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The control of B-cells pool in patients with hypertension is an actual problem, as it is possible that the hereditary genetic defects of
arterial hypertension formation may affect the mechanisms of endocrine cell mass maintenance in pancreas and cause disruption of
glucose metabolism and diabetes. In addition, violation of cytoarchitectonics of pancreatic islets may affect the adequate insulin secretion
by the pancreas. This could be provoked by regional blood flow violations in patients with hypertension.

The aim of our study was to assess the parameters of the allocation of pancreatic islets and characterize the -cells morphofunctional
state in SHR.

Materials and methods. We assessed the amount of B-cells in islets, the concentration of immunoreactive material in them, specific
indexes of allocation of islets, B-cells and insulin per unit area using immunohistochemical assay. Results were processed by statistical
application package. We used Student’s t-test and Wilcoxon’s w-test when appropriate.

Results and discussion. In normoglycemic SHR about 80 % of pancreatic islets are small islets, whereas in normotensive Wistar rats
the portion of small islets is less than 45 %. In SHR rats we found the 1/3 decrease of B-cells in islets with area less than 1500 um?, and
2-fold decrease in islets with area 3500-7500 um?; decrease of specific amount of B-cells (12,4 % compared with Wistar) and insulin
contain (3-fold compared with Wistar).

Conclusions. Formation of hereditary hypertension in SHR is accompanied by remodeling of the insular apparatus of pancreas with
prevailing of small and middle-sized islets, 2-fold decrease of amount of pancreatic islets and 8-fold decrease of B-cells cell amount.
In normoglycemic SHR we found a middle B-cells hypertrophy and increased concentration of insulin. Herewith the specific insulin
contain is 3-fold less in hypertensive compared with normotensive rats due to decrease of B-cells cell pool.
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Oco0uBocTi opranizanii nomysuii 6eTa-KJIITHH MIIIYHKOBOI 321034 mypis Jinii SHR
3i CIIOHTAHHOIO TimepTeH3icio

T. B. Abpamosa, FO. M. Konecnux

[IpoGema KOHTPOITIO MYy B-KIITHH y TALIEHTIB i3 TIIEPTOHIYHOIO XBOPOOOIO € aKTyaJbHOI, OCKIIBKHA HE BUKIIIOYEHO, 1110 TeHEe-
THYHI 1edexTH GopMyBaHHS CIaKOBOI apTepiajbHOI rimepTeH3il MOXKYTh MaTH BIUIMB Ha MEXaHi3MH MiATPUMaHHs KIITHHHOI Macu
SHJJOKPUHOLUTIB MiIILTyHKOBOT 3aJI031 Ta MPHU3BOANTH J0 MOPYLIEHHs MeTabomi3My IItoKo3u Ta fiadety. Kpim Toro, 10 nmopymeHHs
aJICKBATHOI CeKpeii IHCYTiHy IiIILTYHKOBOIO 3aJI03010 MOXKE IIPU3BOANTH MOPYIICHHS [TUTOAPXITEKTOHIKY TAHKPEaTHIHNX OCTPIBIB,
10 MOKe OyTH CIIPOBOKOBAHO JIOKAJIbHUMH MOPYIICHHSIMH KPOBOOOITY B MAIIIEHTIB 3 apTEPialbHOIO TIEPTEH3IEIO.

Meta podoTH — BUBUNTH NapaMeTpH PO3MOJiITY NaHKPEaTHUYHHUX OCTPIBLIB Y MiIILTYHKOBIH 321031 Ta cXxapakrepusyBaTu Mop¢ho-
(yHKIIOHATBHUH CTaH P-KITITHH y riepTeH3uBHUX miypiB SHR.

Marepiasau Ta MeToau. Y TiCTOJIOTIYHUX 3pi3ax MiJIUTYHKOBOI 3aJI03H 33 JOTIOMOTOI0 iIMyHO(IFOOPECIIEHTHOTO METOAY BHSBIISLTH
[HCYIIiH, aHAJII3yBaJM IUIOILY MAHKPEATUYHHUX OCTPIBIIB, KUIBKICTh B-KIITHH y HHMX, KOHIEHTPALI0 y KIITHHAX IMyHOPEaKTHBHOIO
IHCYITIHY, TUTOMI TTOKa3HUKH PO3IOALTY OCTPIBIIB, B-KIITHH Ta IHCYNIHY Ha OJMHHUIIIO IUTOMII 3aJ1031. Pe3ynasTaTy onpamioBaiy 3a J0-
ITOMOTOIO TTaKeTa CTAaTUCTUYHUX MPOTpaMm, JUIs OIiHFOBaHHS BIPOT1THOCTI Pi3HUII y TpynaX BUKOPUCTOBYBAJH t-KpuTepiii CThloneHTa
Tta W-kputepiii BinkokcoHa.

PesyabTaTn. Y HOpMODIiKeMiuHUX TinepreH3uBHHX IIypiB SHR maibke 80 % maHkpeaTHdHHX OCTPIBIIB MiANUIYHKOBOI 3aJI03U €
MaJICHPKIMH OCTPIBIIIMHU, BOAHOUAC SIK y HOPMOTEH3MBHHX IIypiB Wistar XHS JacTKa CTAaHOBHTH MeHIIE HiXK 45 %. Y mypis minil
SHR BHsiBIICHE 3MEHIIICHHS KITBKOCTI B-KiIiTHH Ha 1/3 B OCTpIBIISIX TUI0MIEI0 MeHIe Hixk 1500 MKM? i BIBIYi — B OCTPIBLISAX i3 IIIOIICHO
35007500 MxMm?, 3MeHIIIEHHS B 321031 mutToMoi Baru B-kiituH (12,4 % mopiBHsIHO 3 nokasHukamu Wistar) i BMiCTy iHCYy:TiHY (BTpHui
nopiBHsIHO 3 Wistar).

BucunoBku. ®opmyBaHHs CI1aAKOBOI apTepianbHO] rinepren3ii B mrypis miHii SHR cynpoBomkyeThest peMoeTII0BaHHIM HCYIIPHOTO
arapary IiAIUTYHKOBOI 321031 3 JOMIHYBaHHSIM MaJe€HBKHX 1 CepeIHIX OCTPIBI[B, 3HIDKEHHSIM KiTBKOCTI MAHKPEATHIHUX OCTPIBIIB
yABIUi Ta KUTBKOCTI B-KITITHH — y 8 pa3iB. Y HOPMOTITIIKeMIYHHX TilepTeH3UBHUX IypiB JTiHii SHR Bu3HawaeThCs moMipHa rineprpodis
B-KmiTHH 1 301TbIICHHS KOHIIEHTPALIT B HUX 1HCYiHY. [IpH 1{bOMY BHACITIJOK 3HIKEHHSI ITyJTy €HIOKPHHOLMTIB MUTOMHI BMICT IHCY/TiHY
MPUOJIN3HO BTPUYI MEHIIINH, HIXK Y HOPMOTEH3UBHHUX IIypiB JiHiT Wistar.

Knrwouosi cnosa: p-xnimunu, iHcyniH, apmepiansHa cinepmensisl.
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Oco0eHHOCTH OPraHU3ALUHU NOMYJISALNH 0eTa-KJIeTOK MOIAKeTyI04HOIi :ke1e3bl Kpbic auHu SHR
€O CIIOHTAHHOM I'MIepTeH3Hen
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KJIETOYHOM MacChl SHJIOKPHHOIUTOB B ITO/KETYAOYHOMN JKeJle3e U MIPUBOIUTH K HapyIIEHHIO METaboIM3Ma IIII0K036! U arabety. Kpome
TOTO, K HapyIICHHIO aIeKBAaTHON CEKPEINN HHCYINHA MOKEITYI0THOH JKeTIe301 MOJKET IPHBOANTD HAPYIICHNE IUTOAPXUTEKTOHNKI
MaHKPEaTHYECKUX OCTPOBKOB, YTO MOXKET OBITh CIIPOBOLIMPOBAHO PErHOHATIBHBIMH HApPYIICHUSIMH KPOBOOOPAIICHHS Y MALEHTOB C
apTepHaIbHOM runepTeH3uei.

Iesb paGoThl — M3YYUTh NAPAMETPhI PACTIPEICICHHS MAHKPEATHYECKUX OCTPOBKOB B IOJDKETYI0UHOM JKeJe3e M 0XapaKTepu30BaTh
MopdodyHKIIMOHAIBHOE COCTOSHHE B-KIIETOK Y THIIepTEH3UBHBIX KpbIC auHIH SHR.

MarepuaJibl 1 MeTOABI. B THCTONOrHUECKUX Ccpe3ax IMOIKETyI0UHOM Kele3bl HMMYHO(IIOOPECIIEHTHBIM METOIOM BBISBIISIIH
UHCYJIMH; aHAJIM3UPOBAJIM IJI0IIAJIb NAHKPEATUYECKUX OCTPOBKOB, KOJIMYECTBO B HUX B-KHGTOK, KOHLCHTpPAaUUIO B KJIETKaX UMMYHOPE-
AKTUBHOTO MHCYJIMHA, y/IeJIbHBIE TI0KA3aTeN! PacIIpe/IeNICHUsI OCTPOBKOB, B-KIICTOK M HHCYIIMHA Ha SIMHUITY IUTOIIA M KeJIe3bl. Pesyirs-
Tarbl 00pabaTHIBAIN MTAKETOM CTATHCTHYECKHUX MPOrPAMM, IS OLEHKH JI0CTOBEPHOCTH PA3IMYMil B TPyINax MPUMEHSIIH t-KpUTEpUi
CrbrofeHTa 1 W-KpuTepuil YUIKOKCOHA.

Pe3yabTarhl. Y HOPMOTIMKEMHYIECKUX THIEPTEeH3UBHEIX KpbIc TrHIN SHR okomo 80 % maHkpeaTndecKux 0CTPOBKOB MOKEITY109-
HOI1 JKeJIe3bl MPeJICTaBICHbl MAICHBKMMU OCTPOBKAMH, TOI/IA KAK Y HOPMOTEH3UBHBIX KpbIC MHMKM Wistar UX 10115 COCTaBIIsET MEHEe
45%. Y xpsic auHnu SHR BBISBICHO YMEHBIICHHE YUCICHHOCTH [3-KJI€TOK Ha 1/3 B ocTpoBKax muiomniaapo Meree 1500 Mxm? u B 2 pasa
B OCTPOBKax Iiomapio 3500-7500 MKkM?, CHIDKEHHUE B JKene3e yAeabHOro kosmdecTsa B-kietok (12,4 % oT mokasaresis KpbIC JIHHUN
Wistar) u cofeprkanust MHCYIMHA (B 3 pasa 1o CpaBHEHHIO ¢ Kpbicamu TuHUU Wistar).

BriBoabl. ®opMupoBaHue HACIECACTBEHHON apTepUalbHON rUNepTeH3uy y kpbic auHuM SHR conpoBokgaeTcs peMoaeIupoBaHueM
MHCYISIPHOTO ammnapara MoKy JOUHOH JKeTe3bl ¢ JOMIHHPOBAHIEM MATE€HBKHX U CPEIHUX OCTPOBKOB, CHIKEHHEM KOJIMIECTBA MaH-
KpPEeaTH4eCKHX OCTPOBKOB B 2 pa3a M YMEHBILICHUEM YHCICHHOCTH B-KJIETOK B 8 pa3. Y HOPMOIIIMKEMUYECKUX THIIEPTEH3UBHBIX KPBIC
mann SHR oTrMedaercst ymepeHHast THIIpeTpodus 3-KIeTOK ¥ HOBBIIICHIE KOHIIGHTPAIUH B HUX HHCYITHHA. [1pH 3TOM 3a CIET CHIKEHUS
ITyJla SHJ0OKPUHONUTOB YIEIbHOE COJepKaHNe HHCYINHA TPHMEPHO B 3 pa3a MEHbIIE, YeM Y HOPMOTEP3UBHBIX KPBIC TMHUM Wistar.

Kniouesvte cnosa: [-knemxu, uncynun, apmepuanbas unepmen3us.
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ssential hypertension and diabetes mellitus are
widespread diseases with different etiology and
pathogenesis. Nevertheless, comorbid pathogenicity is
the characteristic for both nosologies [1], and is the most
pronounced in patients with the metabolic syndrome. It is
known, that long duration of essential hypertension leads to
chronic disorders of the central and peripheral circulation,
resulting in violation of microcirculation in different organs.
It is not excluded that the pancreas, including its endocrine
pancreatic islets, may be one more target organ damaged in
hypertension. The pancreatic 3-cells are responsible for the
production of all insulin for maintaining the body glucose
homeostasis. Circulatory disorders in the pancreas in arterial
hypertension can negatively influence the mechanisms of
B-cells regeneration [2], amount of secreted insulin and
consequently promote glucose metabolism disturbance
and diabetes development. Previously, we have shown
[3] that the population of mature adult SHR rats with
developed arterial hypertension can be divided into three
approximately equal groups according to the basal level of
glucose: 1) the animals with normal fasting plasma glucose
level; 2) animals with fasting normoglycemia, but abnormal
glucose tolerance; 3) animals with fasting hyperglycemia.
Based on this, we assume that the formation of genetic
hypertension may violate the physiological mechanisms
of B-endocrinocytes mass control in the pancreas of SHR.
The aim of the study was to determine the parameters
of pancreatic islets distribution in the pancreas and to
characterize morphological and functional state of p-cells
in SHR.

Materials and Methods

The research was carried out on 10 male normotensive
Wistar rats (BP=105.0=1.1 mm Hg.; weight 232+7g; the
level of fasting plasma glucose 3.94+0.09 mmol/l) and 15
SHR (BP=155.7+0.9 mm Hg.; weight 306+5g) with fasting

normoglycemia (4.73+£0.10 mmol/l). The animals were kept
in standard conditions of the vivarium with natural lighting
without water and food restrictions. Glucose concentration
was determined by the glucose oxidase method and insulin
by immunoassay (ELISA) in blood taken from the tail vein
of the experimental rats.

The pancreas was removed after decapitation of
experimental animals by thiopental anesthesia (50 mg/kg)
and fixed in Bouin’s solution (20 hours), and fixed in
paraplast after standard histological processing (MkCormick,
USA). The rehydrated serial histological sections of 5 pm
thickness were detected by immunofluorescence method
using insulin kit (Peninsula Lab. Inc., United Kingdom).
Study of immunofluorescence reaction was carried out
using a fluorescent microscope Axiolmager-M2 (Carl Zeiss,
Germany), equipped with a camera AxioCam-SHRm (Carl
Zeiss, Germany), using emission light filter 38HE (A_=470/40
nm, A =525/50 nm) (Carl Zeiss, Germany). Quantitative
analysis of immunofluorescence reaction was carried out
using digital image analysis system AxioVision-4.8.2 (Carl
Zeiss, Germany). Pancreatic islets are classified depending
on their cross sectional area [4]. The concentration of
immunoreactive insulin in the -cells was calculated as the
logarithm of the ratio of secretory granules fluorescence
intensity to the non-specific fluorescence of acinar gland
tissue and was presented in units of immunofluorescence
(U,). The insulin content in the pancreas was calculated
as multiplication of insulin concentration, the area of the
immunoreactive material in the cell, and relative number
of B-cells (taking into account the different types of islets
presence). This index was presented in U, /cm® of gland slice
area. The total examined area of pancreatic slices from each
animal was at least 5 cm?.

The experimental data were processed using software
package for statistical analysis EXCEL 2003 (Microsoft
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Corp.) with integrated software superstructure AtteStat.
Data with the continuous distribution were presented as
mean and SEM (M+m), and discretely distributed data (the
number of cells, islets) — as median (Me) and interquartile
range (Q1+Q3). The significance of differences between
experimental groups was evaluated using Student’s t-test (for
continuous data and distributed with a normal distribution),
and Wilcoxon-W-test (for discretely distributed data),
assuming reliable differences if the P-value is less than 0.05.

Results and Discussion

Comparative analysis of the pancreatic islets distribution
in the pancreas of experimental animals evidenced that the
number of islets in SHR is 2 times less than in normotensive
Wistar rats (Table 1).

The significant differences in the various types of islets
distribution were noted: normotensive rats represented
75 % of small (area less than 1500 pm?) and middle (area
1500-3500 pm?) islets in approximately equal proportions,
but in hypertensive rats about 80 % of all islets were small.
The pancreas of the SHR revealed a large number of single
B-cells (9.7+1.1 % against 0.04+0.006 % in Wistar rats) and
absence of'islets with area more than 7500 um?. This pattern
of pancreatic islets distribution in adult SHR is largely
consistent with the picture, which was observed in 1-month

Wistar rats with a physiological gestation [4] (in this period
the embryonic type of animals B-cells changes to adult type
[5]), as well as it was observed in adult experienced chronic
prenatal stress Wistar rats [4].

The distinctive feature of SHR was the number of B-cells
decreasing in cross section of pancreatic islets. This feature
was the most notable in small islets, where the number of
B-cells was 1/3 less than in Wistar rats, and in large islets,
where the number of endocrine cells was 2-fold reduced
(Table 2).

Features of the different types of pancreatic islets
frequency distribution with reduced p-cells quantity resulted
in fact that the number B-endocrinocytes in the pancreas
of SHR was 12.4+0.1 % of the number of B-cells in Wistar
rats. Moreover B-cells of large islets in SHR were larger
(p<0.001), and immunoreactive insulin concentrations in
them was 2.2 times higher than in Wistar rats. However,
reduction of the B-cells number in SHR’s pancreas resulted
in 3 times decrease in the relative content of immunoreactive
insulin in the pancreas compared with Wistar rats (7able I).

A number of studies have noted that hypertension
formation in SHR was accompanied by reduction of
B-cells pool which was progressed with aging [6]. It differs
significantly from insular apparatus changes in normotensive
Wistar rats, as these animals showed significant reduction

Table 1

Parameters of pancreatic islets with B-cells distribution in pancreas (per 1 cm? of slice area)
in Wistar (numerator) and SHR (denominator)

it Type Number of st Rt e "
Single B-cells 1‘?_((;3;_1)55)# 155_(2?;_:1)7)# 5128(?—5(?5*
Small (area<1500 pm?) %ﬁ% ;%&(%Jg_;l% 4%;2227*
Medium (area 1500-3500 um?) %((% 1596—2(‘1455—)% 13 02312117 fg;)
Large (area 3500-7500 pm?) %&%) %((11:;%2_;2?);)3 %
Giant (area >7500 pm?) 22 (1g+32) 2790 (11614+5224) 283.30121 5
Totally (M+m) % % 145?3472—95:1‘1;*

Notes: — p<0.05 for Student’s t-test (*) and for Wilcoxon-W-test (*).

Table 2
Pancreatic p-cells characteristic in Wistar (numerator) and SHR (denominator)
Islets Type B-cells Number ir&(érz)gjfgg;ional Islet’s Area, B-celll\aﬂlfri, um?, Insulin Conce:qt'[/elliig‘n in B-cell, Uw
S peae 1 B Bz
s s 500 i -
o eea 1500-9500 ) 2oezm e sy
Large (area 3500-7500 pm?) ‘%354(3_—_551# 1% * 4%*
Giant (area >7500 ym?) 136 (89-183) 92.2+1.6 140£0.01

Notes: — p<0.05 for Student’s t-test (*) and for Wilcoxon-W-test (¥).
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of B-endocrinocytes pool from the age of 18 months (aging
animals) [7,8]. It is believed that reduction of B-cells
mass in normotensive Wistar rats pancreas may be caused
by regulatory B-cells mass controlling factors activity
weakening due the animal’s aging. Important regulators
of B-cells proliferation are connective tissue growth factor
(CTGF), parathyroid hormone-related protein (PTHrP)
and glucagon-like peptide-1 (GLP-1) [9,10]. Reducing of
their formation in the adult or in pathological conditions
can decrease the degree of B-cells pool self-renewal. As
pathogenic factors that inhibit $-cells proliferation can be a
violation of blood flow and microcirculation in pancreatic
islets in SHR [11], and islets sympathetic innervation
changes [12,13], which can be formed as a total nervous
dysregulation in hypertension [14]. The basis of B-cells mass
reduction in the pancreas may be epigenetic mechanisms:
it has been shown the decreasing in Bmil protein synthesis
with aging, which inhibits the activity of Ink/Arf gene locus,
and it leads to increased formation of B-endocrinocytes
division inhibitor — protein p16™ [15].

Nevertheless, as it has been shown in our studies, a decrease
in the number of B-cells in SHR pancreas was largely
compensated by higher concentrations of immunoreactive
insulin in endocrine cells, which probably ensured the
maintaining of immunoreactive insulin sufficient level in
plasma (10.99+0.37 ulU/ml against 8.61+0.41 pIU/ml
in Wistar rats) and fasting euglycemic indices. Of course,
it is necessary to pay attention to the fact that adequate
plasma insulin concentration maintaining in SHR was on
the background of 3 times decreased indicator of relative

immunoreactive insulin content in pancreas (Zable 1).
These results in our opinion are not contradictory, but
rather show a high intensity of insulin processing and
their secretion by B-cells into peripheral blood. On the one
hand, it characterizes the high level of B-endocrinocytes
compensatory capacity in their pool reducing in the SHR
pancreas. On the other hand it could cause -cells exhaustion
due to long period of their functional overload. Taking into
account that plasma lipids, triglyceride and cholesterol
concentration are higher in SHR, compared with Wistar
rats [3,16], it should be assumed that normoglycemic status
of hypertensive rats should not be regarded as an indicator
of carbohydrate homeostasis physiological state in these
animals, because presence of lipid metabolism disorders
may further contribute to glucose tolerance impairment and
metabolic syndrome development.

Conclusions

1. Hereditary hypertension development in SHR is
accompanied by the remodeling of pancreas insular
apparatus with the dominance of small and medium-sized
islets, reduction in the number of pancreatic islets in a 2-fold
and an 8-fold decreasing in the number of B-cells.

2. In normoglycemic hypertensive SHR-line rats moderate
hypertrophy of B-cells and increase of insulin concentrations
in them are indicated. At the same time the relative insulin
content is about 3-fold less than in normotensive Wistar rats
due to endocrynocytes pool reduction.

Conflicts of Interest: authors have no conflict of interest
to declare.
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