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The effect of high concentrations of glucose (0.01-0.1 M) on ADP-induced platelet aggrega- 
tion was investigated in adult rabbits.  In these concentrations glucose significantly inhibited 
the aggregation of intact platelets highly sensitive to ADP, but did not change the aggrega- 
tion of r e f rac to ry  cells,  i.e., those preincubated with ADP. Replacing glucose by deoxy- 
glucose gave similar resul ts .  It is postulated that the effect observed may be linked withthe 
the conversion of the platelets into a re f rac tory  state during incubation with glucose or de- 
oxyglucose. 
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It has recently been shown that platelets are  actively metabolizing cells obtaining their energy by 
both resp i ra tory  and glycolytic phosphorylation [5, 9, 15, 18]. All the main types of functional activity of 
platelets (aggregation [13], absorption of serotonin [6], clot re t ract ion [15], t ransmembrane K + transport  
[10], and the liberation reaction [11]) require  the expenditure of energy. Inhibition of metabolism [12] or a 
deficiency of substrates [17] leads to the partial or total loss of functional activity by these cells. In par-  
ticular, low concentrations of glucose (10 -S M) have been shown to prevent the loss of the ability of washed 
platelets to aggregate and to take part  in the liberation reaction under the influence of ADP, thrombin, col- 
lagen, or antigen-antibody complexes [7, 13, 14]. Similar resul ts  have been obtained in experiments with 
dialysis of thrombocytic plasma [17]. On the other hand, evidence has been obtained of the inhibitory action 
of glucose on aggregation and other functions of platelets [16]. 

The object of the present  investigation was to study the effect of glucose in high concentrations (10 -2- 
10 -1 M) on the aggregation of rabbit platelets in plasma in vitro. 

E X P E R I M E N T A L  M E T H  OD 

Platelet-enriched plasma was obtained from rabbits by the usual way [2]. Aggregation was measured 
by a nephelometric method at 18.5~ Glucose and deoxyglucose were dissolved in modified (not containing 
Ca ++ and Mg ++) Tyrode 's  solution and added to platelet-deprtved plasma in the rat io of 1 : 8. In control ex- 
periments the plasma was t reated with the corresponding volume of modified Tyrode 's  solution. 

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Previous investigations [1, 2] showed that preincubation with glucose can strongly inhibit the ADP- 
induced aggregation of platelets. Aggregation curves after  t reatment  with various doses of ADP are  given 
in Fig. 1: control curves on the left, curves obtained after preincubation of the platelets with glucose in a 
final concentration of 0.1 M for 5 min on the right. As Fig. 1A shows, in the presence of glucose the ag- 
gregation of the platelets was about halved. The addition of glucose to platelet-enriched plasma, in which 
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Fig. 1. Inhibi tory effect  of glucose on ADP-induced pla te le t  agg rega -  
tion: A) d e c r e a s e  in degree  of p la te le t  aggregat ion  a f t e r  incubation 
for  5 min  with glucose in a final concentra t ion  of 0.1 M. Final  ADP 
concent ra t ions  without glucose:  1) 2 . 1 0  -~ M, 2) 3 . 1 0  -~ M, 3) 4. 
10 -? M.~ 4) 2 . 1 0  -? M, 5) 1" 10 -7 M, in the p r e s e n c e  of glucose:  1') 
2 . 1 0  -6 M, 2') 4 . 1 0  -~ M, and 3') 2 . 1 0  -~ M. ]3) Outset  of d i saggrega -  
t ion on the addition of glucose solution to p l a t e l e t - en r i ched  p la sma .  
A r r o w s  indicate t imes  of addition of ADP(final concentra t ion  2 �9 
10 -~ M) and glucose (final concent ra t ion  0.1 M). 

ADP-induced aggregat ion  takes  place,  often led to the cessa t ion  of aggregat ion  and to d isaggregat ion  of the 
p la te le t s  (Fig. 1B). The m ax i m a l  inhibi tory action of glucose was obse rved  when its  concent ra t ion  in the 
p l a sma  was 0.05-0.1 M, but s o m e t i m e s  a cons iderab le  effect  could be seen in a concent ra t ion  of 0o01 M. 

It  was shown prev ious ly  [1] that p la te le t s  m o s t  sens i t ive  to ADP a r e  a t  the s ame  t ime m o s t  sens i t ive  
to glucose.  During prolonged incubation of p l a t e l e t - en r i ched  p l a sma  at a r a i s e d  t e m p e r a t u r e  pa ra l l e l  
d e c r e a s e s  a r e  obse rved  in the aggregat ing  power of the p la te le ts  and the i r  sens i t iv i ty  of the inhibi tory ac -  
tion of glucose.  The low aggregat ing  power  of the p la te le ts  in this case  is evidently explained by the i r  r e -  
f r a c t o r i n e s s  as a r e s u l t  of the l ibera t ion of the in t race l lu la r  ADP into the plasma~ The  w r i t e r s  accordingly  
postulated that  r e f r a c t o r y  p la te le t s ,  i .e. ,  those  pre incubated  with ADP, lose the i r  sens i t iv i ty  to the inhibi tory 
action of glucose on aggregat ion .  To tes t  this hypothesis  the action of glucose was c o m p a r e d  on A D P - i n -  
duced aggrega t ion  of intact  p la te le ts  (Fig. 2, cu rves  1 and 2) and of r e f r a c t o r y  p la te le ts  obtained as a r e -  
sult  of incubation with ADP for  5 rain (Fig. 2, cu rves  3 and 4). Jus t  as was postulated,  the sens i t iv i ty  of the 
p la te le ts  r e f r a c t o r y  to the inhibi tory act ion of g lucose  was much lower  than the sens i t iv i ty  of the intact  
cel ls .  

The subs tance  2-deoxyglucose ,  a compet i t ive  inhibitor of g lycolys is ,  a l so  had an inhibi tory effect  on 
ADP-induced pla te le t  aggregat ion .  The s imul taneous  p r e sence  of glucose and deoxyglucose in the p l a s m a  
potent iated this effect  (Fig~ 3). 

The phenomenon of inhibition of ADP-induced p la te le t  aggregat ion  by glucose thus obse rved  could be  
t h e r e s u l t o f  an i nc rea se  in the energy  product ion of the ce l l s  through an i nc rea se  in the level  of the p r in -  
cipal  subs t r a t e  of p la te le t  me tabo l i sm  [2, 19]. However ,  this  hypothesis  is cont radic ted  by s e v e r a l  fac ts .  
The or ig inal  g lucose level  in r abb i t  p l a s m a  is suff icient ly high [3], so that the l imi ta t ion  of the r a t e  of 
g lycolys is  by the s u b s t r a t e  concent ra t ion  is unlikely.  Moreover ,  2-deoxyglucose ,  a compet i t ive  inhibitor 
of g lycolys is  [4], not only did not r educe  the inhibi tory act ion of glucose on aggregat ion,  but in i somo la r  
concent ra t ions  it had the s a m e  effect  i tself .  

On enter ing  the p la te le t s ,  deoxyglucose l ike g lucose  undergoes  hexokinase  phosphoryla t ion,  coupled 
with the dephosphoryla t lon of ATP  to ADP. The product  of this r eac t ion ,  deoxyglucose phosphate,  ac -  
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Fig. 2. Action of glucose (final concentra t ion 0.06 M) on aggregation of 
intact and r e f r a c t o r y  platelets  induced by ADP (4 .10  .7 M): 1) control ;  2) 
incubation for 5 min with glucose (0.06 M); 3) incubation for 5 min with 
ADP (2 �9 10 -? M) and glucose {0.06 M); 4) incubation for 5 min with ADP 
(2" 10 -? M). 

Fig. 3. Aggregation power of platelets  as a function of duration of thei r  
incubation at 22~ in the control  and in the p re sence  of glucose and (or) 
deoxyglucose.  Empty c i r c l e s  r e p r e s e n t  glucose (0.06 M); open t r i a n g l e s -  
deoxyglucose (0.06 M); fi l led t r iangles  - deoxyglucose (0.06 M) and glu- 
cose  (0.06 M); fil led c i r c l e s  - control .  

cumulates  in the platelets  rapidly,  so that af ter  incubation for  5 min it r eaches  a constant  level  severa l  
hundreds of t imes  higher  than the normal  glucose phosphate level  in these cel ls .  At the same t ime the level  
of in t race l lu la r  ATP fal ls  to two-thi rds  of its initial value and the corresponding amount of ADP is formed 
[8]. 

The following hypothesis  can be put forward  on the basis  of data in the l i t e ra tu re  and the resu l t s  of 
the presen t  exper iments .  Incubation with high concentra t ions  of glucose and deoxyglucose,  increas ing the 
in t race l lu la r  ADP level ,  may induce a r e f r a c t o r y  s ta te  in the platelets  s imi la r  to that a r i s ing  during the i r  
incubation with exogeneous ADP. This hypothesis  is supported by the reduced  sensi t ivi ty to glucose of 
platelets  preincubated with ADP. 

On the one hand, t he re fo re ,  during exhaustion of the subs t ra te ,  incubation with low concentra t ions  of 
glucose (0.001-0.01 M) r e s t o r e s  the dec reased  aggregat ing power and other  functions of the platelets  to 
the i r  initial level  [7, 13, 14], whereas  on the other hand, incubation of intact platelets  with high concent ra-  
t ions of glucose (0.01-0.1 M) sharply  r educes  thei r  power of aggregation.  These  two phenomena evidently 
differ in na ture .  Whereas  the f i r s t  is connected with an increase  in the energy supply of the cel ls  in the 
p resence  of the exogenous subs t ra te  of metabol ism,  the second evidently cannot be explained in this way. 
The hypothesis  that  the hexokinase reac t ion  plays an impor tant  ro l e  in the mechanism of the inhibitory ac-  
t ion of high concentra t ions  of glucose on ADP-induced platelet  aggregation is in accordance  with the avail-  
able exper imenta l  data, but fu r the r  conf i rmat ion is n ece s sa ry .  
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