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Type 2 diabetes mellitus (T2DM) has
become a major global public health issue in
the twenty-first century and its incidence has
increased each year. Cardiovascular disease
(CVD) remains the main cause of morbidity
and mortality in patients with T2DM and ap-
proximately three quarters of patients die due
to CVD complications [1].

Type 2 diabetes mellitus is associated with
the development of diabetic cardiomyopathy
(DCM). DCM is characterized by lipid accu-
mulation in cardiomyocytes, fibrosis and left
ventricular hypertrophy, which together result
in contractile dysfunction. The development
DCM is likely to be multifactorial and several
pathways have been known, including vascular
endothelial dysfunction, glucose toxicity, mito-
chondrial dysfunction and lipotoxicity [2].

In addition, T2DM is associated with in-
flammatory and prothrombotic states, which

aggravate the development of atherothrombo-
sis [3]. Clot formation and function are directly
affected by insulin resistance and hypergly-
caemia, which resulted in increasing levels of
procoagulation factors and antifibrinolytic pro-
teins and more resistant to lysis fibrin network,
coupled with increased platelet activation [4].

Several mechanisms are suggested to ex-
plain the platelet dysfunction in DM patients
[6], including oxidative stress.

It is known that oxidative stress induces
endothelial dysfunction that plays a central
role in the pathogenesis of micro- and macro-
vascular diseases, including DCM. It may also
increase pro-inflammatory and pro-coagulant
factors expression and induce apoptosis [5].
Nowadays, there are many experimental and
clinical evidences which confirm the benefits
of antioxidant therapies in the prevention and
treatment of diabetic complications [6].
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Recently the attention has focused on the
researches of bioactive molecules contained in
foods, which are characterized by fewer side
effects in comparison with pharmacological
therapies and can be useful in the treatment of
T2DM. Dietary flavonoids have shown poten-
tial in the reduction of oxidative stress-induced
tissue damage through their modulatory effects
of intracellular signaling pathways [7].

Quercetin (Q) (3,5,7,3'4"-pentahydroxy fla-
von) is one of the most promising compounds
for disease prevention. Q possesses a wide

range of multiple activities: anti-diabetic, anti-
proliferative, anti-atherosclerotic, antioxidant,
anti-inflammatory, anti-thrombotic, anti-apop-
totic and other effects [7]. These evidences con-
firm the perspectives of future researches of Q
as a potential therapeutic agent for the treat-
ment of T2DM complications.

The aim of this study was to assess the ef-
fects of quercetin on the functional state of car-
diovascular system and haemostasis in dia-
betic rats.

MATERIALS AND METHODS

The present study was approved by the
bioethics committee of the V. Danilevsky
Institute of Endocrine Pathology Problems,
National Academy of Medical Sciences of
Ukraine (Kharkiv, Ukraine) and performed in
accordance with the European Convention for
the Protection of Vertebrate Animals Used for
Experimental and Other Scientific Purposes
(Strasbourg, 1986).

The animal model of type 2 diabetes in-
duced by a high-caloric diet, combined with
multiple low-dose streptozotocin (STZ) injec-
tions, was used. The control intact groups
(n=10) were fed a standard diet ad libitum
during 14 weeks. The experimental groups
(n = 20) were fed the high-caloric diet, contai-
ning 16 % fat, 28 % carbohydrates, 6 % pro-
teins for 14 weeks. All groups had free access
to water. In four weeks, rats in the experimen-
tal group were injected intraperitoneally with
small doses of STZ (25mg/kg body weight)
twice per week [8].

All diabetic animals were divided into three
groups: diabetic group treated with solvent and
diabetic rats treated with Q (in dose 10 and

50 mg/kg/day per os) for 8 weeks after diabetes
induction.

Tail blood glucose levels were measured
using a glucose analyser (Exan-G, Analita,
Vilnius, Republic of Lithuania).

At the end of the study electrocardiograms
were recorded in leads Il using the electro-
cardiography method. The mean R-R, Q-T,
P-Q, QRS, T-P intervals and the amplitude and
duration of T, P and R waves were calculated.

Fibrinogen concentration and induced eu-
globulin fibrinolysis time (F'T) were measured
in plasma using reagent kits «Technology-Stan-
dard», Russia for determination of coagulation
hemostasis.

Data normality were rated using the Sha-
piro—Wilk test, and all normally distributed
data are expressed as the means + standard
error of the mean (SEM). Group comparisons
of quantitative variables were performed by
one-factor analysis of variance (ANOVA). The
Newman-Keuls test was used for multiple com-
parisons of the groups. Values were considered
significant at p < 0.05.

RESULTS AND DISCUSSION

As shown in Table 1, the basal glucosae le-
vel in diabetic rats was significantly higher in
comparison with control rats. There was no sig-
nificant difference in the basal hyperglycemia
between diabetic rats and those treated with Q
(Table 1).

In our study T2DM caused the development
of pathologically accelerated rhythm and sinus
tachycardia in experimental animals, as indi-
cated by the shortening of R-R intervals and

an increase in the heart rate in comparison
with intact control group. Q in dose 10 mg/kg
b.w. did not affect these parameters, however,
in dose 50 mg/kg bjdy weight led to the pro-
longation of R-R intervals and prevented the
tachycardia progress (Table 1).

It has been established that T2DM leads to
the prolongation of electrical systole in experi-
mental animals, as evidenced by an increasing
of the total length Q-T intervals, compared to
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Table 1

Impact of quercetin on basal glucosae level, heart rate,
duration of R-R, Q-T, P-Q, QRS and T-P intervals,
amplitude and duration of T, P and R waves in diabetic rats, (X+S;),n=6

Indexes Control group Diabetes Diabetes + Q Diabetes + Q
Dose, mg/kg 10 50
Basal glucosae level, mmol/l 3,75+ 0,08 9,00+ 1,19¢* 8,50+ 1,122 8,30+ 0,61
R-R interval, msec 125.0+ 2,4 115.3+2.12 116.0 + 2.62 124.0 £ 2.1 ™
Heart rate, sec 481.2+94 522.1+10.7% 500.7+6.2? 491.4 + 10.4 "
Q-T interval, msec 50.4+2,9 64.8+3.42 64.4+2.12 66.8 +3.42
P-Q interval, msec 404+1,4 40.0+0,6 38.8+1,0 43.0+1,4
QRS interval, msec 30.8+1,1 30.6 +1,3 31.8+1,0 29.8+ 1,2
T-P interval, msec 25.2+2.,5 15.6 £ 1.6 20.2 +1.22 21.0+1.32
Amplitude of T-wave, mV 0.057 = 0,004 0.080 £ 0.0102 0.105 + 0.004 2 0.082 +0.003=
Duration of T-wave, sec 0.021 + 0,002 0.039 +0.002* 0.028 £ 0.002 2> | 0.029 + 0.003 =
Amplitude of P-wave, mV 0.048 + 0,004 0.046 + 0,005 0.037 £ 0.005 0.042 + 0,005
Duration of P-wave, sec 0.026 = 0,001 0.023 £ 0,001 0.022 + 0,002 0.023 £ 0,001
Amplitude of R-wave, mV 0.184 + 0,009 0.186 + 0,011 0.177 £ 0.011 0.188 £ 0,011
Duration of R-wave, sec 0.022 + 0,002 0.023 £ 0,002 0.025 + 0,001 0.027 + 0,001

Note:

Data are shown as mean + standard error of the mean (SEM).
2 gignificant versus match control group (p < 0.05),

b gignificant versus group «Diabetes» (p < 0.05),

¢ significant versus group «Diabetes + Q, 10 mg/kg» (p < 0.05).

control group. However, Q in both doses did not
change the action potential duration in diabetic
rats (Table 1).

It was found that P-Q intervals reflected
the time required for depolarization of the atria
and conduction of electrical impulses through
the atrioventricular node, bundle of His and
branches, as well as QRS intervals, which is
a sign of the depolarization of the ventricular
complex, are similar to electrocardiograms data
of control animals. Q did not affect the speed
of signals through the longest part of the heart
conduction system and ventricles (Table 1).

It is known that the early stage of diabetic
cardiomyopathy is associated with a range of
metabolic abnormalities and with abnormali-
ties in diastolic function [9].

Our results have shown that T2DM pro-
motes the development of diastolic dysfunction
in experimental animals. Our study clearly
points out the signs of diastolic dysfunction
such as shortening of diastolic T-P interval and
an increase of amplitude and duration of the T
waves, which reflects the processes of ventricu-

lar myocardial repolarization, in comparison
with control rats (Table 1).

At the same time, the ECG analysis shown
that Q in both doses significantly increases the
duration of the heart electrical inactivity pe-
riod compared with the diabetic group, which
indicates a positive effect of Q for the myocar-
dial renewal (Table 1).

It was established that Q in dose-indepen-
dently manner shortens the T waves, which in-
dicate its positive effect on the restoration of
ventricular repolarization, which may be ex-
plained by inhibition of ischemic processes in
the myocardium (Table 1).

The findings are referred to clinical and ex-
perimental data on the cardioprotective effect
of @, which may be associated with preventing
of left ventricular hypertrophy and diastolic
dysfunction [10-13].

It has been established that duration of the
P-wave and R-wave doesn’t change in any ex-
perimental groups (Table 1).

The data of this study confirmed the pre-
sence of the inhibitory effect of Q on the deve-
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Table 2
Impact of quercetin on fibrinogen concentration
and induced euglobulin fibrinolysis time in diabetic rats, (X+S;), n =10
Indexes Control group Diabetes Diabetes + Q Diabetes + Q
Dose, mg/kg 10 50
Fibrinogen 1.65+ 0,11 2.29+0.19¢ 1.55 + 0.06" 1.50 + 0.08"
concentration, g/L
FT, min 7.75 £ 0,61 14.29+1.19* 9.55+1.06" 8.50 + 0.88"

Note:

Data are shown as mean =+ standard error of the mean (SEM).
2 gignificant versus match control group (p < 0.05),

b

lopment of myocardial diastolic dysfunction in
rats with T2DM.

Beside the higher risk of development CVD,
T2DM has been recognized as an independent
risk factor of atherothrombosis which can re-
sult in the progression of atherosclerosis, sud-
den cardiac death, myocardial infarction and
stroke [14].

Clinical and experimental researches have
shown that Q manifests anti-inflammatory and
antioxidative properties which provide its an-
tithrombogenic and anticoagulant activity. It
was indicated that Q inhibits the enzymatic
activity of thrombin and suppress fibrin clot
formation and blood clotting due to their se-
lective binding to the thrombus wall, as well
as due to its antioxidant properties that help
restore biosynthesis and action of endothelial
prostacyclin-endothelium and endothelium [15].
In addition, Q reduces platelet hyperfunction
due to inhibition of phosphorylation-dependent
cellular signaling pathways [16].

It is known that the high plasma levels of
coagulation indexes, including fibrinogen, are
associated with an elevated risk of coronary
thrombotic events [17]. In our study T2DM
caused an increase in fibrinogen concentration
in plasma of experimental animals in com-
parison with intact control group (Table 2).
However, Q in both doses decreased fibrino-

significant versus group «Diabetes» (p < 0.05).

gen levels compared to diabetic rats (Table 2),
which confirms the positive effect of Q on the
processes of coagulations.

Our results are corresponded with the date
of other studies in which the use of apple juice
rich in Q decreases concentration of triglycer-
ides, fibrinogen and vitamin K-dependent coa-
gulation factor (factor VII) in rabbits receiving
a high cholesterol diet [18]. Q due to its anti-
inflammatory and antioxidative properties may
modulate the prothrombotic and inflammatory
environment typically found in atherothrom-
botic disease [19].

Altered level of fibrinogen can modulate
plasma clot lysis and thereby increases throm-
bosis risk [20].

Our data have shown that the fibrin mole-
cules have undergone structural alterations, as
indicated by two times increasing of F'T in com-
parison with control group. Q, independently of
dose, decreased the time of thrombolysis which
confirmed its significant thrombolytic activity
potential (Table 2).

Thus, the ability of Q to decrease fibrinogen
level and reduce the fibrinolysis time, both of
which are associated with an elevated risk of
coronary thrombotic events, allows considering
it as a potential therapy for the treatment of
thrombotic disorders.

CONCLUSIONS

1. Our results demonstrated that Q in dose
50 mg/kg body weight prevents the tachy-
cardia progress and, independently of dose,
inhibits the development of myocardial dia-
stolic dysfunction in rats with type 2 diabe-
tes as evidenced by an increasing the dura-

tion of heart rest period and the restoration
of ventricular repolarization processes.

2.Q in both doses normalizes the fibrinogen
levels and the time of thrombolysis in the se-
rum of diabetic animals, which confirms its
antithrombotic properties.
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3. We conclude that cardioprotective and anti- diabetic cardiovascular complications, par-
thrombotic effects of Q justify its perspective ticularly in individuals with high risk of
as an agent to prevent and management of thrombotic events.
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THE IMPACT OF QUERCETIN ON THE FUNCTIONAL STATE
OF CARDIOVASCULAR SYSTEM AND HEMOSTASE
IN RATS WITH TYPE 2 DIABETES MELLITUS
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Type 2 diabetes mellitus (T2DM) increases the risk for atherosclerotic cardiovascular disease and
other cardiovascular complications such as cardiac arrhythmias, heart failure, and thrombotic events.
Quercetin (Q) possesses a wide range of multiple activities: anti-diabetic, anti-proliferative, anti-athe-
rosclerotic, antioxidant, anti-inflammatory, anti-thrombotic, anti-apoptotic effects and is regarded as
a candidate for the role of cardiovascular complications protecting agent. The aim of this study was to
assess the effects of Q on the functional state of cardiovascular system and haemostasis in diabetic rats.
T2DM was induced in Wistar rats by a high-caloric diet during 14 weeks combined with intraperitoneal
injections of 25 mg/kg streptozotocin twice per week. All diabetic animals were divided into three groups:
treated with solvent and with Q (in dose 10 and 50 mg/kg/day per os) for 8 weeks after diabetes induc-
tion. Fibrinogen concentration and induced euglobulin fibrinolysis time were measured in plasma using
reagent kits. Electrocardiograms were recorded in leads II. It was established that Q in dose 50 mg/kg
bjdy weight prevents in the formation of sinus tachycardia in experimental animals. In addition, Q in both
doses inhibits the development of myocardial diastolic dysfunction, which was confirmed by prolongation
of T-P interval and a decrease of duration of the T wave in comparison with diabetic rats. Q in both doses
restorated the processes of coagulations and fibrinolysis, as indicated by a decrease of fibrinogen levels
and the time of thrombolysis compared to diabetic rats. Conclusions. Q, independently of dose, inhibits the
development of myocardial diastolic dysfunction and reduces prothrombotic potential in rats with type 2
diabetes, which may ameliorate diabetic cardiovascular risk. This data justify the perspective of Q for the
prevention and management of cardiovascular complications in patients with type 2 diabetes.

Key words: quercetin, type 2 diabetes, functional state of the cardiovascular system, coagulation
hemostasis, rats.
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BMJIMB KBEPLLETUHY HA ®YHKLIOHATbHUN CTAH
CEPLLEBO-CYAWUHHOT CUCTEMU | TEMOCTA3
Y WYPIB I3 LUYKPOBUM AIABETOM 2 TUNY

Isanosa O. B.

JIY «lnecmumym npobnem endokpurnroi namonoeii im. B.A. Jlanunescorkoeon HAMH Vkpainu,
m. Xapkis, Yipaina
twolga3006@ukr.net

Hyxposmit miabet (I1J]) 2 Ty 3011bIIye PpU3UK POSBUTKY aT€POCKJIEPOTHUYHUX CEPIEBO-CYIUHHUX
3aXBOPIOBAHD Ta 1HIIUX KAPIl0-BACKYJISAPHUX YCKJIAJHEHDb, TAKUX SIK apUTMIil, cepileBa HeI0CTATHICTD
ta TpomboTmunl mogii. Keepuerun (KB) BoJiomie MIMPOKHM CHEKTPOM AKTHBHOCTEH: aHTHUIla0eTH4-
HUM, aHTUOPOTidepaTuBHUM, AHTHATEPOCKIEPOTUIHNM, AHTUOKCUIAHTHUM, IPOTU3ATAJTbHUM, aH-
TUTPOMOIYHUM, AHTUAIIONTOTUYHUM e(PEKTOM 1 PO3TJISIIAETHCS SIK IIePCIeKTUBHUN (DapMaKOJIOTTYHUN
aTeHT JJI5 TOIepesKeHHS CepIleBO-CYINHHUX YCKJIaJHeHb. MeTon JaHOT0 JOCII1IKeHH 0yJI0 OIIHUTH
B KB Ha yHKIIOHAIBEHMUNA cTaH ceprieBo- CYIMHHOI CHCTEMH Ta reMocTas y JlabeTHuYHUX LuypiB
I 2 tumy lH,IL'yKyBaJII/I y myplB monysamii Wistar BHCOKOKaJIOplI/IHOI JIIEeTOT0 nporarom 14 TUKHIB
B IIO€HAHHI 3 JBOMA BHyTpnngoqepeBHnMn IH'eRIIAMU CTPEINTO30TOLUHY B 031 25 MTU/KT 4depes
THUKJIEeHB. YCl1 J1abeTUYHI TBAPUHH Oy PO3/IieH] Ha TPU I'PYMIU: LYy PH, SK1 OTPUMYBAJIU POSUNHHUK
abo KB y mBox mosax (10 Ta 50 MI/Kr/meHsb ImepopasibHO) IIPOTATOM 8 THKHIB Hicaa 1HIYKINI miabery.
Koumenrpaiiro ¢gidpuHoreny ta 1HAYKOBAHUU dYac (hiOPUHOIII3y BHUMIPIOBAJIM y ILJIa3Ml 3a JOIIOMO-
roio HAOOPiB peareHTiB. B KIHIN moCIiIsKeHHS eJeKTpoKapaiorpamu peectpyBasiu y 1I-my BigBemeHH1
B KiHITIBOK. BeranosiieHo, mo KB B 1031 50 Mr/Kr M.T. 3amobirae po3BUTKY CHHYCOBOI Taxikap/ily mia-
oernunux TBapuH. Kpim Toro, KB B 000X g03ax rajbMyBaB HporpecyBaHHSA J1aCTOIIUHOI AUChYHKINIT
MiOKap/a, IIo IiATBePA:KyBaIoCsd IOM0BKeHHAM iHTepBairy T-P Ta smeHimenuaM Tpusasiocti 3yoma T
B IIOPIBHAHHI 3 gJlabeTuuHuMu mypamu. Beegerus KB B 000X 103ax CyIIpoBOIKYBaIOCT Bl THOBIEHHIM
IPOIleCiB Koaryasairi Ta piOpuHOI13y, IIPO 0 CBIIYNIIO 3HUKEHHS PIBHA (PIOPUHOTEHY Ta 4acy TPOM-
0oJTi3KCy IMOPIBHAHO 3 miabeTHUYHOI rpyion. KBepileTuH, He3aaeKHO BiJ 03, IPUTHIUYE PO3SBUTOK
IiacToivHOI JucdyHKINI MioKapaa Ta 3MEeHIIye MPOTPOoMOIYHuHi moTeHiaa y uypis i3 I1J] 2 Tumy, mo
MOKe 3HU3UTH J1a0eTHYHUMN Kap/1io-BackyasapHuil pusduk. OTpuMani 1aHil 00IPyHTOBYIOTh HEPCIIEKTUB-
HicTh BUKOpHUCTAaHHA KB 7715 mpodimakTUKY Ta JIKYBAHHS CEPIeBO-CYINHHUX YCKJIATHEHD y MallieH-
tiB 3 IIJ] 2 Tumy.

KamouoBi cioBa: KBepleTwuH, I[yKpoBUi miader 2 Tuily, QyHKI[IOHAJIBHUN CTAH CEPIEBO-CY TN H-
HOI CHCTEMHY, KOATYJIAIINHUN TeMOCTas3, Iy PH.
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