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In patients with type 1 diabetes as well as type 2 diabetes,
cardiovascular complications are rather more common than
in patients without diabetes [24,25,35,41,43]. For example,
the development of cardiovascular disease in type 1 diabe-
tes is at least 10 times higher than in the population without
diabetes [9,25]. Accordingly, a number of both experimental
[18] and clinical [10] studies have focused on the study of
cardiovascular complications in conditions of diabetes mel-
litus. Diabetic cardiomyopathy is a severe complication asso-
ciated with functional and structural dysfunction of the myo-
cardium and is not related to other conventional factors such
as coronary heart disease, hypertension, congenital heart de-
fects, and heart valve defects [4,28,31].

From the viewpoint of a number of authors, [26] but not all of
them [29,37] there is a strong link between hyperglycemia and
cardiovascular disease, however, the nature and pathogenesis of
these changes are not fully understood [44].

Currently, it is believed that the activation of peroxidation
processes and the reduction of NADPH-oxidase levels play
an important role in the pathogenesis of chronic complications
of diabetes mellitus, including the development of cardiovas-
cular complications [3,13,15,16,38]. These changes result in
cardiomyopathy, which in turn causes the apoptosis of cardio-
myocytes, along with myocardial hypertrophy and an increase
in the amount of collagen deposition [13,14,27]. Hypertrophy
of cardiomyocytes with subsequent infarction, apoptosis, and
fibrosis is a structural change of the diabetic cardiomyopathy.
manifested in changes in the size of the heart chambers, as well
as a number of functional disorders in the form of systolic and
diastolic dysfunction [12].
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Interestingly, according to some studies, changes in type 1
diabetes develop only in the left ventricle chambers due to an
increase in wall thickness, which is mainly caused by the disrup-
tion of microcirculation [18,21,44]. According to other studies,
changes in type 1 diabetes also develop in the right chambers of
the heart [21,23]. It should be noted that impaired function of the
right chambers of the heart in patients with diabetes mellitus, in
conditions of heart failure, pulmonary hypertension, and earlier
infarction, significantly affects the quality of life and the prog-
nosis of survival [21,30].

Most studies indicate the development of diabetic cardiomy-
opathy in the later stages of diabetes mellitus, usually in the 8th
to 12th week after inducing diabetes [1]. Available studies are
mainly aimed at studying the changes in the left chambers of the
heart, while the ongoing changes in the right chambers of the
heart are studied less.

Based on the above, the aim of our study is to study the on-
going morphological changes in the right chambers of the heart
during experimental diabetes.

Materials and methods. The experiment was performed
on 20 Wistar rats of both sexes, weighing 200-250 g. Of
these, 10 rats were controls, and 10 ones with experimental
diabetes. We were inducing experimental diabetes by intra-
venous administration of 150 mg 10% alloxan solution. The
control and target animals were placed in standard Vivarium
conditions. We diagnosed diabetes by blood glucose levels.
The animals were withdrawn from the experiment by inject-
ing 1% etaminal-sodium into the abdominal cavity (intraperi-
toneally). We took the material from the left and right cham-
bers of the heart.
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In the histological examination, the material was fixed in 10%
formalin and Karnua fixation mixture. The 5, 10, and 30 mcg.
paraffin slices were stained with hematoxylin-eosin and picro-
fuxin by Van Gieson method.

In the biochemical examination, the blood glucose levels
were determined in both control and target animals. We deter-
mined blood glucose levels by means of standard Medi-test
indicators.

Computer programs Adobe Photoshop and Image J soft-
ware were used for morphometric analysis. 5 animals from
each group underwent morphometric analysis, and 10 slices
were studied from the right and left ventricles and atria of
each animal’s heart. The size of the bounded area was record-
ed by a computer program in microns (um) and automatically
transferred to Microsoft Excel spreadsheets.

The Student’s T-test was used to test the confidence of the dif-
ference between the data indicators

Results of histological examination. Based on a study we
conducted earlier [2] at the early stage of diabetes (1 month)
after the administration of alloxan, rats showed a decrease in
weight. At the early stage of the experiment, namely 1 month
after the start of the experiment, the major structures of the
myocardium underwent minor changes during the mildly on-
going pathological process. At this stage, most cardiomyo-
cytes maintained their usual structure and did not differ from
those of the control animals. Only a few cardiomyocytes
showed dystrophic changes and necrosis. During a severe
pathological process, at the same stage e.g. 1 month after the
start of the experiment, the marked dystrophic changes in
cardiomyocytes increased, especially in the left chamber of
the heart. No significant changes were observed in the right
chambers at the same stage of the experiment (1 month). In
histological examination, 3 months after the administration
of alloxan, especially in severe experimental diabetes, hy-
pertrophic changes in cardiomyocytes were found along with
dystrophic and necrotic changes in the left chambers of the
heart. The structure of the myocardium in the right cham-
bers of the heart was disordered as compared to that of the
left chambers. Cardiomyocytes experienced the severe dys-
trophic and necrotic changes, with apoptotic cells found in
them In addition, the number of hypertrophic cells was dra-
matically increased. Interstitial and perivascular fibrosis were
found. At the same stage, there were found the changes in the
microcirculatory network of the myocardial venous system
- manifested venous stasis and quite intense vascular con-
gestion. The blood vessels were dilated, and the aggregation
and agglutination of red blood cells were observed in several
blood vessels. Dramatic destructive changes in endothelial
cells were detected (Fig.).
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tion. Cardiomyocytes experienced the severe dystrophic and ne-
crotic changes, hypertrophic cells. Interstitial edema. The blood
vessels were dilated, and the aggregation and agglutination of
red blood cells were observed in several blood vessels. Haema-
toxylin-Eosin

In alloxan diabetes, changes in the diameter of the cardiomyo-
cytes on myocardial slices were detected in the entire heart. In 1
month after the start of the experiment, the average diameter of
the cardiomyocytes in the right and left chambers of the heart was
insignificantly increased. In 3 months after the administration of
alloxan, the average diameter of cardiomyocytes increased signifi-
cantly in the right atrium and made 12.992+0.35, i.e. increased by
26.8% (P<0.05) as compared to the controls, while in the right ven-
tricle it was 14.935+0.25 and increased by 17.9% as compared to
the controls (P<0.05). The mean diameter of cardiomyocytes in the
left ventricle and atrium was insignificantly increased at 3 months
of the experiment and made 13.60+0.3 and 13.900+0.4, respec-
tively, increased by 2% (P<0.05) as compared to the control group
values. The results of our study match the data of several research-
ers [5,11,19] (Table).

Therefore, a significant increase in the diameter of the car-
diomyocytes in the right chambers of the heart was observed
at a later stage and an insignificant increase in the diameter of
the cardiomyocytes in the left atrium and ventricle of the ani-
mals (P<0.05). In the study, hypertrophy of the cardiomyocytes,
which was observed in diabetic heart chambers, led to the en-
largement of the right chambers, while the changes in the left
chambers were insignificantly manifested. These results are
consistent with the results of the Charissa E van den Brom.,
2010 study, however, there are different data obtained in rats
in other studies [18,20]. Ongoing studies on diabetes provide

Table. Changes in body mass, glucose levels, and cardiomyocyte diameter in control and experimental rats

Wistar rat Control group (n-10) All:i‘;‘;(gi(il:;t)e s4 Allo;zzkc:izl:i;e)s 12 p
Body weight (g) 250+14,5 225+15,6 210+16,7 <0.05
Glucose mmol/L 6,3+0,2 13,7+0,5 17,9£2.9 <0.001

RV CD (um) 12.661+0.24 12.722 +0.24 14.935+0.25 <0.05
LV CD (um) 13.342+0.37 13.450+0.37 13.620+0.3 <0.05
RA CD (um) 10.238+0.27 10.270+0.27 12.992+0.35 <0.05
LA CD (um) 13.615+0.72 13.790+0.72 13.900+0.4 <0.05

CD - cardiomyocyte diameter; RV — the right ventricle; LV — the left ventricle; RA — the right atrium; LA — the left atrium.
The difference is statistically reliable * P<0.05 compared with the control animals
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different results in terms of changes in cardiomyocyte sizes. The
results of our study match with the results of several researchers
[7,8,11,17,36]. However, according to other studies, the size of
cardiomyocytes in animal experimental diabetes models either
did not change at all [22], or there were no changes in the di-
ameter of cardiomyocytes, and only variations in the length of
cardiomyocytes were observed [6]. The results of our study di-
rectly contradict the findings of a number of researchers [34,40]
where a reduction in the diameter of cardiomyocytes in both RV
and LV of the diabetic heart was observed.

Conclusion. The obtained results indicate that at a later stage,
in particular, 3 months after the start of the experiment, there was
a disruption of microcirculation in the myocardium (endothelial
lesion, vascular dilatation, stasis, erythrocyte aggregation, and
agglutination), interstitial and perivascular fibrosis, dystrophic
changes in cardiomyocytes, necrosis, and apoptosis. Cardio-
myocyte hypertrophy was observed in several areas. Changes in
the diameter of the cardiomyocytes were observed, with a signif-
icant increase in the diameter of the cardiomyocytes, especially
in the right chambers of the heart, while there were observed in-
significant changes in the diameter of the cardiomyocytes in the
left chambers. It appears that functional and structural changes
in the right chambers of the heart are directly related to systemic
sensitivity to insulin [7,32,33]. It is likely that these changes are
due to the above metabolic shifts [39,42].

Based on the above, it is possible to assume that the impact (in-
fluence) of diabetes mellitus on the structure and function of the
right chambers may be more noteworthy than considered earlier.
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SUMMARY

STRUCTURAL CHANGES AND MORPHOMETRIC
ANALYSIS OF CARDIOMYOCYTES IN RATS WITH
ALLOXAN DIABETES

!Osipiani B., 2Machavariani T.

IThilisi State Medical University, *Iv. Javakhishvili Tbilisi State
University, A.N. Natishvili Institute of Morphology, Tbilisi,
Georgia

The aim of this research was to study the ongoing structur-
al changes in rat cardiomyocytes during alloxan diabetes and
their morphometric analysis in dynamics, in particular 1 and 3
months after the start of the experiment.

The experiment was performed on 20 Wistar rats of both
sexes, weighing 200-250 g. Of these, 10 rats were controls, and
10 ones with experimental diabetes. We were inducing experi-
mental diabetes by intravenous administration of 150 mg 10%
alloxan solution. Histological, biochemical, morphometric, and
statistical methods of research were used in the experiment.

Based on the histological examinations it was stated that
dystrophic changes, necrosis, and apoptosis of cardiomyocytes
were found in alloxan diabetes.

Microcirculation was disrupted in the myocardium (endo-
thelial lesion, stasis, red blood cell aggregation, and agglutina-
tion). At the later stage, all of the above changes were more pro-
nounced in the right chambers of the heart. 3 months after the
start of the experiment, along with all the above changes there
was found the hypertrophy of cardiomyocytes,

The morphometric study revealed that at the later stage, a sig-
nificant increase in the diameter of cardiomyocytes, especially
in the right chambers of the heart observed, which was most
likely caused by the specific functional and structural features
of the right chambers of the heart. All this gives us reason to
assume that the impact of metabolic changes caused by diabetes
mellitus on the right chambers of the heart is quite significant
and noteworthy.
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PE3IOME

CTPYKTYPHBIE M3MEHEHUSI U MOP®OMETPU-
YECKHM AHAJIN3 KAPIMOMUOIIUTOB KPBIC ITPA
AJINIOKCAHOBOM JIMUABETE

'Ocunsin B.C., *2Mauapapuanu T.I.

"Tounuccrkuit 20cyoapemeennviti. MeOUYUHCKULL YHUBCPCUMEN,
2Tounucckuii 2ocyoapcmeennoiil ynusepcumem um. U. oica-
saxuweunu, Uucmumym mopgonocuu um. A.H. Hamuweunu,
[ py3sus

Llenblo ucciienoBaHus SIBUJIOCH HM3YYEHHE CTPYKTYPHBIX
WU3MEHEHUH, MPOUCXOAIINX B KAPJAUOMHUOIMTAX KPBIC, U HX
MOp(HOMETPUYCCKHI aHATH3 TPU ANIOKCAHOBOM auabeTe B
JUHAMUKe, B YaCTHOCTH cnycTs 1 U 3 Mecsua mnocjie Hadaja
IKCIEPUMEHTA.

OxcnepuMeHT mposegeH Ha 20 kpwicax jauHMM Bucrap
oboero mosia Maccoit 200-250 r. Y3 uux 10 kpsic ObLIH KOH-
TPOJbHBIMH, & 10 - HeaeBbIMH. DKCIICPUMEHTATBHBIN THA0CT
BBI3bIBAJIM [IOCPEICTA0BM BHYTPUBEHHOro BBeneHus 150 mr
10% pacTBOpa ajiokcaHa. B skcniepuMeHTe UCI0JIb30BAIUCH
THCTOJIOrMYEeCKUe, OMOXHMHUYECKHEe, MOopdoMeTpuuecKue u
CTAaTHCTHYECKHUE METO/IbI UCCIIEIOBAHNSI.

I'ucronornyeckre UCCIeNOBaHUS MOKa3aly, YTO MPH aj-
JIOKCAHOBOM aMabere HabOII0AaroTCs IUCTpOodHUUYSCKUE H3-
MCHEHUA, HECKPO3 M aIlolTo3 KapAHuOMHUOLIUTOB, Hapymel-me
MHUKPOLMPKYJISIIUU B MHOKapae (MOBPEXJICHHE SHAOTEIHs,
cTa3, arperauus 3pUTPOLMTOB, armioTuHaunus). Ha OGoiee
MO3HUX CPOKaX, B YaCTHOCTH CIyCTsS 3 Mecsia OT Hayaia
OKCIIEPUMEHTA BBILICIIECPEUYUCIICHHBIC UBMCHEHUSA B MUOKapAC
Obutn GoJiee BBIPaKCHHBIMHU, OTMEYajiach THHEPTPOdUs Kap-
JAUOMHOIITUTOB.

MopdomeTpruueckoe UCClie0BaHUE TOKA3aJI0 3HAYUTEIb-
HO€ YBEJIMYCHUE JHaMeTpa KapJAHOMHOLHUTOB, OCOOCHHO B
MPaBBIX OTACNAX Ceplla, YTO, OUCBUIHO, BHI3BAHO CIHECIU(H-
4eCKMMH (PyHKIIMOHAJIBHBIMH U CTPYKTYPHBIMH OCOOCHHO-
CTSIMU IIPaBbIX KaMep cepALa.

PesynbraThl IPOBEIECHHOTO HCCISIOBAHUS MO3BOJISIIOT 3a-
KIIFOYUTb, YTO BJIMUAHHUE Ha IpaBbI€ KaMEpbl ce€paua MeETa-
0O0JTMYCCKUX M3MCHCHHUH, BBI3BAHHBIX CaXapHBIM IHA0CTOM,
BC€CbhbMa 3HAYMUTCIIbHBI U 3aC.]'ly)KI/IBaIOT OCOGOFO BHUMAHU.
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DPAPMAKOJIOI'NYECKASA XAPAKTEPUCTUKA JIEBO®JTOKCAIUHA
N ETO KIMHUYECKOE IPUMEHEHHUE (OB30P)

ranok E.A., Kopanenko T.U., Kpacuukosa JI.B., Mumuna M.M., Bosk A.O.

Xapvrosckuil HAYUOHATLHBIT MEOUYUHCKULL YHUsepcumem, Ykpauna

C OTKpbITHEM aHTHOMOTHKOB TaKHE TSKEJIbIe MH(EKIIMOHHbBIE
MIPOLIECCHI, KaK CEINCUC, MEPUTOHUT, TAaHTPEHa, Ka3aloch, CTaIH
YIpaBIseMbIMH, OJHAKO IO CeH JEeHb MPOJOIKAIT YHOCUTH
JKU3HU MUJUIMOHOB Jitozied. IlpuumnHa 3Toro siBneHus - pacty-
1asi YCTOWYMBOCTh OaKTepuil K aHTUMHUKPOOHBIM Mpenaparam
[28,32,35].

Ha ceromusmnuii aeHb B Mupe paspabarbiBaeTCs BecbMa
HEOOJbIIOE KOJIMYECTBO HOBBIX aHTMOAKTEPHAIILHBIX IIperia-

© GMN

pAaToOB, MPUYEM C KaXKIBIM I'OZIOM HX MPOU3BOJCTBO BCE MEHb-
e U MEHbIIE, IPUYUHON YEro SBISETCs BbICOKas CTOMMOCTb
CO3JaHMA KaKAOTo Takoro mpemnapara (1o 1 mupa. nomniapos),
U (hapMalleBTHUECKUE KOHLIEPHBI, YYUTBIBask OBICTPOE pa3BUTHE
PE3UCTEHTHOCTH OO0JIE3HETBOPHBIX MHUKPOOOB K aHTHOHOTHKAM,
BCE C MEHBIIIEH 0XOTOM OepyTcs 3a Takue pa3padoTKu.
Pa3BuTHE PE3UCTEHTHOCTH K aHTUMUKPOOHBIM IIperaparam y
MHOTHX OaKTepUalbHBIX MMAaTOreHOB 00ycIoBIUBaeT Hed(hek-
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