
ABSTRACT
Effect of physical stress on platelet aggregation was evaluated in thirty patients with ischemic heart disease (IHD) - 
After collecting fasting blood samples, they were subjected to treadmill test up to stage III, and blood samples were 
again collected. All the blood samples were subjected for the study of platelet aggregation using ADP and collagen as 
aggregating agents. The study demonstrated that ADP induced platelet aggregation is variably affected by physical 
stress while collagen induced platelet aggregation was significantly (p< 0.05) and consistently increased after 
physical exercise, in patients with IHD.
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Figure 1: Platelet aggregometer (Elvi 840) with chart recorder (Omniscribe recorder dual pen type 176 USA)

PLATELET AGGREGATION

ELVI - 840 Aggregometer and Omniscribe Recorder 

Aggregating Agents (SIGMA)

ADP     

EPI      

COLL  

-4 - 50μ1. of 2x10 mol/L
-4 - 50μ1. of 1x10 mol/L

 - 50μ1. of 2mg/ml
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Table 1: Effect of Physical stress on platelet aggregation (percent) in Patients with IHD

-4ADP (2 X 10 )

Mean          

% Change 

S.D.±        

S.E.±          

P value      

Collagen (0.2 μg/ micro lit.)

Pre TMT 

53.63

10.56

3.34

Post TMT

56.50

5.30

12.84

 4.06 

NS

Pre TMT 

49.75

10.70

3.38

Post TMT

54.90

10.35

12.75

  4.03 

< 0.05
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Pre TMT

Post TMT

Pre TMT

Post TMT

Figure 2: Effect of exercise on ADP induced platelet aggregation

Figure 3: Effect of exercise on Collagen induced platelet aggregation
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Figure 5: Effect of physical stress on Collagen induced platelet aggregation

Figure 4: Effect of physical stress on ADP induced platelet aggregation
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There are controversial reports on the effect of exercise on 
platelet aggregation not only on healthy individuals but also in 
patients of CAD. Some of the inconsistencies regarding the 
effect of exercise on platelet aggregation can perhaps be 
explained by differences in physical conditions, i.e., healthy 
young individuals who do not engage in regular exercise 
increase their aggregability during exercise whereas those who 
are regularly participating in an exercise show the opposite 

22,23effect .

In elderly, the failure of exercise to reduce platelet 
aggregability can be explained by their generally low level of 
physical activity. Another factor could be that young people 
release more platelet inhibitors such as prostacycline and NO 
(nitrous oxide) from the vessel wall than do the elderly. In mild 
hypertensive, the response to maximal exercise is an increased 
in vivo platelet activity and a similar reaction has been noted in 

24patients with IHD .

In the present study also, the response to exercise on platelet 
aggregation is variably observed in patients of IHD with ADP 
induced aggregation. However, the response of collagen 
induced aggregation was consistently observed to be increased 
and was statistically significant. The possible cause of 
inconsistent observation of exercise induced aggregation may 
be because of hurmoral factors which may be stimulated and 
released by exercise such as catecholamines, vWF, leucocytes, 
thrombocytes, release of PF-4 which causes platelet leukocyte 
interaction and alteration in fibrinolytic system. The response 
to collagen-induced aggregation, which has consistently 
increased after stress, may be more sensitive indicator of 
underlying atherosclerosis involving the endothelial functions.  
This has already been reported that platelet collagen interaction 
in vitro may be comparable to platelet damage to vessel walls 

30interaction in vivo .
13Andreottii & Associates  have demonstrated that even low 

grades of exertion transiently enhance platelet aggregability in 
patients with CAD and not in subjects without apparent CAD. 
The increase in aggregability is independent of myocardial 
ischaemia. These findings suggest that platelet aggregability is 
enhanced by exercise in the presence of coronary 
atherosclerosis per se, as a result of hemodynamic factors 
interacting with arterial obstruction or more likely with 

26endothelial dysfunction .

Another study has demonstrated increase platelet aggregability 
14response to shear stress in patients with acute MI . They 

observed that shear induced platelet aggregation was 
significantly higher in patients with acute MI than in patients 
with stable CAD and normal subjects. This variability also 
explains the observation in present study, which shows that 
response to stress is variable in patients with stable CAD.

Effect of physical and mental stress on platelet aggregation was 
also evaluated in 113 patients with stable angina and 50 healthy 

27individuals by Wallen and associates . They observed that 
platelet functions were more or less same at rest but physical 

exercise increased the platelet aggregability in both the groups. 
Platelet responses to mental stress were highly variable but 
more pronounced in angina patients than healthy controls.

Platelet activation, aggregation and adhesion is a complex 
phenomenon responsible for arterial thrombosis. It does 
involve the coagulation system with fibrin formation. The 
event starts with response of platelet against tissue or 
endothelial injury. The platelets come in rescue to produce 
platelet plug to stop bleeding (primary hemostasis). Platelets, 
as has been described, have multiple surface receptors. These 
receptors, when stimulated, produce change in shape of 
platelets. The major receptors involved are glycoprotein Ib (Gp 
Ib) receptor, which binds to von Willebrand factor (vWF). 
Besides these, there are receptors for adenosine diphosphate 
(ADP), thrombin and thromboxane A2.

With the shape change, there is change in the surface of the 
platelet that leads to expression of a second binding site, the 
glycoprotein IIb/IIIa (Gp IIb/IIIa) receptor. These Gp IIb/IIIa 
receptors bind fibrinogen to bridge between adjacent platelets. 
Furthermore, the surface of the platelet also expresses binding 
sites for factor V, which is an essential cofactor in the 

28,29generation of thrombin .

The exact underlying mechanism of exercise-induced 
alteration in platelet aggregability remains unclear. However, 
there are certain evidences pointing towards the possible 
mechanism.

It has been observed that intense physical exercise increases 
plasma level of von Willebrand factor (vWF). Not only this but 
platelet aggregation is also associated with enhanced 
expression of adhesion molecules on platelets such as P- 

30selectin (CD 625P) and glycoprotein (Gp) IIb/IIIa .

Exhaustive exercise leads to activation of several `stress 
hormones`. Epinephrine and vasopressin are the key regulators 
of the stress response. The magnitudes of responses are 
modulated by the relative intensities and duration of physical 
exercise. Epinephrine and vasopressin trigger the activation of 
endothelial cells, which may result in the release of ultra large 
vWF multimers (ULvWFM), which in turn induce platelet 
activation and thrombus formation under the state of high shear 

31stress .

The biological activity of the platelet activating ULvWFM is 
regulated by a specific plasma metallo-protease ADAMTS-13 
(A Disintegrin and Metallo-protease with Thrombo Spondin- 

321Repeats) . Moreover, there is a compelling body of evidence 
that support the concept of a reciprocal behavior of the 

33proteolytic activity of ADAMTS-13 and plasma vWF .

A similar association could be shown for various (patho-) 
physiological conditions, including systemic inflammation 
following the endotoxin challenge and stimulation of 

34,35endothelial vWF release by desmopressin .
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CONCLUSION

The present study clearly demonstrated that physical stress in 
terms of exercise increases platelet aggregation in patients with 
IHD. The response to collagen challenge is more specific and 
predictable, while ADP induced platelet aggregation shows 
variable response. The exact mechanism of exercise induced 
platelet aggregability is not clearly understood. However, there 
is a complex mechanism involving von Willebrand Factor, P-
selectin, glycoprotein receptors and a specific plasma metallo-
protease ADAMTS-13.
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