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Abstract— Introduction: The estimated number of people with diabetes worldwide in 2015 is 415 million per-
sons, up to 91% of adults hadtype 2 diabetes and the crude incidence of stroke among patients with diabetes of the
2""type can be more than 3 times that in the general population. It is known platelet activation and aggregation are
critical in the pathogenesis of acute ischemic cerebrovascular diseases. Thus to examine the evidence of platelet func-
tioning such as platelet count,aggregation in response to ADP, coagulation von Willebrand factor and serotonin con-
tent, monoamine oxidase (MAO) activity in the blood of patients with ischemic stroke and with ischemic stroke com-
plicated with the Z"dtype diabetes are the aim of the present study. Methods: The platelet aggregation was assayed
for photo-optical aggregometer, von Willebrand factor was determined by Elisa, serotonin determination included
ion-exchange chromatography and fluorescence spectrophotometry. Determination of monoamine-oxidase serum ac-
tivity was spectophotometry. Results: The investigation has shown an increase of serotonin and Von Willebrand factor
blood content in both groups of patients with ischemic stroke andtype 2 diabetes and stroke alone compared with the
values of the control group. The monoamine oxidase activity and platelet count were reduced in blood of patients
with diabetes of the 2“dtype with ischemic stroke against to the values from the group of healthy donors. Platelet ag-
gregation in response to ADP increased under the investigated pathologies. Conclusions: These obtained data sug-
gested a significant imbalance in vascular platelet element of hemostasis under the ischemic stroke and amplification
of negative changes under the stroke with the Z"dtype diabetes.

Key words: Type 2 diabetes, ischemic stroke, platelets, platelet count,aggregation in response to ADP, coagulation
von Willebrand factor, serotonin, monoamine oxidase.

INTRODUCTION

According to the International Diabetes Federation
data more than 193 million people have undiagnosed
diabetes, and the number of estimated cases of this
disease in 2015 reached 415 million persons. The most
extended form of the diabetes is the type 2 (noninsu-
lin-dependent) form of the disease; occurring in 91%
of adults with diabetes in high-income countries
(Federation, 2015). This is equivalent to about 6% of
the world's adult population(Tamayo et al., 2014). Per-
sons with diabetes, especially undiagnosed form, who

have no corrective treatment, are particularly at high
risk group of complications developing. Microvascu-
lar damages (retino-, nephro- and neuropathy) are the
most frequent pathological manifestations appearing
in conditions of hyperglycemia, which primarily de-
fined under diabetes. This damage leads to dimin-
ished quality of life, increase morbidity and growth
the probability of developing macrovascular disease
(stroke, coronary heart disease and peripheral vascu-
lar  disease), that reduces life expectancy
(Organization, 2006).
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Cerebrovascular disease is the one of the most com-
mon reasons for death and disability causes among
people with diabetes. In patients suffering cerebrovas-
cular disease, the presence of diabetes of the 2d type
increases the risk of ischemic cerebral infarction, re-
sulting in more than three quarters of all strokes, but
at the same time is not associated with an increased
risk of cerebral hemorrhage. The incidence of stroke
among patients with diabetes of the 2" type can be 3
times higher, comparing to the general population
(Davis et al., 1999).

Numerous attempts have been made to identify the
elements through which diabetes increases the risk of
stroke. The like studies have taken prompts from the
cardiovascular literature data where diabetes with the
associated components of metabolic syndrome (such
as insulin resistance, hyperglycemia, hyperlipidemia
and hypertension and obesity,) have been detected as
contributing factors to the development of cardiovas-
cular disease. Though the approach has in general
been informative, the relationships between diabetes
and stroke also involve endothelial dysfunction with
hypercoaguability.

However, the platelet function laboratory measure-
ments have established that its reactivity is increased
in the acute phase of most strokes (Smith et al., 1999)
the platelet activation and aggregation are also critical
in the pathogenesis of acute ischemic cerebrovascular
diseases (Fateh-Moghadam et al., 2007). Besides it is
known that platelets in patients with the 2nd type of
diabetes adhere to vascular endothelium and aggre-
gate more frequently than the ones of healthy people
(Vinik et al.,, 2001) so activated platelets release sero-
tonin (Hara et al., 2011) and therefore, changes of sero-
tonin levels and enzymes activity responding of sero-
tonin metabolism (i.e. monoamine oxidases) in blood
could be a signalling biomarker of the risk of cardio-
and cerebrovascular occurrences in the future.

But there is no enough evidence about platelet, coagu-
lability parameters and serotonin level under the
ischemic stroke in 2 type diabetes patients. Thus to
examine the evidence of platelet functioning such as
platelet count, aggregation in response to ADP, coagu-
lation von Willebrand factor and serotonin content,
monoamine oxidases (MAQO) activityin the patients’
blood with ischemic stroke with the 2nd type of diabe-
tes are the primary aim of the given study.
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MATERIALS AND METHODS

The experimental group consisted of 65 individuals
including 34 persons with type 2 diabetes complicated
with ischemic stroke and 31 patients with a stroke
alone. The diagnosis of ischemic stroke was confirmed
by neurovisualization with computed tomography
and magnetic resonance imaging of the brain. The
type II diabetes was diagnosed by measurement of
serum glucose, glycosylated hemoglobin content and
glucose tolerance test. All patients or their relatives
had been warned about the clinical research and gave
written agreement to participate. The control group
consisted of the 20 healthy donors.

The blood for the investigation was withdrawn from
an antecubital vein fasting patients from 8 to 9 am into
a plastic syringe containing one-tenth volume of 3.8%
(0.13 M) trisodium citrate and placed to a tube. The
mixture gently stirring and blood plasma was isolated
according to the method (Tokar AV Makogonenko
EM, 1994).

The platelet aggregation was assayed for Photo-optical
aggregometer AR2110 "Solar" (Belarus). Blood plasma
and platelet rich plasma was prepared according to
the recommendations of the «Solar» manufacturer.
Platelet aggregation was investigated during the first 2
h after blood sampling. The concentration of platelets
in the samples was standardized according to the pa-
rameters got with the aggregometer. The degree of
aggregation was determined as a maximum level of
light transmission of blood plasma after application
aggregation inducer. Platelet aggregation was induced
by ADP solution at a final concentration of 2.5 pM.
Working Dilution reagent prepared immediately be-
fore the test.

The serotonin serum contents were determined using
the ion-exchange chromatography with KM-
Sepharose method (Maksimenko E., 2000). Measure-
ment of serotonin was performed on Shimadzu fluo-
rescence spectrophotometer at an excitation wave-
length of 295 nm and absorption wavelength of 550
nm against samples containing distilled water
(Weissbach et al., 1958). Determination of monoamine-
oxidase serum activity was performed by Balakleevs-
koho and others (A, 1976).

The method principle was the formation of benzalde-
hyde from benzylamine hydrochloride under the mo-
noamine oxidase action. Benzaldehyde reacts with a
2,3- dinitrophenylhydrazine and formed the insoluble
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product, which could be precipitated by centrifuga-
tion. The precipitate formed the steady crimson co-
lored compound in an alkaline medium, the content of
which was determined by spectrophotometer. Von
Willebrand factor content in plasma was determined
by Elisa.

Statistical analysis was performed using the Statistica
statistical analysis software. The Student's parametric
criterion was used for assessment of the inter-group
differences. The difference between readings was con-
sidered as statistically significant at p <0.05.

RESULTS

The investigated parameters were studied among 85
individuals, 34 persons with ischemic stroke compli-
cated with type 2 diabetes, 31 patients with a stroke
alone and 20 healthy donors for the control.

Platelet counts measurement showed the overall mean
of this parameter for the diabetics with ischemic
stroke was 162,3 + 27,9 *10%/L, for ischemic stroke 151,4
+ 33,1*10%L and controls, 205,6 + 47,6 *10°/L (Fig. 1). So
the studies revealed a downward trend in platelet
counts in patients with ischemic stroke complicated
with type 2 diabetes on 21% and on 26 % under stroke
conditions comparing with the control value.

The results obtained in the study of platelets aggrega-
tion in response to ADP are presented in Table 1. An
enhancement of the both investigated parameters
(peak and speed of ADP-dependent platelet aggrega-
tion) was established. The blood obtained from the
person with stroke alone characterized less expressed
changes comparing with the type 2 diabetes compli-
cated stroke. The peak of platelet aggregation in re-
sponse to ADP in patient with type 2 diabetes and
stroke exceeded the control parameters more than
one-third and this aggregation index increased less
than 20% under ischemic stroke conditions.

The investigation of content of blood glycoprotein that
mediates the platelet adhesion to vascular damage
sites binding to specific glycoprotein on platelet mem-
brane and to constituents of exposed connective tis-
sue, von Willebrand factor (VWF) revealed its grow-
ing up in patients with stroke both with or without
type 2 diabetes (Fig. 2). What is more the increase of
plasma VWF content under stroke complicated
hyperglycemia was more expressed and reached 163%
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from the control value while the ischemic stroke pa-
tient plasma characterized 145% from the control con-
tent of von Willebrand factor.

Table 1. Platelet aggregation blood test in response to ADP
in patients with stroke and stroke with type 2 diabetes

Control Stroke+Type 2 Stroke
(%) Diabetes (%) (%)
Peak of ADP-
stimulated platelet 66.3£6.5 88.3£5.4* 78.9+4.8
aggregation
Speed of ADP-
stimulatedt platelet 51.8£9.8 61.3+2.2 59.8£3.1
aggregation

*: the difference is significant as compared to appropriate control (p < 0.05)

The serotonin serum content measurements showed
the statistically significant increase of this parameter
in 1.5 times (Fig. 3). Besides the rising of the biogenic
amine content was more in patients with ischemic
stroke and amount more than 164% comparing the
control.

Unlike abovementioned parameters investigated in
the present study having tendency to raise the activity
of monoamino oxidase enzyme was decrease of 37%
comparing with the control in case of ischemic stroke
complicated with type 2 diabetes (Fig. 4).

Control Diabetes+Stroke Ishemic stroke

Figure 1. Platelet count in blood of patients with ischemic
stroke and stroke complicated by type 2 diabetes. Control —
control group,* — the difference is significant as compared to
appropriate control (p <0,05)
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Figure 2. Von Willebrand factor plasma content in blood of
patients with ischemic stroke and stroke complicated by
type 2 diabetes. Control — control group,* — the difference is
significant as compared to appropriate control (p < 0.05)
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Figure 3. Serotonin serum content in blood of patients
with ischemic stroke and stroke complicated by type 2
diabetes. Control — control group,” — the difference is sig-
nificant as compared to appropriate control (p < 0.05)
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Figure 4. Monoamino oxidase serum activity in blood of
patients with ischemic stroke and stroke complicated by
type 2 diabetes. Control — control group,* — the difference is
significant as compared to appropriate control (p < 0.05)
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DISCUSSION

Previous studies have documented various platelet
abnormalities in cerebrovascular disease, e.g., platelet
count, mean platelet volume andplatelet aggregation
parameters (Smith et al., 1999). There was a data that
platelet count was reduced in acute stroke patients
compared with control subjects (Smith et al., 1999).
Thus the similar results were got in our investigations.
So the overall mean platelet count for ischemic stroke
was much lower of the control values. It is however in
contrast to the findings of a ischemic stroke there were
a lot of studies revealed a higher mean platelet count
for diabetics than for the controls (Akinsegun et al.,
2014). But our results showed the decrease of platelet
count in patients with stroke complicated by type 2
diabetes, although this decrease was less than in case
of stroke alone. So, it was established, ischemic stroke
was characterized by reduced platelet count even in
diabetes condition. The platelet counts are thrombotic
potential indicators and risk factor for microvascular
complications. The identified changes of platelet count
could make a negative impact, particularly on the
condition of severe bleeding and breach of clot forma-
tion. Platelet aggregation blood test in response to
ADP checks how well platelets, clump together and
cause blood to clot (Schmaier, 2013). The numerous
previous investigation had generally showed platelet
aggregation enhance in post-ischemic period (Smith et
al., 1999). This data confirmed wide and effective us-
ing for prevention and treatment of stroke platelet
aggregation inhibitors aspirin and clopidogrel. Clopi-
dogrel acts by inhibiting the P2Y1 subtype of ADP
receptor on platelet cell membranes (Topguoglu et al.,
2011). Thus our results indicate the increase of both
the peak and speed of platelet aggregation in response
to ADP in subjects with ischemic stroke. So platelet
hyperactivation plays a crucial role in the pathophysi-
ology of cerebral ischemia disease and to some extent
could be a compensatory response to the decrease in
platelet count identified by us. It should also be noted
that platelet aggregation in response to ADP in a
stroke with type 2 diabetes increased even more com-
paring with stroke alone. Hyperglycemia and other
metabolic conditions of diabetes are aggravating fac-
tors for the development of platelets functioning
changes, although the effect on platelet count was less
pronounced in case of stroke with diabetes. The pre-
vious platelets studies of patients with diabetes have
revealed the increased aggregation in response to
ADP, a reaction assumed to be mediated by the
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upregulation of GPIIb-IIla receptors occurring in pa-
tients with diabetes. It is normally insulin that inhibits
platelet aggregation in response to ADP in vitro;
though, this reaction is lowered in patients with diabe-
tes as well as thromboxane A: increased levels, possi-
bly contributing to hyperaaggregation (Air and
Kissela, 2007).

The number of studies has therefore suggested that
factors of coagulation, including von Willebrand, rise
together with resistance to insulin under diabetes and
thus amplified procoagulation state. Besides it is
known that high von Willebrand factor levels are usu-
ally associated with the risk of stroke in relatively
healthy people. The plasma glycoprotein von Wille-
brand factor (vWF) plays an important role in hemo-
stasis as it promotes platelet joining and aggregation
to vascular injury sites and acts as a protein carrier for
Factor VIII. The release of vWF increases when endo-
thelial cells are activated or damaged. Therefore, the
level of vWF in plasma is considered to be a signalling
factor of endothelial dysfunction, a condition that
predisposes to atherosclerosis and thrombosis. Be-
cause of its direct role in hemostasis, and its indirect
role as a signalling factor of endothelial dysfunction,
vWF is a potential risk indicator for cerebrovascular
disease (Wieberdink et al., 2010).

So the increase of von Willebrand factor content in the
blood of patients with ischemic stroke was established
in our investigation corresponded to the literature da-
ta. Ourstudies have revealed aggravating diabetes in-
fluence on rising of VWF blood content in patients
with stroke. The ischemic stroke conditions characte-
rized increase vVWF blood content more than 40 per-
cent and stroke complicated of type 2 diabetes -60 per-
cent comparing with the control.

Whereas vWF plays a major role in blood coagulation,
increased vWF plasma levels accompanied by rein-
forced platelet aggregation in response to ADP could
contribute to an increased risk of thrombosis particu-
larly in the 27 type of diabetes condition, so plasma
vWF levels could be associated with the risk of stroke
specialy with complicated by diabetes.

Von Willebrand factor is accumulated in a-granules of
platelet and © granules containing ADP or ATP
and serotonin (5-hydroxytryptamine (5-HT). Extrica-
tion of ATP and serotonin are both increased in acute
ischemic stroke. In addition, the basal level of 5-HT
has been depicted to be less in IS in comparison to a
control group, suggesting that the platelet storage
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granules are partially depleted prior to stimulation
with agonists (Smith et al., 1999). So the next aim of
our study was to measure the serum 5-
hydroxytryptamine blood content in ischemic stroke
alone and with stroke and diabetes subjects. The pro-
nounced increase of 5-HT content was demonstrated
in both studied pathologies. Moreover, a large devia-
tion from the control was observed in the blood of pa-
tients with IS alone. The platelets release serotonin to
blood when they bind to a clot. It serves as
a vasoconstrictor and helps to regulate hemostasis and
blood clotting so the excessively high amount of this
amine in blood could have the negative consequences
particularly for normal blood flow. The causes of iden-
tified changes of 5-HT content could be or its in-
creased synthesis and accumulation or a violation of
its decay, which is provided by an enzyme monoa-
mine oxidase. The activity of MAO was reduced espe-
cially pronounced in patients with stroke accompa-
nied by diabetes. Such results confirmed by A. D.
Mosnaim et.al, that showeda significant reduction in
blood platelets' monoamine oxidase (MAO) activity in
insulin-dependent diabetics when compared with the
controls (Mosnaim et al., 1979).

CONCLUSION

The obtained data suggested a significant imbalance
in vascular platelet element of hemostasis under the
ischemic stroke and amplification of negative changes
of such indicators like aggregation in response to ADP,
content of von Willebrand factor and MAO activity in
blood persons with stroke accompanying of type 2
diabetes.
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