a c t  t h a t  benzeneboronic ac ids  pen- 
e t r a t i n g 2 4  i n t o  t h e  mouse b r a i n  have log  Po of 2.3 (here  t h e  a n a l y t i c a l  
t o o l  i s  not  b i o l o g i c a l  response, but  chemical ana lys i s  f o r  boron) supports  
t h i s  view. A v a r i e t y  of o the r  important ,  more o r  less neutral, CNS ac t ing  
drugs24 a l s o  have log  P va lues  near  2. The above concept removes p a r t  of 
t h e  mystery of t h e  so-called "blood-brain b a r r i e r . "  When a c t i v e  t r anspor t  
is  not  involved, t h e  f a r t h e r  one is  from log  P of 2 ,  t h e  lower t h e  possi-  
b i l i t y  a n e u t r a l  drug has  of pene t r a t ing  t h e  b r a i n  i n  a f ixed  time i n t e r -  
va l .  When t h e  k310g P term i n  eq 18 becomes important ,  o r  when one has  a 
s i t u a t i o n  approximating an equi l ibr ium condi t ion  of t h e  type envisaged by 
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Ferguson,26 then log  Po w i l l  be d i f f e r e n t  from log  P i .  
Po f o r  t h i o b a r b i t u r a t e s  is found24 t o  be about 3 .  
teria i n  in v i t ro  tests, log Po is  about 4 ,  and f o r  Gram-positive b a c t e r i a  
i t  is foundz5 t o  be about 6. Once one has  determined log Po f o r  a given 
system by the  t e s t i n g  of a few de r iva t ives ,  cons iderable  design work i n  
t h e  formulat ion of new de r iva t ives  f o r  t e s t i n g  can be done b taking ad- 
vantage of t h e  add i t ive -cons t i t u t ive  na tu re  of IT and log P. 

For example, log 
For Gram-negative bac- 

23,28 

Nonlinear Dependence of Ac t iv i ty  on E lec t ron ic  Factors  - J u s t  a s  depar ture  
from l i n e a r i t y  between log 1 / C  and log P occurs  when l a r g e  changes are 
made i n  log P, so depar ture  from l i n e a r i t y  between l o  
changes r e s u l t s  when l a r g e  changes are made. l 1  9 ' 7, 29,50 Two approaches 
have been appl ied  t o  t ake  account of t h i s  f a c t  mathematically; Fu j i t a11 ,29  
has  suggested t h e  approach formulated i n  eq 19  f o r  expressing a c t i v i t y  i n  

1 / C  and e l e c t r o n i c  

log  1 / C  + log(Ka + [H+])/[H+] = ku + k'n + k" 

terms of t h e  unionized form of t h e  drug. The l e f t  s i d e  of eq 19  can be 
replaced wi th  log 1 / C  + lOg(Ka + [H+]/Ka f o r  t h e  ionized form of the  drug. 
Equations of t h e  type of  19 have been shown t o  g ive  good c o r r e l a t i o n s  wi th  
b io logica l ly-ac t ive  phenols29 and s u l f a  drugs. 
pointed out  , 29 cons iderable  care must be exerc ised  i n  i n t e r p r e t i n g  such 
co r re l a t ions .  Since t h e r e  is  a d i r e c t  r e l a t i o n s h i p  between CT and Ka, one 
i n  e f f e c t  "bui lds  in"  c o r r e l a t i o n  i n  t h i s  type of expression.  Equation 19 
does have t h e  advantage t h a t  changes i n  t h e  e x t e r n a l  pH are included, [*I 
The second approach t o  systems nonl inear  i n  u i s  t o  inc lude  a u2 term. l7,j0 

Higher Order Approximations - I n  t h e  e a r l y  a t tempts '  t o  c o r r e l a t e  s t ruc -  
t u r e  wi th  a c t i v i t y  mathematically, simple l inear  combinations of physico- 
chemical parameters were usua l ly  considered. It has become evident  t h a t  
t h e  add i t ion  of i n t e r a c t i o n  terms t o  such equat ions can i n  some ins t ances  
y i e l d  sharper  c o r r e l a t i o n s .  '9 '9 ''9 31 Singer and P u r c e l l  31 have discussed 
t h i s  problem and compared t h e  models of Free and Wilson, Kopecky and Bogek 
and Hansch and h i s  col leagues.  They poin t  ou t  t h a t  i n  view of t h e  many 
ins t ances  where BR is not  l i n e a r l ~ ~ ~ , ~ ~  r e l a t e d  t o  log  P and where BR i s  
a l s o  not  l i n e a r l y  r e l a t e d  t o  e l e c t r o n i c  e f f e c t s 1  , 173 29, 3O t h a t  t he  model 
of Free and Wilson w i l l  no t  hold,  but  t h a t  t h e  Kopeck$-Bozek model3' 
should apply. 

P o l a r i z a b i l i t y  and Ac t iv i ty  - Hersch,33 i n  cont inuing h i s  s tudy of t h e  re- 
l a t i o n  ln(MBC) = I n  Cs - -1, has inves t iga t ed  t h e  i n t e r a c t i o n  of l o c a l  
anes the t i c s  wi th  l e c i t h i n  monolayers. I n  t h e  Hersch equat ion,  MBC is t h e  
minimum concent ra t ion  of drug blocking nerve e x c i t a b i l i t y ,  Cs i s  t h e  min- 
imum blocking concent ra t ion  of molecules a t  t h e  su r face ,  Q is  t h e  mole re- 
f r a c t i o n ,  I is  t h e  ion iza t ion  p o t e n t i a l ,  and K is  a func t ion  of i n t e rac -  
t i o n  d i s t ances  which is  assumed as a f i r s t  approximation t o  be cons tan t .  
Hersch has shown t h a t  a good l i n e a r  r e l a t i o n  e x i s t s  between log(Aa/MBC) 
and RoI ,  where An r ep resen t s  change i n  su r face  pressure .  
analyzed the  at tempts  t o  c o r r e l a t e  s t r u c t u r e  wi th  a c t i v i t y  i n  chloram- 
phenicol  analogs. 

However, as F u j i t a  has  

4 

Cammarata34 has 

H e  has formulated eq 20 which g ives  a very high corre-  
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lation with the single parameter PE, molar electronic polarizability. The 

kI = 2.76PE - 6.55 n = 9 r = 0.991 (20) 

inhibitory constant, kI, is from the work of Garrett. The results of 
Hersch and Cammarata indicate the importance of more exploratory work with 
PE. This parameter might be particularly useful in separating charge 
transfer complexing ability of various functions from simple hydrophobic 
interactions. 

Newer Semi-Empirical Approaches - Fuller, Marsh and Mills47 have derived 
eq 21 which correlates inhibition of monoamine oxidase by N-(Phenoxy- 
ethyl)-cyclopropylamines. In eq 21, y is an arbitrarily defined steric 
constant. Equation 21 was used to predict the activity of two new de- 

pI50 = 0.865~ + 0.209~ + 1.547~ + 5.928 n = 16 r = 0.90 (21) 

rivatives (4-N=N-CgHg; 4-NH2). Both derivatives were correctly predicted. 
One was found to be more active than any previously tested. The other had 
the expected low activity. 
similar equation was formulated for inhibitors of the human enzyme. Tur- 
ner and Battershell derived eq 22 which correlates the fungicidal activity 
of tetrachloroisophthalonitrile and its analogs in the foliage protectant 

Equation 21 was based on rat liver MAO. A 

log C = -O.O53(10g t1/2)2 + 0.413 log t1/2 + 0.513 log VP + 1.021 

n = 9 r = 0.994 (22) 

test with early blight.48 In eq 22, tli2 is the half reaction time of the 
fungicide with 4-nitrothiophenoxide and VP represents vapor pressure de- 
termined by GLC method. 
ture, Turner and Battershell used the reaction parameter t1p. This pa- 
rameter would of course contain both electronic and steric components. 
The thiophenoxide ion was used to represent a suspected enzymatic, -SH, 
in the fungus. This appears to be an extremely useful general concept 
to employ when one is dealing with molecules too complex for M.O. calcu- 
lated parameters or u constants. 
correlating structure and activity for pyrantel analogs. The addition 

Since the fungicides were quite complex in struc- 

McFarland et aZ.49 have derived eq 23 

log(l/MED) = -2.30~~ + 2.838 - 0.320~ + 0.824~’ + 0.988 
n = 7 r = 0.992 (23) 

of the dipole moment term (p) results in considerable improvement in cor- 
relation. Other studies on dipole m ~ m e n t s ~ l - ~ ~  bring out the interest in 
the use of this constant for quantitative correlations. Purcell has ex- 
tended his studies and shown the utility of eq 24 in the correlation of 
cholinesterase inhibition by 3- (N ,N-diethylcarbamoyl) piperidinoalkanes . 
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In eq 24,  p150 = -log 150 where I is the molarity causing 50% inhibition, 
n is the number of carbon atoms in an alkyl chain, A is an electronic 
factor, B a hydrophobic parameter, and C is the contribution to activity 
of the parent portiom of the molecule. Amoore5l continues to make pro- 
gress in quantitatively correlating the shape of organic compounds with 
their odor. The similarity of molecules is compared by scanning their 
molecular silhouettes with a computerized pattern recognition machine. 

Chromatographic Constants - Interest is developing1’4a in the use of RM 
values, obtained from paper or thin layer chromatography, to serve as a 
measure of hydrophobic character. 
a linear relation between TI and ARM. Further evidence from the work of 
Bark and GrahamS5 is contained in eq 25. 

Some evidence has been found1 to show 

In eq 25, RM values were ob- 

% = 0.596~1 - 0.511 n = 47 r = 0.938 (25) 

tained from reversed phase thin layer chromatography using cellulose im- 
pregnated with ethyl oleate as the stationary phase. Aqueous ethanol 
(25% v/v) was used as the mobile phase. 
system.15 Considering the movement of drugs through tissue as a kind of 
chromatographic process can lead to new insight in structure-activity 
study. For example, it is well known that stereoisomers move at differ- 
ent rates in chromatography. Even optical isomers can be separated when 
one employs an asymmetric adsorbent. This fact must be taken into ac- 
count when one attempts to rationalize the difference in biological ac- 
tivity of different stereoisomers. At present, the almost universal ten- 
dency is to assume that differences in activity mean differences in fit 
to an asymmetric receptor site. A most important observation by Porto- 
ghese, Mikhail and Kupferberg50 shows that the difference in brain con- 
centration of epimeric analogs of meperidine is quantitatively related to 
their partition coefficients. This observation may well explain many ex- 
amples that have been found where small to large differences in activity 
are recorded for different stereoisomers. 

The TI values are from the phenol 

M.O. Parameters - Progress continues to be made in the correlation of 
pharmacological activity with electronic indices calculated from the 
molecular orbital approximation of quantum chemistry. 36-39 Purcell and 
Singer40 have reviewed the parameters of use in the Hickel method. 
ever, as has been previously noted,l it is rarely observed that quanti- 
tative equations such as those shown in this review result considering 
only M.O. parameters. Neely‘s wprkS8 does show that under certain lim- 
iting conditions such correlations can be found. The findings of Foern- 
zler and Martin37 are more typical. Although our understanding of free- 
energy related extrathermodynamic relationships even in homogeneous sys- 
tems is still far from complete52953 applications of important practical 
as well as theoretical value are being made in the area of medicinal 
chemistry. 

How- 
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C h a p t e r  34. A l k a l o i d s  

Gordon H. Svoboda,  E l i  L i l l y  and  Company, I n d i a n a p o l i s ,  Ind .  

I n t r o d u c t i o n  - A s  t h e  s e a r c h  f o r  new p h a r m a c o l o g i c a l  p r o t o -  
t y p e s  c o n t i n u e s ,  p h y t o c h e m i c a l  s c r e e n i n g  p r o g r a m s  a n d  r e s e a r c h  
e f f o r t s  c o n t i n u e  u n a b a t e d  t h r o u g h o u t  t h e  w o r l d .  Most o f  t h e  
s c r e e n i n g  e f f o r t  h a s  b e e n  d i r e c t e d  tows:?d t h e  d i s c o v e r y  o f  
e f f e c t i v e  a n t i t u m o r  a g e n t s  and,  as a r t s i l t ,  more p o t e n t i a l l y  
u s e f u l  compounds h a v e  b e e n  d i s c o v e r e d  i n  t h i s  a rea  t h a n  i n  
a n y  o t h e r .  A good d e a l  o f  r e s e a r c h  e f f o r t  h a s  b e e n  d i r e c t e d  
t o w a r d  t h e  p r o o f  o f  s t r u c t u r e ,  a s  w e l l  as i n  s y n t h e t i c  e f f o r t s ,  
o f  t h o s e  n o v e l  compounds i n  o r d e r  t o  more f u l l y  u n d e r s t a n d  t h e  
b i o c h e m i s t r y  i n v o l v e  d o  

T h i s  r e v i e w  w i l l  b e  l i m i t e d  e s s e n t i a l l y  t o  a d i s c u s s i o n  
of  t h o s e  a l k a l o i d s  p o s s e s s i n g  c l i n i c a l  a c t i v i t y  p e r  s e  o r  
which a p p e a r  t o  b e  p o t e n t i a l l y  u s e f u l .  

Symposia  - F i v e  s y m p o s i a  r e l a t i n g  s p e c i f i c a l l y  t o  t h i s  a rea  
h a v e  b e e n  h e l d  d u r i n g  t h e  p a s t  s e v e r a l  y e a r s .  C h e m i s t r y  and  
b i o l o g i c a l  m a n i f e s t a t i o n s  o f  t h e  a l k a l o i d s  of  C a t h a r a n t h u s  
r o s e u s  ( L . )  0. Don a n d  o t h e r  r e l a t e d  p l a n t s  o f  t h e  fami 
Apocynaceae h a v e  b e e n  p u b l i s h e d  i n  f u l l . ’  Two 3 
s p e c i f i c a l l y  d e a l i n g  w i t h  t h e  b i o l o g i c a l  f u n c t i o n s  and  c l i n -  
i c a l  a c t i v i t i e s  o f  t h e  o n c o l y t i c  a l k a l o i d s  o f  C .  r o s e u s ,  
v i n c a l e u k o b l a s t i n e  (VLB, v i n b l a s t i n e )  and l e u r z r i s t i n e  ( v i n -  
c r i s t i n e ) ,  have  b e e n  p u b l i s h e d  i n  f u l l .  Two o t h e r  s y m p o s i a  
d e a l i n g  w i t h  t h e  g e n e r a l  a s p e c t s  of  t h e  s e a r c h  f o r  a n t i t u m o r  
a g e n t s  o f  p l a n t  o r i g i n  h a v e  b e e n  h e l d ,  one h a v i n g  b e e n  sum- 
m a r i z e d , h  t h e  o t h e r  h a v i n g  b e e n  p u b l i s h e d  i n  fu11 .s  

C a t h a r a n t h u s  r o s e u s  (L.) G .  Don - S t r u c t u r e s  f o r  t h e  two 
K L i h i c a i i  a c t i v e  o n c o i  ‘CLC a n  a l o i d s ,  v i n c a l e u k o b l a s t i n e  
( V L B )  (I , ’R=CH3,  R’mCOCi3) a n d  l e u r o c r i s t i n e  (LC) (11, R m C H O ;  
R’mCOCH3) h a v e  b e e n  e l u c i d a t e d ,  t h e s e  h a v i n g  b e e n  a c c o m p l i s h e d  
b y  u t i l i z a t i o n  of  a c o m b i n a t i o n  o f  c h e m i c a l  a n d  p h y s i c a l  t e c h -  
n i q u e s . 6  The c o m p l e t e  m o l e c u l a r  s t r u c t u r e ,  i n c l u d i n g  t h e  
s t e r e o c h e m i s t r y  and  t h e  a b s o l u t e  c o n f i g u r a t i o n  o f  l e u r o -  
c r i s t i n e  m e t h i o d i c e  d i h y d r a t e ,  h a s  b e e n  d e t e r m i n e d  b y  t h e  
c o m b i n a t i o n  o f  two c r y s t a l l o g r a p h i c  methods  b a s e d  on  t h e  
anomalous s c a t t e r i n g  o f  X rays.  The s t r u c t u r e s  o f  b o t h  l e u r o -  
c r i s t i n e  and  VLB h a v e  t h e r e f o r e  b e e n  e s t a b l i s h e d .  

-- 
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I: R m C H 3 ,  R k O C H 3  

111 R-CHO, RLCOCH3 

111: R m C H 3 ,  RhOCH2N(CH3)2 

The e l u c i d a t i o n  o f  t h e  s t r u c t u r e s  o f  VLB and  l e u r o -  
c r i s t i n e  a l l o w s  f o r  a r a t i o n a l  and s y s t e m a t i c  approach  t o  
t h e i r  s y n t h e s i s ,  as w e l l  as f o r  a l o g i c a l  p u r s u i t  o f  
s t r u c t u r e - a c t i v  t y  r e l a t i o n s h i p s .  I n  a s e r i e s  o f d - a m i n o -  
a c e  t y l  ana logs ,  8 VLB -4 (N , N-dime thy laminoac  e t a t e  ) ( 111, RsCH3, 
RLCOCH2N CH3)2) d i s p l a y e d  e x c e l l e n t  e x p e r i m e n t a l  o n c o l y t i c  

i n i t i a l  r e s u l t s  appea red  t o  be f a v o r a b l e , l O  c e r t a i n  t o x i c  
m a n i f e s t a t i o n s  i n v o l v i n g  s e r i o u s  eye  problems ( c o r n e a l  and 
l e n s  changes )  were o b s e r v e d  i n  two p a t i e n t s  on l o n g  term 
t h e r a p y .  Although c a u s a l  r e l a t i o n s h i p  w a s  n o t  d e f i n i t e l y  
documented c l i n i c a l  t r i a l  w i t h  t h i s  compound h a s  been d i s -  

a c t i v i t y  6 and was s e l e c t e d  f o r  c l i n i c a l  t e s t i n g .  While  

c o n t i n u e  d. il 

U n t i l  j u s t  r e c e n t l y ,  t h e  s t r u c t u r e  of  t h e  p r o f o u n d l y  
a c t i v e  ( e x p e r i m e n t a l l y )  o n c o l y t i c  a l k a l o i d  l e u r o s i d i n e  h a s  
e l u d e d  e l u c i d a t i o n .  S p e c t r a l  d a t a  (UV, I R  and NMR), f u n c -  
t i o n a l  group d e t e r m i n a t i o n ,  e l e m e n t a l  a n a l y s i s  and  mass 
s p e c t r a l  d a t a  f o r  t h e  p a r e n t  a l k a l o i d  and i t s  d e r i v a t i v e s  
a g r e e  w i t h  a f o r m u l a t i o n  of C 6 H  8Nk09, i s o m e r i c  w i t h  VLB. 

i d e n t i t y  of  t h e  d i h y d r o i n d o l e  p o r t i o n  o f  t h e  l e u r o s i d i n e  
moie ty ,  t h i s  b e i n g  t h e  same as  i n  VLB. The d i f f e r e n c e  between 
t h e  two a l k a l o i d s  t h e r e f o r e  r e s i d e s  i n  t h e  i n d o l e  p o r t i o n  o f  
t h e  molecule .  Subsequent  c l e a v a g e  r e a c t i o n s  and s t u d i e s  o f  
t h e  f r a g m e n t a t i o n  p a t t e r n s  have a l lowed  f o r  t h e  p o s t u l a t i o n  of 
a s t r u c t u r e  f o r  l e u r o s i d i n e l 2  i n  which t h e  hydroxy l  a t  C - 3 '  i s  
p r o b a b l y & - o r i e n t e d  ( I V ,  RnCOOCH3). 

T h e  i s o l a t i o n  of  d e s a c e t y l v i n  3 5  o l i n e  has  e s t a b l i s h e d  t h e  
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R =C OOCH 3 

Vindo +%- i n e  
The f o u r t h  o n c o l y t i c  a l k a l o i d ,  l e u r o  s i n e ,  C 46H56N409, 

s t i l l  r e s i s t s  c o m p l e t e  s t r u c t u r a l  e l u c i d a t i o n .  A p a r t i a l  
s t r u c t u r e  h a s  b e e n  p r o p o s e d 1 3  b u t  i s  a t  v a r i a n c e  w i t h  t h e  
e p o x i d e  s t r u c t u r e  o f  Abraham and F a r n s w o r t h . l &  

The m o n o t e r p e n o i d  o r i g i n  o f  t h e  i n d o l e  a l k a l o i d s  h a s  
now b e e n  e s t a b l i s h e d .  W h i l e  t h e  C9-10 u n i t  o f  t h e  i n d o l e  
a l k a l o i d s  i s  o f  m e v a l o n o i d  o r i g i n ,  g e r a n i o l  i s  a p r e c u r s o r  
o f  r e p r e s e n t a t i v - e  examples  of t h e  C o r y n a n t h e ,  I b o g a  and  
Aspidosperma g r o u p s  o f  bases  which c l e c t i v e l y  a c c o u n t  f o r  
t h e  m a j o r i t y  o f  i n d o l e  a l k a l o i d s .  15 -33 
A c r o n y c h i a  B a u e r i  S c h o t t  - The most  i n t e r e s t i n g  a l k a l o i d  

',iE;Z:;6:027'*:;i:ZXE a c r i d o n e  b a s e  (V)28 h a s  b e e n  f o u n d  
t o  p o s s e s s  t h e  b r o a d e s t  a n t i t u m o r  s p e c t r u m  o f  a n y  known a l k a -  
l o i d ,  i t s  c l i n i c a l  a c t i v i t y  r e m a i n s  t o  be d e t e r m i n e d .  

- .  - .  - e A u s t r a l i a n  s c r u b  a s h  i s  a c r o -  
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The  e x p e r i m e n t a l  s y s t e m s  of  s p e c i a l  i n t e r e s t  which  a r e  
r e s p o n s i v e  t o  t h i s  a l k a l o i d  a re :  X-5563 p l a s m a  c e l l  myeloma, 
a model  s y s t e m  of  m u l t i p l e  myeloma i n  man; S h i o n o g i  c a r c i n o m a  
115, a n  a n d r o g e n - d e p e n d e n t  tumor ,  p o t e n t i a l l y  a model  system 
f o r  p r o s t a t i c  c a n c e r ;  t h e  C-1498 myelogenous  l e u k e m i a  which  
i s  n o n r e s p o n s i v e  t o  a n y  o f  t h e  c l i n i c a l l y  u s e f u l  c h e m o t h e r a -  
p e u t i c  a g e n t s .  

The t o t a l  s n t h e s i s  o f  t h i s  n a t u r a l  p r o d u c t  v i a  two 
d i f f e r e n t  r o u t e s 3 9  c o n f i r m s  t h e  above  a n g u l a r  s t r u c t u r e .  
t h i r d  method h a s  b e e n  s u c c e s s f u l l y  d e s i g n e d 3 0  and  f u l l  de-  
t a i l s  w i l l  be p u b l i s h e d .  

Camptotheca  a c u m i n a t a  Decne - T h i s  monotypic  g e n u s ,  n a t i v e  t o  
t h e  m a i n i a n a  OI c ;n lna  n a s  y i e l d e d  c a m p t o t h e c i n ( e ) ,  a n  a l k a -  
l o i d  ( V I )  p o s s e s s i n g  n o v e l  r i n g  system.31 

A 

CH 3 I 

VI 

C a m p t o t h e c i n ( e )  i s  a c t i v e  a g a i n s t  t h e  L-1210 l e u k e m i a  
and  t h e  Walker  256 c a r c i n o s a r c o m a ,  two e x p e r i m e n t a l  n e o p l a s m s  
which  s e r v e  a s  t h e  p r i m a r y  i n  v i v o  s c r e e n  f o r  t e s t i n g  i n  t h e  
program o f  t h e  N a t i o n a l  C a n z r x t i t u t e .  T h i s  a l k a l o i d  i s  a 
l i k e l y  c a n d i d a t e  f o r  c l i n i c a l  t e s t i n g .  

Y i e l d s  f r o m  t h e  n a t u r a l  s o u r c e  a r e  r e p o r t e d l y  q u i t e  low 
and  t h e  s y n t h e s i s  o f  t h e  p a r e n t  compound and  s i m p l e r  a n a l o g s  
i s  b e i n g  a c t i v e l y  p u r s u e d ,  as a r e  t h e  e f f e c t s  o f  s t r u c t u r a l  
m o d i f i c a t i o n  o n  b i o l o g i c a l  a c t i v i t y .  W h i l e  no announcement  
o f  i t s  s y n t h e s i s  h a s  y e t  b e e n  made, a model  compound h a s  b e e n  
prepared .32  

G c h r o s i a  and  E x c a v a t i a  sp .  - A c o n s i d e r a b l e  amount o f  work 
%as D e e h  a i r e c - c e a  -cowZrra o t h e r  p l a n t s  o f  t h e  Apocynaceae 
f a m i l y  and  two o f  t h e  more p r o m i s i n g  a l k a l o i d s  i s o l a t e d  f r o m  
s e v e r a l  s p e c i e s  a r e  e l l i p t i c i n e  ( V I I )  a n d  9 - m e t h o x y e l l i p t i c i n e  
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Both a l k a l o i d s  have been  shown t o  p o s s e s s  e x p e r i m e n t a l  
o n c o l y t i c  a c t i v i t y  a g a i n  t t h e  L-1210 leukemia,  sarcoma 180 
and adenocarc inoma 755.39 
e l l i p t i c i n e  h a s  shown a c t i v i t y  a g a i n s t  LO o f  1 7  mouse neo-  
p lasms t e s t e d ,  b e i n g  a c t i v e  v i a  b o t h  t h e  i n t r a p e r i t o n e a l  and 
o r a l  r o u t e s  of a d m i n i s t r a t i o n .  V h i l e  it does e x h i b i t  a 
b r o a d e r  spec t rum t h a n  most a v a i l a b l e  c l i n i c a l l y  a c t i v e  com- 
pounds, i t s  a c t i v i t y  i s  of a somewhat l e s s e r  o r d e r  of  magni- 
t ude .  T o x i c i t y  e f f e c t s  have been m a n i f e s t e d  b y  we igh t  l o s s e s ,  
i n  some i n s t a n c e s  t h e s e  b e i n g  v e r y  s e v e r e ,  and t h i s  may w e l l  
a f f e c t  i t s  u t i l i t y  as a c l i n i c a l l y  a c c e p t a b l e  agent .  

I n  o u r  l a b o r a t o r y  9-methoxy- 

The y i e l d s  o f  t h e s e  a l k a l o i d s  f rom t h e  n a t u r a l  s o u r c e s  
a r e  n o t  l a r g e  enough t o  a l l o w  f o r  ex tended  c l i n i c a l  t e s t i n g .  
Consequent ly ,  s y n t h e t i c  approaches  have  been d e v i s e d  t o  pro-  
v i d e  t h e  r e q u i r e d  q u a n t i t i e s  needed. Both e l l i p t i c i n e  and  
9 - m e t h o x y e l l i p t i c i n e  were o b t a i n e d  i n  s a t i s f a c t o r y  y i e l d s ,  
t h e  l a t t e r  hav ing  t h u s  been  s y n t h e s i z e d  f o r  t h e  f r s t  t i m e ,  
t h e r e b y  a f f o r d i n g  a r i g o r o u s  p roof  o f  s t r u c t u r e .  35 Ortho-  
Dhosphoric  a c i d  w a s  used  t o  accompl ish  t h e  c y c l i z a t i o n  of  
axometh ines  o f  3 - fo rmylca rbazo le s  and  a m i n o a c e t y l  t o  sub-  
s t i t u t e d  p y r i d o  /G,3-b7 c a r b a z o l e  a c c o r d i n g  t o  t h e  scheme 
proposed  b y  C r a n w e l l  2 n d  Saxton .  38 T h i s  a p p e a r s  t o  be t h e  
f i r s t  r e p o r t e d  u s e  o f  o r t h o p h o s p h o r i c  a c i d  t o  e f f e c t  t h i s  
r e a c t i o n .  

Misce l l aneous  - A number of u n u s u a l  d i m e r i c  i n d o l e  a l k a l o i d s  
have been  s t u d i e d  and s t r u c t u r e s  have been  p o s t u l a t e d  p r i -  
mari ly  on t h e  b a s i s  o f  i n t e r p r e t a t i o n  of p h y s i c a l  da t a .  The 
b i o l o g i c a l  a c t i v i t i e s  o f  t h e s e  e n t i t i e s  a r e  p r e s e n t l y  un- 
r e p o r t e d .  P l e i c a r p a  pycnan tha  h a s  y i e l d e d  one such  new 
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Alkaloids, 358 
Analgetics, 36 
Anesthetics, General, 28 
Angina Pector is ,  71 
Anorexigens, 47 
Antiallergy agents, 84 
Antianginal s ,  7 1 
Anti-anxiety agents, 1 
Antibacterials, synthetic, 105 
Antibiotics, 93 
Anticonvul sant s, 28 
Antidepressants,  14 
Antidiabetic s, 156 
Antifungals, 145 
Anti hyp e r t en sive s, 5 3 
Antiinflammatory agents, non- 

steroidal,  21 5 
Antineopla st ic s, 1 50 
Antiparasit ic s, animal,  140 
Antiparasit ic s, human, 126 
Antip sychotic s, 1 
Antiradiation agents, 327 
Antivirals, 116 
Atherosclerosis,  172 
Biopharmaceutic s, 337 

Diuretics,  62 
Drug Allergy, immunochemical 

Drug De s i gn, phy sic o c hemi cal  

Drugs, Memory & Learning, 279 
Drug Metabolism, 227 
Enzyme Affector s, 252 
Hallucinogens, 14 
Hypnotics, 28 
Muscle Relaxants, 28 
Neurotransmit ters ,  264 
Non-Steroid Hormones, 184 
Nucleosides, 297 
Nucleotides, 297 
Pharmaceut ics ,  337 
Pharmacokinetics,  337 
Prostaglandins,  290 
Pulmonary agents, 84 
Reactions in Medicinal Chemistry, 3 17 
Reproduction, 200 
Sedatives, 28 
Stimulants, 14 
Steroid Hormones, 207 
Steroids,  307 

mechanism, 240 

pa rame te r s  in, 348 
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Listings are  usually by generic name if available. 

A-10,749, 18 
A-16,712, 133 
ABOB, 120 
Acepromazine, 33 
Acetaminophen, 227 
Acetanilid, 227, 230 
Acetazolamide, 67 
4-Acetyl- 2-12- (5-nitro- 2-furyl) - 

vinyu -A2- 1, 3, 4-oxadiazoline- 
5-one, 232 

Acetylcysteine, 88, 89 
Acetylsalicylic acid, 42, 43 
Acriflavine, 94 
Acronycine, 360 
ACTH, 156 
Actinomycin-D, 230 
N - Adamantyl- 4- aminob enz oic acid, 

111 
Adrenocorticotropin (ACTH), 187, 

189 
Albutoin, 31 
Aldosterone, 64,65 
Aletamine, 2, 39 
Alloxan, 165 
Amantadine hydrochloride, 118 
Amidase, 94 
Amiloride, 64 
Aminazine, 177 
6-Aminonicotinamide, 6 5 
5- (4-Aminophenyl) -cytosine, 23 2 
Aminophylline, 88 
Aminopyrine, 236 
Aminorex, 49 
E-Aminosalicylic acid,  109, 110 
Amiodarone, 72, 75 
Amitriptyline, 14, 15, 17 
Ammonium chloride, 1 19 
Amphetamine, 17, 18, 19, 21, 47, 253, 

Amphotericin B, 145, 146 
Ampicillin, 95, 108 
Amplivix, 72 
Andro sterone, 17 7 

1 

255, 272, 280, 281 

Angiotensin 11, 195 
Antigastrin, 192 
Antilymphocytic s e rum (ALS), 216 
Antipyrine, 230 
Apamin, 195 
Arabinosyl cytosine, 153 
Arginine, 158 
Arginine-Vasopr e s  sin (Arg-VP), 19 1 
Arginine-Vasotocin, 191 
Ascorbic acid, 120 
Asparaginase,  150 
ATP, 162 
Atromid, 177, 118 
Aureofungin, 146 

Azalomycin F, 146 
Azathiopurine, 85 
Azauridine, 120 

Bayer 1470, 29 
B.D.H. 6197, 210 
Benzydamine, 221 
Benzylpenicillin, 94 
Bephenium, 133 
Beta- Lipotropin (p- LPH), 189 
Betamethasone-l7-~alerate, 21 1 
Bethanidine, 54 
Bicoumacetate, 230 
Biguanides, 156 
Biotin, 176 
Bisolvon, 89, 234 
Bithionol, 135 
B radykinin, 5 5 
Brocresin (NSD-1055), 256 
5-Bromo-2-deoxyuridine, 120 
Bufotenine, 4, 8, 22 
Buquinolate, 142 
Busulfan derivatives,  152 
Butaperazine, 5 
Caerulein, 55, 194, 195 
Caffeine, 164, 280, 281 
Calcitonin, 192, 193 
Camptothecin, 36 1 

AY-11,440, 208 

B-663, 105 
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C annabidiol, 2 1 
Caprochlorone, 12 1 
Carbamazepine, 5 ,  30 
Carbenicillin, 95 
Carbochromene, 73, 74, 75 
Catapres ,  2 ,  29, 53 
Cellulose, 175 
Cephalexin, 96 
Cephaloglycin, 96 
Cephaloridine , 96 
Cephalothin, 96 
Champamycin By 146 
Chlorambucil, 2 15 
Chloramphenicol, 98 
Chlorcyclizine, 235 
Chlordiazepoxide, 6 , 18 
Chlorethate, 29 
Chlorimpiphenine , 3 
3 -Chlorimipr amine , 17 
Chlormadinone acetate, 154,200,208 
Chlormerodrin,  62 
Chlormethiazole , 2 
Chlormezanone, 235 
2 -C hlor o - 1 0 - (f3 - a1 any1)phenothiazine s , 

4-ChloroamphetamineY 254 
1 -(~-Chlorobenzoyl)-5 -dimethylamino- 

2-methyl-3-indoyl acetic acid,  2 19 
3 -(~-Chlorobenzoyl)-5 -methoxy-2 - 

methyl- 1-indoylacetic acid, 2 19 
1 - (E-C hlor obenzoyl) -5 -me thoxy - 

2-methyl-3-indolyl methyl 
tetrazole,  219 

22 1 

6 

Chlorproethazine , 33 
Chlorpropamide , 166 
Chlorprothixene, 3, 235 
Chlorthalidone, 64 
Cholestane-triol, 175 
Chblestyramine, 175, 177, 178 
Chondroitin sulfate A ,  174 
CI-403AY 132 
CI-501, 127 
CI-556, 127 
CI-564, 127 
(21-601, 3 
Clofibrate, 177, 178 
Cloforex, 48 
Clomiphene, 203 
Clopenthixol, 3 
Codeine, 36 
Colchicine, 126 
Conessine, 312 
Cortisol,  309 
C P  1044 J 3, Droxaryl,  220 
C P  1044 J 4, 220 
Cronolone@, 209 
Cropropamide, 90 
Crotocin, 146 
C r o toe thamide , 9 0 
C ryogenine , 2 2 1 
Cyclazocine , 4 1 
Cyclic 3 ' ,  5'-AMP, 66, 67, 68, 

Cycloguanil, 127, 130 
N-Cyclohexyl-linoleamide , 175 

159, 189 

N - (a-Cyclopentyl-m-chloro - 
-Chloro-5 -(2 -die thylaminoethy1amino)- benzy1)-N' -methylpipera- 

8 -me thyl-quinoline , 132 zine, 50 
5-Chloro-7-iodo-8-hydroxyquinoline , 147 Cypenamine, 20 
2-Chlorophenylalanine, 19, 253, 255, Gyproterone, 212 

Chloroquine, 126, 127, 128, 130, 233 Cysteine, 222 
N-(4' -C hloro -3 ' - sulfamoylbenzene Cytarabine, 120 

256, 268 acetate, 154, 212 

sulfonyl)-N-methyl-2-aminoethyl- Cytoxan, 2 15, 2 18 
2 -me thyl-te tr ahydr ofur an , 2 35 D ap sone , 105 

Chlorphentermine, 47 DDS, 126, 127 
Chlorpromazine, 6, 7 ,  33, 221, Dehydroemetine, 128, 130, 

236, 272 132 
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Dehydr oepiandro st erone, 1 7 6 
Dequalinium, 11 1 
Desipramine, 227 
Desmethylimipramine, 17 
11-Desoxy-prostaglandin F I P ,  291 
Dexamethasone, 187 

pivalate, 21 1 
Dextran, 175 
Dextromethorphan, 40, 234 
DFP, 285 
DHMP, 31 
Diazadamantanol, 280 
Diazoxide, 56, 67, 159 
Dibenzepine, 17 
Dibenzylphosphinic acid, 121 
Dibromodulcitol, 152 
Dibromomannitol, 152 
N6-2'-o-Dibutyryl Cyclic AMP, 165 
2 ,2  - Dichlor o -N- [p - hydroxy- 

a - (hydroxymethyl) -E- (m ethyl - 
sulfiny1)phenethyu acetamide, 232 

Dichlor oi sopr ot e r  enol, 3 2 
2- Diethylamino-6, 7- dimethoxy- 

4(3H) -quinazolinone, 233 
2 - ( p - Di ethylaminop r opionyl) thio - 

phene, 49 
Diethylcarbamazine, 86 
Diethyldithiocarbamate, 17 
Diethylpropion, 47 
N, N-Diethyltryptamine, 23 
4,7-Dihydro-Sa, 7a-indanedicarbox- 

Dihydroprostaglandin B1, 293 
Dihydroprostaglandin El, 292 
Dihydroxypropyl theophylline, 88 
Diisopropylfluorophosphate (DFP),  

Dilantin, 4, 175, 230, 231, 233 
Diloxanide, 129, 130 
Dimethothiazine, 33 
Dimethoxyamphetamine, 2 1 
2, 5 - Dim ethoxy - 4- m ethylamphetamine, 

3,4-Dimethoxyphenethylamine, 22 

imide, 31 

257 

22 

dl - 6 -Dim ethyl - 6 - deoxyt e t r  a- 
cycline, 98 

1 -( 1, 1 -Dimethyl- Z-phenacetyl- 
imino- 2-phenethyl) - 
piperidine, 49 

es te r ,  253 
3, a-Dimethyltyrosine methyl 

N, N-Dipropyltryptamine, 23 
Dipyridamole, 73, 74, 75, 76 
Disodium Cromoglycate, 86 
Disulfiram, 17, 254 
Dithiazinine, 134 

Ditran, 15 
DMMDA, 21 

DMPEA, 22 
DOM, 22 

Dopamine, 16, 17, 19, 22 
Doxycycline, 98 
DPN, 4 
Droperidol, 36 
Dymanthine, 134 
Eledoisin, 55, 194 
Ellipticine, 362 
Emetine, 128, 129 
Ephedrine, 19 
Epinephrine, 22, 68, 86, 162 
( - ) -  14, 15-epoxygeranylgeraniol, 132 
Erythromycin, 98 
Ethacrynic acid, 62, 67 
Ethamivan, 90 
Ethionamide, 232 
Ethionine, 230 
3-Ethoxycarbonyl- 5, 5-diphenyl- 

hydantoin, 233 
Ethyl linoleate, 17 5 
Ethynodiol diacetate, 200 
Ethynyl e stradiol 3 - cyclop entyl 

Erythritol ,  177 
Estrone,  218 
Ethambutol, 108, 109 

analogs, 140 

DMMDA-2, 21 

1-DOPA, 16 

ether,  202 
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Ethionamide , 109 

Ethoxyzolamide , 108 
Ethyl 3 ,5 ,6 ,  -tri-O-benzyl-d-gluco- - - 
Etorphine, 37 
Ex4847,  63 
EXP 561, 2 
Febrifugines,  143 
Fenes t re l ,  203 
Fenfluramine, 47, 236 
Fentanyl, 36, 38 
Filipin, 218 
Flufenamic acid, 220 
Flume thasone, pivalate, 2 1 1 
6 -Fluoro -N, N-diethyltryptamine, 23 
1 -(4-Fluorophenyl)- 1 -phenyl- 

2 -pr opynyl -N -cyclohexyl 
carbamate,  12 1 

Fluorouraci l  derivatives,  152, 153 
Flupenthixol, 3 
Fluphenazine, 5 
Fluroxene, 232 
Follicle -Stimulating Hormone 

Fradiomycin,  177 
Freund ' s  adjuvant, 117 
Furazolidone, 107, 130, 254 
Furfenorex, 48 
Furosemide,  56, 62, 67 
Furazolidone, 130 
Furazol ium chloride, 106 

G amma- Lipotr opin , 18 9 
Gastrin,  158 
Gastr in  I, 191 
Gas t r in I I ,  191, 192, 194 
Gigantine, 2 1 
Glafenin, 221 
Glucagon, 158, 186 
Glumitocin (Ile3-Ser4-Cln8-VP), 19 1 
Glutamic acid, 285 
Glutathione Reductase, 63 
Glyhexamide , 167 
Glyvenol, 222 

sulfoxide, 232 

furnaoside,  222 

(FSH), 191 

FWH-494, 49 

Griseofulvin, 146, 147, 236 
Griseogenin, 3 11 
Growth Hormone(GH), 158,186,187 
Guancydine, 59 
Guanethidine, 54, 57, 59 
Guanoclor , 59 
Guanoxan, 54, 59 
Gymnenic acid, 12 1 
H 56/28, 75, 79 
Hageman Fac tor ,  194 
Haloperidol, 5, 6, 235 
Hamycin, 145, 146 
Helenine , 1 17 
Helvolic Acid, 308 
Hemicholinium, 259 
Hepatocatalase peroxidase,  176 
Hepzidine, 14 
Hetacillin, 95 
a, a, a, a', a', a'-Hexachloro- 

E-xylene, 133 
Histamine, 192, 194 
D-Homotesterone, 31 1 
Hyc anthone, 13 1 
Hydrochlorothiazide, 63, 64, 66 
M y d r  oxy -3 m e  thylglutaric acid, 177 
Hydroxyprogesterone caproate ,  154 
p -Hydr oxypr opyl theophylline , 88 
17 - (3 -Hydroxy - 1-propynylt.3 -meth- 

oxyes t ra - l ,3 ,5 ,  (lO)-trien-l7B- 
ol-  17a-hydrocinnamate, 177 

Hydroxyurea, 153, 154 
Hygroton, 175 
Ibogaline, 23 
Ibufenac, 219 
Ibuprofen, 2 19 
Idoxuridine , 1 19 
Imipramine, 14, 15, 17, 227, 272 
Immuran,  215, 218 
Indoles, 193 
Indomethacin, 2 17, 2 18 
INH, 110 
Insulin, 67, 156, 184, 185, 186, 192 
Interferon, 116, 117, 118 
dl-5 -Iodotryptophan, 253 
Iprindole, 17 
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Iproniazid, 255 
Iproveratril, 74, 75, 76 
Isoetharine, 86 
Isoniazid, 1 10 
N-Isopropylmethoxamine, 234 
Isoproterenol, 86, 87, 88, 159 
Isoquinazepon, 4 
Isosorbide dinitrate, 234 
Isotocin, 191 
Isoxazoles, 167 
Itramin Tosylate, 77 
Jervine, 312, 313 
Kallidin, 55 
Kallidreins, 194 
Kasugamycin, 100 
Ketamine hydrochloride, 34 
a-Ketoglutarate dehydrogenase, 65 
10-Keto-imipramine, 14 
Khellin, 73 
Kinins, 194 
KO-592, 87 
L-4035, 50 
P-Lactamase, 94 
LD-3695, 50 
LD-4202, 50 
Leucinamycin, 146 
Leucine, 158 
Leurocristine, 358 
Leurosidine, 359 
Leurosine, 360 
Lidoflazine, 73, 74, 75 
Lincomycin, 98 

hydrochloride, 127 
Linoleic acid, 175 
Lithium salts, 7, 16, 17 

LSD, 22, 23 

Luc anthone, 13 1 
Luteinizing Hormone (LH), 19 1 
Lysine -Vasopre ssin, 19 1 
Macromerine, 2 1 
Magnesium Pemoline, 20, 282, 283 
Malathion, 258 
Mannose amphetamine sulfonate, 19 

LJ-278, 88 

LU 3-010, 16 

Meclofenoxate, 20 
Mecloqualone, 29 
Medrogestone, 209 
Medr oxypr oge ster one acetate , 202 
Mefenamic acid, 36, 220 
Mefenorex, 48 
Mefexamide, 14 
Mefruside, 63, 67 
Megestrol acetate, 207 
Melanocyte -Stimulating Hormone, 189 
Melatonin (MT), 193, 194 
Melengestrol acetate, 208 
Melittin, 195 
Melphalan, 15 1 
Meprobamate, 18 
Me r c  aptome rin, 6 2 
Mercaptopurine derivatives, 153 
6 -Mer c ap topurine , 85 
Mersalyl, 67 
Mescaline, 21, 22 
Me sotocin, 19 1 
Me str anol, 2 10 
Metamucil, 177 
Me taproterenol, 87 
Me thacholine , 192 
Methacycline, 97 
Methamphetamine , 47 
Methaqualone , 29 
Methisazone, 119 
Methotrexate, 2 15 
Methotrimepr azine, 36 
Methoxamine, 234 
4-Methoxyamphetamine, 2 1 
5 -Metho--N, N -dimethyltryptamine, 

9-Methosyellipticine, 362 
Me thoxyf lur ane , 3 3 
5 -Methowindole -2 -c arboxylic 

3 -Methoxy -N methylanthr anilate ,22 1 
5 -Methoxy-N-methyltryptamine , 22 
a-Methyl- 1 -adamantanerne thylamine 

hydrochloride, 118 
Me thy1 N -(o -aminophenyl)- 

N-(3 -dTrnethylaminopropyl) 

22 

acid, 167 

- .  

MDA, 22 anthr anilate, 235 
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Methyl Benzoquate, 141 Naloxone, 42 
N -(a-Me thylbenzy1)linoleamide , 175 Neomycin, 177 
Me thyl 5 6) -Butyl-2 -benzimid azole - 

carbamate,  134 Nialamide, 255 
2 - (2 ' -Methyl-3 -chloroanilino) - Nicarbazin, 133 

nicotinic acid, 220 Niclosam'ide, 135 
a-Me thyl-p-chlorophenylalanine , 25 5 Nicotine, 285 

Neur ophy sin, 19 1 

3-Methylcholanthrene, 230 
@-Methyldopa, 54, 59 
3-Methylisoxazole -5 -carboxylic 

(2 ' -Me thyl-3 -nitr oani1ino)nic otinic 

Methyl palmitate, 2 18 
2 -( 1 0-Methylphenothiazinyl) acetic 

acid, 220 
5 -Me thylpyr azole - 3 -car boxylic 

acid, 167, 233 
Methyltestosterone, 176 
cr-Methyltyrosine, 19 
@-Me thyl -1 -tyr osine , 25 2 
a-Methyl-m-tyrosine, 268 
a-Methyl-E-tyrosine, 273 
cr-Methyl-1-tyrosine methyl 

e s t e r ,  252 
cr-Methyl-dl-tyrosine methyl e s t e r ,  

16, 253 
Methyridine, 232 
Methysergide, 4 
Metichlorpindol, 142 
Metopimazine, 33 
Metrazol, 177 
Metronidazole, 129, 130, 232 
Minocycline, 98 

acid, 167 

acid, 220 

- 

MJ-1986, 14 
MK-741, 3 
Modaline, 254 
Molindone, 1, 14 
Monen sin, 142 
Morfolep, 2 
Morphine] 36, 39, 40, 221 
MPB, 32 
Mustard, tryptophane, 15 1 
NA-86, 1 
NADPH, 162 
Nalidixic acid, 105, 106 

Nicotinic acid, 164, 176 
Nicotinuric acid, 176 
Niflumic acid, 220 
Nikethamide, 90 
Niridazole, 129, 131 
Nitrofuran, 254 
Nitrofurantoin, 106, 107 
Nitroglycerin, 74, 76, 77, 78, 254 
Nitroimidazoles, 143 
Nitrosourea derivatives,  15 1 
Nor adnamine, 16 
Norephedrine, 19 
Norepinephrine, 16, 22, 194 
Norethindrone, 11 1 
Norethynodrel, 175 
Norgestrel ,  200, 207 
19-Norproge sterone, 200 
Noveril,  231 
Novocone s sine, 3 12 
Noxythiolin, 147 

Nystatin, 145 
Ouabain, 62 
1,2,4-Oxadiaeoles, 140 
Oxafur adene , 106 
7 -0xa-pr o s t  aglandins . 2 94 
Oxazepam, 6,  87 
Oxolamine, 22 1 
Oxolinic acid, 105, 106 
Oxypendyl, 3 
Oxyphenbutazone, 227 
Oxytocin, 191 
Pac  his  andrine -A, 3 12 
Pancreozymin, 158, 192 
Parathion, 259 
Parathyroid Hormone, 67, 192, 193 
Pargyline,  254, 274 
PAS, 109, 110 
Pemoline,  20 

NSD-1055, 256 
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Penici l lamine,  222 
P entaery thr i  to1 t e t ran i  t ra t e, 234 
Pentagas t r in ,  191, 192 
Pentamethoxyphenethylamine, 2 1 
Pentazocine,  36, 41 
Pentylenetetrazol ,  272, 280 
E-Pentyl pervi t ine,  48 
P e r e b r o n ,  221 
Perphenazine,  3, 18 
PGE2,  86 
PGF2,, 86 
Phagicin,  12 1 
Phenacetin,  236 
Phenacetylurea,  233 
Phenacon, 30 
Phenelzine,  255 
Phenformin,  167 
Phenindione, 177 
Pheniprazine,  255 
Phenmetraz ine ,  47 
Phenobarbi ta l ,  230, 231 
Phenoxybenzamine, 19, 68 
Phenylbutazone, 217, 227, 230 
Phenylhydroxylamine, 230 
P h e n y l m e r c u r i c  acetate ,  11 1 
Phenyramidol ,  23 1 
N 4 -Phthalylsulfamethoxypyridazine, 

107 
Physalaemin,  55, 194 
P h y  so s ti gmine, 2 59 
Phytohemagglutinin, 1 17, 1 18 
Picrotoxin,  280 
P i m a r i c i n ,  147 
Pimet ine ,  1 4  
Pinoxepin,  4 
N-Piperidinemethylisatin, 119 
Polyornithine,  11 7 
Polyvinyl sulfate, 121 
Prednisone ,  18, 175 
Pregnanolone, 29 
Prenylamine ,  74, 75 
Probenecid,  230 
Prodigiosin,  128 
Profadol ,  39 
P r o g e s t e r o n e ,  200, 3 i 1 

Pro lac t in ,  19 1 
Pronethalol ,  234 
P r on ethalol Nethalide, 3 2 
Prontos i l  rubrum,  227 
Propranolo l ,  14, 32, 75, 76, 77, 79, 

85, 87, 234 
Propyl thiouraci l ,  176 
Prostaglandin B1, 293 
Pros tag landin  El ,  290, 291, 292, 

Prostaglandin Fla, 292, 293 
Prostaglandins ,  184, 195 
Prothipendyl,  3, 4 
Protr iptyl ine,  16, 18 

P u r a p e n  G, 94 
Puromycin ,  230 
P y r a n  copolymer,  117, 218 
Pyraz inamide ,  167 
P y r a z i n e s ,  64 
P y r a z o l e s ,  167 
3-Pyridineacet ic  acid,  176 
Pyridinol  carbamate ,  73, 75, 175, 

Pyr imethamine ,  126, 127 
Pyr imidines ,  64 
P y r u v a t e  Dehydrogena se Complex, 

Quinacrine,  135 
Quinestrol ,  207, 210 
Quinine, 126 
Quinolone anticoccidials,  142 
Quinprenaline,  87 
RD 12,869, 132 
Renese ,  175 
Renin, 64, 195 
Reserp ine ,  14, 16, 17, 18, 74, 253, 

Ribaminol,  28 5 
Ribonucleic acid,  281, 282 
Rifaldazine, 99 
Rifampicin, 99 
Rifamycin SV, 99 
RNA (double- s t randed) ,  117 

293, 294 

PS-179, 176 

217 

6 5  

255, 268, 272 

RO 5-4556, 4 
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S alicylamide , 43 
Salicylanilides, 1 1  1 
Salicylate , 2 17 
Samandarone, 313 
Sarin,  257 
SAS 506, 32 
SC-7294, 212 
SC-14740, 31 
SC-16100, 65 
SC-16102, 65 
l', 2'-Secoemetine, 129 
Secretin,  158, 192 
Serotonin, 17, 19, 2 2 ,  194 
Serotonin (N-Acetyl), 193 
Siccanin, 146 
SKF 7711, 32 
SKF 13059, 32 
SKF 14336, 3 
SKF 29044, 140 
SKF 70948, 49 
Sodium nicotinate, 176 
Sodium 3-pyridylacetate, 176 
Somatotr opin, 186 
Sotalol, 8 7  
Spironolactone, 67 
Statolon, 117, 218 
Stibophen, 13 1 
Streptolysin S, 218 
S t r  e p to zo toc in , 16 6 
Strychnine, 280 
SU-11739, 14 
SU-15049, 65 
SU- 15335, 222 
Sulf adime thoxine , 107 , 108 
Sulf ame thoxypyr azine , 108 
Sulf amethoxypyridazine , 108 
Sulfanilamide, 227 
4-Sulfanilamido-4,6 -dime thoxy - 

6 -Sulfanilamidoindazole , 2 18 
2 -Sulfanilimido -3 -me thoxypyr azine , 

Sulf asymazine , 108 
Sulfonylur e as , 15 6 
Sulformethoxine, 126 

pyrimidine , 108 

127 

Sulthiame , 3 0 
Tar ta r  emetic,  131 
TBA 300, 222  
Tecomine, 167 
Tecostamine, 167 
Tenemycin, 100 
Terephthalic acid, 108 
1, 1,3, 3-TetracyanopropeneY 121 
Tetracycline,  129, 130 
Tetrahydrocannabinol, 20, 21, 23 
Tetrahydrocannabinolic acid, 2 1 
Te t r  ahydr ohomopter oic acid , 127 
1 -[ 1 , 2 , 3,4-Te trahydro - 1 -naphthyl- 

5 -(ethoxycarbonyl)] imidazole 
Nitrate,  147 

Tetramethoxyphenethylamine, 2 1 
Tetramisole ,  133, 134 
1-Tetr amisole , 14 1 
Tetranicotinate, 177 
Th 1165a, 87 
Thebaine, 36, 41 
The ophylline , 8 8 , 16 4 
Thiabend azole , 13 3 
Thiamine , 285 
Thioridazine , 4 
Thiothixene, 5, 6 
Thozalinone, 20 
Thyroid-Stimulating Hormone , 
Thyroxine, 177 
D-Thyroxine, 177, 178 
L-Thyroxine, 177, 178 
Tolbutamide, 166, 230, 233 
Tolnaftate , 147 
Tomatidine, 3 12 
Tranylcypromine, 8 ,  255, 274 
Triamterene,  64, 67 

9 

Tricyanoaminopropene, 283, 285 
Trifluperidol, 5,  8 
Trihydroxyethyl rutoside, 222 
Tri-iodothyropropionic acid, 178 
Tr ime thoprim, 12 7 
Trimethoxyamphetamines, 2 1 
2 ,4 ,6 ,  -Trinitrobenzaldehyde, 216 
Trioxazine , 2 
TSH, 164 
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Tybamate, 5 
Tyloxapol, 176 
Tyramine, 2 1, 22 
TWSb, 131 
U-11634, 204 
U-l6178F, 50 
U-22394, 1 
U-23807A, 20 
U-24729A, 127 
Urea, 89 
Vasopressin, 63, 64, 67, 191 
V e r  alkamine , 3 12 
Veratramine, 312, 313 
Ver azine , 3 12 
Vincaleukoblastine, 358 
Viractin, 120 
Visnadine, 72, 73, 75 
VLB-4, 359 
Wy-4508, 95 
Wy-5244, 50 
Zymosan, 218 
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