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D i v e r g e n t  E f f e c t s  o f  A s p i r i n  a n d  S a l i c y l a t e  o n  G l u c o s e  a n d  G l y c o g e n  M e t a b o l i s m  i n  H u m a n  P l a t e l e t s  

Ace ty l  sal icyl ic  acid (aspir in)  is one of a n u m b e r  of 
d rugs  w h i c h  ha s  been  s h o w n  to  i n h i b i t  t h e  re lease  of 
A D P  f r o m  p la t e l e t s  1-3. T he  m e c h a n i s m  of th i s  ef fec t  
is u n c e r t a i n ;  however ,  i t  h a s  been  s h o w n  t h a t  a sp i r in  
a c e t y l a t e s  n m n e r o u s  p l a s m a  4,~ a n d  p l a t e l e t  6 p ro t e in s  
a n d  i t  h a s  b e e n  sugges ted  t h a t  i t s  e f fec t  on  p l a t e l e t  
re lease  is due  to  t h i s  a c e t y l a t i n g  reac t ion .  I n  h i g h  con-  
c e n t r a t i o n  (55 raM)  a sp i r in  h a s  been  s h o w n  to  r educe  
p l a t e l e t  e n e r g y  m e t a b o l i s m  7. T h e  pu r pos e  of t h i s  inves t i -  
g a t i o n  was  to  s t u d y  t h e  e f fec t  of t h e r a p e u t i c  levels  of 
a sp i r in  on  p l a t e l e t  g lycolysis  a n d  to  c o m p a r e  t h i s  w i t h  
t h e  effects  of s o d i u m  sa l icy la te  w h i c h  does  n o t  h a v e  a n  
ace ty l  g r o u p i n g  (F igure  1) a n d  wh ich  is less e f fec t ive  as  
a n  i n h i b i t o r  of A D P  release  s. 

Suspens ions  of w a s h e d  h u m a n  p l a t e l e t s  ( 1 - 2 × 1 0 6  
pe r  m m  3) in  a K r e b s - R i n g e r  b i c a r b o n a t e  buf fe r  p H  7.4, 
were  p r e p a r e d  f rom h u m a n  b lood  b y  m e t h o d s  p rev ious ly  
desc r ibed  9. Glucose was  a d d e d  to  t he  p l a t e l e t  suspens ion  
in a r a t i o  of 1 0 0 m g  pe r  10 ix p la te le t s .  S tock  a sp i r in  
so lu t ions ,  p H  7.4, were  p r e p a r e d  i m m e d i a t e l y  before  
use  as p rev ious ly  desc r ibed  ?. These  so lu t ions  were  t e s t ed  10 
a n d  found  to  be  free of d e t e c t a b l e  levels  of free sa l icy la te  
for  a t  l eas t  3 h. S o d i u m  sa l i cy la te  so lu t ions  were  also 
p r e p a r e d  da i ly  in  K r e b s - R i n g e r  buffer .  Glucose u p t a k e  
a n d  g lycogen u t i l i z a t i on  were  m e a s u r e d  as p r e v i o u s l y  
d e s c r i b e d t  F o r  m e a s u r e m e n t  of glucose u p t a k e  a n d  
g lycogen  u t i l i z a t i on  a l i quo t s  of t he  p l a t e l e t  suspens ion  
were  i n c u b a t e d  for  60 ra in  a t  37°C in u n s t o p p e r e d  cen-  
t r i fuge  t u b e s  in  t he  p resence  of inc reas ing  c o n c e n t r a t i o n s  
of a sp i r in  or  s o d i u m  sa l icy la te .  A t  t he  c o m p l e t i o n  of t h e  
i n c u b a t i o n  t ime ,  t h e  t u b e s  were  p l aced  in  m e l t i n g  ice 
a n d  a g i t a t e d  for  1 rain.  A p l a t e l e t  b u t t o n  for  g lycogen 
a n a l y s i s  was  t h e n  p r e p a r e d  b y  c e n t r i f u g a t i o n  a t  2500g 
for  7 m i n  a t  4°C. T h e  s u p e r n a t a n t  was  r e m o v e d  a n d  a 
p o r t i o n  a d d e d  to  a n  equa l  v o l u m e  of cold  7 %  perch lo r ic  
ac id  a n d  f rozen  o v e r n i g h t  a t  - - 2 0 ° C .  Th i s  was  t h a w e d  
to  4°C t h e  fo l lowing d a y  a n d  t h e  p r e c i p i t a t e d  a sp i r in  
or  sal icyl ic  acid r e m o v e d  b y  een t r i fuga t ion .  Glucose 
d e t e r m i n a t i o n s  were  p e r f o r m e d  on  t h e  s u p e r n a t a n t  a f t e r  
n e u t r a l i z a t i o n  w i t h  a n h y d r o u s  s o d i u m  b i c a r b o n a t e  b y  
t h e  m e t h o d  of PFLEIDERER 11. Glucose  recover ies  were  
w i t h i n  t he  r a n g e  98-102 % a n d  were  f o u n d  to  be  una f f ec t ed  
b y  t h e  p resence  of a sp i r in  or  sa l icy la te .  Glycogen  was 
e x t r a c t e d  f rom the  r e s idua l  p l a t e l e t  b u t t o n ,  as p r ev ious  
descr ibed,  h y d r o l y z e d  to  glucose a n d  a s sayed  as above .  
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T h e  e x t r a c t i o n  of g lycogen was  found  to  be  u n a f f e c t e d  
b y  e i t h e r  a sp i r in  or sa l icyla te .  

A r a n d o m i z e d  Block  des ign  ana lys i s  was  p e r f o r m e d  
on  t h e  d a t a  f rom 7 e x p e r i m e n t s .  W h e n  a d e t e c t a b l e  
ef fec t  of c o n c e n t r a t i o n  of e i t h e r  a sp i r in  or  sa l i cy la te  on  
glucose  u p t a k e  o r  g lycogen u t i l i za t ion  was o b s e r v e d  
DUNNETT'S p rocedu re  1~ was  e m p l o y e d  to  see a t  w h i c h  
c o n c e n t r a t i o n  t h e  ef fec t  was  s ign i f i can t ly  d i f f e r en t  f r o m  
t h e  con t ro l .  T a b l e s  for d e t e r m i n a t i o n  of  p va lues  f rom 
DUNNETT'S t a re  n o t  a v a i l a b l e  b e y o n d  t h e  1 %  level  a n d  
t he r e fo re  a s ign i f i can t  c h a n g e  c a n  on ly  be  s h o w n  as 
p < 0.01. I n  seve ra l  i n s t ances  however ,  i t  is  su spec t ed  
t h a t  t h e  t r u e  level  of s ign i f icance  is even  grea te r .  

T h e r e  was  a 17% (p < 0.01) fal l  in  glucose  u p t a k e  w i t h  
t h e  lowes t  c o n c e n t r a t i o n  (0.05 m M )  of a sp i r in  a n d  t h i s  
effect  a p p e a r e d  to  be  progress ive  w i t h  inc reas ing  con-  
c e n t r a t i o n s  (Figure  2 a). A t  55 m M  aspir in ,  glucose u p t a k e  
was i n h i b i t e d  b y  54%.  The re  was no  s ign i f i can t  c h a n g e  
in g lycogen  u t i l i z a t i on  in c o n c e n t r a t i o n s  up  to  5.0 m M  
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Fig. 1. Structural formulas of sodium salicylate and sodium acctyl 
salicylate (aspirin). 
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Fig. 2. Effect of (a) aspirin and (b) salicylate on the utihzation of 
glucose and glycogen. Each point of the curve represents the mean 
value from 7 experiments and the vertical bars denote the extent 
of q-S.E. Plasma salicylate levels following ingestion of 1.5 g of 
aspirin are in the range of 0.5 to 1.0 mMs. During salicylate poisoning, 
levels of 5 mM are not uncommon although levels exceeding 10 mM 
are generally lethal x4. 
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(p < 0 . 0 5 )  b u t  a 75% ( p <  0.01) increase  in g l y c o g e n  
u t i l i z a t i o n  was  obse rved  w i t h  55 m ] h  r aspi r in .  I n  c o n t r a s t  
s o d i u m  sa l i cy la t e  a p p e a r e d  to  h a v e  no  s ign i f i can t  effect  
on  glucose  u p t a k e  even  a t  55 m M  (p ;> 0.05) b u t  inc reased  
g lycogen  u t i l i z a t i on  b y  4 4 %  a t  5 m M  (p < 0.01) a n d  b y  
6 9 %  a t  55 m M  (p < 0.01) (Figure  2b) .  

T h e  resu l t s  i nd i ca t e  t h a t  a sp i r in  a n d  s o d i u m  sa l i cy la te  
h a v e  d i f f e ren t  effects  on  p l a t e l e t  glucose u p t a k e  b u t  t h e y  
h a v e  s imi la r  effects  on  p l a t e l e t  g lycogen u t i l i za t ion .  How-  
ever  since t h e r a p e u t i c  levels  of a sp i r in  or sa l icy ta te  do 
no t  n o r m a l l y  exceed 0.5 m M  i t  is un l ike ly  t h a t  e i t h e r  
of these  d rugs  would  effect  p l a t e l e t  g lycogenolys is  in  
vivo.  On  t h e  o t h e r  h a n d  t he  o b s e r v a t i o n  t h a t  a sp i r in  
will  r educe  glucose u t i l i z a t i on  a t  a c o n c e n t r a t i o n  of 
0.05 m M  sugges ts  t h a t  t h i s  effect  m a y  occur  in  v ivo  
fol lowing t h e  a d m i n i s t r a t i o n  of a sp i r in  in  t h e r a p e u t i c  
doses. T h i s  decrease  m a y  ar ise  f rom a n  i n h i b i t o r y  effect  
of a sp i r in  on  a n  A T P  r equ i r i ng  p l a t e l e t  p rocess  such  as 
t h e  e n e r g y  d e p e n d e n t  A D P  re lease  w h i c h  occurs  w h e n  
p l a t e l e t s  in  w a s h e d  suspens ion  a re  exposed  to  sur face  
s t imu l i  such  as  t h e  i n c u b a t i n g  c o n t a i n e r  13. A l t e r n a t i v e l y  
a sp i r in  m a y  p r o d u c e  t h i s  ef fec t  b y  i n h i b i t i n g  glucose 
u p t a k e  e i t h e r  d i r ec t l y  or  t h r o u g h  a n  effect  on  glycolysis .  
Th i s  l a t t e r  ef fec t  is un l i ke ly  s ince  t h e  r a t e  of g lycogen 
dep le t ion  was u n c h a n g e d  a n d  p r e v i o u s  s tud ies  fa i led to  
d e m o n s t r a t e  a n  effect  of a sp i r in  on  h e x o k i n a s e  a c t i v i t y  7. 

The  resu l t s  of t he se  a n d  o t h e r  s tud ies  sugges t  t h a t  
a sp i r in  ha s  two t y p e s  of effects :  1. t hose  a r iz ing  f rom 

t h e  ace ty l  g roup ing  w h i c h  inc lude  i n h i b i t i o n  of t h e  p l a t e l e t  
re lease  r e a c t i o n  s a n d  glucose u p t a k e  a n d  2. t hose  a r iz ing  
f rom t h e  sa t icy la te  m o i e t y  wh ich  inc lude  s t i m u l a t i o n  of 
g lycogenolys is  a n d  u n c o u p l i n g  of o x i d a t i v e  p h o s p h o r y -  
l a t i on  13,15. 

Zusammen/assung.  E s  wi rd  fes tges te l l t ,  dass  t h e r a p e u -  
t i s che  K o n z e n t r a t i o n e n  yon  Aspir in ,  die die R e a k t i v i t A t  
de r  B l u t p l i i t t c h e n  h e m m e n ,  m i t  e iner  s i gn i f i kan t en  Her -  
a b s e t z u n g  de r  G l u k o s e v e r w e r t u n g  e inhergehen .  N a t r i u m -  
sa l icyla t ,  das  ke ine  A c e t y l g r u p p e  en th l t l t  u n d  die Aggre-  
ga t ion  de r  T h r o m b o c y t e n  n i c h t  beeinf luss t ,  b e s i t z t  da-  
gegen k e i n e n  so lchen  Ef fek t .  
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The Role of Hypercapnia in Acetazolamide Teratogenesis  

T h e  ca rbon ic  a n h y d r a s e  i n h i b i t o r  ace t azo lamide ,  w h e n  
g iven  in  la rge  a m o u n t s  to  ra ts ,  mice  x a n d  h a m s t e r s  2 
d u r i n g  p r e g n a n c y ,  p roduces  m a l f o r m a t i o n s  a l m o s t  exclu-  
s ive ly  of t he  p o s t a x i a l  p o r t i o n  of t h e  fore l imb.  T h e  mecha -  
n i s m  of t e r a togenes i s  is of i n t e r e s t  because  t he  les ion is 
qu i t e  specific, a n d  because  i t  a p p a r e n t l y  invo lves  ca rbon ic  
a n h y d r a s e  inhib i t ionS,4  a t  an  i n t r a u t e r i n e  siteS.6. Since 
a t e r a togen i c  dose of a c e t a z o l a m i d e  raises  t he  t i ssue  
pCO27, we t r i ed  to i m i t a t e  t h e  t e r a t ogen i c  effect  of 
a c e t a z o l a m i d e  w i t h  CO 2 en r i ched  air.  T he  poss ib i l i ty  of 
i n t e r a c t i o n  b e t w e e n  CO~ exposure  a n d  a c e t a z o l a m i d e  was  
also e x a m i n e d .  W e  were aware  t h a t  HARING s, us ing  a n  
a t m o s p h e r e  en r i ched  in COz to  p r o d u c e  ca rd iac  m a l f o r m a -  
t i o n s  in  r a t  embryos ,  r e p o r t e d  no  l i m b  m a l f o r m a t i o n s .  
Bu t ,  because  t h e  a c e t a z o l a m i d e  sens i t ive  per iod  a n d  dose 
r e sponse  r e l a t i o n s h i p  h a v e  b e e n  t h o r o u g h l y  w o r k e d  o u t  
for  t h e  hams te r* ,  we fe l t  CO~ exposu re  d u r i n g  t h e  specif ic  
a c e t a z o l a m i d e  sens i t i ve  pe r iod  w a s  w a r r a n t e d .  

iVIateriats and methods. R a n d o m - b r e d ,  v i rg in  go lden  
h a m s t e r s  Cricetus auratus were  m a t e d  u n d e r  d i r ec t  
o b s e r v a t i o n .  T h e y  were  a l lowed food a n d  w a t e r  ad  
l i b i t um.  204 h la ter ,  t h e  a n i m a l s  were  exposed  for 8 h 
to  a n  inc reased  t en s ion  of CO~. b y  p lac ing  cages in  a gas- 
t i g h t  c h a m b e r  v e n t i l a t e d  w i t h  CO 2 en r i ched  air .  T h e  gas 
m i x t u r e  in  t h e  c h a m b e r  was k e p t  a t  a t m o s p h e r i c  pressure ,  
a n d  t h e  c o n c e n t r a t i o n  of CO 2 in t h e  e x h a u s t  was  con t i -  
n u o u s l y  m o n i t o r e d  o 

The  p l a n  of t r e a t m e n t  is s h o w n  in  t h e  Table .  Some 
a n i m a l s  were exposed  to  e i t h e r  4 %  or 10% CO~. O t h e r  
a n i m a l s  were g i v e n  t h e  s o d i u m  sa l t  of a ce t azo l amide ,  
600 m g / k g  i.p., a n d  t h e n  i m m e d i a t e l y  p l aced  in  t h e  CO 2 
en r i ched  a t m o s p h e r e .  A n o t h e r  g roup  of  a n i m a l s  was  g i v e n  
a s ingle  p e r i t o n e a l  i n j e c t i o n  of s o d i u m  ace t azo l amide ,  
600 mg/kg ,  a t  2 0 4 h  a f t e r  m a t i n g  w i t h  no  a d d i t i o n a l  

t r e a t m e n t .  All  a n i m a l s  were  k i l led  a p p r o x i m a t e l y  280 h 
a f t e r  m a t i n g .  T h e  fe tuses  were  e x a m i n e d  for e x t e r n a l  
m a l f o r m a t i o n s ,  p a r t i c u l a r l y  t h e  l imbs .  The  s t a t i s t i c a l  
s igni f icance  of d i f ferences  b e t w e e n  e x p e r i m e n t a l  g roups  
was  d e t e r m i n e d  b y  us ing  t ab l e s  of b i n o m i a l  conf idence  
l imi t s  1°. As used  here  s ign i f i can t  d i f ferences  refer  to  
conf idence  l imi t s  of 95% or grea ter .  

Results. T h e r e  were  no  e x t e r n a l l y  de fo rmed  fe tuses  
f rom the  g roup  exposed  to  4 %  CO 2. I n  t h e  g roup  exposed  
to  10% CO 2, 2 fe tuses  w i t h  e x t e r n a l  m a l f o r m a t i o n s  were  
found.  One  h a d  a p o s t a x i a l  d e f o r m i t y  of t h e  r i g h t  fore- 
l imb,  cons i s t ing  of a f i f th  d ig i t  p e r p e n d i c u l a r  to  t h e  
axes  of t he  r e m a i n i n g  digi ts .  T h e  o t h e r  h a d  a p r e a x i a l  
d e f o r m i t y  of t h e  r i g h t  fore l imb,  cons i s t ing  of a n  a b n o r m a l  
a n g u l a t i o n  of t h e  t i p  of t h e  second digit .  

All  e x t e r n a l  e m b r y o n i c  m a l f o r m a t i o n s  f r o m  t h e  g roup  
t r e a t e d  w i t h  a c e t a z o l a m i d e  a n d  4 %  CO2 were  conf ined  
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