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In our previous studies it was established that the remodeling of pancreatic islets with decreasing B-cell population density
is formed in hypertensive SHR rats. The imbalance between the synthesis of proapoptotic and antiapoptotic factors may be
one of the possible causes of disturbed formation of the endocrinocyte population in the pancreas.

The aim of the research was to study the parameters of Bcl2 and p53 proteins synthesis in pancreatic islets in normotensive
and hypertensive rats in the streptozotocin-induced diabetes mellitus development.

Materials and methods. The study was performed on 30 normotensive male Wistar rats (systolic BP = 105.0 + 1.1 mm Hg)
and 25 hypertensive SHR rats (systolic BP = 155.7 + 0.9 mm Hg) with fasting normoglycemia (4.73 £ 0.10 mmol/l). Bcl2 and
p53 proteins were detected in histological pancreas sections by immunofluorescence method. The relative area of Bcl2- and
p53-immunopositive material, concentration of proteins in endocrinocytes, their content in the islets and apoptosis index
p53/Bcl2 were analyzed in pancreatic islands.

Results. The area of relative immunofluorescence to the Bcl2 protein was 2 times less, and the protein content was 3 times
lower in pancreatic islets of hypertensive rats (SHR) compared with normotensive Wistar rats. At the same time, no statistical
differences in the area of the immunopositive material to the p53 protein and its content in the islets between the experimental
groups were revealed. The development of streptozotocin-induced diabetes in Wistar rats was accompanied by approximately
2-fold decrease in the Bcl2 protein expression in pancreatic islets, a significant increase in the specific content of p53 protein
and a 3.8-fold increase in the apoptosis index of p53/Bcl2. In pancreatic islets of SHR rats, diabetes mellitus development
was accompanied by 2-fold increase in the specific content of the proapoptotic protein p53 without the reduction of the an-
tiapoptotic protein Bcl2 synthesis. At the same time, the p53/Bcl2 apoptosis index in SHR rats remained statistically higher
than in Wistar rats.

Conclusions. Endocrine cells of pancreatic islets of SHR rats are characterized by the prevalence of proapoptotic protein
p53 expression as compared with Wistar line normotensive rats. The development of streptozotocin diabetes in Wistar rats
leads to a significant decrease in the number of endocrinocytes synthesizing the antiapoptotic protein Bcl2. At the same time,
an increase in the synthesis of the proapoptotic protein p53 in endocrinocytes in diabetes is observed both in normotensive
and in hypertensive rats.

OcobauBocTi cuHTe3y binkiB Bcl2 i p53 B naHKpeaTMUHUX OCTPIiBLAX HOPMOTEH3UBHUX
i rinepTeH3UBHUX LYpIB 3i CTPENTO30TOLMH-IHAYKOBAaHMM AiabeTom

T. B. Abpamoga, T. B. IBaHeHko, 0. B. MenbHUKOBa

Y nonepeaHix AOCTiMKEHHSX BCTAHOBWIW, LLO B riNepTeH3MBHYX LLypiB NiHii SHR dhopmyeTbesa pemogentoBaHHs naHKkpeaTudHmnx
OCTPIBLB 3i 3MEHLUEHHAM LUinbHOCTI nonynauii B-knitnH. OQHiE 3 MOXIMBUX NPUYMH NOPYLLIEHHS (hOpMyBaHHS nonynswii
€HAOKPUHOLMTIB NiALLTYHKOBOI 3251031 Moxe ByTu AncbanaHc Mixk CUHTE30M NPOANONTOTUYHIX Ta @HTUANONTOTUYHMX (DAKTOPIB.

MeTta po6oTu — BUBUMTH napameTpm cuHTe3y binkie Bel2 i p53 B naHkpeaTWyHWX OCTPIBLSX Y HOPMOTEH3VBHUX i rinepTeH-
3MBHUX LLYPIB NPY PO3BUTKY CTPENTO30TOLMH-IHAYKOBAHOTO LIyKpOBOTO Aiabery.

Matepianu Ta metoau. JocnimkeHHs 3giicHunu Ha 30 HOPMOTEH3MBHMX camusx WypiB niHii Wistar (cuctoniyHmin
AT =105,0+ 1,1 Mmm pT. cT.) i 25 rinepTeHanBHUX Lypax NiHii SHR (cuctoniynmi AT = 155,7 + 0,9 MM pT. CT.) 3 HOpMOrnikemieto
Hatwe (4,73 0,10 MMonb/n). Y riCTONOrYHMX 3pi3ax NifgLLnyHKOBOT 321031 iMyHOhTyOpPECLIEHTHUM METOLOM BUSBNSNN Binku
Bcl2ip53. Y naHkpeaTnyHWx OCTpiBLsAX aHanidyBanu BigHOCHY nnoLuy Bcl2- i p53-imyHono3nTuBHOro matepiany, KOHLEHTpaLito
6inkiB B eHOOKpUHOLWMTAX, IXHIl BMICT B OCTPIBLSAX Ta iHAekc anonTo3y p53/Bcl2.

Pesynbrati. Y naHkpeaTMyHUX OCTPIBLUAX riNepTeH3MBHMX LypiB niHii SHR niii nnowa BigHOCHOI iMyHodnyopecueHLii
no 6inka Bcl2 6yna BaBivi MeHLUOI0, @ BMICT Giflka BTPUYi HUXKYMM, HiXK Y HOPMOTEH3WBHMX TBapUH Niii Wistar. CtatncTuyHi
BiZIMiHHOCTi NMOLLi iMyHONO3UTUBHOTO Martepiany Ao Ginka p53 i oro BMICTY B OCTPIBLISIX MK EKCEPUMEHTaNBHUMU rpynamMu
He BUsSBUNM. PO3BWUTOK CTPENTO30TOLIMHOBOTO AiabeTy B HOPMOTEH3UBHUX LLYpiB NiHii Wistar cynpoBomKyBaBCS 3MEHLIEHHAM
ekcnpecii 6inka Bcl2 B naHkpeaTnyHUXx OCTPIBLAX NPUMONM3HO BABIY, iCTOTHUM 30iNbLUEHHSM NMTOMOrO BMICTY Ginka p53 Ta
36inbLUeHHAM iHaekcy anonTody p53/Bcl2 y 3,8 pasa. Y naHKpeaTUyHUX OCTPIBLSAX MiNepTEH3MBHMX LLypiB NiHii SHR po3snTok
AiabeTy CynpoBOAXXyBaBCS 2-pa30BUM 36iMbLUEHHAM NUTOMOrO BMICTY NpoanonToTuyHoro Ginka p53 6e3 peaykLii cuHTesy
aHTManonToTuyHoro Ginka Bel2. IHgekc anonTosy p53/Bcl2 y wypis niHii SHR 36epiraB cTaTUCTUYHO BULL 3HAYEHHS, HiX Y
LypiB ninii Wistar.
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BucHoBku. [Nt eHAOKPUHOLMTIB MaHKpeaTUyHUX OCTPIBLIB LLypiB NiHii SHR xapakTepHe nepeBaxaHHs ekcrpecii npoanon-
TOTUYHOrO Binka p53 NOPIBHAHO 3 HOPMOTEH3MBHUMM Lypamu Nikii Wistar. Po3aBuTok CTpenTo3oToLmHoBOrO AiabeTy B LiypiB
niHii Wistar npnsBoanTb 4O CYTTEBOTO OOMEXEHHS KiNbKOCTi eHLOKPUHOLMTIB, L0 CUMHTE3YHTb aHTUANONTOTUYHMIA Binok
Bcl2. 36inbLUeHHs CUHTE3Y MPoanonToTMYHOrO Ginka pS3 B eHAOKPUHOLMTY Npy AiabeTi BUSHAYWMM | B HOPMOTEH3MBHUX, i B
rinepTeHsNBHYX LLYPIB.

OcobeHHOCTH cUHTEe3a 6eAkoB Bcl2 u p53 B naHKpeaTMUeCKUX 0CTPOBKaX
HOPMOTEH3UBHbBIX U TMNEPTEH3UBHBIX KPbIC CO CTPENTO30TOLUH-MHAYLIMPOBAHHbIM
Anabetom

T. B. Abpamosa, T. B. UBaHeHko, O. B. MeAbHUKOBa

B npeablayLLnX UCCENoBaHNsIX YCTaHOBIIEHO, YTO Y TUMEpTEH3UBHBIX KPbIC NMHUKM SHR dhopmmupyeTcs pemogenvposaHue
NaHKPeaTNYeCKNX OCTPOBKOB C YMEHbLLEHMEM MIOTHOCTW NOMyNsALummM B-knetok. OAHOMN 13 BOIMOXHBIX MPUUYMH HAPYLIEHMS
(hopMUPOBaHMS NONYNALMN HAOKPUHOLIMTOB NOZKENYA0YHON XKernesbl MOXET BbITb AnuchanaHc Mexay CUHTE30M Npoanor-
TOTMYECKMX 11 @HTUANONTOTUYECKMX (DaKTOPOB.

Llenb pabotbl — 13yunTb napameTpbl cuHTe3a 6enkoB Bcl2 1 p53 B naHkpeaTuyecknx OCTPOBKAX Y HOPMOTEH3MBHLIX W
TUNEPTEH3NBHBIX KPbIC MPY PasBUTUM CTPENTO30TOLMH-MHAYLIMPOBAHHOMO caxapHoro AnabeTa.

Matepuanb! u Metoabl. iccnenosanue npoeeaeHo Ha 30 HOPMOTEH3MBHBIX camuax kpbic NMHUM Wistar (cuctonmnyeckoe
A =105,0% 1,1 Mm pT. CT.) 1 25 rMNepTeH3nBHbIX kpbicax MHUM SHR (cuctonuyeckoe ALl = 155,7 £ 0,9 MM pT. CT.) C HOpPMO-
rmykeMuen Hatowak (4,73 + 0,10 mmonb/n). B rycTonornyeckux cpesax nomKenyno4Hoi xenesbl UMMYHO(NYOPECLEHTHBIM
meToaoM Bhisenany Genku Bel2 n p53. B naHkpeaTuyecknx 0CTpoOBKax aHanM3vMpoBani OTHOCUTENbHYH nnowaae Bel2- n
p53-MMMYHOMNO3NTUBHOTO Matepuana, KOHLeHTpaLmio 6enkoB B SHAOKPUHOLMTAX, NX COOEepXaHWe B OCTPOBKaX U UHAEKC
anonTosa p53/Bcl2.

PesynbraTtbl. B naHkpeaTM4yeckux OCTPOBKaX Yy rMNepTeH3NBHbLIX KPbIC NMHMM SHR nnHUM nnoLlaab OTHOCUTENBbHON UM-
MyHodnyopecLeHUun k 6enky Bcl2 Gbina B 2 pasa MeHblue, a cogepaHue benka B 3 pasa Hike, YeM Y HOPMOTEH3UBHbIX
XMBOTHbIX NHMKM Wistar. CTatucTuyeckue otnmumns nnoLyaam MMMyHONO3UTUBHOTO MaTepuana k 6enky p53 1 ero cogepxanus
B OCTPOBKax Mexay aKCnepyMeHTanbHbIMU rpynnaMu He yCTaHoBneHbl. Pa3BuTie CTpenTo3oTOLMHOBOMO AnabeTa y Hop-
MOTEH3UBHbIX KpbIC NiHKMK Wistar conpoBoxaanock yMeHbLLeHneM akcnpeccum 6enka Bel2 B naHkpeaTnyeckux ocTpoBkax
NPUMEPHO B 2 pasa, CyLLECTBEHHbIM HapacTaHWeM yaenbHOro cogepxanns 6enka pS3 v yBenuyeHnem nHaekca anontosa
p53/Bcl2 B 3,8 pasa. B naHkpeaTnyeckmx oCTpoBKax rMnepTeH3NBHbIX KpbIC MMHUMM SHR pa3suTue gnabeta conpoBoxaanoch
2-KpaTHbIM HapacTaHWeM yOernbHOro coaepaHus npoanontoTudeckoro 6enka p53 6e3 pesykumm CUHTE3a aHTUaNoNToTU-
yeckoro 6enka Bcl2. MHaeke anontosa p53/Bcl2 y kpbic nuHun SHR coxpaHsan ctatucTuyecky Gonee BbICOKME 3HAYEHMS,
4yeM y Kpbic nimHun Wistar.

BbiBogbl. [Nt SHAOKPUHOLIMTOB MaHKPeaTUYECKX OCTPOBKOB KpbiC NHMM SHR xapakTepHo npeobnaaaHue akcrnpeccum
npoanonToTuyeckoro Genka p53 no cpaBHEHNIO C HOPMOTEH3UBHBIMM Kpbicamu nuHuy Wistar. PassuTie cTpenTo3oToLmHOBOrO
avabeta y kpbic nuHUM Wistar npuBoauT K CyLLECTBEHHOMY OTPaHUYEHIIO KOMMYECTBA 3HOOKPUHOLMTOB, CUHTE3MPYIOLLIMX
aHThanonToTuyeckuin 6enok Bel2. Hapactanve cuHTesa npoanonTtoTuyeckoro 6enka p53 B aHAOKpUHOUMTAX Npu auabete
OTMEYEHO 1 Y HOPMOTEH3VBHBIX, W Y MMNEPTEH3NBHBIX KPbIC.

Essential hypertension is one of the most common
chronic diseases, the incidence of which ranges from
29.0 % in adults to 64.9 % in people over 60 years [1].
Patients with arterial hypertension present the majority of
the cardiological group of patients; type 2 diabetes mellitus
accompanies from 20 % in the USA to 30 % of cases in
Italy [2]. The combination of essential hypertension and
diabetes mellitus in patients is known as a metabolic
syndrome that increases the clinical severity of single
nosologies and worsens the prognosis for life [3]. We
reported previously that fasting glycemia does not exceed
5.5 mmol/L in 2/3 of the SHR rats with hereditary arterial
hypertension [4]. Nevertheless, the signs of pancreatic
islet cytoarchitectonics are revealed: the decrease in
the population density of B-cells [5,6] and an increase in
the number of a-cells in the pancreas[7]. It is proved that
diabetes mellitus modeling with streptozotocin in Wistar
rats normally leads to the formation of stable hyperglyce-
mia, decrease in B-endocrinocytes number [8-10] and a
rise in a-cells quantity in the pancreas [10-12].

We have demonstrated that streptozotocin-induced
diabetes in SHR rats also leads to hyperglycemia, while a
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lesser degree of 3-cell death is noted in the pancreas than in
normotensive Wistar rats [9]. Moreover, the development of
diabetes mellitus in SHR rats leads to a decrease in the popu-
lation density of a-cells in the pancreas, in contrast to Wistar
rats [9]. We suppose that the number of endocrinocytes
in the pancreas under normal and pathological conditions
can be affected not only by B-cytopathic factors, such as
streptozotocin, antibodies to intra-islet antigens, hypoxia, but
also the level of intracellular expression of proapoptotic and
antiapoptotic factors, such as p53 and Bcl2 proteins [13,14].

The aim

The aim of the research was to study the parameters of
Bcl2 and p53 proteins synthesis in pancreatic islets in
normotensive and hypertensive rats subjected to strep-
tozotocin-induced diabetes mellitus development.

Materials and methods

The research was carried out on 30 normotensive male
rats of Wistar line (systolic BP = 105.0 + 1.1 mm Hg)

KnaloueBble croBa:
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and 25 hypertensive rats of SHR line (systolic BP = 155.7 +
0.9 mm Hg) with fasting normoglycemia (4.73 + 0.10
mmol/L). The animals were kept in standard vivarium
conditions under natural light without restriction of ac-
cess to water and food. The studies were conducted
in accordance with the requirements of international
principles of the European Convention (Strasbourg,
1985). Diabetes mellitus was modeled in 15 Wistar rats
and 10 SHR rats by a single intraperitoneal injection
of streptozotocin (SIGMA Chemical, USA) in a dose of
50 mg/kg dissolved in 0.5 ml of 0.1 M citrate buffer
(pH =4.5). 3 weeks after, the concentration of glucose in
the blood was measured in animals with the help of Glu-
coCard-Il glucometer (Japan), and systolic blood pressure
was measured with the help of BP-2000 non-invasive
pressure control system (Visitech Systems, USA).

The pancreas was extracted after decapitation
of experimental animals under thiopental anesthesia
(50 mg/kg), fixed in Bouin solution (20 hours) and
poured into paraplast (McCormick, USA) after standard
histological processing. Serial histological slices of
the pancreas 5 um thick were dewaxed and unmasked
in a citrate buffer solution (pH = 9.0) in the PT-module
(Thermo Scientific, USA). Bcl2 and p53 proteins in
pancreatic islets were detected by immunofluores-
cence method using antibodies produced by Santa
Cruz Biotechnology (USA). Primary antibodies were
incubated in dilution 1:200 (wet chamber, T = +4 °C,
24 hours), secondary antibodies conjugated with
FITC were incubated in dilution 1 : 64 (wet chamber,
T =+37 °C, 45 min).

The slices were washed in phosphate buffer and
then enclosed in a mixture of glycerin/phosphate buffer
(9:1). Specificity of antibody binding was controlled
in similar way, except for incubation with primary an-
tibodies. Immunofluorescence reaction was studied
using the Axiolmager-M2 fluorescence microscope
(Carl Zeiss, Germany) with the digital camera Axio-
Cam-HRm (Carl Zeiss, Germany) and with the use
of the high-emission 38HE filter (A, = 470/40 nm,
A, = 525/50 nm) (Carl Zeiss, Germany). Quantitative
analysis of the immunofluorescence reaction was
carried out with the help of AxioVision-4.8.2 digital
image analysis system (Carl Zeiss, Germany). At least
75 pancreatic islets were examined in each series
and the following parameters were measured and
calculated:

1) the relative area of the immunopositive material
(the percentage of the immunopositive material in the islet
area);

2) the concentration of proteins in endocrinocytes
(the module of the logarithm of the background fluores-
cence to the fluorescence of immunopositive material
ratio, expressed in relative units of fluorescence — U,.);

3) the protein content in pancreatic islets (calculated
as the product of the specific concentration of proteins
and immunopositive material area in 1 cm? of the area of
the islets, expressed in U/ cm?);

4) apoptosis index (the ratio of p53 protein content to
Bcl2 protein content in pancreatic islets).

Experimental data were processed with Excel 2003
(Microsoft Corp.) statistical analysis software package.
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The reliability of the differences between the experimen-
tal groups was assessed using the Student’s criterion
t, considering the differences to be reliable at P < 0.05.

Results

The development of streptozotocin diabetes led to the for-
mation of hyperglycemia both in normotensive Wistar rats
(17.69 = 1.10 mmol/L) and in SHR rats with hereditary
hypertension (11.45 £ 0.89 mmol/L). Earlier, we attributed
this to significant reduction of the a-endocrinocyte pool in
the pancreas of hypertensive rats, which does not lead
to excessive glucagon synthesis, which is observed in
Wistar rats along with of intensive a-cells proliferation [9].

The area of relative immunofluorescence to the Bcl2
protein was 2 times less in pancreatic islets, in hyperten-
sive rats than in normotensive animals, while the area of
p53 protein immunopositive material was almost the same
(Table 1).

Despite the fact that the parameters of protein con-
centration in the cells in normo- and hypertensive rats
did not statistically differ, their ratio indicated the pre-
dominance of pro-apoptotic p53 protein expression in
the endocrinocytes in SHR rats (Table 2).

Calculation of the Bcl2 protein content in pancreatic
islets demonstrated its 3-fold decrease in hypertensive
rats in comparison with normotensive animals (Table 3).
The p53 protein content in the islets of both animal lines
did not statistically differ. It is possible that low indices of
Bcl2 antiapoptotic protein expression in pancreatic endo-
crinocytes in SHR line rats may be one of the reasons for
the decrease in the B-cell population in these animals [5,6].

The development of experimental diabetes in normo-
tensive rats led to a 2-fold decrease in the area of Bcl2
immunopositive material in pancreatic islets accompanied
with an increase in the area of immunoreactivity to p53
protein by 55 %. In contrast, there was an increase in im-
munoreactivity both to Bcl2 and p53 protein by more than
50 % in pancreatic islets of hypertensive animals (Table 1).

The development of diabetes led to an increase in
the concentration of p53 protein in endocrinocytes in
normotensive and hypertensive rats by 24 % and 31 %, re-
spectively. At the same time, the development of diabetes
in normotensive animals did not affect the concentration of
Bcl2 protein in the cells, while in hypertensive animals a
decrease in the concentration of Bcl2 protein by 33 % was
observed (Table 2). This resulted in the fact that the index
of apoptosis —Bcl2/p53 in endocrinocytes in normotensive
animals with diabetes decreased only by 12 % (P < 0.02),
and in hypertensive rats — by 40 % (P < 0.001).

Changes in the parameters of Bcl2 and p53 proteins
immunoreactivity in the diabetes mellitus development in
normotensive rats resulted in a 40 % decrease in the spe-
cific content of the antiapoptotic Bcl2 protein in pancreatic
islets, combined with 2.3-fold increase in the specific
content of the proapoptotic p53 protein (Table 3). Where-
as, the development of diabetes in hypertensive rats of
resulted only in 2-fold increase in the specific content of
the p53 protein in the pancreatic islets as compared with
the control group. Moreover, the development of diabe-
tes in normotensive animals resulted in the increase of
the apoptosis index by 3.84 times, while in hypertensive
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Table 1. Relative area (%) of immunopositive material in pancreatic islets (M + m)

Parameter Hypertensive ras
Control, n =91 Diabetes, n =76 Control, n =83 Diabetes, n =78

Bcl2 4.966 + 0.728* 2.798 +0.184* 2.475 £ 0.144* 3.771 £ 0.597%
p53 2.157 £0.195 3.344 +0.258* 2.123 £0.180 3.209 £ 0.225*
Bcl2 / p53 2.302 £ 0.083* 0.836 + 0.074* 1.165 + 0.096* 1.175 + 0.095*

Reliability P < 0.05 of differences in comparison with normotensive (*) and hypertensive (¥) rats without diabetes; n: the number of pancreatic islets that were examined.

Table 2. Protein concentration (U,.) in endocrinocytes (M + m)

Parameter Normotensive rats Hypertensive rats
Control, n =91 Diabetes, n =76 Control, n =83 Diabetes, n =78

Bcl2 0.611+0.079 0.664+0.040% 0.514x0.011 0.397 £0.019*
p53 0.449 £ 0.017 0.556 + 0.042* 0.448+0.021 0.587 £ 0.030*
Bcl2 / p53 1.360 £ 0.050 1.194 £+ 0.048* 1.147 £ 0.020* 0.676 + 0.052*#

Significance (P < 0.05) of differences in comparison with normotensive (*) and hypertensive (*) rats without diabetes; n: the number of pancreatic islets that were examined.

Table 3. Protein content (U/cm?) in pancreatic islets (M + m)

Parameter Hypertensive rats
Control, n =91 Diabetes, n =76 Control, n =83 Diabetes, n =78

Bcl2 3.570 + 0.203* 2.118 £ 0.265* 1.271 £0.079" 1.549 £ 0.232*
p53 0.98410.102 2.242 +0.372% 1.063 £0.133 2.104 £ 0.252*
apoptosis index p53/Bcl2 0.275 + 0.059* 1.058 +0.077* 0.836 + 0.026* 1.358 + 0.065*

Significance (P < 0.05) of differences in comparison with normotensive (*) and hypertensive (*) rats without diabetes; n: the number of pancreatic islets that were examined.

rats this index increased only by 1.62 times. However, in
hypertensive animals the apoptosis index in pancreatic
islets was still significantly higher (P < 0.05) than in nor-
motensive rats.

Discussion

The data obtained in the current research indicate that
the development of experimental diabetes mellitus leads
to a significant decrease in quantity of the endocrinocytes
that synthesize the anti-apoptotic protein Bcl2 only in
normotensive rats. At the same time, an increase of proap-
optotic p53 protein synthesis in endocrinocytes in diabetes
is observed both in normotensive and hypertensive rats.

It is known that Bcl-2 family of proteins include pro-
teins both with anti-apoptotic and pro-apoptotic activity.
Such proteins as Bcl2-protein (Bcl2), B-cell ymphoma-ex-
tra-large (Bcl-xL), Bcl-2-like protein 2 (Bcl-w), Bcl-2-like
protein 10 (Bcl-B), myeloid cell leukemia 1 (MCL-1) and
Bcl-2 related gene A1 (A1) prevent apoptosis [15]. They
realize their anti-apoptotic effect at the mitochondrial level,
and also block the activity of caspases and proapoptotic
proteins Bcl-2 family members in the cell [16]. Other pro-
teins of Bcl-2 family such as Bcl-2-associated X protein
(Bax) and Bcl-2 antagonist killer 1 (Bak), in contrast,
have a proapoptotic influence [15,16]. It is believed that
the balance between pro- and anti-apoptotic proteins
of the Bcl-2 family is a key parameter that determines
the choice between life and death for a cell [17]. It has
been established that in type 1 and type 2 diabetes Bcl2
production increases in 3-cells along with other molecular
regulators of apoptosis, [16], that might have a protective
value and to some extent reflect the compensatory po-
tential of -endocrinocytes in diabetes.

It was noted that apoptosis of B-cells in diabetes,
caused by overproduction of pro-inflammatory cytokines
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and a decrease in the mitochondrial transmembrane
potential in endocrinocytes is inhibited by stimulation of
Bcl2 expression [18].

Aproduct of the TP53 gene (tumor suppressor gene)
activity — p53 protein is an important regulator of apoptosis
in cells along with the Bcl-2 family proteins [17]. Being a
kind of “guardian of the genome”, the p53 protein initiates
apoptosis in DNA damage caused by radiation, chemical
agents, reactive oxygen species, hypoxia, and other
injuring factors. Furthermore, the p53 protein realizes its
proapoptotic potential by inducing pro-apoptotic proteins
of the Bcl-2 family: Bax, PUMA (p53 upregulated mod-
ulator of apoptosis) and Noxa (phorbol-12-myristate-13-
acetate-induced protein 1) [17,19]. It is proved that p53
protein can trigger B-cell dysfunction and suppress insulin
secretion in them [19]. At the same time, inhibition of p53
activity or knockout of the TP53 gene in mice preclude
apoptosis of B-endocrinocytes and prevent insulin resist-
ance development in adipocytes [19].

Therefore, the estimation of the balance between
the synthesis of anti- and proapoptotic factors in pan-
creatic endocrinocytes can be a prognostic factor for
assessing the resistance of B-endocrinocytes to the action
of pathogenic factors, as well as for assessment the risk
of diabetes mellitus development. In the present study, we
revealed a deficiency of anti-apoptotic potential caused
by a decrease in the Bcl2 protein synthesis in pancre-
atic islets that led to an increase in the endocrinocyte
apoptosis index in normoglycemic hypertensive SHR
rats to the level typical to normotensive Wistar rats with
streptozotocin-induced diabetes. This fact to some extent
explains the low specific density of the B-endocrinocyte
population in spontaneously hypertensive rats compared
with normotensive Wistar animals [5,6]. In addition to that,
adaptive hypobaric hypoxic training of Wistar rats with
streptozotocin-induced diabetes increases the anti-apop-
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totic potential of 3-cells and reduces the index of apoptosis
that ultimately leads to a rise in 3-endocrinocytes pool,
increase of insulin synthesis in them and a decrease in
glycemia level [13,14].

Conclusions

1. The endocrinocytes of pancreatic islets in normo-
tensive Wistar rats demonstrate higher level of the anti-
apoptotic protein Bcl2 synthesis than hypertensive rats of
the SHR line, while the level of the pro-apoptotic protein
p53 expression is almost the same.

2. Experimental diabetes mellitus development
in normotensive Wistar rats is accompanied by 2-fold
decrease in the expression of Bcl2 protein in pancreatic
islets, a significant increase in the specific content of p53
protein, and an increase in the p53/Bcl2 apoptosis index
by 3.8 times.

3. The development of diabetes in SHR rats is
accompanied by 2-fold increase in the specific content
of the pro-apoptotic protein p53 in the pancreatic islets
without reduction of anti-apoptotic protein Bcl2 synthesis.
At the same time, the p53/Bcl2 apoptosis index in SHR
rats remains statistically higher than in Wistar rats.

Prospects for further research. Further study of
the mechanisms of endocrinocyte death in diabetes, due
to the interaction of key molecular regulators of apoptosis
B-cells such as Bcl2, Bel-xL, Bax, Bak, and MST1 proteins
are proposed.
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