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Effect of Aspirin on Platelet Aggregation in Diabetes Mellitus 
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Summary. The effect of  aspirin in vitro and in vivo on platelet 
aggregation has been studied in 13 diabetic subjects without 
retinopathy, 16 diabetic subjects with retinopathy and 20 age- 
and sex-matched control subjects. The rate, degree and dura- 
tion of  collagen-induced aggregation were greater in the dia- 
betic patients (p < 0.05; p < 0.01; p < 0.05). The residual 
aggregation in vivo was greater in all diabetic patients with 
aspirin, whilst it only occurred in vitro in patients without ret- 
inopathy. A decreased latent period was seen in diabetic pa- 

tients, to a greater extent in those with retinopathy. Significant 
differences in the rate, degree and duration of arachidonic ac- 
id-induced-aggregation were also seen in patients with retin- 
opathy treated with aspirin (p < 0.05; p < 0.01; p < 0.05). 
Disaggregation only occurred with aspirin in vitro and was 
more frequently seen in normal subjects. 

Key words: Platelet function, diabetic microangiopathy, aspi- 
rin effect on aggregation. 

I n c r e a s e d  p la te l e t  a g g r e g a t i o n  wi th  A D P  has  been  
s h o w n  in d i a b e t i c  pa t i en t s  wi th  r e t i n o p a t h y  [1, 5, 7, 9, 
11]. Asp i r in ,  a c y c l o - o x y g e n a s e  i n h i b i t o r  [12], inh ib i t s  
c o l l a g e n - i n d u c e d  a g g r e g a t i o n  [19] as wel l  as p r o d u c t i o n  
o f  a r a c h i d o n i c  a c i d - i n d u c e d  lab i le  a g g r e g a t i o n  s t imula -  
t i on  subs t ance  [17, 18]. I t  a lso  inh ib i t s  s e c o n d a r y  aggre-  
g a t i o n  in d i a b e t i c  pa t i en t s  [13]. This  s tudy  was ca r r i ed  
ou t  to  eva lua t e  the  i n h i b i t o r y  effect  o f  a sp i r in  in vi t ro  
a n d  in vivo on  p la te l e t  a g g r e g a t i o n  i n d u c e d  b y  co l l agen  
a n d  a r a c h i d o n i c  ac id  in d i a b e t i c  pa t i en t s  wi th  a n d  wi th-  
ou t  r e t i nopa thy .  

Materials and Methods 

Twenty-nine diabetic patients have been studied. Each patient had a 
detailed clinical examination and investigations to assess the extent of 
retinopathy and the severity of diabetes. Serum cholesterol, and fast- 
ing and post-prandial blood glucose levels were determined by stand- 
ard techniques. Routine urine examination was also carried out. Flu- 
oroscein angiography was used to identify patients with proliferative 
and background retinopathy. The disc was not involved in all cases. 
None &the patients had hypertension or vascular disease. 

Two groups of patients were studied. Group I consisted of 13 di- 
abetic patients without retinopathy. The average age of the patients 
was 53.6 • 9.4 years, and the mean duration of diabetes was 4.7 years. 
Group 2 consisted of 16 diabetic patients with retinopathy. The aver- 
age was 53.2 • 12.4 years and mean duration of diabetes was 7.3 
years. All were Type 2 (non-insulin-dependent) diabetic patients. 
Control subjects were healthy laboratory workers, doctors, and heal- 
thy subjects without diabetes or hypertension. None of these had tak- 

en any drugs known to affect platelet aggregation for 10 days before 
the study. The platelet aggregation was studied by the method of Born 
[2] using an aggregometer (Chronolog Corporation, Havertown, 
Pennsylvania, USA). The change in optical density andthe increment 
rate of aggregation were computed by the differentiometer connected 
to the aggregometei. 

Platelet aggregation was studied with 1 gg collagen (collagen rea- 
gent Hormon, Munich, FGR) and with 300 ug arachidonic acid (Sig- 
ma) in dimethyl sulphoxide (Sigma) per ml of platelet-rich plasma. 
The requisite amount (collagen 0.4 btg and arachidonic acid 120 ag) in 
0.02 ml volume was added to 0.4 ml platelet-rich plasma (platetet 
count 300,000 ixl) contained in a cuvette. Study of platelet aggregation 
was carried out within 2 h of blood collection. 

The inhibitory effect of aspirin in vivo was studied by the adminis- 
tration of a total dose of 900 mg (450 mg each day) over 2 days to pa- 
tients and normal subjects. Platelet aggregation was studied 48 h after 
the first dose of aspirin. The effect of aspirin in vitro was studied with 
2 mg in 20 gl of distilled water added to 0.4 ml platelet-rich plasma 
and incubated for 10 min at room temperature. Both collagen (1 ug) 
and arachidonic acid (300 btg) induced aggregation were studied with 
aspirin in vivo and in vitro. 

Graphic recordings were analysed statistically with respect to the 
latent period, rate of aggregation, degree of aggregation, duration of 
aggregation and disaggregation. These parameters have been de- 
scribed previously [7]. 

Results 

The  d i s c r i m i n a t i n g  p a r a m e t e r s  were  rate  a n d  degree  o f  
a g g r e g a t i o n  a n d  la ten t  p e r i o d  with  co l l agen  a lone  a n d  
on  a d d i t i o n  o f  asp i r in  in vivo a n d  in vitro.  Rate  a n d  de-  
gree  were  also d i s c r i m i n a t o r y  b e t w e e n  n o r m a l  sub jec t s  
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Table 1. Collagen (1 ag)- induced-platelet  aggregation in normal  subjects and  in diabetic patients with and  without ret inopathy 
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Aggregat ion 

Rate (No. of  Degree Durat ion Latent period 
divis ions/ra in)  (%) (s) (s) 

Normal  subjects (n = 20) 

Patients without ret inopathy 
(group 1, n = 13) 

Patients with ret inopathy 
(group 2, n = 16) 

p values 

51.67+ 15.12 a 54.05+_ 8.42 b 172.64_+ 23.20 c 47.21 +20.48 e 
(24.42 - 96.86) (31.40 - 68.57) (105 .00-  204.38) (20.63 - 79.09) 

57.05_+ 12.59 57.75-+ 7.41 197.70+- 31.39 cd 37.47-+11.39 
(34.81 - 71.94) ( 37 .86 -  65.00) (159.23 - 230.76) (24.38 - 60.00) 

65.00-+ 17.74 ~' 61.64-+ 7.69 b 175.7I + 60.00 d 33.95_+ 13.53 e 
(31.81 - 103.62 (46.43 - 72.38) (~ 35.00 - 219.23) (16.88 - 55.38) 

~' < 0.05 ~ < 0.01 c < 0.05 ~ < 0.05 
d < 0.05 

Results expressed as mean  + SD; Range in parentheses  

and patients with arachidonic-acid induced aggregation 
without aspirin as well as with it, both in vitro and in 
vivo. Duration of aggregation was discriminatory with 
collagen alone and with aspirin in vitro but not with 
arachidonic acid. 

In diabetes (group 1), the duration of aggregation 
with collagen was significantly increased compared 
with normal subjects and group 2 patients (Table 1). 
With arachidonic acid rate of aggregation alone was in- 
creased (Table 2). Disaggregation was seen in two of the 
four patients and four of the ten normal subjects. 

In patients with diabetic retinopathy (group 2), a 
significant increase was noted in the rate (p < 0.05) and 
degree (p < 0.01) of collagen-induced aggregation com- 
pared with normal subjects. The latent period was 
shortened (Table l). Duration of aggregation was the 
same as in normal subjects. With arachidonic acid, rate 
(p < 0.01) and degree (p < 0.01) of aggregation were 
significantly higher than in normal subjects (Table 2). 
The degree of aggregation was also higher than in 
group I (p < 0.01). Disaggregation was not seen with 
arachidonic acid. 

Effect of Aspirin in Vitro and in Vivo on Collagen 
and A rachidonic Acid Induced-Platelet Aggregation 

In normal subjects, the rate, degree and duration of 
aggregation were reduced with collagen and aspirin 
added in vitro. They were absent in five of them (36%) 
(Table 3). Aspirin in vivo had a less marked effect on all 
three parameters of platelet aggregation (Table 3). It 
was absent in one of the normal subjects. A lesser de- 
gree of platelet aggregation was seen with arachidonic 
acid and aspirin, but it was more marked with aspirin in 
vivo (Table 4). The rate and duration of aggregation 
were also less. Disaggregation, however, occurred in 
nine (90%) with aspirin in vitro but in none with aspirin 
in vivo. 

In diabetic patients (group 1) the rate, degree and 
duration of collagen-induced platelet aggregation with 
aspirin in vitro were reduced as in normal subjects 
(Table 3), but the rate and degree of aggregation with 

aspirin in vivo were significantly higher than in normal 
subjects (p < 0.01 ; Table 3). The latent period was also 
reduced. No significant difference was found in the du- 
ration of aggregation. The degree of aggregation was re- 
duced both with aspirin and arachidonic acid in vivo 
and in vitro (Table 4). No significant change was seen 
either in the rate, degree or duration of aggregation 
compared with normal subjects. Disaggregation, how- 
ever, was seen in three patients (75%) with aspirin in 
vitro, but in none with aspirin in vivo. 

In patients with diabetic retinopathy (group 2), the 
degree of collagen-induced-aggregation with aspirin in 
vitro and in vivo was higher than in normal subjects 
(Table 3). A significantly higher rate and duration of 
aggregation were seen with aspirin in vitro (p < 0.05; 
Table 3). The latent period was less when compared 
with normal subjects both with aspirin in vitro and in 
vivo (Table 3). Absence of aggregation was seen in one 
of the ten patients with aspirin in vitro. The rate, degree 
and duration of aggregation with arachidonic acid and 
aspirin in vivo were significantly higher than in normal 
subjects (p < 0.05; p < 0.01;p < 0.05; Table 4). With 
aspirin in vitro a higher degree of aggregation was of 
borderline significance (p ~ 0.05 ; Table 4). Disaggrega- 
tion was seen in five of eight patients (63%) with aspirin 
in vitro but in none with aspirin in vivo. 

Discussion 

Platelet aggregation in diabetic patients without retin- 
opathy showed a greater duration with collagen and a 
higher rate with arachidonic acid than in normal sub- 
jects. Disaggregation was similar in both groups. In pa- 
tients with diabetic retinopathy, the rate and degree 
were both higher with collagen and arachidonic acid, 
but disaggregation was absent with the latter. 

Collagen-induced aggregation is brought about by 
different mechanisms, namely secretion of dense gran- 
ules, mainly ADP [6], synthesis of thromboxane A2 [3] 
and platelet activating factor acether pathway [4]. Ara- 
chidonic acid-induced aggregation, brought about by 
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Table 2. Arachidonic acid-induced platelet aggregation in normal subjects and in diabetic patients with and without retinopathy 

Aggregation 

Rate (No. of Degree Duration 
divisions/rain) (%) (s) 

Normal subjects (n = 10) 

Patients without retinopathy 
(group 1, n = 4) 

Patients with retinopathy 
(group 2, n = 8) 

p values 

64.34• 17.96 ab 32.78• c 112.86• 104.27 
(40.26- 93.72) (7.20-70.60) (22.69-298.80) 

91.53 +_ 28.644 38.29 • 17.16 d 125.33 • 104.25 
(60.06 - 129.20) (25.80 - 62.40) (34.61 - 256.15) 

87.24_+ 8.50 b 72.96_+ 6.41 cd 189.77_+ 21.21 
(73.92 - 101.64) (63.80 - 80.00) (166.73 - 223.84) 

a < 0.05 c < 0.01 NS 
b < 0.01 d < 0.01 

Results expressed as mean • SD; range in parentheses; NS = not significant 

Table 3. Platelet aggregation in normal subjects and diabetic patients with and without retinopathy with collagen (1 Ixg) and aspirin (2 mg) in vitro 
and (900 mg) in vivo 

Aggregation 

Rate (No. of Degree Duration Latent period 
divisions/rain) (%) (s) (s) 

Aspirin Aspirin Aspirin Aspirin Aspirin Aspirin Aspirin Aspirin 
in vitro in vivo in vitro in vivo in vitro in vivo in vitro in vivo 

Normal subjects with aspirin in vitro 
(n = 14) ~ and with aspirin in vivo (n = 1 0 )  2 

Range 0 - 6.6@ 0 - 20.79 b 
Median 2.46 10.29 

0--11.80 c 0--25.30 ef 0--240.0g 0-- 151.15 23.07-- oo h 18.45 i j -  oo 
3.69 10.40 68.65 109.45 50.90 57.60 

* Patients without retinopathy 
(group 1, n = 6 )  3 

Range 0 - 5 . 9 0  21.'12-- 35.31 b 
Median 4.41 21.61 

0 -  18.21d 25.36--28.80 e 0--294.38 78.46-- 182.7 26.25-- ~ 25.38--39.23 i 
6.59 27.80 195.0 142.21 44.93 30.11 

** Patients with retinopathy 
(group 2, n = 10) 4 
Range 0-17 .19  a 5.28-34.19 
Median 5.65 21.37 

0 -31 .80  ~ 11.0-38.3 f 0-205.38g 100.38-159.23 20.76-  oo h 9.24-68.07J 
13.80 23.35 179.35 132.69 30.00 35.79 

ap  < 0.05 bp < 0.01 Cp < 0.01 ep < 0.0I gp < 0-05 NS ~p < 0.05 ip < 0.05 
dp ~ 0.05 fp < 0.01 Jp < 0.05 

1 No aggregation in five normal subjects; 2 No aggregation in one normal subject; 3, 4 No aggregation in one case each with aspirin in vitro 
* Studies with aspirin in vitro six cases and in vivo four cases; ** Studies with aspirin in vitro ten cases and in vivo eight cases; NS = not 
significant 

Table 4. Rate, degree and duration of arachidonic acidqnduced platelet aggregation with aspirin (2 mg) in vitro and (900 rag) in vivo aspirin in 
normal subjects and diabetic patients with and without retinopathy 

Aggregation 

Rate (No. of Degree Duration 
divisions/rain) (%) (s) 

Aspirin Aspirin Aspirin Aspirin Aspirin Aspirin 
in vitro in vivo in vitro in vivo in vitro in vivo 

Normal subjects 60.39_+ 14.63 52.10_+ 20.54 a 19.45 + 8.13 b 8.61 • 3.34 c 65.81-+ 28.28 36.93_+ 7.57 d 
(n = 10) (43.56- 89.76) (31.00- 92.40) (11.00-34.80) (3.80-14.20) (36.61-124.61) (19 .64-46 .29)  

Patients without 62.21+ 17.50 66.66+_ 37.67 17.53+_10.84 12.30• 3.93 42.40_+ 13.77 46.74_+ 10.38 
retinopathy (42.90- 83.49) (33.00- 118.14) (6.80-28.20) (8.60- 17.60) (25.38- 57.11) (41.53- 62.30) 
(group 1, n = 4) 

Patients with retinopathy 65.91+ 23.46 75.94_+ 22.32 a 34.84_+ 19.04 u 32.71 _+23.73 c 90.25 • 47.29 83.56-+ 6 0 . 1 5  d 

(group2, n = 8 )  (36.30-112.86) (52.14-113.15) (3.40-64.30) (12.80-66.40) (12.69--160.72) (30.00-161.37) 

ap < 0.05 bp < 0.05 cp < 0.01 NS clp < 0.05 

Results expressed as mean _+ SD; Range in parentheses; NS = not significant 



P. K. Khosla et al. : Aspirin and Platelet Aggregation in Diabetes 107 

the production of labile aggregation stimulating sub- 
stances [17, 18], is associated with ADP scretion [15, 16] 
and acts synergistically [8]. It is therefore possible that 
increased prostaglandin synthesis and increased ADP 
secretion could be mechanisms for hyperaggregation of 
platelets. Prostaglandin metabolism, tested by aspirin 
(as an inhibitor of cyclo-oxygenase) in vitro and in vivo, 
was accelerated in patients with diabetes. The residual 
aggregation with collagen was greater in diabetic pa- 
tients. Reduction in the degree and duration of arachi- 
donic acid-induced aggregation by aspirin was also 
seen, but residual aggregation was higher in diabetic pa- 
tients, more consistently in those with retinopathy, and 
with aspirin in vivo. Disaggregation only occurred with 
aspirin in vitro and was seen more frequently in normal 
subjects. Lesser inhibition of cyclo-oxygenase in these 
patients by aspirin could be due to increased cyclo-oxy- 
genase activity in diabetic patients which may result in 
hyperaggregation of platelets with collagen and ara- 
chidonic acid. A combination of adequate prostaglan- 
din endoperoxide and thromboxane A2 formation ac- 
companied by release reaction [10, 14] could contribute 
to the absence of disaggregation with aspirin in vivo in 
patients with retinopathy. 

The decreased latent period found in diabetic pa- 
tients, particularly in those with retinopathy, suggests 
that membrane changes preceding the release reaction 
are independent of the presence of aspirin. A shorter la- 
tent period with ADP was observed in our earlier study 
[7]. It appears likely, that accelerated intrinsic ADP re- 
lease does not influence directly the latent period. 

In conclusion, increased platelet aggregation in dia- 
betes could result from one or more of these proposed 
mechanisms, namely; reduction in the induction phase 
of aggregation, increase in cyclo-oxygenase activity and 
accelerated intrinsic ADP release. 
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