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Abstract. This study was designed to determine the effects of physical exercise on thrombin time
and coagulation time in male rats. Male Wistar rats (n=40) weighing 90-100 gr were divided into
two groups; control group (without exercise) and experimental group (exercise). In each group
animals were divided into two subgroups: 30 days old rats and 90 days old rats . Blood samples
were collected from rat tail tip in several stages as before and after physical exercise from
experimental group and control group, to determine of coagulation time. Exercise programs
included; swimming on water pool until five minute in experimental groups were performed. All
of the rats were done autopsy. Thrombin time was measured for each tissue. Our data showed that
in 30 days old rats, physical exercise significantly decreased thrombin time on all of tissues as
compared baseline values in control group (P<0.001). In contrast, effect of exercise in 90 days old
rats was not showed the same changes. In conclusion, these results suggest that there is a
functional relationship between the exercise on changes of haemostatic parameters in different
tissues.
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1. Introduction

It is shown that thrombin is the primary activator of platelets at the site of
thrombus formation and a major driving force in thrombus growth [3] and it is
well documented that short-term exercise increases fibrinolytic activity [32]. It is
known that physical activity induces modification in blood hemostasis and lead to
an activation of blood coagulation and fibrinolysis [1]. In addition, several studies
have shown that strenuous exercise leads to a shortening of the activated partial
thromboplastin time and results in an increase of thrombin generation markers
[13]. In addition, the haemostatic system is involved not only in the maintenance
of the liquid state of the blood, vascular wall resistance, and the arrest of bleeding
from injured vessels, but also in the regulation of, hemodynamics and vascular
permeability [33].

It has been demonstrated that exhaustive exercise alters blood coagulation
and fibrinolysis [14]. It has been reported that exercise induced a significant
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increase in factor VIII activity with a significant shortening of activated partial
thromboplastin time [5]. In addition, blood haemostasis is a complex interaction
among platelets, coagulation, and fibrinolysis. According to the previous studies.
The intensity of acute exercise is a critical factor affecting blood platelet function
[37]. Various studies identified increased platelet counts of 18-80% immediately
after treatmill or bicycle exercising [6, 8]. An interesting possibility is that
thrombin is involved in the platelet activation induced by strenuous exercise.
Exercise also enhances blood coagulation and fibrinolysis , as evidenced by
elevated plasma levels of prothrombin fragment, and tissue plasminogen
activation [25]. The increase in clotting and fibrinolytic activity due to exercise
has been widely documented in humans, both for maximal and near maximal
effects, the increased fibrinolytic activity appears in counter balance the exercise-
induced increase in coagulability [27]. Few investigation exist on the relationship
between the exercise and changes of coagulation time and thrombin time. Thus,
the objective of this investigation was to examine effects of physical exercise on
changes of coagulation and thrombin time in male rats.

2. Materials and methods

2.1.Animal care and selection

Male Wistar rats (n=40), weighing about 90-100 gr were used in these
experiments. The animals were housed at an ambient temperature of 25 + 2° under
a 12 h/12 h light-dark cycle and acclimated to these conditions for 10 days before
use in experiments. All rats had free access to standard feed and water. Animals
were used under ethical approval of department.

2.2. Experimental design and animal grouping

Animals were divided into two groups of 20 rats in each group. Control group
(without exercise) and experimental group (exercise). In each group rats were
divided into two subgroups of ten: 30 days old rats, and 90 days old rats. Blood
samples were collected from rat tail tip in several stage as before physical exercise
and after physical exercise from experimental group, to determine of coagulation
time [21].

2.3. Physical exercise procedure and swimming test

Rats were put in the centre of a plastic pool (80 * 60* 30 cm) with vertical
walls, filled with 20 cm of water at 25 degree centigrade. This large pool
dimension is more suitable for mice testing [20]. Then rat were observed for 5
minute.

2.4. Determination of thrombin time in tissues

In experimental groups, exercise programs included; swimming on water pool
until five minute. Rats were killed and then, all of the animals were done autopsy.
Blood, liver, spleen, heart muscle, lung, brain, kidney, skeletal muscle and
intestine tissues were isolated. After isolation of mentioned tissues, were weight
on calibrated and accurate scale 500 mg from each tissue was detached and was
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crushed on special mortar. Detached tissue mixed with five milliliter
physiological serum solution (NaCl). After complete crushed of each tissue,
samples of prepared solution tissues and blood were poured on natrium oxalated
test tube. Then, this test tubes centrifuged with a 1500 round for twenty minute.
Thrombin time was measured for each tissue after prepared plasma from
mentioned tissue, and documented [10].

2.5. Statistical analysis

All results were expressed as the mean + SD, with the range in parentheses.
An independent Student' s t- test was used to analyze all the parameters (Statistical
software, Stat Soft). ANOVA was used to compare means of more than two
independent groups. Statistical significance was attained at p < 0.05.

3. Results

The changes of thrombin time responses to physical exercise in 30 day old
rats, are presented in table one. Our results showed that thrombin time (TT) on
different tissues significantly decreased in experimental (EX) group as compared
to control group, without physical exercise (NEX) ( p < 0.001). Our data clearly
demonstrated that greatest decrease on TT was observed in skeletal muscle tissue
(from 39.7 £ 0.35 to 4.4 = 0.21) and minimum decrease on TT was observed in
spleen tissue (from 21.1 £ 0.9 to 19.5 = 0.41). Also, in 90 day old rats, our data in
table two showed that exercise significantly decreased TT on difference tissues in
experimental group as compared to control group (p < 0.001) and greater decrease
was observed in blood tissue (from 42.3 £ 2.17 to 14.01 £ 0.13), minimum
decrease on TT was observed in kidney tissues ( from 17.02 + 0.23 to 13.9 = 0.48)
and conversely increased TT on the other tissues e.g. lung, brain, skeletal muscle
and intestine in experimental group as compared to control group (p < 0.001). In
addition, as shown in table three, TT on different tissues significantly decreased
especially on brain tissue in 90 day old rats (23.01 £+ 0.31) without physical
exercise as compared to 30day old rats (46.5 + 1.5) (p < 0.001), and minimum
decrease on TT was observed in spleen tissue in 90 day old rats (18.7 £ 1.2)
without physical exercise as compared to 30 day old rats (21.1 = 0.9). On the
contrary, TT on blood and heart muscle tissues significantly increased in 90 day
old rats as compared to 30 day old rats. Also, our results in table four showed that
exercise significantly increased TT on lung, kidney, skeletal muscle and intestine
tissues in 90 day old rats as compared to 30 day old rats (p < 0.001), and greater
increase was observed in skeletal muscle tissue 4.4 + 0.21 in 30 day old rats and
22.8 +0.62 in 90 day old rats. In contrast, exercise significantly decreased TT on
blood, liver, heart muscle, spleen and brain tissues in 90 day old rats as compared
to 30 day old rats (p < 0.001), and greater decrease was observed in spleen tissue.
According to data of table five, coagulation time (CT) significantly increased in
30 day old rats and 90 day old rats after short-time physical exercise (p<0.001). In
addition, our data showed that, maximum increase was in 90 day old rats as
compared to 30 day old rats. Interestingly, decreasing of CT in 90 day old rats as
compared to 30 day old rats in control group, was notable (p < 0.01).
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4. Discussion

The results obtained in the present investigation suggest that physical exercise
significantly decreased TT on 30 day old rats and exercise had a more decreasing
effect on skeletal muscle tissue (Table 1).

Table 1. Effect of exercise on thrombin time (second) in different tissues in 30 days old male rats.

NEX EX
Group P

Tissue Mean SD Mean SD

Blood 29.5 1.23 21.3 0.59 <0.01
Liver 41.1 1.6 16.2 0.52 <0.001
Heart Muscle 20.2 0.53 17.01 0.14 <0.01
Spleen 21.1 0.9 19.5 0.41 <0.05
Lung 20.1 0.42 17.1 0.5 <0.05
Brain 46.5 1.5 27.2 0.68 <0.01
Kidney 34.9 0.46 9.01 0.14 <0.001
Skeletal Muscle 39.7 0.35 4.4 0.21 <0.001
Intestine 25.8 0.49 8.5 0.23 <0.001

Table 2. Effect of exercise on thrombin time (second) in different tissues in 90 days old male rats.

Group NEX EX
P

Tissue Mean SD Mean SD
Blood 42.3 2.17 14.01 0.13 <0.001
Liver 18.6 1.28 8.7 0.23 <0.001
Heart Muscle 30.3 1.8 10.8 0.3 <0.001
Spleen 18.7 1.2 5.02 0.12 <0.001
Lung 9.9 0.77 21.2 0.39 <0.001
Brain 23.01 0.31 24.8 0.7 <0.05
Kidney 17.02 0.23 13.9 0.48 <0.05
Skeletal Muscle 18.6 1.05 22.8 0.62 <0.05
Intestine 17.5 0.4 18.1 0.69 <0.05

Exercise are known to have considerable effect on blood haemostasis [5, 36]. It is
well known that physical exercise induces an activation of coagulation and
fibrinolysis, but this reaction depends on the exercise type, duration and it’s
intensity [2, 4, 7, 15, 31]. The effect of muscular exercise on blood coagulation
has been the subject of several investigations in both man and animals [17]. It is
known that physical activity induces modification in blood hemostasis. Exercise
induced a significant increase in factor VIII activity with a significant shortening
of activated partial thromboplastin time [5]. It seems that swimming caused
activation of the clotting system by increasing fibrinolytic activity [19]. It is well
understood that physical activity evokes multiple effects on blood haemostasis
and via reduced of inflammation and coagulation , which leads to reduced of
mortality. Also, a recent study showed that anaerobic exercise accelerates blood
coagulation and activates blood fibrinolytic activity [26, 35]. In this regard, it is
known that as the stimulus responsible for exercise-induced increase in plasma

68



H. ROSTAMI et al.: THE IMPACT OF SHORT-TIME EXERCISE ...

von Willebrand factor (VWF) and coagulation factor VIII (FIII) content seems to
be mediated by b-adrenergic receptors through a nitric oxide-dependent
mechanism, the haemostastic system could be conditioned by endothelial function
and be modified during the aging process [16, 24]. Also, based on one marathon
study, despite increased levels of B-thromboglobulin, platelet aggregation was
found to be decreased after exercise [29]. Platelet activation during exercise may
be related to shear stress causing endothelial damage, increase in plasma thrombin
generation, catecholamines and mobilization of more active platelets from the
reticuloendothelial system [30]. Based on the results presented in this study, it was
observed that TT significantly decreased on liver, spleen, lung, brain, kidney,
skeletal muscle and intestine tissues in 90 days old rats as compared to 30 days
old rats in control group. Despite this, it was demonstrated TT significantly
increased on lung, kidney, skeletal muscle and intestine tissues in 90 days old rats
as compared to 30 days old rats in experimental group (Table 3, Table 4).

Table3. Thrombin time (second) changes in different tissues of control group (NEX) by age in
male rats.

30 Day 90 Day
Group P

Tissue Mean SD Mean SD

Blood 29.5 1.23 42.3 2.17 <0.01
Liver 41.1 1.6 18.6 1.28 <0.01
Heart Muscle 20.2 0.53 30.3 1.8 <0.01
Spleen 21.1 0.9 18.7 1.2 <0.05
Lung 20.1 0.42 9.9 0.77 <0.01
Brain 46.5 15 23.01 0.31 <0.01
Kidney 34.9 0.46 17.02 0.23 <0.01
Skeletal Muscle 39.7 0.35 18.6 1.05 <0.01
Intestine 25.8 0.49 17.5 0.4 <0.05

Table 4. Thrombin time (second) changes in different tissues of experimental group (EX) by age
in male rats.

30 Day 90 Day
Group P

Tissue Mean SD Mean SD

Blood 21.3 0.59 14.01 0.13 <0.05
Liver 16.2 0.52 8.7 0.23 <0.01
Heart Muscle 17.01 0.14 10.8 0.3 <0.05
Spleen 19.5 0.41 5.02 0.12 <0.01
Lung 17.1 0.5 21.2 0.39 <0.05
Brain 27.2 0.68 24.8 0.7 <0.05
Kidney 9.01 0.14 13.9 0.48 <0.05
Skeletal Muscle 4.4 0.21 22.8 0.62 <0.001
Intestine 8.5 0.23 18.1 0.69 <0.001

It is well known, significant increase in TAT concentration in association with
strenuous exercise, has been reported [12, 28]. On the other hand, some authors
have proposed that coagulation is upregulated with increasing age due to higer
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plasma levels of factor VIII, prothrombin fragment 1+2 , thrombin — antithrombin
complex, fibrinogen and shortened activativated partial thromboplastin time, in
sum numerous coagulation parameters were significantly increased with age [23].
Also, our data showed that in table five, CT increased in experimental group on
90 day old rats and 30 day old rats (p < 0.01). Result of a research, showed that
during exercise, clotting time decreased from 21.5 minutes to 9.9 minutes [22]. It
is reported that exogenously administered melatonin reduced the skin oxidant
damage and normalized activated blood coagulation induced by thermal trauma
[34]. Therefore the result of present study shows the role of exercise on changes
of thrombin time and coagulation time. Interestingly, our data showed that
physical exercise caused CT increased in 90 days old rats as compared to 30 days
old rats in experimental and control groups. Kim showed that moderate exercise
in the heat significantly elevated platelet aggregation as indicated by decreased
CT whereas CT was not altered in non-hyperthermia exercise condition [18]. One
of the possible explanation for this is that physical exercise effects may be more
effective than circadian rhythms effect on coagulation time change. Researchers
have shown that exhaustive exercise alters blood coagulation and fibrinolysis [9].
In this regard, investigators have found that an increase in the components of the
factor VIII complex and a shortening of whole blood clot lysis time after exercise
[2]. In addition, after strenuous short-term exercise in male subjects varying
fitness was observed signs of an increased blood coagulation and fibrinolysis by
measuring global tests, factor VII, tPA, and fibrin split products such as D-dimer
and fibrin monomers [11].

Table 5. Changes of coagulation time (second) on control group (NEX) and experimental group
(EX) by age in male rats.

NEX EX
(N=10) (N=10)
Group 30 day 90 day 30 day 90 Day P

Mean = SD Mean = SD Mean = SD Mean = SD

138.5+1.99 57.3+3.35 296.9 £ 8.57 269.1+ 1.4 <0.05

CT

5.  Conclusion

Conclusively, the results of this study indicate that short- time physical
exercise could decrease thrombin time. Interestingly, our data showed that after
short- timephysical activity CT increased. These data clearly indicate that physical
exercise play important role on haemostasis. However, further studies are needed
to determine possible mechanisms of action, physical exercise, on changes of
coagulation and thrombin system.
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