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ABSTRACT 
Objective:to follow the development of increased intravascular platelet activity in rats during the experimental 
formation of their metabolic syndrome. 
Material and methods:The study included 61 male rats aged 2.5-3 months, which were obtained from completely 
healthy females by the first-second litter.  When included in the study, the body mass of the rats reached 261.1 ± 
1.18 g, the circumference of their abdomen was 14.7 ± 0.26 cm. Before our study, the animals did not participate 
in other studies and had no pathology.  By chance, all rats were divided into 2 groups: 32 rats received in 
unlimited quantities as a drink 10% fructose solution.  This solution is derived from crystalline fructose 
(Novaprodukt, Russia).  The remaining 29 rats formed a control group.  The study was conducted for 8 weeks. 
Results:In the animals taken in the experiment that received the fructose solution, after 2 weeks the plasma lipid 
composition and peroxidation activity in it underwent a tendency to deterioration, and after 4 weeks their negative 
changes reached the level of confidence, then gradually deteriorated.  In rats treated with a solution of fructose, 
after 4 weeks of the experiment their apparent imbalance of arachidonic acid metabolites was detected, reaching a 
maximum of 8 weeks of observation.  These changes were accompanied by an increase in the plasma level of 
endothelin-1 and a decrease in the synthesis of nitric oxide.  In experimental rats, already after 2 weeks, there was 
a tendency to an increase in the intravascular activity of platelets, which gradually increased during the whole 
observation.  Within 8 weeks of experimental observation, the level of aggregates of any size freely moving 
through their vessels increased significantly, creating the danger of blockade of the microvasculature. 
Conclusion:Under conditions of experimental loading with fructose in rats, a rapid simultaneous violation of 
biochemical parameters and a rapid increase in the intravascular activity of platelets characteristic of the metabolic 
syndrome were established.  These changes should be attributed to the growth of prostacyclin and nitric oxide 
levels in the blood of experimental animals against the background of the fructose load and an increase in the 
concentrations of thromboxane, endothelin-1, thiobarbituric acid-active products and acylhydroperoxides. 
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INTRODUCTION 
The effective operation of the hemostasis system 
is largely ensured by sufficient platelet activity, 

which is highly dependent on a large number of 
environmental influences1,2.  In vivo, it 
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manifests itself as an intravascular platelet 
activity3,4,5. 
Earlier studies on many aspects of platelet 
physiology have provided a clear picture of the 
course of its regulation in the conditions of any 
pathology6,7.  Its dynamics was clarified in the 
presence of arterial hypertension and when 
combined with many metabolic disorders8,9.  It 
has been established that, under conditions of 
combination of arterial hypertension with 
metabolic syndrome, ultimately, an excessive 
level of functional activity of platelets develops, 
which forms a high risk of onset of 
thrombosis10,11.  To reduce thrombocytopathy 
and the risk of thrombosis in patients with 
arterial hypertension with metabolic syndrome, 
various experimental and clinical studies were 
performed12,13,14,15.  At the same time, the 
phenomena of thrombocytopathy at the very 
beginning of the development of the metabolic 
syndrome remain poorly elucidated.  It is still 
difficult to trace these changes in people due to 
the loss of patients with the first manifestations 
of the metabolic syndrome from the medical 
field.  This requires systematic experimental 
observations using laboratory animals and 
simulating the phenomena of the metabolic 
syndrome16.  This information is intended to 
create a basis for further clinical studies, 
allowing to supplement aspects of pathogenesis 
and find out the timing of the earliest onset of 
therapeutic interventions in individuals with the 
first manifestations of the metabolic syndrome17.  
The aim of the paper is to trace the development 
of increased intravascular platelet activity in rats 
during the experimental formation of their 
metabolic syndrome. 
 
MATERIALS AND METHODS 
The study was conducted in strict accordance 
with the ethical principles established by the 
European Convention for the Protection of 
Vertebrate Animals used for experimental and 
other scientific purposes (adopted in Strasbourg 
on March 18, 1986 and confirmed in Strasbourg 
on June 15, 2006). 
The study included 61 male rats aged 2.5-3 
months, which were obtained from completely 
healthy females by the first-second litter.  The 

value of the body weight of rats when included 
in the study reached 261.1 ± 1.18 g, the 
circumference of their abdomen was 14.7 ± 0.26 
cm.  Prior to our study, animals did not 
participate in other studies and had no 
pathology.  By chance, all rats were divided into 
2 groups: 32 rats received in unlimited quantities 
as a drink 10% fructose solution.  This solution 
is derived from crystalline fructose 
(Novaprodukt, Russia)18.  The remaining 29 rats 
formed a control group.  The study was 
conducted for 8 weeks.  Blood from animals was 
taken from the tail vein at the beginning of the 
observation, as well as after 2,4,6 and 8 weeks 
of the fructose load.  The rats of the control 
group were examined twice: at the beginning of 
the observation and at the age of 4.5-5 months, 
that is, at the end of the observation process for 
the animals taken in the experiment.  Due to the 
lack of statistically significant differences 
between the results obtained in these two 
surveys of rats of the control group, the data are 
presented in the form of a single figure, which is 
their arithmetic average. 
All rats were evaluated body weight during their 
weighing on standard laboratory scales, which 
are expressed in grams. The value of the 
abdominal circumference was evaluated during 
the registration of its coverage in the middle and 
expressed in centimeters.  The content of total 
cholesterol and triglycerides in the blood of 
animals was recorded by an enzymatic 
colorimetric method, using a kit produced by the 
Russian company Vital Diagnosticum.  The 
level of high-density lipoprotein cholesterol in 
their blood was recorded using an enzymatic 
colorimetric set made by the Russian company 
Olvex Diagnosticum.  The low-density 
lipoprotein cholesterol level was ascertained by 
standard calculation.  Very low density 
lipoprotein cholesterol was calculated using the 
formula: triglyceride level/2.2. 
The expression of plasma lipid peroxidation was 
determined by the level of thiobarbituric acid-
active products in a set manufactured by Agat-
Med (Russia) and by the level of plasma acyl 
hydroperoxides when recording the state of 
plasma antioxidant activity19.  In the plasma of 
all rats, the amount of endothelin-1 was 
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ascertained using a radioimmunoassay method 
using DRG reagents (USA).  The amounts of 
thromboxane B2 and 6-keto-prostaglandin F1α 
were evaluated during the enzyme immunoassay 
using an Enzo Life science kit (USA).  The total 
level of nitric oxide metabolites was ascertained 
from the examined animals20.  The severity of 
intravascular platelet activity was ascertained 
using a phase contrast microscope21.  Statistical 
processing of the results of the observation was 
carried out by the criterion (t) of Student. 
  
RESULTS AND DISCUSSION 
Initially, the normal body weight of rats taken 
under observation already after 2 weeks of 
participation in the experiment underwent a 
tendency to increase, and after 4 weeks its 
growth reached a level of confidence.  After 6 
weeks of ingestion of a solution of fructose in 
rats, their body weight increased to 283.4±1.27 
g, and the value of the circumference of their 
abdomen was 16.4±0.19 cm.  These figures 
increased further by the end of the experiment 
(table). 
In the animals taken in the experiment that 
received the fructose solution, after 2 weeks the 
plasma lipid composition underwent a tendency 
to its deterioration, and after 4 weeks its 
negative changes reached the level of 
confidence, then steadily deteriorating.  At the 
same time, already after 2 weeks of the 
experiment, animals showed a significant 
decrease in plasma antioxidant activity against 
the background of an increase in the level of 
acylhydroperoxides and thiobarbituric acid-
active products in it.  These changes continued 
throughout the consumption of the fructose 
solution by rats (table). 
The normal balance of plasma arachidonate 
metabolites in rats that received the fructose 
solution deteriorated rapidly: after 4 weeks of 
the experiment, there was a clear imbalance that 
reached its peak at 8 weeks of observation - the 
level of thromboxane B2 increased by 37.3%  6-
keto-prostaglandin F1α decreased by 21.8%.  
These changes were accompanied in rats of the 
experimental group by an increase in the plasma 
level of endothelin-1 to a value of 12.5±0.36 
pg/ml and a decrease in the total volume of the 

level of nitric oxide derivatives by 20.2% 
(table). 
In the course of creating in the experiment in 
rats in the fructose model, a picture of the 
metabolic syndrome already after 2 weeks, there 
was a tendency for an increase in the 
intravascular activity of platelets.  Subsequently, 
it additionally grew and after 4 weeks of the 
experiment underwent an additional increase in 
the course of the observation.  As a result of all 
8 weeks of the experiment, a decrease in the 
number of platelet-discocytes to the level of 
61.3±0.24% and an increase in the level of 
active platelet species to a total level of 
38.7±0.23% were observed.  Within 8 weeks of 
experimental observation, the level of small 
aggregates freely moving in rat vessels 
increased to 14.6±0.08 per 100 free platelets, 
while the number of medium and large 
aggregates increased to 2.3±0.06 per 100 free 
platelets.  At the time of completion of the 
experiment in the blood of experimental rats, the 
number of platelets in the composition of the 
aggregates was higher than the control values by 
80.6% (11.2±0.05%). 
 
CONCLUSION 
Under conditions of experimental loading with 
fructose in rats, a rapid simultaneous increase in 
body weight and impaired biochemical 
parameters characteristic of the metabolic 
syndrome were established.  This was combined 
with a rapid increase in the level of intravascular 
platelet activity in their blood.  These changes 
should be attributed to the growth of 
prostacyclin and nitric oxide levels in the blood 
of experimental animals against the background 
of the fructose load and an increase in the 
concentrations of thromboxane, endothelin-1, 
thiobarbituric acid-active products and 
acylhydroperoxides. 
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Table.  Changes in the recorded parameters in experimental rats treated with fructose solution as a drink  
 

 
Registered 
indicators 

 

Dynamics of parameters during the experiment, n=32, Мm 
Control, 

n=29, М±m 
The initial 

state 
2 week load 
of fructose 

4 week 
load of 
fructose 

6 week load 
of fructose 

8 week 
Load of 
fructose 

Bodyweight, g 262.1±1.24 268.5±1.10 276.3±1.23 
р<0.05 

283.4±1.27 
р<0.01 

296.6±1.34 
р<0.01 260.1±1.12 

Abdominal circumference, cm 14.7±0.22 15.1±0.28 15.8±0.12 
р<0.05 

16.4±0.19 
р<0.01 

17.2±0.20 
р<0.01 14.8±0.31 

Total cholesterol, mmol / l 2.19±0.06 2.30±0.09 2.54±0.07 
р<0.01 

2.79±0.05 
р<0.01 

2.92±0.03 
р<0.01 2.22±0.06 

HDL cholesterol, mmol / l 1.12±0.05 1.06±0.04 1.01±0.003 
р<0.05 

0.96±0.004 
р<0.01 

0.94±0.005 
р<0.01 1.10±0.004 

LDL cholesterol, mmol / l 0.59±0.04 0.67±0.05 
р<0.05 

0.82±0.07 
р<0.01 

1.09±0.08 
р<0.01 

1.15±0.04 
р<0.01 0.63±0.02 

Cholesterol VLDL, mmol / l 0.48±0.003 0.57±0.06 
р<0.05 

0.71±0.05 
р<0.01 

0.78±0.006 
р<0.01 

0.83±0.002 
р<0.01 0.49±0.004 

Triglycerides, mmol / l 1.05±0.05 1.26±0.06 
р<0.05 

1.56±0.04 
р<0.01 

1.72±0.03 
р<0.01 

1.83±0.02 
р<0.01 1.08±0.04 

Acyl hydroperoxide, D233/1 ml 1.37±0.12 1.64±0.06 
р<0.05 

1.97±0.07 
р<0.01 

2.50±0.05 
р<0.01 

2.85±0.04 
р<0.01 1.41±0.03 

Thiobarbituric acid-active products, 
µmol / l 2.27±0.06 2.83±0.06 

р<0.05 
3.39±0.09 

р<0.01 
3.98±0.07 

р<0.01 
4.48±0.08 

р<0.01 2.30±0.04 

Antioxidant activity,% 29.2±0.05 27.6±0.08 
 

26.0±0.08 
р<0.05 

24.6±0.06 
р<0.01 

22.4±0.05 
р<0.01 29.7±0.04 

Thromboxane B2, pg /ml 145.9±0.21 168.7±0.50 
 

184.7±0.59 
р<0.01 

208.1±0.42 
р<0.01 

232.6±0.69 
р<0.01 

148.1±0.28 
 

6-keto-prostaglandin F1α, pg / ml 75.9±0.20 72.4±0.26 
 

69.6±0.32 
р<0.05 

65.4±0.38 
р<0.01 

62.3±0.44 
р<0.01 

76.5±0.22 
 

Nitric oxide metabolites, µmol / l 27.9±0.28 27.1±0.16 
 

26.4±0.09 
р<0.05 

24.7±0.19 
р<0.01 

23.2±0.06 
р<0.01 

28.5±0.29 
 

Endothelin -1, pg / ml 6.9±0.18 
 

8.2±0.23 
р<0.05 

10.1±0.27 
р<0.01 

11.4±0.29 
р<0.01 

12.5±0.36 
р<0.01 

6.8±0.16 
 

The number of discocytes, % 81.0±0.14 78.8±0.12 72.5±0.16 
р<0.01 

65.0±0.21 
р<0.01 

61.3±0.24 
р<0.01 80.4±0.16 

Basal number of disco-echinocytes, % 14.5±0.14 15.5±0.06 
р<0.05 

17.3±0.07 
р<0.01 

21.7±0.06 
р<0.01 

21.0±0.08 
р<0.01 15.2±0.13 

The number of spherocytes, % 2.3±0.12 2.9±0.09 5.6±0.07 
р<0.01 

7.9±0.09 
р<0.01 

10.9±0.10 
р<0.01 2.2±0.10 
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The number of sphero-echinocytes, % 1.7±0.05 2.2±0.04 
р<0.05 

3.8±0.07 
р<0.01 

4.4±0.08 
р<0.01 

5.5±0.09 
р<0.01 

1.6±0.06 
 

The total number of activated platelets, 
% 19.0±0.11 21.2±0.24 27.5±0.18 

р<0.01 
35.0±0.16 

р<0.01 
38.7±0.23 

р<0.01 19.6±0.10 

Platelet count in aggregates, % 6.3±0.07 6.9±0.05 
р<0.05 

8.5±0.06 
р<0.01 

9.9±0.07 
р<0.01 

11.2±0.05 
р<0.01 6.2±0.06 

The number of aggregates of small 
size, 2-3 platelets per 100 free platelets 2.4±0.03 3.8±0.05 

р<0.01 
7.4±0.06 
р<0.01 

11.2±0.05 
р<0.01 

 

14.6±0.08 
р<0.01 

 
2.3±0.04 

The number of medium and large 
platelet aggregates of 4 or more cells 
per 100 free platelets 

0.1±0.03 0.8±0.04 
р<0.05 

1.3±0.02 
р<0.01 

1.8±0.03 
р<0.01 

 

2.3±0.06 
р<0.01 

 
0.1±0.02 

 
Legend: p - the reliability of differences in performance in experimental rats from the values of the control. 


