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B.L.,2015).
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SUMMARY

The Role of Axdrogers in Correction of Metabolic Disorders Caused bydbetesMellitus.

(Experimental Study)

Introduction

According to World Health Organization data, the incidence of diabetes mellitus
(DM) has been obviously increasing ev the world during the last decades. Both types of
DM (type 1 and type 2) are characterized by chronic hyperglycemia and disorders in
metabolism of carbohydrates, proteins and fagdmerican Diabetes Association, 209
with multi -organ involvement in thepathogenesisHotamisligil G.S.,2006).

The gender difference in the population affected by DM has been demonstrated by
numerous epidemiological studies (Fitzgerald, et al., 1995; Grant, et al, 2009; Siddiqui, et
al., 2013). It is considered that malesatie higher prevalence and diabes type 2 risk
(Aregbesola et a) 2016; KautzkyWiller, et al., 2016). In addition, the risk of men with
type 1diabetes by cardiovascular disease mortality is approximatelytifftes higherthat
of men without diabetes Qrchard et al., 1990).t is well established that ex hormones
have a great impact on energy metabolisthody composition, vascular function, and
inflammatory responsesKautzky-Willer, et al., 2016). The credible decrease of plasma
testosterone concentratio has been shown in males affected by DM type 1 as well as
type 2. 7KH LQIOXHQFH RI VH[ KRUPRQHV REIsW Kancied3andOL Q VH
metabolic processes in liver has been proveddrimoto et al,, 2001; Shen & Shi2015) It
is also reported that the reduction of blood testosterone concentration leads te th
changes of hyperglycemjainsulin resistanceand metabolic processes in liven men
with both types of DM (Grossmanret al,, 2008; Holtet al, 2014) The low level of blood

testosterone is related to worst outcome in advanced liveselasesSinclair et al, 2016)
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Considering, WK DW K H S D W-Rdfs WaMevth® @c@ptdrs for both male and
female sex hormones, which in turn, have the ability of changing their quantitative
H[SUHVVLROUHIGZRDWLRQ UHIXGDWRQ" DFFRUGLQJO\
concentration, it could be &pected that sex hormones supplementation may hathe
repercussions omancreatic and lepaticfunctioning in DM.

It is considered, that thereduction of blood testosterone leads to the changes of
metabolic processes in liver (Grossman et al., 208t et al., 2014) and alteration of
DNA and RNA synthesis (Didebulidze et al., 2015)he functions of liver in males are
changed more dramaticallythan in females,confirming the assumption that the sex
dependence (sermssociation) of male livers are getically more determined in compare
with female livers (Zhang et al., 2011).

Alloxan selectively targets Langerhans islets and induces the damagéiclls.
Single injection leads to toxic effect and apoptogenic changes, hypoinsulinemia, and
hyperglycamia (Elayat et al., 1995)which in turn stimulates a cascade of dysmetabolic
mechanisms, including the processes that activate apoptosis of Auvells (Bonner-Weir
S. et Weir G.C. 2005).

It should be mentioned that thelLangerhans islets are not the onlyargets
damaged during diabetes. Histologically and immunohistologically confirmed changes in
liver and kidney tissues were revealed in experimental models of diabetes. These damages
are caused by the mechanisms such are hypoxia, apoptosis, and calcidax ifiMaedler
et al., 2001).

The efforts to determine the expediency of using various substances and

compounds for treating diabetes are permanent. One of such substances is testosterone.

Numerous clinical and experimental studies show a positive effectestosterone in DM
type 2 (in most of the studies) as well as DM type 1 (in certain studies), however, the

final verdict with respect to its effect has not been reached yet.
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The aim of the present studwas to investigate the possibility ofastoration of

metabolic imbalance by the exogenous androgen supplementation in the experimental
model of alloxanrinduced diabetes (AD) The influence of exogenoustestosterone
supplementation on the expression of androgen receptdiSR) and DNA & RNA
synthesisas well aghe morphological changes in pancreatic islets and livessuein AD

was studied.

Materials and Methods

The experimental model of diabetes was induced in male Wistar white rats
(n=100) in age2-2,5 months, weighting 186200 gby a single intraperitoneal dose of
Alloxan (Chemos GmbH & Co0.KG (Germany)) 2,0 mg per 10 g of body weightThe
animals were divided into 4 groups: Control Group (n=20) received solvent; Group | (n =
20) studied on 18 day of AD; Group Il (n = 20) studied on 30day of AD; Group Ill (n =
20) studied on 48 day of AD; Group IV (n=20) received daily 0.5 mg of synthetic
androgen- radioinert Methyltrienolone - beginning from the 3* day of AD. One hour
before sacrifice,all animals underwent to the intraperitoneal injection of3,7x1G Bq
radioactive androgen- Methyltrienolone [17aMETHYL-3H] (R-1881) obtained from
Perkin Elmer, Inc., for quartitative assessment &R in liver.

Subsequently, the animals were given ethanesthesia and the blood samples were
obtained from inferior vena cava to further measuring the levels of glucose,
immunoreactive insulin (IRI), corticosterone, estradiol @& and testosterone (T),jn
parallel with studying of histology of pancreatic ists and liver cells in all above
mentioned groups.The study corresponded to the principles of the Guide for the Care
and Use of Laboratory Animals (NRC 2011) and approved by the Commission on
Bioethics at Al. Natishvili Institute of Morphology, Iv Javakhshvili Thilisi State

University.
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Measurement of hormones

The levels of hormones were measured by commercial kits. IRl was determined
using the assay fromSEA/RE-SORIN (France)corticosterone was assessed using the
assay fromRSL., Inc. (California, US)T - by SORIN BIOMEDICA (ltaly)and E - by
ORIS Industries S.A. International GIS (France)

Measurement of hepatic DNA/RNA

The quantity of DNA in liver was studied by radioactive Hthymidine (1.U. 8.14 x
10 Bg/ml) in the dose of 5Bg/ml, while the RNA was measured by radioactive
H3-uridine (1.U. 11 Bg/ml) in the dose of 6 Bg/ml. For this purpose, the
fragments of liver tissue were weighed and placed into 5 d99 so/utionvials, to which
the above specific rdioactive components were added.

The vials were placed in thermostat at +38 | R U PLQXWHY /DWHU WKI
ZHUH ULQVHG LQ FROG ZU QRXULVKLQJ EXIIHU ZLWK
placement in scintillating fluid container vials (accordingto previously published
recommendationsDidebulidze, et al., 201%. The frequency (quantity) of radioactive
LPSXOVHV LPS JU PLQ ZDV FGOIFXGBWSHGREXWHKE EA WKH (
Academy of Medical Sciences, Russia).

One hour before renoving animals from the experiments, the intraperitoneal
injection of 3,7x10@ Bq radioactive androgen Methyltrienolone [1ZMETHYL-3H] (R-

1881) was performed for the assessment of amount of androgereptxs in liver
(Didebulidze et al., 2015).

Morphological studies

For the histological investigation of pancreatic and livertissues, theirfragments
were fixed in 4% formaldehyde prepared on %24 pH phosphate buffer andater
embeddedin the paraffin according to standargrotocols 3-4 um thick sampleswere

stained with hematoxylineosin (H&E). The slices were studied by light microscope
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(Micros) equipped with a digital camera. 5 animals from each group were subjected to
morphometric analysis; 10 samples were studied from each anivdobe Photoshop

satware was used to determine the average size of the pancreatic islets (the area
occupied by the islets, measured in @ras well as to measure the areas of necrotic foci

in the islets. The degree of the liver damage was assessedpnyiris "visual sca", where

3" FRUUHVSRQGV WR WKH QRUP SUDFWLmdOgeYerZ LWKR X\
degenerative (necrotic) changes.

Additional liver tissue sections werestudied immunohistochemically for
assessing K67 expression After deparaffinizaton and rehydration, endogenous
peroxidase was blocked in hydrogen peroxide solution. For the antigen restoration, the
samples were placed in 0.01 M citrate buffer (pH 6.0) and were heated in a microwave
oven (1000 C at 600W) for 15 minutes. After incubatiowith bovine serum to avoid
unspecific binding and blocking of norspecific bonds, mouse monoclonal antibodyti-
rat Ki-67 diluted 1:50 (clone MIB5; DAKO) was incubated for1l hour at room
temperature For the detection of bound antibodies NovolinPolymer Detection System
(Leica, Germany)was used, and visualized using diaminobenzidifBAB, Leica)and
counterstained with hematoxylin.

To determine the ploidy of hepatocytes, the computer program Image J was
used.The nuclei of 500 hepatocytes were measd on the corresponding histology
sections. Based on the obtained data the diagrams were built for the squares roughly
similar to their size The first peak corresponded to 2C, subsequent peak€ (2Cx2) and
8C (4Cx2). Tissue samples 85 mn¥) were taken from the central and peripheral areas
of all liver lobes.

Quantitative assessment of AR

The sample®f liver tissuebeing weighed, homogenized and placed in scintillation

fluid, were placed in a scintillation counter "Bet®" (Scientific Research Instute of
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Medical Industry at Russian Academy of Medical Sciences, Moscow, USSR) for
determining of the number ofAR in liver (counting the radioactive impulses).

Statistical analysis

Median values are provided with respective interquartile ranges. rGparisons
were tested using ManfWhitney U test. P values less than 0.05 were considered
statistically significant. Statistical analysis was conducted using SAS 9.2 software.

We preferred median over mean because of concerns regarding the normality of
distribution and small sample size of our study. Therefore we thought that median values
are more appropriate to describe our data and make comparison between groups, which

consisted of 20 subjects each.

Results and Discussion
AD was accompanied by the inemased plasma concentration of glucose,

corticosterone and E This increase appeared to be statistically significant compared with
data of control group and groups with lesser terms of AD as well. The plasma
concentration of IRl and testosteronéhas signifcantly decreased at ¥5and 30" days of
the experiment but on the 4% day their further changes compared with previous terms
were not statisticallysignificant (Table ).

This could be related to the reduction of damaging effect of alloxan at"4day
ZKHQ SDQFtehsehterdt idto regeneration phase. The reduction of intensity of
IRI decline is accompanied bthe reduction of intensity of testosteronéecline as well as
it was described byKandeel, et al. (2007). It is established thaypoinsulinemia and
decreased glucose utilization inhibit protein, DNA and RNA synthesis in hepatocytes. In
our study, hepatic DNA synthesis was decreased by 44% and RNA synthesis by 29% at
15" day of AD. In case of hypoinsulinemia and hyperglycemia, the glucosehich
abundantly penetrated into hepatocytes (insulis notrequired for the entrance
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of glucose in the hepatocytes, but only for its utilization by theells - Kelly & Jones,
2013 promotes a significant increase in the production of hydroxyl radicals,high
increase the amount oBcl-2-associated X proteirfBAX-protein). Besides, BAX protein
stimulates the release of cytochrome C from mitochondria, casp8sactivation and
induction of apoptosis Frances, et al., 2010)

After injection of radio-inert methyltrie nolone, the glucose level significantly
decreased being not statistically different in comparison with the data obtained at' 15
day of experiment.This can be explained by the fact, that testosterone promotes the
synthesis of i-RNA of IRI receptors in h@atocytes, which leads to increasesknsitivity
of hepatocytes toward IRL.In this conditions the minimal rise of IRl is enough to
stimulate the glucose utilization in liver cellsKapoor, et al.2006;Sato, et al., 2008)RI
exerts anttapoptotic propeties based on the stimulation of XIAPwhich inhibits
caspases and suppresses dipeptosigFrances, et al., 2010)

Exogenous androgen supplementation significantly increases DNA (24%) and
RNA (8%) synthesis in liverfollowed by a raise on the amounbf polyploid hepatocytes
in compare with 30" and 493" days of AD model although no increase in thenumber of
Ki-67 positive hepatocytewas observedFig 1).

Testosteroneshifts insulin signaling toward cellular protein anabolisngShahidi
N.T., 2001).It increasesGlut4 expression and downstream signaling such as Akt and
PKCzeta/lambda phosphorylations and the main glycolytic phosphofructokinase and
hexokinase enzymeg¢Satoet al., 2008) Injection of methyltrienolone, had no effect on
the concentration of RI: the latter was not different neither from the data obtained at
30" nor 45" days of ADmodel.

'XH WR UHG X F WelIRdgrived insdlivbyAdloxan imply, the synthesis of
testosteroneis not stimulated adequately. Reducecestosteroneconcentration can no

longer afford inhibition of lipoprotein lipase enzyme. This enzyme, located at the
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endothelial membranes of blood capillaries into adipose tissue, releases the triglycerides
from fat rich chylomicrons and very low density lipoproteins; these triglycerides
penetrate and deposit into adipocytes. Under these conditions the enzyme aromatase,
located in adipocytes, is activated n@l converts already diminished dstosteroneto
estrogen. This observation is confirmed by our data in which the marked increase in E
concentration paralleled the decrease in theestosteroneconcentration Hayeset al.,
2000, 2001) However, the E concentration which was increased at all stage$ the
experiment still declined after methyltrienolone injection and was not statistically
different from indices of 15 day of AD (Table .

The presented data confirms the reksi of Shahidi (2001), Haffner, et al. (1988)
and Pitteloud, et al. (2005}hat the variability in the steroid hormone concentration is
dependent on insulin and glucose levels and vice versa.

At the 15" day of AD it was observed an increase lofer AR expression This can
be explained by active consumption of testosterodering alloxan-dependent stress that
increased the number of freéAR enabled to interact with radioactive androgen H
methyltrionolone (R-1881). At subsequent stagethe increased teststerone deficiency
induced by experimental diabetes was associated with drastic desegulation of AR
H[SUHVVLRQ DQG VLJQDOLQJ TeppermanB, ME8Mbutigit FBY NLQJ
1988,1990).

However, the administration of synthetic androgen durind5 days followedby
increased testosteronéevel in blood plasma lead to ybJHIXODWLRQ DQG DFWLY
PDVNLQJ" RI $5 'DWD VKRZHG WKDW UHrethgdtiefoldneEELQGV W
and cause further increase on the AR expression in liver tissue.

Despite the expression of liver AR after treatment with H&ethyltrinolone does

not reach the control level, an increase in their number significantly supports the
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restoration of liver function, including adaptivecompensatory activitieSmirnov A.N.,
2009).

The increased glucose blood concentration during Abay be related to reduced
glucoserelated metabolism caused by enhancexbrticosterone signaling Under such
circumstances, the increased level of steroid hormones stimulates gluconeogenesis from
protein and amino acids metabolismirfai et al., 1993; AndrewsR.C. etWalker B.R.,
1999; Kinoteet al, 2012). The supplementationof H3-methyltrienolone reduced IRI
resistance, hyperglycemia, corticosterone and @rastically altered during experimental
diabetes in male rats.

The structure of pancreatic islets and liver tissue of the rats in the control group
were in full compliance with the standard morphology of these tissues in rodents,
described in numerous studiedn particular, the pancreatic isletsare distinguished as
non-encapsulated, comparatively paleolored round or oval areas formed by the various
cell groups separated by the capillary network. They are well isolated from the adjacent
exocrine tissue. Mainly Acells are located in the center of the islets, however, rarely
they can create the row (cell line) bordering the islets from the tissue of the exocrine
pancreas (similarly to "bordering plate” in the liver(Fig 2-A).

Hepatocytes are organized into ples separated by vascular channels (sinusoids).
Majority of hepatocytes contain the single diploid nuclei, except for some cases where
the nuclei are tetraploid.

'"HVWUXFWLYH -EdflDv@eieH®vehl€ iA the animals of all experimental
groups with Alloxan-induced diabetic model(AIDM). This can be explained by the
WDUJHWLQJ &élP by Allorah (fhis specific effect serves as a basis for the
modeling of diabetesfLenzen S., 2008).

Within 15 days of AIDM, the degenerative changes and necrotiesions were

mostly expressed in the pancreatic islets which are adjacent to the large blood vessels.
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7TKH QHFURWLF FKDQJHV ZHUH -odlsy Bbin® &f GhemQun&bweiwy RI1 Wi
vacuolization, while others expressed patmlored pyknotic nuclei. Sometimes the
GHIJHQHUDWLYH FKDQJHV ZHUH YLYLGO\ VHHQ DW WKH St
YDFXRODWHG FHOOV IRUPHG ERUGHULQJ SODWH"™ KRZHY
centrally twere vacuolized or foarvlike cells with transparent cytoplasm \ere grouped
in the clumps. Despite colliquation of the part of the damaged cells, the islets were
shrunk, due to which the identification of capillary lumens as well as the endotheliocytes
was difficult. At the same time, the epithelium of pancreatic acinblood vessels of
various diameters and connective tissue structures maintained the normal structure
(vacuolization of the cytoplasm in the cells of some aciniay be regarded as an
exception)(Fig 2- B).

All described changes are typical for AIDM in rodgs and indicate that substantial
damage of islets directly correlates with the changes in insulin and glucose
concentrations in bloal, as it was shown previouslylLenzen S., 2008)it is assumed that
G HD W Kcels) which may be expressed by necrosis or caspdsgendent apoptosis,
UHSUHYVHQMMW BEHD@GEKI @XpeNfmental diabetegHaligur et al., 2012)
Considering the fact, that on 15th day of experimental diabetése number of cells with
necrotic changes evidently prevail the number of cells with apoptotic bodies (these
bodies were evealed in only small number ofAcells), it might be concluded that
diabetes has not still reached the peak of its development oe ttbth day of the Alloxan
injection.

On the 30th day from AIDM, the morphology of pancreatic islets revealed the
changes of the same type as on the day 15th. Hereby, the intensity of damage in some
islets was significantly high, which was expressed in ahlating necrotic foci and less
damaged cell¢Fig 2- C). The number ofapoptotic foci was also increased on the 30th day

of AIDM.
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On day 45th of AIDM, the morphologic picture of pancreas practically does not
differ from the picture seen on day @&h. Stalling the intensity of the damage may be
associated with the platealRl $OOR[DQfV G Dlemdr®), 208 HF W

After 15-day treatment with testosterone (methyltrienolone) (from day 31 to day
45 of AIDM), the recovery of structural changesithe pancreatic islets was revealed: the
number of cells in the Langerhans islets and therefore their density was increased;
QXPEHU RI1 YDFXROL]HS6Is bedscirappel Sighifichrily the contours and
compositions of the majority of pancreatic islets were almost similar to normal c¢lgy
2-D).

In total the area of islets on days 15th, 30th and 45th after AIDMas
convincingly diminished compared to the value of animals in the control group,
however, these do not differ from each other convincingly. The necrotic areas in these
LVOHWY ZKLFK EDVLFDOO\ FRUUHVSRQGV ZL\eKs) WKH V.
convincingly increased on days 15th, 30th and 45th after AD compared to the data of
animals from the control group, however, these do not convincingly differ from each
other. In addition, total area increased and the area of necrotic foci decreased in the
pancreatic islets of the animals in IV group (including the animals with AD received the
treatment with methyltrienolone from day 31st to day 45th) while the characteristics
approximated to the values of the control group (Diagram N1).

Both the areas of pancedic islets and necrotic foci were measured taking into
account the existed experiencéelayat et al., 1995)

The liver is one of the most important organs involved in the regulation of energy
homeostasis. Therefore, it is natural that in case of experirtedrdiabetes it developed
certain changes. The damage of liver tissue (degenerative changes, decomposition of

SODWHV VWDVLV DQG LQILOWUDWLRQ ZDV DVVHVVHG DV
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The granular degeneration of different degree, rarelyatty inclusions and
vacuolization, as well as the development of apoptotic bodies, were revealed in the
hepatocytes. These changes represent the outcome of Alloxan induced dysmetabolism.
These data are in unison with thelata described by S. Lenzen regandiliver damage in
streptozotocininduced diabetes, however, after streptozotocin injection, the progression
of diabetic changes is significantly highe(Lenzen S., 2008) The lesions of liver tissue
revealed on day 15th, 30th and 45th after AIDMdo not substantially differ from each
other (Fig 2 E). During 15-days treatment with methyltrienolone (within day 31st to day
45th of AIDM) normalized the histological features of the live(Fig 2 £F): its damage
ZDV DVVHVVHG DV VFRUH 3 W ERIUQH WSKRHD 6 KB QJ IHW KWAKFDR U H

only in several foci.

Conclusion

Positive effect of male sex hormonettestosterone- in treatment of Alloxan
induced Diabetes, indicates that testosterone can be successfully used not only for the
management of Dabetes type 2 (as it is confirmed by many clinical studies) but also in
the complex treatment of Diabetes type 1 (considering the fact that Alloxan induced
Diabetes represeistthe model of Diabetes type 1).

In the animals with Alloxan induced Diabetes tégsterone improves metabolic
abnormalities (concentrations of glucose, immunoreactive insulin, seand steroid
hormones) as well as the morphological structure thie pancreatic islets and liver.

Effect of testosterone is based on various mechanisms, including its influence on
the AndrogenReceptors of liver cells and induction the pathways supporting the
decrease in insulin resiance and synthesis of glycogen.

After 15 days of Alloxaninduced Diabetes thenumber of active Androgen

Receptors of hepatocytes is increased compared to the animals of the control group; after
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30 and 45 days of experimental diabetes, the number of active Androgateptors is
decreased compared to the control group as well as gneup with 15-days Diabetes; the
decrease in the number of AndrogeReceptors is accompanied with the diminished
synthesis of DNA and RNA in the liver cells.

Treatment of rats with Alloxan induced Diabetes with testosterone causes the
increase of the numbr of active AndrogenReceptors which correlates with the
intensification of DNA and RNA synthesis in the liver cells.

This intensification of synthesis of nuclear acids is accompanied by the increase of
ploidy of hepatocytes but not the number of mitoticells.
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Table 1. Blood concentration of glucose, immunoreactive insuliff//), testosterone (), estradiol
(E2), corticosterone in rats; activity of nucleic acids (DNA and RNA) synthesis; expression of
androgen receptor (AR); the hepatocyseploidy.

1 2 3 4 5
Q Controle 1 Group p value Il Group p value Il Group p value IV Group p value
3 group 15 days 30 days 45 days 45 days (15 days
o getting
(n=20) (n=20) (n=20) (n=20) methyltrienolone
(n=20)
5.10 12.30 <0.0001* 13.35 <0.0001* 15.00 <0.0001* 11.35 <0.0001*
@ (4.905.20) | (10.8012.85) (12.90613.60) | <0.0004** (14.55 <0.0001** (10.5412.11) [0.08**
§ S 15.60) <0.0001*** <0.0001***
3 E <0.0001****
O E
23.30 12.42 <0.0001* 5.00 <0.0001* 4.72 <0.0001* 4.90 <0.0001*
2 (22.35 (11.8913.06) (4.70:5.40) <0.0001** (4.634.88) | <0.0001** (4.595.05) <0.0001**
z i 24.10) 0.05%** 0,14+
el 0.32****
2.63 1.73 <0.0001* 1.38 <0.0001* 1.38 <0.0001* 2.40 <0.0001*
E (2.592.69) (1.681.80 (1.341.44) <0.0001** (1.31:1.41) | <0.0001** (2.342.47) <0.0001**
4 = 0.61*** <0.0001***
= 0.0001++*+
0.015 0.019 <0.0001* 0.023 <0.0001* 0.032 <0.0001* 0.019 <0.0001*
E (0.013 (0.0170.020) (0.02%0.025) | <0.0001** (0.03% <0.0001** (0.0170.021) [0.18**
- =) 0.016) 0.034) <0.0001*** 0.0001***
€ <0.0001 ***
o © 12.83 18.58 <0.0001* 22.15 <0.0001* 23.90 <0.0001* 20.45 <0.0001*
g § E (11.72 (17.9019.03) (21.2422.53) | <0.0001** (22.05 <0.0001** (19.6020.95) [<0.0001**
G 85 13.45) 24.85) 0.005*** <0.0001***
0w < <0.0001%+**
c 180846 101276 <0.0001* 121163 <0.0001* 106698 <0.0001* 150096 <0.0001*
<D (180816 (101272 (121157 <0.0001** (106683 <0.0001** (150086150106) [<0.0001**
% g c 180872) 101283) 121170) 106711) <0.0001*** <0.0001***
-7 <0.0001****
€ 324909 230701 <0.0001* 259956 <0.0001* 243700 <0.0001* 2826% <0.0001*
<D (324870 (230671 (259949 <0.0001** (243687 <0.0001** (282683282707) <0.0001**
E g- c 324963) 230712) 259962) 243714) <0.0001*** <0.0001***
- <0.0001****
€ 1673.17 1885.95 <0.0001* 1121.86 <0.0001* 1003.43 <0.0001* 1509.53 <0.0001*
) (1636.69 (1876.15 (1109.23 <0.0001** (997.68 <0.0001** (1498.201516.34) <0.0001**
2:: g c 1705.25) 1894.55) 1135.32) 1013.45) | <0.0001*** <0.0001***
-7 <0.0001****
55,631,7/1,1 | 61,724,30,7 0.001* 72,3/18,205 <0.0001* | 77,3/10,7/0,2] <0.0001* 59,2255/0,9 [<0.0001*
g‘ z:\; <0.0001** <0.0001** <0.0001**
g= <0.01*** <0.0001***
B & <0.0001****
280
= c a

Number of (*) indicates the group which data is compared to the data of given group

X ratio of percentage of diploid/tetraploid/octaploid liver cells
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FigureN1. Figure N2.

Figure N1. Ploidy of hepatocytes at 30th day of alloxan-duced diabetes (a, b), and at 15th day of
exogenous attrogen supplementation (c, d). dijploid nuclei X tetraploid nuclei + )\

Figure N2.

A. Pancreatic islets with endocrine cells. Control group. H&E Obj.x20cx15.

B. Disrupted normal architecture of pancreatic islets on 145lay of Alloxarrinduced diabetes.
H&E Obj.x20Q Ocx15 QHF UR VdeV- R stvelling of the intercellular substance  ;
KISHUWURSK| DQG Y REIXRDL ] Avels Ri@ieRr pyknosis (irreqular hyper
chromic nuclei) - §.

C. Structure of pancreatic islets on 30day after Alloxarrinduced diabetes. Combination of
necrotic foci with less damaged cell$1&E Objx2Q Ocx15. Degenerative changes of the
islet-A.

D. Structure of pancreatic islets after 16ays treatment with methyltrienolone. The @llular
composition is almost snilar to normal. H&E Obj.x20 Ocx15.

E. Liver tissue on 30 day of Alloxarrinduced diabetesH&E Obj.x20 Ocx15.

F. Liver tissue after 1&d0ays treatment with methyiltrienolone. H&E Obj.x2Q Ocx15.
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Diagram N1 Changeof islet area and areas of necrotic foci on various terms of Alloxaouced
diabetes and after treatment wittmethyltrienolone.
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Abstract

Aim: The am of the study was to investgate the restordion of
metaolic imbdance related with deficiency of insulin by the exogenous
andragen suppkmentdion in the expeimental model of alloxan-induced
diabdes in Wistar male rats. Methods: The expeaimentad diabdes was
inducel by a single intraperitoneal administration of aloxan. The
concentrations of glucose immuneeactive insulin, corticosteone
testoseroneand estradiol were examined in blood, the intensity of DNA and
RNA synthesis and androgen receptor expression were studied in the liver
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tissue +at 15", 30" and 45" days of all oxan-inducel diabees. The syntheic
androgen mettyltrienolone was administered to rats with 30-days diabdes
during 15 days. All data were compaked to control group received solvert.
Results: The induction of diabdesincreasel the concentrations of glucose
corticostepne and estradiol while decreases insulin and testos¢rone
concentration in blood as well as DNA/RNA synthesis and andragen
receptors expression in hepatocytes. The administration of exogenous
androgen signifi cantly restored the metaolic imbalance and the expression
of androgen receptors and increased DNA/RNA synthesisin liver cells
maintaing close to control levd. Conclusion: The administration of
m HM KUADHR O RIGIMB W KHHHRAR 13G L DNELY WY BQ GUVHWHR L H
hormonadysfunction inducel by dl oxan.

Keywords: Allox an-inducel diabetes,testogerone, liver andragen receptors,
hormon&disbdance

Introduction

According to World Health Organization daa, the incidence of
diabgesmellitus (DM) has been obviousy increasing over the world during
the last decades. Both types of DM (type 1 and type 2) are characterized by
chronic hyperglycemia and disordes in metéolism of carbohydraes,
protans and fats (American Diabetes Assaciation, 2009, with multi-organ
involvement in he pahogenesis (Hotamisligil, 2006).

The gender difference in the populationaffected by DM has been
demongrated by numerous epidemiobgica studies (Fitzgerald, et a., 19%;
Grant, et a, 2009; Siddiqui, et a., 2013) It is consdered that males have
highe prevaence and diabdes type 2 risk (Aregbesola ET AL., 2016;
Kautzky-Willer, & a., 2016). In addition, the risk of men with type 1diabées
by cardiovaesaular disease mortdity is approxmately 10 timesthat of men
without diabdes(Orchard, et a., 1990) Moreover the diabetesis conddered
as oneof the strorgest independent predictors of left ventricular hypertrophy
(Greaves, ¢ al., 1994,

Sex hormone have a great impact on energy metaolism, body
compostion, vasaular fundion, and inflammatory responses(Kautzky-
Willer, et a., 2016) The credible decrease of plasma testostrone
concentration has been shownin males affected by DM type 1 as well as
type 2. It was shownthat the low concentrations of endogenoustestoserone
correlates with increased risk for left ventricular hypertrophy and heart
failure (Kannd, et al., 1969; Kannd, et a., 1972) It is also reported thatthe
redudion of blood testoserone concentration leads to the changes of
metaolic processesin liver, hyperglycemia and insulin resigane in men
with both types of DM (Grossnann, 2008; Holt, 2014) The low levd of
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blood testosérone is related to worst outcomein advanced liver diseases
(Sinclair, 2016) The influene of sex hormone on the insulin secretion by

-cells in pancreas and metaolic processesin liver has been proved
(Morimoto, 2001; $en & Shi, 2015)

&R QG/Hl L QM KKBBADARMY/ DD Gcell's have the receptorsfor both
male and female sex hommones,which in turn, have the ability of changing
W K HILX®W D WH. S RIQ 3G RZBIXOD W IDRE&XSHXODWLRQ’
accordingly to their blood concentration, it could be expected that sex
hormone suppkementdion may have functiond pancreatic and hepdic
repercussons n DM.

At the sanetimeit's shovn W KIDAMDAYLH AP S BIERW RP D QW
is more dependent on the genetically determined andragen levels in blood
(Smirnov, 2009)

The aim of the present study was to investigate the possbility of
restoragion of metdoic imbdane by the exogenous andragen
suppkmentdion in the experimental model of aloxan-inducel diabees
(AD).

Material And Methods

The expeaimental model of diabdeswas induced in male Wistar white
rais (n=80) in age 2-2,5 monts, weighting 180200 g by a single
intraperitoneal administration of aloxan obtaine from Chemos GmbH &
Co.KG (Germany). The animals received al oxan 200 mg/kg body weight in
accordance to the patern of experimental group. The animals were divided
into 5 groups: Group | (Control) (n = 20) received solvent;Groupll (n = 20)
studied on 15" day of AD; Group Il (n = 20) studied on 30" day of AD;
Group 1V (n = 20) studied on 45" day of AD; Group V (n=20) received daly
0.5 mg of syntheticandrogen - radioinert methyltrienolone- beginning from
the 315 day of AD. One hour before sarifice, al animas undewent to the
intraperitoneal  injection of 3,7x10* Bq radioadive androgen -
mettyltrienolone[17aMETHY L-3H] (R-1881) obtainel from Perkin Elmer,
Inc., for quantitative asessment of adragen receptors AR) in liver.

Subseuently, the animals were given ether anesthesia and the blood

sanples were obtaired from inferior vena cava to further measuring the
levds of glucose immunoreactive insulin (IRI), corticostepne estradiol (E)
and testosérone (T). The study corresponde to the prindples of the Guide
for the Care and Use of Laboratory Animals (NRC 2011) and approwed by
the Commisson on Bioethicsat Al. Natishvili Institute of Morphology Iv.
Javakhishvili Thilisi SateUniversity.
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M easu ement of hormones

The levds of hormone were meaued by commercial kits. IRl was
detemined using the assay from SEAIRESORN (France); corticosteone
was assesad usingtheassag from RSL, Inc. (California, US), T - by SORN
BIOMEDICA (Italy) and E> - by ORS Industies S.A. International GIS
(France).

Measu ement of hepatic DNA/RNA content

The quantity of DNA in liver was studied by radioadive H3-
thymidine (1.U. 8.14 x 10! Bg/ml) in the doseof o °Bg/ml, while the
RNA was meaureal by radioadive H3-uridine (1.U. o 1Bg/ml) in the
doseof o %Bg/ml. For this purpose the fragmentsof liver tissuewere
weighed and placed into 5 ml 199 soluion vials, to which the abovespecific
radioadive componentsvere added.

The vials were placed in themostt at +38° K IRU P IQ X W BWMH
WHBIPHQXHYMH L GVBR O G2Z2KQRMX. V KELXHIZ L WK E VR WX
homogenization and placment in santillating fluid containe vias
(according to previoudy published recommendaions (Didebulidze, et a.,
2015. The frequency (quantity) of radioactive impulses(imp/gr/min) was
HO F WOEBW RKH ~ GWL FSRIG MR WH( Q W H VRI$ FBGP\ R |
Medicd Sciences, Russh).

Statistical analysis

Median vaues are provided with respective interquatile ranges.
Comparsons were testal using Mann-Whitney U test. P vaues less than
0.05 were consdeed statigicaly significant. Statisical andysis was
conduded usig SAS 9.2 sftware.

We preferred median over mean because of concerns regarding the
normality of distribution and small samplesize of our study. Therefore we
thoughtthat madian values are more appropriate to describe our data and
make comparison betwen groups, wich consisted of 20 subegts ead.

Results and Discusson

AD was accompani@l by the increased plasnma concentration of
glucose corticostepne and E>. This increase appeared to be statigically
significant compared with daa of control groupand groupswith lesse temms
of AD as well. The plasma conaentration of IRl and T has significantly
decreased at 15" and 30" days of the experiment but on the 45" day their
further changes compaed with previous terms were not statigically
significant (Table 1, Dagram 1).

This could berdated tothe eduction of damaging effect of dloxan &
45" GD ZK® SRQBMFL-cdls entered into regeneration phase The
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redudion of intensity of IRl decline is accompanied by the redudion of
intensity of T declineas well asit was desaibed by Kandedl, et al. (2007). It
is establised that hypoinsuinemiaand decreased glucoseutili zation inhibit
protan, DNA and RNA synthesisin hepaocytes. In our study, hepaiic DNA
synthesiswas decreased by 44% and RNA synthesis by 29% at 15" day of
AD. In case of hypoinsulinemia and hyperglycemia, the glucose, which
abundantly penedrated into hepatocytes (insulinis notrequired for the
entrance of glucose in the hepatocytes, but only for its utili zation by the cell s
- Kelly & Jones, 2013) promotesa significant increase in the prodiction of
hydroxyl radicds, which increase the amountof Bcl-2-associaed X protein
(BAX-protan). Besides,BAX proten stimulatesthe release of cytoclrome
C from mitochondia, caspase3 activation and induction of apoptoss
(Frances, et al., 2010.

After injection of radio-inett mettyltrienolone, the glucose levd
significantly decreased being not statigicaly different in comparson with
the data obtaina at 15" day of expeaiment. This can be explaineal by the
fact, that testoserone promotes the synthesisof i-RNA of IRI receptorsin
hepatocytes,which leads to increased sensitivity of hepatocyestoward IRI.
In this conditions the minimal rise of IRI is enough to stimulate the glucose
utili zation in liver cells (Kapoor, et a., 2006; Sato, et a., 2008) IRI exerts
anti-apoptoic propeties based on the stimulation of XIAP, which inhibits
caspases and suppress the @optoss (Frances, d al., 2010)

Our study, supports that injection of exogenous androgen
suppkmentdion significantly increases DNA (24% and RNA (8%)
synthesism liver (Diagram 2).

T shiftsinsulin signding toward cellular proten anabolism (Shahidi,
2001) T increases Glut4 expression and downsteam signaling sud as Akt
and PKC-zeta/lambda phosphoylations and the main glycolytic
phosphofuctokinase and hexokinaseenzymes (Sato, et al., 2008) Injection
of methyltrienolone,had no effect on the conaentration of IRI: the latterwas
not different ndther from the data obtainel at 30" nor 45" days of AD
mocdkel.

Due to red XPARL(R IDN-cell s-derived insulin by alloxan imply, the
synthesisof T is not stimulated adequaely. Reduced T concentration can no
longer afford inhibition of lipoprdein lipase enzyme. This enzyme, located
a the endothelial membenes of blood capillaries into adipose tissue
releases the triglycerides from fat rich chylomicrons and very low density
lipoprdeins;thesetriglycerides penetrate and depost into adipocytes. Under
theseconditions the enzyme aromaase located in adipocytes, is activated
and onverts dready diminishel T to estragen. Ths obrvation isconfirmed
by our data in which the maked increasein E> concentraion paral eled the
decreasein the T concentration (Hayes, et al., 2000,2001) However, the E>
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conaentration which was increasal at all stags of the expeiment till
declined after methyltrienoloneinjection and was not statigically different
from indices of 18" day of AD (Table 1, Dagram 1).

The presenteddaa confirmsthe results of Shahidi (2001), Haffner, et
a. (1988) and Pitteloud, et a. (2005 that the variability in the stewid
hormoneconcentration is dependent on insulin and glucoselevds and vice
versa

At the 15" day of AD it was obseved an increase of liver AR
expresson (Diagram 2). This can be explained by active consunption of
testosterone during al oxan-dependent stress tha increased the numbe of
free AR enabled to interact with radioadive androgen H3-mettyltrionolone
(R-1881) At subsegant stages theincreased testogeronedeficiency induced
by expeimental diabdes was associaed with drastic down-regulationof AR
HS WHRRIQDD GV 1QI0Q.J G XW RVK HRDVNLL Teppeman, 1963;
Moudgl, 1988,1990)
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Table L %ORSF RF MDUMRRICF BH ,5, L %, corticosterone (Cor); activity of nucleic
adds (DNA and RNA) synthesis; expresson of AR.

| 1. 1. V. V.
Control Diabetes - | pvalue Diabetes - 30 | p value Diabetes - 45 | p value Diabetes - 45 | pvalue
4 (n=20) 15 days days(n=20) days(n=20) days (15 days
g (n=20) getting
methyltrienolo
ne) (n=20)
5.10 1230 <0.0001* 1335 <0.0001* 1500 <0.000T* 1135 <0.0001*
85 | 490 (1080- (1290-1360) | <0.0004* (1455-1560) | <0.000%* | (10541211)  0.08*
g E | 520 1285) <0.0007+* k0000
[<0.0001****
- 2330 1242 <0.0001* 5.00 <0.0001* 4.72 <0.000T* 4.90 I<0.0001*
& (2235 (1189 (4.70-5.40) <0.0001* (4.63-4.88) <0.0001* (4595.05) I<0.0001**
T 2410) 1306) 0.05%** 10,14+
x 0.32¢#+%
o 263 173 <0.0001* 1.38 <0.0001* 1.38 <0.0001* 240 I<0.0001*
o (259 (1.68-1.80) (1.34-1.44) <0.0001* (1.31-1.41) <0000 | (2.34-247) <0.0001*
(o4 2.69) 0.61%** k0.000 7+
- [<0.0002****
0.015 0.019 <0.0001* 0.023 <0.0001* 0.032 <0.000T* 0.019 <0.0001*
§ (0013 (0.017- (0.021-:0.025) <0.0002 (0.031-:0.034) | <0.0001** (0.0170021)  p.18*
(«%’ 0.016) 0.020) <0.0002* 10.0002*
[<0.0001****
1283 1858 <0.0001* 2215 <0.0001* 2390 <0.0001* 2045 I<0.0001*
. E (1172- (1790 (2124-2253) <0.0001+* (2205-2485) | <0.0001* (19.60-2095) I<0.0001**
8 S | 1345) | 1903) 0.005+* 0.0002+**
[<0.0002****
180846 101276 <0.0001* 121163 <0.0001* 106698 <0.0001* 150096 I<0.0001*
< E (180816 | (101272 (121157 <0.0001* (106683 <0.0007* | (150086 <0.0001*
235 |- 101283) 121170) 106711) <0.0007** | 150106) 0.0002+**
£ 180872) [<0.0001****
324909 230701 <0.0001* 259956 <0.0001* 243700 <0.0001* 282696 I<0.0001*
< é (324870 | (230671 (259949 <0.0002+ (243687 <0.0001+* (282683 <0.0001**
s |- 230712) 259962) 243714) <0.0007** | 282707) 0.0002+**
£ 324963) [<0.000 1***
167317 188595 <0.0001* 112186 <0.0001* 100343 <0.000T* 150953 I<0.0001*
. é (163669 | (187615 (110923 <0.0001* (99768 <0.0001* (149820 I<0.0001**
< \3 - 189455) 113532) 101345) <0.0001** 151634) [<0.0001***
£ 170525) [<0.000 1***

Number of (*) indicates the group which datais comparedto the dataof given group
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Diagram 1. Concentrations (in percents) of glucose, IRI, corticosterone, E; and T in blood
of malerats.

Diagram 2. Levels d DNA and RNA synthesis ard AR expresson in the liver tissue of
malerats.

However, the administration of synthetic androgen during 15 days
followed by increased T levd in blood plasmalead to up-regulation and
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CPAYIDRLQ 3GHP DV NL @ IAR. Data showed that receptor binds to
radioadive H3-mettyltrienolone and cause further increase on the AR
expresson in liver tissue.

Despite the expresson of liver AR after treatment with H3-
methyltrinolonedoes not reach the control level, an increase in their number
significantly supportsthe restoration of liver function, including adaptive-
compensgory activities Smirnov, 2009)

Theincreased glucos blood concentraion during AD may berelated
to reduced glucoserelated metdolism causal by enhanced corticostagone
signding. Unde sud circumstnces, theincreased levd of stenid hormores
stimulates gluconengenesis from protan and amino acids metaolism (Imai,
et a., 1993; Andrews & Walker, 1999; Kinote, et a., 2012) The
suppementdion of H3-methyltrienolone reduced IRl  resigance,
hyperglycemia, corticosteroneand E; drastical y altered during experimental
diabdes in nale rats.

Conclusion

The present study shaved that AD dlters IRI resigane and glucose
related metabolisn as well as thelevds of both gonald and adrend steoids
L QEORBID V FDQ PLQJIWKSIWHEHR R 3P HBROVWWH/KH
administration of exogenous andragen UGIRG W KHFHHAAR 13V WYV DQ G
recovers thehormonadysfundion inducel by dloxan.

Restordion/fundiond activation of liver AR by mettyltrienolore
accompaned by increased DNA and RNA synthesisin hepaocytesplays the
significant role in restoration of metdolic imbdance caused by AD.
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Methyltrienolone Influences on the Androgen Receptors and DNA&RNA

Synthesis in the Liver Cells of Male Rats with AlloxarAnduced Diabetes

Kandelaki S. ! Didebulidze N. *? Kakabadze M. *? Kordzaia S. ®
Muntané Relat J. ** Padillo J. **

Abstract

Introduction: It has been revealed previously, that metabolic imbalances during the diabetes, occurringrgain paunti
ticipation, are accompanied by the decrease of corticosterone concentration in blood and with the depression of DNA & RN,
synthesis, and as well as expression of androgen receptors in liver cells.

Aim: The purpose of our study was to examine how exogenous testosterone can correct mentioned liver cell disturbances |
der the conditions of experimental diabetes.

Methods: The concentrations of glucose, immresetive insulin and testosterone were examined in blood in parallel with
studying of histology of pancreatic islets the 1%, 30" and 4% days from intraperitoneal injection of Alloxai confirm

the development of adequate model of experimental (alldwaad) Diabetes in Wistar Rats aged 2 months and weighting
180200 g. DNA and RNA synthesis, proliferative activity and androgen receptor expression in the hepatic cells were studied
the same terms of the experimémd confirm the involvement of liver in diabetesased metabolic disturbances. All above
mentioned investigations were repeated in animals undergone to exposure of exogenous synthétinethgtogemlone

during 15 daysbeginning from 31day of Alloxasinduced diabetes.

Results: Methyltrienolone supplementation reduces the alterations of blood concentration oféactiveansulin, glucose

DQG WHVWRVWHURQH DQG VXSSRUWYV WKH UHIJHQHUDWLRQ RI DQGURJHQ
However, the increase of nuclear acids synthesis is accompanied by increase of hepatocytes ploidy but not their proliferation
Conclusion: The administration of methyltrienolond HGXFHV WKH HIIHFW RI "GLDEHWLF VWUHVV|
thesis in hepatocytes might be realized through the regeneration ahdmntiyen receptors of liver cell€EM-GMJ May

2017; 2(1):P1B13)

KeywordsAlloxaninduced diabetes, Testosterone, Liver androgen receptors, DNA, RNA, Parmakstitsturbance

Introduction
and causing various complications of diabetes. Deteriora-
ntraperitoneal injection of Alloxan in male ratgon of sex hormones and liver metabolism is one of the
I provokes the lonterm injury of pancreatic weltknown features of both types (type 1 and type 2) of
islets followed by chronic hyperglycemia amffabetes in common and Allosaduced experimental
generalized metabolism disorders. This modghbetes, particularly.
of experimental diabetes is widely used for investigationThe reduction of blood testosterone leads to the
of different pathways based on rigan involvement changes of metabolic processes iri-fimad alteration of
DNA and RNA synthesislt is considered, that the func-
FTrgE thTeb%:\/I?di(gal Fa}cglghlvanf J?\\l/atlfhri]sf)lvi:i TtFJtilitsi S;a;(; Uf;]ivffsity tions of liver in males are changed more dramatically con-
‘(I'SU,)',I'biIiinI,S Georgiaibavid Tuildiani Medical University, Thilis, Geor. ITMING the assumption that the -szpendence (sex
gia, “Departmentof General Surgery, University Hospital Virgen del association) of male livers are genetically more determined
Rocio/IBiS/CSIC/University of Seville, Seville, Spain @@entro de In-  in compare with female liveonsidering, that hepato-

vestigacion Biomédica en Red de Enfermedades Hepéaticas y Digesti in i ; _
(CIBERehd) §tes as well agcells of pancreatic islets are widely pro

ReceivedFabruary20, 2017; accepted April 17, 2017. vided by the receptors of sex hormones, and particularly
Address requests to: Sopiko KandeldRi Phone: £995)599903 933 by androgen receptors, it may be proposed that testos-
E-mail: sopokandel@yahoo.com terone supplementation may impact the hepatocytes and
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pancreaticécells metabolism vie the pathways developamgl placed in scintillation fluid, were placed in a scintilla-
with involvement of these receptors. tion counter "Bet2" (ScientifilResearch Institute of
The aim of the present study was to investigate howMleglical Industry at Russian Academy of Medical Sciences,
exogenous androgen supplementation could influencéloscow, USSR) for determining of the number of andro-
the expression of androgen receptors and DNA&RN®N receptors (AR) in liver (counting the radioactive im-
synthesis of liver cells impaired in allémdnced diabetes pulses).
model. The quantities of DNA and RNA in liver were studied
by radioactive #thymidine and Buridine as it was de-
scribed befofe.
Material and Methods The study corresponded to the principles of the Guide
for the Care and Use of Laboratory Animals (NRC 2011)
The model of alloxamduced diabetes was developeghd approved by the Commission on Bioethics at Al.
in 80 male Wistar rats weighting-280 g. Administra- Natishvili Institute of Morphology, Iv. Javakhishvili Thilisi
tion of alloxan produced by Chemos GmbH & Cgtate University.
KG (Germany) was performed as it was described beFhe obtained data were compared by using t test. p
fores. 4 target groups with 20 animals in each one weilees less than 0.05 were considered statistically signifi-
created: thestigroup was studied ontl8ay after alloxan cant. Statistical analysis was conducted using SAS 9.2 soft
intraperitoneal injection; thed group 2 after 30 days, theware.
3d group- after 45 days, correspondingly; thegebup
was studied aftexposure of exogenous synthetic andiResylts and Discussion
gen 2 methyltrienolone during 15 days, beginning from
31t day after injection of Alloxafnhe control group with The development of adequate model of experimental
20 healthy animals received solvidrg.concentrations of diabetes is confirmed by alteration of the pancreatic islets
glucose, immupmactive insulin and testosterone wength destruction of the part of theticells- on all studied
examined in blood obtained from caudal vena cava inteams from Alloxan injection (Figure 1). The structural
allel with studying of histology of pancreatic islets and ldisorders in the islets are accompanied by decrease of
cells in all abowmentioned groups. blood concentration of Insulin and Testosterone and in-
One hour before removing animals from the expeamease of Glucose.
ments, the intraperitoneal injection of 3 R&fradioac- A reliable decrease in insulin concentration is observed
tive androgen Methyltrienolone PMBTHYL-3H] (R on the 1% and 3® days of alloxamduced diabetes. As
1881) was performed for the assessment of amountoothe 4% day, its decrease is no longer reliable (Table
androgen receptors in liver (the method was describedlin This may be related to gradual leveling of the deleteri-
details earlier ous effect of alloxan on theMd&ay of the experiment and
Paraffin sections of pancreas and liver (4 um) staioethe initiation of pancreatfkcell regeneratién
by hematoxylin and eosin were studied to assess the struthe dynamics of insulin concentrations decrease is
ture of pancreatic islets and ploidy of hepatocytes. Adeipectively reflected in the dynamics of increasing glucose
tional liver tissue sections were obtained for assessingdficentration in blood: This increase is significant on the
67 expression by immunohistochemistry. After depat&f and 3@ days of the experiment, but on thé& day
finization and rehydration, endogenous peroxidase tlvasincrease of glucose concentration is no longer statisti-
blocked in hydrogen peroxide solution. For the antigatly reliable compared to the previous period (Table N1).
restoration, the samples were placed in 0.01 M citrate bufffhe decrease of the testosterone concentration was
er (pH 6.0) and were heated in a microwave oven (1000<@rved in the presence of the experimental diabetes, the
at 600W) for 15 minutes. After incubation with bovidgnamics of which is directly correlated with the dynamics
serum to avoid unspecific binding and blocking of naf insulin concentration decrease: Testosterone concentra-
specific bonds, mouse monoclonal antibodyariii-67 tion is decreased by 34.7% on theddy of the experi-
diluted 1:50 (clone MiB; DAKO) was incubated fdr ment, by 47,9% on thet88ay, and by 48.7% on ther45
hour at room temperatur&or the detection of boundday in comparison ,with the control data. These data are
antibodies Novolink Polymer Detection System (Leicansistent with the results of other auth#sis
Germany) was used, and visualized using diaminobentitypoinsulinemia and decreased glucose utilization is
dine(DAB, Leica) and counterstained with hematoxylinaccompanied by inhibition of DNA and RNA synthesis in
To determine the ploidy of hepatocytes, the computepatocytes. DNA synthesis was decreased by 44% and
program Image J was usEtke nucleof 500 hepatocytesRNA synthesis by 29% attl8ay of the experiment
were measured on the corresponding histology sectiwhizh might be related with increased production of hy-
Based on the obtained data the diagrams were built foditbeyl radicals, increasing the amoumabP-associated
squares roughly similar to their.sid®e first peak corre- X protein (BAX-protein), stimulating the release of cyto-
sponded to 2C, subsequent peak€ (2Cx2) and 8C chrome C from mitochondria with activation of caspase
(4Cx2). Tissue samples (3 mmB) were taken from the depended pathway of apoptosis
central and peripheral areas of all liver lobes. Injections of methyltrionolone, synthetic testosteron,
The part of these samples being weighed, homogeriezadl to the reliable increase in the testosterone indicator
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(although, do not reach the norm figures), but do motased number of free AR enabled to interact with radio-

change the concentration of insulin in the blood (it deetive androgen Hinethyltrionolone). The further deficit

not differ from the data of the®®@nd 4% days of alloxan of testosterone provoces violent dewgulation of AR

-induced diabetes); In addition, the concentration of gpression and signafingMethyltrienolone supplementa-

cose is significantly reduced and statistically is no lotgerdeads to upregulation and activation of ARs, which in

different from the data of thet18ay of the experiment. their turn, bind to radioactive H3ethyltrienolone (see
Exogenous androgen supplementation significaathpve Materials and Methods) and increase in AR expres-

increases DNA (24%) and RNA (8%) synthesis in ligim in liver cells.

followed by a raise on the amount of polyphapato- Our study provides the additional data, that admin-

cytes in compare with '8@nd 4% days of AD model LVWUDWLRQ RI PHWK\OWULHQRORQ!

(Figure 2), although no increase in the number-6¥ Kianinduced diabetes in liver cells. The intensification of

positive hepatocytes was observed. DNA/RNA synthesis in hepatocytes by methyltrienolone
At the 15 day of alloxainduced diabetes it was obmight be realized through the regeneration of active an-

served an increase of hepatic AR expression (Tabledx¥oden receptors of liver cells.

and Diagram 2). As we previously supposed, this can be

explained by dowregulation of testosterone and in-

Table 1.Blood concentration of glucose, immunoreactive ins(Rl), testosterone I in rats; activity of nucleic acids (DNA
and RNA) synthesis; expression of androgen receptor (AR); the hepatocytes ploidy.

Groups Glucose | IRI uUu/ Lng / mil DNAImp/g/ RNA Imp/g/ | AR Impl/g/ | The hepatocyte
mmollL | mg min min min ploidy (%)*
&RQWURIO _
'LDEHWWHYD _
p value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* 0.0001*
v+, 'LDEHWWYD
p value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
<0.0004** <0.0001** <0.0001** <0.0001** <0.0001** <0.0001** <0.0001**
, 9 'L D EHWH\D
p value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
<0.0001** <0.0001** <0.0001** <0.0001** <0.0001**
<0.0001** 0.05*** 0.61*** <0.0001** <0.0001** <0.0001*** <0.01***
* <0.0001*** <0.0001***
9 Methyltrienolone
VXSSOLPHQWDWLRQ B B B
GXULQJ GD\V
IURP WK GD\ RI
'LDEHWHI|V
p value <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001* <0.0001*
0.08** <0.0001** <0.0001** <0.0001** <0.0001** <0.0001** <0.0001**
<0.0001** 0.14%** <0.0001*** <0.0001*** <0.0001*** <0.0001*** <0.0001***
* 0.32%*xx <0.0001**** <0.0001**** <0.0001**** <0.0001**** <0.0001****
<0.0001**
*%

pl2
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INFLUENCE OF TESTOSTERONE ON MORPHOLOGICAL CHANGES IN PANCREATIC
ISLETS AND LIVER TISSUE OF RATS WITH ALLOXAN-INDUCED DIABETES

L3Kandelaki S.,*Kharabadze M., 2Sikharulidze I., *Velijanashvili M., **Kakabadze M.,*?Kordzaia D.

1. Javakhishvili Thilisi State UniversityA. Natishvili Institute of Morphology;
*Thilisi State Medical University, Georgia

'LDEHWHVY OHOOLWXV '0 LV WKHFRRWFRPIE RPBYNARKHVWRCGRILFDOO\ F
GDPDJH Rl WKH FHOOV > @ 9DULRXY G NEGDGLWPMWSTYRYRAHHEGHWIRHYHD O F
GHVFULEH WKH FHOO GDPDJH > RI|@ LZTBH WWHWG 7IK\H WHK 16 [EFDD/IWN DUH FI
IRU PRGHOLQJ RI '0 IRU WKH H[SH WIXFHKQIIHO KX WK[EDHWSRSWRVLY DQG

$OOR[DQ LQGXFHG GLDEHWLF PRGHMH BHUKRUMWN RQR GHWHUPLQH WKH
WKH PRVW ZLGHO\ XVHG PRGHOV NRIWLRBXALOEVW DDBHY RQG FRPSRXQ
URGHQWY $O0OR[DQ VHOHFWLYHO\DWBUSHWRD/®KQMU KDQH RN U KA DXV
LQGXFHV WKH GDPDJH RI FHOOV1»RIQURXV LROMQEWDE @ @G Bl (5SH WL H Q W
WR[LF HuHFW DQG DSRSWRJHQLF HFKHRW HRV WKH 8§ RVIRQKHOULRGIHP LK) '0 W\ S H
DQG K\SHUJO\FHPLD > @ ZKLFK LQDW XUWQ ¥\WVPRODWHY D FFWEMDH Q VW
RI G\WWPHWDEROLF PHFKDQLVPV L QFHA)GIAIEQ ZNKHK SIUHRFSH/FMA W W KWV H u F
DFWLYDWH DSRSWRVLV Rl WKH FHODKH>SXUSRVH Rl WKH VWXG\} LV WF

W VKRXOG EH PHQWLRQHG W K DSK RVKRJ LFQ OHBKDQIH VIO \§ B CDRUHH D W |
QRW WKH RQO\ WDUJHWYV GDPDJHG, ®XDQ Q IDGW B B HMWHA W UIHVDMRPOHRIW  Z L V
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F?>BPBGKDB? GH<HKLB =JMABB
CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

Material and methods. 7TKH VWXG\ ZDV FDUULHG RXW
LQ WKH ODERUDWRU\ $ 1DWLVKYLOL ,QVWLWXWH RI ORUSKRORJ\
,YDQH -DYDNKLVKYLOL 7ELOLVL 6WDWH 8QLYHUVLW\ 7KH H[SHUL
PHQW LQYROYHG DGXOW PDOH :LVWDU UDWV RI WKH VHFRQG
SRVW SXEHUWDO DJH ZLWK WKH ZHLJKW R JUDPV 7KH
UHTXLUHPHQWY VHW IRUWK E\ WKH *XLGH IRU WKH &DUH DQG 8VH RI
/I DERUDWRU\"${QG&. PD®YURYHG E\ 1DWLRQDO 5HVHDUFK
&RXQFLO RI WKH 1DWLRQDO $FDGHPLHV > @ KDV EHHQ IROORZHG
GXULQJ WKH H[SHULPHQWYV

JRU LQGXFWLRQ RI GLDEHWHY DQLPDOV ZHUH DGPLQLVWHUHG
DVLQJOH LQWUDSHULWRQHDO GRVH RI $SOOR[DQ &KHPRV *PE+
&R .* *HUPDQ\ PJ SHU J RI ERG\ ZHLJKW > @

$QLPDOV ZKLFK GHYHORSHG $OOR[DQ LQGXFHG GLDEHWHYV
ZKHUH GLYLGHG LQWR IRXU JURXSYV DQLPDOV SHU JURXS

, JURXS ZDV LQYHVWHRIDWWHG RQ GD\

JURXS ROX®IDS,'0 ,,, JURXS "KRIQ GD\
$,'0 7KH DQLPDOV RIVEDURKS, R @QHUH
DGPLQLVWHUHG PJ RI VIQWKHWLF UDGLRLQHUW DQGURJHQ

OHWK\OWULHQRORQH + IRU GD\V 7KHVH DQLPDOV ZHUH VWXGLHG
RQ GDYDIWHU LQWUDSHULWRQHDO LQMHFWLRQ RI $OOR[DQ L H
RQ GIVYRI WUHDWPHQW ZLWK OHWK\OWULHQRORQH

5DWV LQ WKH FRQWURO JURXS DQLPDOV ZHUH JLYHQ
SK\VLRORJLFDO VDOLQH VROXWLRQ WKURXJK DQ LQWUDSHULWRQHDO
LQMHFWLRQ Figure 1.

$O00 DQLPDOV ZHUH VDFUL¢HG E\ LAQ Warddge¥dtlclisle3 vith \@hidddiheDc@llsl \Control
WKHVLD 8SRQ GHDWK SDQFUHDYV gbQuGH&A Obf20,204%15H UHPRYHG ZLWK
WKH XVH RI VXUJLFDO WRROV % Disrupted normal architecture of pancreatic is

JRU WKH KLVWRORJLFDO LQY H Vet lod D3RRI ARkarsibd@ded) tHabatek. FHEE @G,
OLYHU WLVVXHV WKHLU IUDJPHQWV, @di UHQHHGRVQ \wRIRUPBDOGH - VZHOO
K\GH SUHSDUHG RQ S+ S KR \c8lkibrdubistdnhxewH U hip@@phy@ii kelduolization of

HPEHGGHG LQ WKH SDUDVQ DFFRU GhIQJ- TR el RiRIGaP by SdLiRalRF I/ @M
—P WKLFN VDPSOHV ZHUH VWDL%\H3 '<HPDWR[\OLQ HRVLQ
+( 7KH VOLFHV ZHUH VWXGLHG ﬁ}&r LF ’4? ébn\égfﬁ ftr
JURXS ZHUH VXEMHEWHG WR PRUS \ 0 LIS)\@ g%%%{foc'
ZHUH VWXGLHG IURP HDFK DQLPD . X\g%
ZDV XVHG WR GHWHUPLQH WKH DY
LVOHWY WKH DUHD RFEXSLHG BV '
n
Wﬁ%. PV HWY

FURV HTXLSSHG ZLWK D GLJLWDOKQ%%
{{pi@haevg §|e A Eh?"%ééaF
ZHOO DV WR PHDVXUH WKH DUHD N LB e

7KH GHJUHH RI WKH OLYHU GDPDJ \f | ﬁ/ a
3YLVXDO VFDOH" ZKHUH 3 ° FRUUHt}/e 6 (E
FDOO\ ZLWKRXW FKDQJHV DQG 3 Hrlgdg)‘)SWrgam’]%rR\xYﬂlr%éﬁﬂyl

QHFURWLF FKDQJHV

u
. . ; rienolone. Obj.x20, Ox15.
Results and thier discussion.7 KH VW U X FW X I?—P ’3 5 X

FUHDWLF LVOHWYVY DQG OLYHU WLVVX R X
ZHUH LQ IXOO FRPSOLDQFH ZLWK d g’g\}eg\)‘; 9 A—PCBQ(S\%O%DP
WKHVH WLVVXHV LQ URGHQWYV GH K‘a \%Q FOHL
,Q SDUWLFXODU WKH SDQFUH V'I_Dg L %! LG

DV QRQ HQFDSVXODWHG FRPSDU YH \Hﬁﬁ OOV 7t
RU RYDO DUHDV IRUPHG E\ WKH Y d URXSV
E\ WKH FDSLOODU\ QHWZRUN 7KH %P H V R,\O '_|-| leDPDJ
DGMDFHQW H[RFULQH WLVVXH v h/(_}i] N L? EDV
WKH FHQWHU RI WKH LVOHWYV K }-f?i% HD IQI
WKH URZ FHOO OLQH ERUGHULQ }g\/

RI WKH HI[RFULQH SDQFUHDV VLPd‘(?CJj
LQ WKH OLYHU )LJ $ OHW

.9# Bl %ﬁ@ﬁbgk%ﬁﬁﬁ&?\”#ﬁ
V

ZKLFK DUH DGMDFHQW WR WKH

114



GEORGIAN MEDICAL NEWS
No 10 (271) 2017

QHFURWLF FKDQJHYVY ZHUH UHYHDOSGQHFRY B D WWFRL WOKHNV VFRIOW K H VORPLHP D C
Rl WKHP XQGHUZHQW YDFXROL]DWRLARP XEVY CH VRIVE,HL U HTIS UHNG FAK H W L
SDOH FRORUHG S\NQRWLF QXFOHLHQRPHRWHPINWRRV&B\G HVIWM QWHRUG WAL YW K  Z
FKDQJHYVY ZHUH YLYLGO\ VHHQ DW WIKIS SRHUPHKMHE WIRLWRKRHW D OXKNURI W K
WKH 3ZKLWH" YDFXRODWHG FHOOV IRUPHG 3ERUGHULQJ SODWH’
KRZHYHU PRUH RIWHQ WKH FKDQJHY ZHUH VHHQ FHQWUDOO\ + ZHUH
YDFXROL]JHG RU IRDP OLNH FHOOV ZLWK WUDQVSDUHQW F\WRSODVP
ZHUH JURXSHG LQ WKH FOXPSVY 'HVSLWH FROOLTXDWLRQ RI WKH SDUW
RI WKH GDPDJHG FHOOV WKH LVOHWY ZHUH VKUXQN GXH WR ZKLFK
WKH LGHQWL,{FDWLRQ RI FDSLOODU\ OXPHQV DV ZHOO DV WKH HQGR
WKHOLRF\WHV ZDV GLVFXOW $W WKH VDPH WLPH WKH HSLWKHOLXP
RI SDQFUHDWLF DFLQL EORRG YHVVHOV RI YDULRXYVY GLDPHWHUV DQG
FRQQHFWLYH WLVVXH VWUXFWXUHY PDLQWDLQHG WKH QRUPDO VWUXFWX
YDFXROL]DWLRQ RI WKH F\WRSODVP LQ WKH FHOOV RI VRPH DFLQL
PD\ EH UHJDUGHG DV DQ H[FHSWL Riggram.)Change 4f islet area and areas of necrotic foci
$00 GHVFULEHG FKDQJHV DUH WhS/arioDsQetRsUbfFAlldkannhdudRe @ dia@aréy and after
DQG LQGLFDWH WKDW VXEVWDQW Lieanem rith Jatiyltriecidlone WV GLUHFWO\ FRUL
ODWHV ZLWK WKH FKDQJHV LQ LQVXOLQ DQG JOXFRVH FRQFHQWUDWLRQ\
LQ EORRG DV LW ZDV VKRZQ SUHYLRXYRW kK WHKH, VUHD B \RJ XSIDH)G WHTDML F L\
GHDWK RI FHOOV ZKLFK PD\ EH AH®PYKVUHWIEBGNDWN QAF URWRVDRBRXQW WKI
FDVSDVH GHSHQGHQW DSRSWRVLYV UHKXHHO HONLY L3Z RQO® RV WHKEHORRKWA P .
VWDJH Rl H[SHULPHQWDO GLDEHWIHY WK® \&RQVLEBWURQJIRWKIQHDFWKRPI
WKDW RQ WK GD\ RI H[SHULPH QWDPBDWXIUMEHW KV WW.IQH FOXPMERIUHRSHULP |
FHOOV ZLWK QHFURWLF FKDQJHYV HWFHGWOWD FREDRYB VYO MKKHG@PMEHURR IO |
FHOOV ZLWK DSRSWRWLF ERGLHV PRV HVE RGHHR/PBIRYHWIHRYMH RO G LW H
RQO\ VPDOO QXPEHU RI FHOOV FIWWPDLVNWVEH G RDYFOXKRBUHHG 3W KIDOWG 2~ |
'LDEHWHYV KDV QRW VWLOO UHDFKHG WHKHH J3UHDQW & D UWB\H GHHYHIORE PR Q \R |
RQ WKH WK GD\ RI WKH $OOR[DQ IDQMMFIWQR@XVLRQV DQG YDFXROL]DW
2Q WKH WK GD\ IURP $,'0 WHKH@PWUWRKROERIWRWLF ERGLHV - ZHUH
SDQFUHDWLF LVOHWY UHYHDOHG WWHHNK DY&HAAH RA KW QKE HAD B i SN IS Y HIDW
RQ WKH GD\ WK +HUHE\ WKH LQWRIQXEMG G\ CPDIPWDHE RQLWPPH KHVH G
LVOHWY ZDV VLIQL{FDQWO\ KLJK WIHKH FKDIMDV GHSBUHNVEHG EQ6DOHQ]HQ |
WHUQDWLQJ QHFURWLF IRFL DQG Qg VWWUHBEMWRIRWREDY LQGXFH&E GLDE
7KH QXPEHU RI $SRSWRWLF IRFL 2ZDR]RPWRRLIQEQNDBDV¥WE RRD WKH SURJU
WK GD\ RI $,'0 LV VLIQL;FDQWO\ KLJKHU > @ 7KH
2Q GD\ WK RI $,'0 WKH PRUSKRGORDICHSLR®Y X3IH RWK WK DQG W
SDQFUHDYV SUDFWLFDOO\ GRHV QRWEBLWBQWLRDPD WAKGILEHEWXBR MBAR R\
RQ GD\ WK 6WDOOLQJ WKH LQWH@WOQW RIL WK P Ho\D R\DDJW LALIHQERHORD H  Z LV
VRFLDWHG ZLWK WKH SODWHDX RI $0'0R{IRQN/D®L PHHA LVQKHHKHFWRORILFDC
$IWHU GD\ WUHDWPHQW ZLWKGWPYVWRYDW\HDRYHVVPH® IOVOWRRUH 3 7
HQRORQH IURP GD\ WR GD\ RARBY'OHVWREGAHFRYWK\VFRUH 3~ ZHUH
RI VWUXFWXUDO FKDQJHV LQ WKH SD@RcusidbWLF LVOHWY ZDV UHYHDOHG
WKH QXPEHU RI FHOOV LQ WKH /D QJH{ KD BIVX MHY HWR/H DEHEI MEKHHWIHWR.Y H F
WKHLU GHQVLW\ ZDV LQFUHDVHG WKHH@Q/XPEBG RILYBEXWOVLYXE DB LQW
QHFURWLF FHOOV FHOOV GURSSH®WHYQWRFIWEWONLRBGOG/I®&RAHFRQDEHW
WRXUV DQG FRPSRVLWLRQV RI WKIBD COMEFRIUVDWHREBD G FUIHVDKV IPFH YW\DEHRD \/ |
ZHUH DOPRVW VLPLODU WR QRUPDI®R F WOOYRXV H[SHULPHQWDO PRGHOV
,Q WRWDO WKH DUHD RI LVOHWWRIRWKG&DGL VDKW H WK DQG W K
DIWHU $,'0 ZDV FRQYLQFLQJO\ GLPLTDNIKMHGLORMRSWKHG RO LGHUDWLRC
WKH YDOXH RI DQLPDOV LQ WKH FRRWH R DWIKJ ROKIH 'MWRW HSHH U 2AMKPIVHFR Q
GR QRW GLUHU IURP HDFK RWKHU KRWPR QW LKDINO D 3RN LQHFMHRMUHFW QR
DUHDV LQ WKHVH LVOHWYV ZKLFK EDNVAIF®HO\ GIRURKXHAWSREQ X & L IVAKVR KRHQ
VXPPDU\ DUHDV RI QHFURWLF FHOWQ\HDARRQW FRIQGDOD EQWUFH DWVHEDOV Z
RQ GD\V W K WK DQG WK DIWHRQO\OWAKRP EDRHIGHR RFI'VEH QGLFDWRUYV
GDWD RI DQLPDOV IURP WKH FRQWIU—RWXOURX ¥ HKRIZ 8 & HWW MUKRIL/G IGRRU P R C
QRW FRQYLQFLQJO\ GLUHU IURP HVRAKX B WHMH UL Q ROXGEG QW RXQ SMRIWDRXV
DUHD LQFUHDVHG DQG WKH DUHD RSKRHIFRRWDP I\RW U XGHWF X H B VRH GS DQ FKH
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F?>BPBGKDB? GH<HKLB =JMABB
CFMFHSDTKJC CFVTLBWBYJ CBF[KTYB

REFERENCES ZHLIJKW 3DQFUHDWLF DQG OLY-HU WLVVX
FURVFRSLFDOO\ XVLQJ —P VOLFHV HF
%RQQHU :HLU 6 DQG :HLU * & 1HZDORXWAMHYLRHEDRIFWHKDMHPFDWR[\OLQ DQG HI

>EHWD@ FHOOV 1DWXUH ELRWHFKQR@RRWRVKRS ZDV XVHG WR PHDVXUH WKH DI
'LGHEXOLG]H 1 .DQGHODNL 6 .DNp FURWLF IRFL LQ W

RUG]DLD ' 5HODW -0 3DGLOOR ( \ﬁDz%UId’ODHV ) Bk{)ﬁ@ ¥ets
RQ WKH OHWDEROLF 'LVRUGHUV LQ 5§\%%%g%'ﬁég§%%&§§%%%ﬁgﬂagf';ELEVHXV\
'LDEHWHV (XURSHDQ 6FLHQWL¢F -RXUQDO
(LVHQEDUWK * 6 &RQQHOO\ - 6RHOGQHANMH & UD@Y WAV REPEHWHYV UHYH
WRU\ Rl W\SH , GLDEHWHV 'LDEHWHV FTHWRERIFOL R SHPQREEVW DWLFREVOHWY DQG O
QR + Rl ZKLFK FRUUHODWHY ZLWK WKH WLPH S
(OD\DW $$ HO 1DJJDU 00 7DKLU-0 %MMWDP G@RIGHXMQ $3Q 1RHVH FKDQJHV FRUU
PXQRF\WRFKHPLFDO DQG PRUSKRPHW I EFFOMW¥XBERRUKHDODW SRQRFGHYWUREHG IRU
LVOHWV -RXUQDO RI $QDWRP\ PRBEHOYWRU FOLQLFDO FDVHV RI GLDEHW
(WXN (8 $QLPDOV PRGHOV IRU VWXG\LQAKGH RE\Y PP bYW X\G SWKBfW WUHDWPH

%LRO -1 $P K WHVYWRVWHURQH PHWK

HV
YXUPDQ % / 6WUBISWR]BWRMEHWLF g@%i&'&” L
DQG UDWV &XUUHQW 3URWRFROV LQ BVF'Q% Gk RFKHPLFDO GLVRUGHUV DV

*XLGH IRU WKH &DUH DQG 8VH RI /EENUPWN R ¥ SPRIW VW Ry FHYHUVH WKH
E\ WKH 1DWLRQDO 5HVHDUFK &RXQFS® Q F WhkRWIpfy PRE&D B Lerhbles ML WX HV
‘DVKLQJWRQ '& 1DWLRQDO $FDGHPLHV 3UHVV 15&

Keywords: $OOR[DQ LQGXFHG GLDEHWHV W
+DOLJXU 0 7RSVDNDO 6 2]PHQ 2 (DUWORSBMWIRRIORW\L YSIDFRQIFIBWNM\WRI OLYHU
GLDEHWHYV PHOOLWXV RQ SDQFUHDBV OLYHU DQG NLGQH\ LQ UDWV DQ LPPX
QRKLVWRFKHPLFDO VWXG\ ([SHULPHQWDO(EbDEHWHY UHVHDUFK

.DQGHODNL 6 'LGHEXOLG]JH 1 .DNDEDG]JH 0 .RUG]DLD 6
5HODW - 0 3DGLOOR - OHWK\OWULHQR A H DQ B
UHFHSWRUV DQG '1$ 51% VIQWKHVLV L%Wﬁ%%’iﬁ%fgﬁf@éw&ﬁ-p%ocﬁmw'QEH-B
UDWV ZLWK DOOR[DQ LQGXFHG GLDE HRWVKR B2uBAN DR, B LY H&PHsL IAH@ 3EM
OHGLFLQH *HRUJLDQ OHGLFDO -RXUQDdIQGHC @?E?AU B LD:GB 1?7Q?GB M DJUK

/HQJHQ 6 7KH PHFKDQLVPV RI DOOR[EEHRIS: GWeH B WM R WRHEQ
LQGXFHG GLDEHWHYV 'LDEHWRORJLD

ODHGOHU . 6SLQDV *$ /HKPDQQ2 DgsHEZ2UHNOBjZHEHU O ;

0 )RQWDQD $ .DLVHU 1 DQG 'RQD¥K o¥ jméRXEREHEBRGYZHVbeb F H

FHOO DSRSWRVLV YLD XSUHJIXODWLR@ RJ M Kk,) DB RHFESHPRY LQ KXP
LVOHWY 'LDEHWHV -

ODWKLV ' 9HQFH / DQG %HQRLVW FHOO, GH K GXULQJ SUR .
JUHVVLRQ WR GSDEHWHVQ 1DWXQUH 1f[bebkokdb)rc qum")%]kP\_gguc mgb\_jkbl _|
SDELQRYLWFK $ )UHH UDGLFDOV DV FN&YRWRE KPR ERimd & FobyBHw GZ
FHOO LQMXU\ LQ DXWRLPPXQH GLDEHWNAReBRKedké dic biEkubDIvkRIVY s f_"bpbgk

DQ

&OLQLFDO OHGLFLQH + mgb\_jkbl_ | =jmaby
SUMMARY Bamqg_gZ jhev wdah]_ggh]h I_klhkl_jhgz f_
_ghehgz \ \hkklZzgh\e_gbb ih\j_"~_gguo hkl
INFLUENCE OF TESTOSTERONE ON MORPHO - ih"" _em~hqghc "_e_au b de_Ilhd i-q_gb ijb Z
LOGICAL CHANGES IN PANCREATIC ISLETS gh\hf ~bZ[_I_ Fh~_ebjh\Zgb_ ~bZ[_I1Z ijh\h"
AND LIVER TISSUE OF RATS WITH ALLOXAN- k ihfhsvx jZah\hc \gmljb[jxrbgghc bgt_d
INDUCED DIABETES Zeehdkzgz fl gz ] fZkku | _eZz
LdZgb ih""_em”~hqghc "_e_au b i_q_gb bk
L¥andelaki S.,® Kharabadze M., ?Sikharulidze I., \Zebkv fbdjhkdhibqg_kdb fdf kj_au azZdexo
WNelijanashvili M., *Kakabadze M.,*?Kordzaia D. \'iZjZnbg b hdjZr_ggu_ ] _fZlhdkbebghf b whe

ljh1jZfgh_ h[_ki_g_gb_ $GREH 3KRWRVKRS

1. Javakhishvili Thilisi State UniversityA. Natishvili \Zehkv "ey baf_j_gby iehszZ”_c hkljh\dh\ ih”
Institute of Morphology? Thilisi State Medical University, ~hqghc "~_e_au Z |Zd _ g_djhlbg_kdbo hqgZ]l
Georgia hkljh\dZo KI_i_gv ihjZz _gby i_g_gb hp_gb\Zz

[Zevghc ©\bamZevghc rdzZe_2

7KH UROH Rl H[RJHQRXV WHVWRVMWHUW®G o Pk NWKAQ WS L@V _gu ~_]1_g_jz
ORQH LQ WKH UHSDLU RI GDPDJHGUSDP@FUH WY Fh kN DWW\ DIG_@my'ygghc ~_
FHOOV GXULQJ DOOR[DQ GLDEHWHVZZDV_VWXG LG _ ORG gllokl@ JdRIIhjuo dhjj_
GLDEHWHYV ZDV SHUIRUPHG WKURXKK MbQ20H QW WbSHULWRIKQPHDieh Hey fh”_
MHFWLRQ Rl $OOR[DQ ZLWK WKH GRVYHEYbyP3bsHulZ JWIbER&N_g_gby khhl\_
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f_1Z[hebg_kdbf k~A\b]JZf hibkZgguf dajRvizbd qsouilis gamokvieva xdeboda
wdki_jbf_glZevguo fh"_eyo "bZ[_4Z Ipakménsi Cayafdehul da hematogsiliniTa
kdbo gZ[ex™_gbyo da eoziniT SeRebil 3-4 mkm-is sisqgis anaT-
Bkke_"h\Zgb_ ihdZaZeh qlh- e_lgbzgpolo parkeehsiskgZovilis histolo -
gh\hlh ~bzZ[_1Z I_klhkl_jhghf f_Ibe bjur_agdiléchzehf kunZulebis identifika -
\hkklZzgz\eb\Z_| g_ Ihevdh [bhobfbq_kidda mass$nr_ gujredebis raodenobis da
dzd hibkzZgh jZzg__ gh 1Zd _ kihkh [dazianebisjxakisiik Béfaseba. kompiuterul
kljmdImjguo baf_g_gbc jZal\b\rbeky probdahgey o. BhG R E H 3 K RsWgRvo &b T
"_em”™hgghc " _e_au b i_q_gb izomeboda pankreasis kunZulebis da maTSi
nekrozuli ubnebis farTobi. RviZlis da -

reziume

testosteronis gavlenavirTagvis pankreasis
kunZulebis da RviZlis gsovilis morfolo
giur cvlilebebze alogsanuri diabetis

Zianebis xarisxi fasdeboda 5-baliani “vi
zualuri skaliT”.

alogsaniT gamowveuli eqsperimentuli
diabetis pirobebSi gamovlinda pankreasis
kunZulebisa da RviZlis gsovilis degenera-

pirobebSi ciuli cvlilebebi, romelTa intensivobac
korelaciaSia diabetis modelirebidan ga -
suldrosTan. Ees cvlilebebi Seesabamebaim

metabolur darRvevebsromlebic aRwerilia

1%, kandelaki,
'm. velijanaSuvili,

3m. xarabaZe 3. sixaruliZe,
L9m. kakabazéd. korZaia

diabetisr ogorcsxva dasxvaeqgsperimentuli
%i. javaxiSvilis sax. Thilisis saxelmwifo modelis,ise klinikuri mimdinareobis dina-
universiteti; 2a. naTiSvilis sax. morfolo - mikaSi.
giis instituti; Thilisis saxelmwifo sa - alogsanuri diabetis testosteroniT (meTil -

medicino universiteti,sagarTvelo trienoloniT) mkurnalobis fonze aRiniSna

pankreasis kunZulebis da RviZlis gsovilis

strugturul cvlilebaTa reversia. A

amcenal egsperimentuli diabetiT cxovelebis
testosteroniT mkurnaloba koreqcias uwevs

aramarto darRveul biogimiur maCveneblebs

(rogorc adre iyo aRwerili) aramed pankrea -
sisada RviZlis morfologiuri struqturis

paTologiur cvlilebebsac.

gamokvleulia egzogenuri testosteronis
(meTiltrienolonis) roli pankreasis kun -
Zulebis da RviZlis gsovilis dazianebuli
ujredebis koreqciaSi alogsanuri

dros. Ddiabetis modelireba ganxorcielda
alogsanis erTjeradi SeyvaniT intraperito -
nealuraddoziT 2,0 mg 10g wonaze. pankreasis

diabetis

PECULIAIRITIES OF MELATONIN EFFECT ON CHONORHYTMIC ORGANIZATION
OF KIDNEY ACID-REGULATING FUNCTION INFLUENCED BY NITROGEN MONOXIDE
SYNTHESIS BLOCKADE UNDER CONDITIONS OF PINEAL GLAND HYPOFUNCTION
6HPHQHQNR 6 7\PR¢{\FKXN

%RUH\NR / .DUDWLHLHYD 6

Higher State Educational Institution of Ukraine “Bukovinian State Medical University”, Chernivtsi, Ukraine

7KH ZRUN LQYHVWLIJDWHY WKH BHFRQWL\W D QW LIHYOR P PGIDWRRQDL QG VLF
HUHFW RQ FKURQRUK\WKPLF RUJD QW] FWQREH FOVW K PIHNGL &® BWDWKB EORFN
UHJXODWLQJ IXQFWLRQ LQAXHQFHEREDGQWWRAV HRQ PROQBRHEGH RT2 E\ PHOD\
VIQWKHVLV EORFNDGH XQGHU FRQGIDW DR QV LRIHSE © DIVOFREBRGHGB*WR WK F
K\SRIXQFWLRQ 12 VIQWKHVLV EORFKB ®H WQEMHW RIERVIAIQHICRQVHRIQGLFDW
3* K\SRIXQFWLRQ ZHUH IRXQG WR FRX\DH IGG MR E\GHHIW VRRY BKUWFRB IFIRQFHU QL |
RUJDQL]DWLRQ RI WKH NLGQH\ DFLG UM DBEWRLIQW \)RY FSHIR(RBQBEDLA@ MKB QJ
WLRQ RI PHODWRQLQ 07 OHG WR FRKXMFGULRY BHRKBYQGHWRP QWIORRQ Y QG |
DQLPDOV WKDW EORFNHG WKH V\QWKIYLYVRRQ PLRQ\Q RAOIKXKVEISF B Y WRKH) B RW L F
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