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A c e t y l c h o l i n e s t e r a s e  I n h i b i t o r y  Ac t iv i t i e s  
of  M u s c a r i n e  and M u s c a r o n e  D e r i v a t i v e s  ~ 

The intr insic  an t ichot ines te rase  ac t iv i t ies  of muscar ine  
( I )  2 and of its d ias te reo isomers  and  ke tonic  and  un-  
s a tu ra t ed  der iva t ives  s, d ivorced  f rom the  complex  a r r a y  
of physiological  proper t ies  a t t r i b u t e d  t h r o u g h  the  years  to  
crude muscar in ic  ex t rac t s ,  were  d e t e r m i n e d  for t h e  first 
t ime in this  inves t iga t ion  b y  a c o n s t a n t - p H  t i t r a t i on  
technique  4 wi th  the  ace ty lchol ine  ch lor ide-ace ty lchol in-  
esterase sys t em (AC-AChE) ope ra t ing  a t  o p t i m u m  
(3-33 × 10 -a M) s u b s t r a t e  level, p H  7.4 a n d  25.14°C, a n d  
an enzyme  p repa ra t i on  f rom electr ic  eel t issue assay ing  
a t  4.18 × 10 a vmoles  AC h y d r o l y z e d / h / m g  d ry  pro te in .  
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1 The opinions in this paper are those of the authors and do not  
necessarily reflect the views of the Navy Department or the naval 
service at large. 

2 The correct way to represent the absolute configuration of 
z-muscarine [E. HARDEGOER and F. LOHSE, Helv. ehim. Aeta 40, 
2383 (1957] is shown in I which pictures it as N-[1,3,6-trideoxy-~,5- 
anhydro-L-ribo-hexityl]-N-trimethylammonium halide. The Rosanov 
carbon is C(51 and has the LG-configuration. 

3 C. H. Euosz~a, F. HXFLmER, R. DE~SS, and E. GmoD, Helv. 
ehim. Aeta 41, 205, 588, 705 (1958); Helv. chim. Aeta 42 (1959), in 
press.--We are greatly indebted to Dr. F. HXFLIC,~R, J. R. Geigy, 
Basle, Ior placing these compounds at our disposal. 

S. L. Fmgss, A. A. PATCimTT, and B. WITKOP, J. Amer. chem. 
Soe. 7N, 459 (19571. 

Suff ic ient  c o m p o u n d  was  avai lable  for only  one kinetic  
inh ib i t ion  e x p e r i m e n t  wi th  t he  m a j o r i t y  of samples  on 
hand ,  b u t  in two  ins tances ,  where  inh ib i t ion  runs  a t  two  
levels of co n cen t r a t i o n  were  p e r m i t t e d ,  an  a v e r a g e  
reproduc ib i l i ty  of inh ib i to ry  s t r e n g t h  indices wi th in  a 20~o 
sp read  was observed .  The  results ,  expressed  as compe t i t ive  
enzyme- inh ib i to r  d issocia t ion c o n s t a n t s  Kz (with de- 
creas ing values  imply ing  grea te r  s t r eng th ) ,  are sum- 
mar ized  in the  Table.  

Several  in te res t ing  po in t s  emerge  f rom these  data .  Firs t ,  
the  mean  inh ib i to ry  ac t iv i ty  of t he  en t i re  sequence  is jus t  
a b o u t  equ iva len t  s to t h a t  of choline (Kr  --~ 4.5 × 10-~), 
which  m i g h t  p e rh ap s  be expec ted  f rom the  close generic 
re la t ionsh ip  b e t w een  chol ine a n d  the  d o t t e d  po r t i on  of the  
s t ruc tu r e  I. However ,  more  s t r ik ing  is t he  observa t ion  
t h a t  t he  mnsca r ine  i somers  g roup  in to  two  classes of in- 
h i b i t o r y  po tency .  The  p a r en t  series exempl i f ied  b y  I and 
I I  is of the  order  of three t imes  as powerful  in AChE-AC 
inhib i t ion  as the  isomers in the  allo series ( I I I  and  IV). 
In  t he  4, 5 -dehydromusca r ines  V and  VI p o t e n c y  is a t  the  
same level as the  muscar ines  themse lves ,  and  the  enzyme 
clearly d is t inguishes  be tween  cis and  trans configurat ions .  

Oxida t ion  of the  secondary  alcohol func t ion  in I to 
musca rone  (VII) is of l i t t le or  no effect  on inh ib i to ry  
s t r eng th ,  while  the  co r respond ing  t r ans i t ion  in t he  allo 
series I I I - ~ V I I I  leads  to  qu i t e  a p r o n o u n c e d  increase in 
power.  In  s h a r p  con t ra s t ,  t h e  s ame  t r ans i t ion  in the  
d e h y d r o m u s c a r o n e  series V I - - ~ I X  leads to  an  a b r u p t  
decrease in ac t iv i ty .  Viewed as a group,  the  no rma l  and 
allo muscarones  (VII  and  VI I I )  are near ly  equal  in power,  
and  do no t  evoke the  same degree of s te reochemica l  
d i f fe ren t i a t ion  on the  p a r t  of t h e  enzyme,  as t he  normal  
and  allo i somers  in the  muscar ine  series (I and  II  vs. I I I  
a n d  IV). 

The mos t  p o t e n t  inh ib i to ry  c o m p o u n d  in t he  ent i re  
sequence  is t he  O-ace ty lmuscar ine  X. Yet ,  th i s  es ter  is 
essen t ia l ly  u n t o u c h e d  as a subs t r a t e  b y  the  enzyme,  in 
l ine w i th  the  well k n o w n  obse rva t ion  of decrease  in ca ta-  

I. B. WILSON, J. biol. Chem. 197, ~15 (1952). 

Structural Fornmla 

Table 
Inhibition of AChE-AC by Muscarine Congeners 

f x = O H  y = H  
(9 II  x = H y = OH 

Ot3'l~lllr CH2-NM % VII x = y = O 
"I AnO X x = OAc y = H 
Y 

® 
0 CHz-NMea 

X ~ I  An® II I  x = OH = H Y 
IV x = H y = OH 

CH~'~ v i i i  x =  y = O  
/ 

¥ 

Compounds 

DL muscarine chloride 
DL epi-muscarine chloride or iodide 
DL muscarone iodide 
DL acetyhnuscarine iodide b 

DL allo-muscarine chloride or iodide 
DL epiallo-muscarine chloride 
DL allo-muscarone i o d i d e  

Inhibitory Strength 
expressed as 

Competitive K I " 10 4 

2,2 
3,0 ~ 
2,5 
0,76 

7,8 ~ 
10,1 

1,6 

0 
CHz-NMe a V x ~ H y = OH 

VI x = OH y = H 
C t t 3 1 ~ m l r  An® IX x = y = O 

Y 

DL 4.5-dehydromuscarine iodide (cis) 
DL 4,5-dehydromuscarine iodide {trans) 
DL 4,5-dehydromuscarone iodide 

3,4 
1,9 

10,9 

Multiple value  average  with a reproducibility within 20%, b Proved to be completely inactive as a substrate, before testing 
as an inhibitor of AC hydrolysis. 
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lyric a c t i v i t y  w i t h  inc reas ing  d i s t ance  b e t w e e n  - O A c  a n d  
-NMea  func t i ons  b e y o n d  t h a t  of a single - C H , C H  2- un i t .  

*Recen t  p h a r m a c o l o g i c a l  d a t a  for these  m u s c a r i n e  
de r i va t i ve s  6,7 show t h a t  t h e  m u s c a r i n e s  are  qu i t e  s tereo-  
specific in  t h e i r  ac t ions  on  a d i v e r s i t y  of pha r m aco l og i ca l  
p r epa ra t i ons ,  whe reas  t he  m u s c a r o n e s  are not .  Th i s  
para l le ls  t h e  p r e s e n t  f ind ings  t h a t  t h e  e n z y m e  r e s p o n d s  
in vitro more  sens i t ive ly  to  s t e reochemica l  d i f ferences  in 
the  m u s c a r i n e  t h a n  in  t h e  m u s c a r o n e  series. I n  c o n t r a s t  to  
th i s  paral le l ,  t h e  m u s c a r o n e s  are  m u c h  more  ac t ive  in 
s t i m u l a t i n g  s m o o t h  muscle  7 a n d  w i t h  r e spec t  to  in t r ins ic  
n ico t in ic  power  6,, t h a n  are  t h e  musca r ines .  

The  e x a m i n a t i o n  of S t u a r t - B r i e g l e b  mode ls  of t he  
m u s c a r i n e  i somers  leads to  one  i n t e r e s t i n g  poss ib i l i ty  for 
d i f fe ren t i a t ion .  In  t he  n a t u r a l  series as c o m p a r e d  w i th  allo, 
t he re  appea r s  to  be a closer  a p p r o a c h  to  c o p l a n a r i t y  of t he  
he t e ro  r ing  w i t h  b o t h  t h e  q u a t e r n a r y  N a n d  h y d r o x y l  
O a toms ,  w h i c h  could  in  t u r n  lead to  a d d i t i o n a l  b i n d i n g  
s t r e n g t h  in t h e  m u s c a r i n e s  if t he  r ing  ( t h r o u g h  i ts  h i g h  
e l ec t ron -dens i t y  locus) s u p p l e m e n t s  t h e  n o r m a l  bi- 
f u n c t i o n a l  s b i n d i n g  t h r o u g h  t h e  two  po la r  groups.  Th i s  
would  i m p l y  t h a t  t h e  sub t l e  changes  in  A C h E  b i n d i n g  
s t r e n g t h s  obse rved  for  these  c o m p o u n d s  a re  t he  resu l t  of 
t h e  ne t  s ter ic  inf luences  on  3 -po in ted  b i n d i n g  a f forded  b y  
the  t h r e e  s u b s t i t u t e d  r ing  posi t ions ,  a n d  d i rec t ly  mi r ro r s  
t he  c o r r e s p o n d i n g  conc lus ions  of WASER ~ r ega rd ing  t h e  
g e o m e t r y  of i n t e r a c t i o n s  w i t h  the  chol inerg ic  recep tor .  

B. WITKOP*, R.  C. DURANT**, a n d  S. L. FRIESS** 

National Institute o/ Arthritis and Metabolic Diseases, 
National Institutes o] Health* and Naval Medical Re- 
search Institute**, Bethesda (Md.), April 28, 1959. 

Zusammen[assung 

Die A n t i c h o l i n e s t e r a s e - W i r k u n g  v o n  s y n t h e t i s c h e m  
D,L-Muscar in  u n d  we i t e r en  9 D e r i v a t e n  w u r d e  a n  e i n e m  
hochgere in ig ten ,  aus  Electrophorus electricus g e w o n n e n e n  
E n z y m p r i i p a r a t  d u r c h  T i t r a t i o n  bei  k o n s t a n t e m  p H  
e rmi t t e l t .  Als  w i r k s a m s t e r  H e m m s t o f f  erwies sich O- 
Acety l -D,L-muscar in ,  das  als S u b s t r a t  ungee igne t  ist. Die 
e n z y m a t i s c h e n  w e r d e n  m i t  den  p h a r m a k o l o g i s c h e n  Be- 
f u n d e n  verg l ichen .  

P. G. WASER, Exper. 14, 356 (1958). 
L. GYERMEK and K. R. UNNA, paper presented to the American 

Society for Pharmacology and Experimental Therapeutics, Aug. 25, 
1958, Ann Arbor (Mich.). 

8 D. NACIIMANSOItN and I. B. WILSON) Adv. Enzymol. 12, 259 
(1951). 

Preliminary Note 
on Certain Pharmacological  Properties 

of 313,16a-Dihydroxyalloprei~nan-20-one 

R e c e n t l y  3fl, 1 6 ~ - d i h y d r o x y a l l o p r e g n a n -  2 0 - o n e  h a s  
been  i so la ted  f rom hog  ad rena l s  (NEHER, DESAULLES, 
VISCIIER, ~,VIELAND, a n d  WETTSTEIN 1) as well  as f rom t he  
ur ine  in c e r t a i n  h u m a n  cases of ad r eno - gen i t a l  s y n d r o m e  
of t he  sa l t - los ing t y p e  (NEHER, MEYSTRE, ~,'VETTSTEIN2). 
As i t  could  be  supposed  t h a t  th i s  c o m p o u n d  m i g h t  b e  

• R. NEsE~, P. DESAULLES, E. VISCHER, P. WIELAND, and A. 
WETTSTEIN, Helv. chim. Acta 6I, 1667 (1958). 

2 R. NEHER, CH. ~[EY'STRE, and A. WETTSTEIN, Helv. chim. Acta 
62, 132 (1959). 

respons ib le  for t h e  a u g m e n t e d  sa l t  loss o b s e r v e d  in th i s  
t y p e  of s y n d r o m e  (WTLKINS a n d  LEWlS 3, KLEII~ et al.4), 
we f i rs t  s t ud ied  i ts  effects  in  w a t e r  a n d  sa l t  m e t a b o l i s m .  
T h e  p r e s e n t  no te  is i n t e n d e d  to  give a n  a c c o u n t  on  t h i s  
p a r t i c u l a r  aspec t  oi i ts  ac t ion .  

Methods. All e x p e r i m e n t s  were  p e r f o r m e d  on  a d r e n a l -  
ec tomised  r a t s  of t he  same  breed ,  in  o rde r  to  a v o i d  s t r a i n -  
b o u n d  dif ferences  in  sens i t iv i ty .  The  m e t h o d  used  ha s  
b e e n  desc r ibed  in de ta i l  e lsewhere  (DESAULLES a n d  
MEIER$), t he  on ly  difference be ing  t h a t  i n s t e a d  of col- 
l ec t ing  ur ine  f rom the  4 -6  th h a f te r  t r e a t m e n t  a n d  sa l t  
l oad ing  (I), we col lected i t  i m m e d i a t e l y  a f t e r  l oad ing  a n d  
t r e a t m e n t  for 4 h consecu t ive ly  (II)  (Fig. 1). 
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0 5 /2 /8 24 ~0/~ 
Fig. l.--Diagrams of the experimental procedure. 
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T h e  s u b s t a n c e  to  be  t e s t e d  was  g iven  b y  i n t r a m u s c u l a r  
i n j ec t ion  in a dose - range  v a r y i n g  f rom 0.2 to  25 [zg/kg. 

E x p e r i m e n t a l  resu l t s  invo lve  a col lec t ive  of ove r  550 
ra ts .  W e  h a v e  c o m p a r e d  t he  sod ium exc re t ion  of t r e a t e d  
an ima l s  w i t h  t h a t  of u n t r e a t e d  con t ro l  a n i m a l s  s t u d i e d  
s i m u l t a n e o u s l y  (Fig. 2). 

Sod ium exc re t ion  in con t ro l  an ima l s  var ies  ove r  a wide  
range  a n d  shows a t yp i ca l  one- ta i l ed  fo rm of d i s t r i b u t i o n  
cha rac t e r i s t i c  for ou r  a n i m a l  colony.  Never the less ,  m o s t  
of t he  i n d i v i d u a l  va lues  o b t a i n e d  are  sma l l e r  t h a n  
6.0 m g % ] 4  h. T h e  m e a n  v a l u e  a m o u n t s  to  4.82 m g % / 4  h. 

T r e a t m e n t  w i t h  3fl, 1 6 ~ - d i h y d r o x y a l l o p r e g n a n  - 20- 
one  e n h a n c e s  s o d i u m  excre t ion .  The  m e a n  va lues  of t he  
t r e a t e d  g roups  rise m o d e r a t e l y  a t  t h e  0.2 [zg/kg dose level  
(mean  a m o u n t i n g  to 7.89 m g % / 4  h) a n d  a t t a i n  m a x i m a l  
i n t e n s i t y  a t  a dosage of 1.0 ~g /kg  (mean  a m o u n t i n g  to  
9.38 mg% /4h). H i g h e r  dose levels of t h e  s u b s t a n c e  cause  
no  f u r t h e r  increase  in s o d i u m  excre t ion ,  t he  m e a n  for 
w h i c h  r e m a i n s  p rac t i ca l l y  a t  t he  same  level  as t h a t  
p r o d u c e d  b y  t he  in j ec t ion  of 1.0 ~g /kg  of t he  subs t ance .  

"When t he  i n d i v i d u a l  va lues  are  examined ,  i t  will be  
seen t h a t  t h e y  are  more  e v e n l y  d i s t r i b u t e d :  t h e  t o t a l  
n u m b e r  of h igh  sod ium va lues  increases  cons i s ten t ly ,  
whi le  t h e  n u m b e r  of low exc re t i on  va lues  d imin i shes  b u t  
does  n o t  d i s a p p e a r  comple te ly ,  a b o u t  o n e - t h i r d  of the  
an ima l s  showing  no  effect  on  sod ium exc re t ion  fol lowing 
t r e a t m e n t  w i t h  e v e n  t h e  h ighes t  dosage.  3fl, 16x-di- 
h y d r o x y a l l o p r e g n a n - 2 0 - o n e  does n o t  s ign i f i can t ly  af fec t  

a L. WILKINS and R.A. LEwis, Trans. 17 th Meet. Conf. on Metab. 
Aspects of Convalescence (J. Macy Jr. Found., New York 19.18), 
p. 168. 

4 R. KLEIN, P. TAYLOR, C. PAPADATOS, Z. LARON, D. KEELtL, 
J. FORTUNATO, C. BYERS, and C. BILLINGS, Proe. Soc. exp. Biol. Med. 
98, 863 (1958). 

5 p. DESAULLES and R. ~IEIER, Schwz. Med. Wschr. 86, 1060 
1956). 


