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Type 2 diabetes mellitus (T2DM) is a non-
communicable and the one of the fastest gro-
wing disease that affects millions of people
worldwide. Compared to the general popula-
tion, individuals with type 2 diabetes are at an
increased risk of cardiovascular disease (CVD)
[1]. While CVD is a leading cause of death in
both women and men, accumulating evidence
suggest that biological sex is a major determi-
nant for the development and progression of
CVD.

Women with T2DM have been reported
to have significantly higher risks of both fa-
tal and non-fatal coronary heart disease and
stroke than men with diabetes [2—6]. The
Framingham Heart Study first revealed that
diabetic women have a 5.1-fold increase in
heart failure, while diabetic men only have
a 2.4-fold increase compared to non-diabetic
women and men, respectively [7].

It is hypothesized that diabetes mellitus
(DM) attenuates the general female biological
advantage of protecting against cardiovascular
complications. These mechanisms include the
altered systemic glucose regulation and lower
insulin sensitivity, more pronounced hyperten-
sion, elevated triglycerides, inflammation and
higher prothrombotic profile in females com-
pared to males [8]. Sex differences in body com-
position and fat distribution may be involved in
prevalence of over-weight and obesity in women
and therefore increase CVD risk [9].

Additionally, estrogen-related signalling
within the female myocardium plays important
role both in protection and in progression of DM
and its complications. Many risk factors probab-
ly contribute discrepancies in cardiovascular
complications between men and women [9].

Moreover, diabetic females feature greater
susceptibility to diabetic cardiomyopathy then
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males due to more pronounced cardiac struc-
tural remodelling and development of diastolic
dysfunction. Furthermore, female sex is the
only independent predictor of left ventricular
hypertrophy [10].

However, how T2DM modulates this effect
in the heart tissues of women versus men is
currently unclear. Future research leading to

determination of these mechanisms may con-
tribute to sex-specific treatment for diabetic
macro-vascular disease.

The aim of this study was to determine
the impact of type 2 diabetes on the functional
state of the cardiovascular system in male and
female rats.

MATERIALS AND METHODS

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

The experiments were performed on Wistar
rats, which were housed in Plexiglas cages
at a temperature of (22+1)°C, in a constant
12-hour light/dark cycle.

The animal model of type 2 diabetes (T2D)
induced by a high-caloric diet, combined with
multiple low-dose streptozotocin (STZ) in-
jections, was used. The control intact groups
(n=6) were fed a standard diet ad libitum
during 14 weeks. The experimental groups
(n = 6) were fed the high-caloric diet, contain-

ing 16 % fat, 28% carbohydrates, 6% proteins
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 (25 mg/kg body weight)
twice per week [11].

At the end of the study electrocardiograms
were recorded in leads II using the electrocar-
diography method. The mean R-R, Q-T, P-Q,
QRS, T-P intervals and the amplitude and du-
ration of T, P and R waves were calculated.

Data normality were rated using the
Shapiro-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 glucose level
in diabetic rats was significantly higher in com-
parison with control rats. In addition, the level
of basal hyperglycaemia in diabetic animals
was independent from sex.

In our study T2D caused an increase in heart
rate, as indicated by the shortening of R-R in-
terval, in both female and male rats in com-
parison with intact control groups (see table 2).

The results indicate the development of patho-
logically accelerated rhythm and sinus tachy-
cardia in experimental animals of both sexes.
It has been established that T2D leads to the
prolongation of electrical systole occurs as the
result of an increase in action potential dura-
tion in both males and females, as evidenced by
an increasing of the total length Q-T intervals,
compared to control group’s data (see table 2).

Table 1
Basal glucose level in control and diabetic rats,
X+S,),n=6
Control group Diabetic group
Index
male female male female
Basal glucosae level, 5.00 + 0.16 4.27+0.20 8.21+1.14° 8.10 + 0.61

mmol/l
Data are shown as mean + standard error of the mean (SEM).
2 gignificant versus match control group (p < 0.05).
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Table 2
Heart rate, duration of R-R, Q-T, P-Q, QRS and T-P intervals
in control and diabetic rats, (X+S;), n =6
Control group Diabetic group
Indexes
male female male female
R-R interval, msec 129.2+ 1.7 131.1+1.6 120.0+1.6% 123.2+1.7¢%
Heart rate, Hz 468.1 £ 5.6 459.0 £ 5.7 500.56+5.6* 4871+4.6%
Q-T interval, msec 56.1+4.1 58.1+2.2 68.3+£3.1? 67.3+3.2%
P-Q interval, msec 34.2+1.1 40.3+2.1° 33.4+1.1 46.3 £ 3.2
QRS interval, msec 39.4+1.2 28.4+2.3 37.2+1.1 31.4+2.5"P
T-P interval, msec 70.3+ 3.2 72.4+ 3.2 74.3+3.4 87.2+3.12P
Data are shown as mean =+ standard error of the mean (SEM).
2 gignificant versus match control group (p < 0.05),
b significant versus male diabetic group (p < 0.05).
Table 3
Amplitude and duration of T, P and R waves in control
and diabetic rats, (X£S;),n=6
Control group Diabetic group
Indexes
male female male female
Amplitude of T _wave, mV 0.097 £ 0.006 0.094 £ 0.004 0.105 £ 0.004 0.082 £ 0.003 2P
Duration of T_wave, msec 30.1+0.4 32.2+0.3 33.1+0.3 42.4+0.3 2P
Amplitude of P_wave, mV 0.046 + 0.006 0.043 £ 0.004 0.029+0.004 0.059 +£ 0.003 2P
Duration of P_wave, msec 26.2+0.1 27.3+0.2 28.4+0.2 27.0+0.2
Amplitude of R_wave, mV 0.166 = 0.006 0.156 = 0.008 0.136 £ 0.010 # 0.156 + 0.015°®
Duration of R_wave, msec 27.0+0.2 23.3+0.3 29.3+0.3 24.2+0.1

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

b

It was found that the duration of P-Q inter-
val reflected the signal conduction from the si-
nus to the contractile ventricular myocardium,
was probably higher in both intact females and
T2D females versus intact and diabetic males
(see table 2). However, T2D did not change the
duration of P-Q interval in animals of both
sexes, indicating that there is no influence of
this model of diabetes on the atria-ventricular
conduction.

Our results have shown that T2D promotes
the development of diastolic dysfunction in fe-
males, in contrast to males. Our study clearly
points out the signs of diastolic dysfunction
such as prolongation of diastolic T-P interval
and a decrease of amplitude and duration of the
T wave, which reflects the processes of ventri-
cular myocardial repolarization, in comparison
with intact female rats (see table 2 and table 3).

significant versus male diabetic group (p < 0.05).

The findings are referred to clinical data on the
higher prevalence of diastolic dysfunction and/
or left ventricular hypertrophy, as a structural
and functional component of diabetic cardio-
myopathy, in women than in men [12].

T2D was accompanied by multidirectional
impact on the impairment of atrial activation
in heart of both sexes rats. Thus, females were
showed an increase of the P wave’ amplitude
compare to intact control, which may be ex-
plained by the development of hypertrophic
processes in the atria. Decreased the P wave’
amplitude was noted in males possibly due to
the progress of ischemia in the myocardium
(see table 3).

It has been established that duration of the
R-wave doesn’t change in any of the experimen-
tal groups, but R-waves voltage is decreased
only in male rats with T2D in comparison with
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intact control group (see table 3). The results conduction were more strongly associated with
indicate the disturbances of the ventricular  diabetes in male than in female rats.

CONCLUSIONS
1. We conclude that Type 2 diabetes, indepen- 2. This data justify the necessity of gender-spe-
dently of gender, caused cardiac arrhythmias, cific therapy development for the prevention
functional changes in atrial and ventricular and management of diabetic cardiovascular
conduction, but only in females, in contrast complications.

to males, was accompanied by the develop-
ment of myocardial diastolic dysfunction.
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Introduction. Type 2 diabetes mellitus is one of the main factors of the cardiovascular risk, which leads
to a disproportionate increase in cardiovascular events in women and men. While the greater excess risk of dia-
betic vascular complications in women compared with men has been described, mechanisms underpinning the
sex difference have not been identified in full.

The aim of this study was to determine the impact of type 2 diabetes (T2D) on the functional state of the
cardiovascular system in male and female rats.

Materials and Methods. T2D was induced in male and female Wistar rats by a high-caloric diet during
14 weeks combined with intraperitoneal injections of 25 mg/kg streptozotocin twice per week. At the end of the
study electrocardiograms were recorded in leads II. A comparative analysis of changes in the functional state of
the heart in male and female rats with experimental T2D was conducted.

Results. It was established that T2D, independently of gender, results in the formation of pathologically
accelerated rhythm and sinus tachycardia in experimental animals. Experimental T2D led to the prolongation
of the systole in rats of both sex and decreasing of R-wave voltage in males in comparison with control group.
In addition, T2D was accompanied by multidirectional impact on the atrial function in the heart of both sexes:
P wave’ amplitude was increased in females while it was decreased in males, what can indicate either right or
left atrial enlargement. It was found that T2D promotes the development of myocardial diastolic dysfunction in
females, in contrast to males, which was confirmed by prolongation of T-P interval and a decrease of amplitude
and duration of the T wave in comparison with intact female rats.

Conclusions. T2D, independently of gender, caused cardiac arrhythmias, functional changes in atrial
and ventricular conduction, but only in females, in contrast to males, was accompanied by the development of
myocardial diastolic dysfunction. This data justify the necessity of personalized- and gender-specific therapy
development for the prevention and management of diabetic cardiovascular complications.

Key words: type 2 diabetes, functional state of the cardiovascular system, sex differences, rats.
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BINAHUE OUABETA 2 TUMNA
HA CEPAEYHO-COCYAUCTYIO CUCTEMY CAMOK N CAMLIOB KPbIC
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I'Y «lnecmumym npobaem snookpunnoit namonoauu um. B. A. Jlanunescroeon HAMH Yipaunot, 2. Xapvkos,Ykpauna
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Berynuienne. Caxapubiit nuaber 2 TUma sIBJASIeTCS OJHUM U3 OCHOBHBIX (DAKTOPOB PHUCKA CEPIEUHO-CO-
CYAUCTHIX 3a00JIeBAHUM, IPUBOIAIINM K HEIIPOIOPITHMOHAIBHOMY UX YBEJIMUYEHHUIO Y KEeHIIUH U MYKINUH.
N3sBecTHO, YTO pUCK Pa3BUTUSA AUAOETUYECKUX KAPJAUO-BACKYISPHBIX OCJIOKHEHUHN y JKEHIWH ITOBBINIEH
IO CPABHEHUIO C MY:KUMHAMMU, HO MEXaHHU3MBI, 00yCJIaBJIUBAIONINE T'eHIePHbIE PA3JIMYUs, YCTAHOBJIEHBI
He B IIOJTHOU Mepe.

Henso mamHOrO MCCIETOBAHUS OBLIO ONPENEIUTh BIUSHUE caxapHoro auabera 2 tuma Ha QyHKILHUO-
HAJIBHOE COCTOSTHUE CePAeYHO-COCYAUCTON CUCTEMBI Y CAMIIOB M CAMOK KPHIC.

Marepuansl u meToasl. J[raber 2 Tuna WHIYIIMPOBAJIH y CAMIIOB M CAMOK KPBIC JUHUU Bucrap BbI-
COKOKAJIOPDUIHON THUeTO B TeueHHe 14 HeIeJIbh B COYETAHUH C JABYMS BHYTPUOPIOUIMHHBIMUA UHBEKIIUAMU
CTPEnTO30TOIMHA B J03e 25 MI/KI uepe3 Hejmeslo. B KoHIe mccyemoBaHus QPyHKIIMOHAJIBHOE COCTOSHUE
CepIeYHO-COCYAUCTON CUCTEMBI JKMBOTHBIX OBIJIO MCCJIEJOBAHO METOIOM JJIEKTPOKapauorpaduu u mpoBeieH
CPaBHUTEJIBHBIN aHAJINUS IIOJIYYeHHBIX IOKA3aTeeil B 3aBUCUMOCTH OT I10J1a.

Pesynbrarel. YeTaHOBIIEHO, YTO caxapHBIN quabeT 2 THIIA HE3aBUCHMO OT I10JI1a COIIPOBOMIaeTCst (Pop-
MUPOBAHUEM ITATOJIOTHYECKU YCKOPEHHOr0 PUTMA U CUHYCOBOM TAXUKAPJAUHN Y 9KCIIEPUMEHTAJTBHBIX JKUBOT-
goIx. Jluaber 2 Tuna IpUBOAUI K YAJTHHEHUIO CUCTOJINYECKOTO HHTEPBAJIa ¥ KPHIC 000MX IT0JIOB U CHUKEHUIO
aMIIATYIbI 3y01ia R y caMIioB mo cpaBHEHUIO ¢ KOHTPOJIbHOU rpymioi. Kpome Toro, nuaber 2 Tuma corrpo-
BOJKJIAJICSA PA3HOHAIIPABJIEHHBIM BO3JIeACTBUEM HA IIPOIECCHl AKTUBAIIUY IPEICePanil Y KPbIC 000UX II0JIOB:
aMmmnTyaa 3yoma P Obisia yBenudueHa y caMOK, B TO BpeMs KakK y CAMIIOB OHA ObLJIa CHUIKEHA TI0 CPABHEHUIO
C COOTBETCTBYIOIIMMHU KOHTPOJIBHBIMH TI'PYIIIaMH, YTO MOKET CBHUIETEJIhCTBOBATH 00 yBEJIHUYEHUHU JINOO
IpaBoro, JInbO JIEBOTO IIpecepanuii. YCTaHOBJIEHO, YTO CAXapHBIN quabeT 2 TUIIA UHAYIUPYET pa3BUTHe THa-
CTOJIMYECKOM TUCHYHKIIMH MUOKAPAA Y CAMOK, B OTJIMYKE OT CAMIIOB, YTO IIOITBEPIKIAIIOCH IIPOJIOHTAIHEN
unrepsasia T-P, a raksxe yMeHbIIeHHEM aMIIJIUTY bl U JJIUTEJIbHOCTH 3y01ia T 110 cpaBHEHUO C HHTAKTHBIMU
caMKaMHU.

BriBoasl. YeraHoBI€HO, UTO caxapHBI quaber 2 THUa, He3aBUCHUMO OT I10J1a, COIIPOBOKIAETCS CePaedHON
apurmMuei, GQyHKIIMOHAJIbHBIMU U3MEHEHUSIMU B IPEJICEePIHON U KeTyJ0YKOBON IIPOBOJUMOCTH, HO TOJIBKO
y CAMOK, B OTJIMUHE OT CAMIIOB, BEI3BIBAET PA3BUTHE TUACTOJNYECKOM nuchyHKiinu muorapaa. [lonyuennsie
pe3yabpTaThl 000CHOBBIBAIOT HEOOXOAUMOCTH Pa3pabOoTKU MePCOHATU3NUPOBAHHON U TeHJAePHO-CIeruduye-
CKOU Tepanuu IJisd TPOPUIAKTUKY U JIEUeHU JUa0eTUIeCKUX CePIeYHO0-COCYIUCTEIX OCJIOKHEHUHN.

Knmouessie cnoBa: caxapHblil nuaber 2 Tuma, QPyHKIIMOHAJIBHOE COCTOSTHUE CEPIEYHO-COCYIUCTOMN
CHUCTEMBI, II0JIOBBIE PA3JIUYUS, KPBICHL.

BNAMB AIABETY 2 TUNY
HA CEPUEBO-CYAUHHY CUCTEMY CAMULb | CAMUIB LLYPIB

Isanosa O. B.

JV «lucmumym npobnem endoxpunrol namosnoeii im. B.A. Janunescvroeon HAMH Ykpainu, m. Xapkis, Ykpaina
wolga3006@ukr.net

Beryn. lykpoBuit miaber 2 TUIly € OJHUM 3 OCHOBHUX (DAKTOPIB PU3UKY CEPIEBO-CYIUHHUX 3aXBOPIO-
BaHb, 1[0 TPU3BOAUATH JI0 JUCIPOIIOPIIIHHOTO X 301JIBIIIEHHS Y K1HOK 1 Y0JI0BIKiB. Bimomo, mo pusuk po3Bu-
TKY Jia0eTUYHUX KapIio-BaCKYJISPHUX YCKJIAHEHb V sKIHOK BUIIIN B IMOPIBHSAHHI 3 YOJIOBIKAMH, aJjie Mexa-
Hi3MU, AK1 00yMOBJIIOITH I'eHIePH1 BIAMIHHOCTI, BCTAHOBJIEHO HE B IIOBHIM Mipi.

MeToro mamoro gociaimskeHHsa 0yaI0 BUSHAYUTH BIJIMB I[yKPOBOro aiabery 2 Tuny Ha QyHKI[IOHAJIbHUMI
CTaH CepIeBO-CYAUHHOI CHCTEMHU Y CAMIIIB 1 CAMUILH Y PIiB.

Marepiasau ta meronu. Jliaber 2 Tuiry iIHAyKyBaJIii y CAMIIIB 1 caMUIlh Iy piB BicTap BucokoKaIopinHOI
I1eTO0 MPOTATOM 14 THIKHIB B MOEIHAHHI 3 JBOMa BHYTPINIHBOYEPEBHUMU 1H'€KI[IAMU CTPEITO30TOIIUHY
B /1031 25 MI/KT Yepes TH:kAeHb. B KiHII HOCTiNKeHH d)yHRmOHaJILHHH CTAH CepLeBo-CyY/[MHHOI CHCTeMH
TBApUH 6yno ;Locm,u;xceno MeTO/[0M eJekTporapaiorpadii i mpoBeIeHo MOPIBHAJIBHUMN aHAI13 OTPUMAHUX I10-
Ka3HUKIB B 3aJIEKHOCT1 BiJT cTATI.

PesynLTaTn. Bceranosneno, 110 niaber 2 THILY, He3aJIexkHO BiJ cTaTi, IPU3BOAUTE A0 POPMYBaHHS
IIaTOJIOTIYHO IIPUCKOPEHOT0 pUTMY i CHHYCOBOI Taxucapnu B €KCIEePUMEHTAJbHUX TBAPWH. I[la6eT 2 tumy
IHIYKYBAB IOJOBKEHHS CHCTOJIYHOTO 1HTEpBAaJy y IIyPiB 000X cTaTell Ta 3HUMKEHHSA aMILIITyau 3yOiis R
y CaMI[iB y IMOPIBHSAHHI 3 IHTAKTHOI KOHTPOJBHOIO rpymo. Kpim Toro, giaber 2 THITY CYIIPOBOIMKYBABCSA Pia-
HOCIPSMOBAHMM BILJIMBOM Ha IOPYIIEHHS IIPOIECiB aKTUBALIl mepeacepab v IIypiB 000X cTaTeil: aMILIITyga
3y61a P Oyma 30isbinena y caMuilh, B TOM 4ac K y CaMIlB BOHA 0yJia 3HUKEHA B IIOPIBHAHHI 3 BIIIOBLIHUMK
IHTAKTHUMH KOHTPOJbHUMU I'PYIIaMU, 10 MOKe CBIIUUTH PO 301/IbIIeHHa abo IpaBoro, abo JIIBOro IIepe;-
cepnasa. Busuaueno, 1o qiader 2 Ty Cripusie pO3BUTKY J1aCTOJIYHOI AUCHYHKITIT MIOKapaa y CAMUILb, HA BIJI-
MIiHY B1J CAMIIIB, III0 H1ATBEPIKYBAJIOCS IIPOJIOHTAIIIE0 JiacToaIUHOro inTepsay T-P, a Takosk sMeHIIeHHSM
aMIIiTy AU 1 TpuBasiocti 3y6is T B mOpiBHAHHI 3 IHTAKTHUMU Iy paMH.

Bucuosku. Beranosseno, 1o ;ua6eT 2 THITY, He3aJIesKHO BiJI cTari TBAPHUH, CYIPOBOIKYETHCS CEPLEBOI0
apuUTMIEIo, (byHRmoHaJILHHMH 3MiHAMU B nepe,ucepLLHu/I Ta UIJIYHOYKOBIN npOBmHOCTl aJie TIJIBKH y ca-
MUIh, HA BIIMIHY BiJI CAMI[IB, BUKJIUKA€E PO3BUTOK I[laCTOJIl‘IHOl nucyHKINI Miokap/a. OTpI/IMaHl pe3yJib-
TaTu o6rpyHTOBy10Tb HeoOX1THICTh PO3POOKH ITepPCOHAI30BAHOI 1 TeHIepHO-cIerndiuaol Tepamnil JJs Ipo-
dimakTrrm i JIleBaHHH niabeTHUYHUX CePIeBO-CYyIUHHUX YCKJIAJHEHbD.

Knwouori cmosa: miaber 2 Tuiy, CeplieBo-CyJUHHA CUCTEMA, CTATEBl BIJIMIHHOCTI, 1Ly PH.
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