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MOP®OMETPUYHA XAPAKTEPUCTUKA
€MHICHOI JIAHKH
TEMOMIKPOIIUPKYJISITOPHOT'O PYCJIA
CJIMHHUX 3AJI03 IITYPIB B HOPMI TA IIPA
XPOHIYHIY THTOKCUKAIII ETAHOJIOM

€poutenko I'A., llleBuenko K.B., fIxymko O.C.

B pobori mpexacraBieHi JaHi  MOP(HOMETPUYHOTO
JNOCHI/UKEHHST TPU XPOHIYHIM IHTOKCHKalii eTaHOJOM.
BcraHoBIeHO, 1110 XpOHIYHA IHTOKCHKAL[SI €TAHOJIOM BILUTHBAE
Ha €MHICHY JIaHKy T€MOMIKPOLHPKYJIATOPHOTO pycnia
YaCTOYOK IiJHWKHBOIIEICIHOI CIMHHOI 3amo3u. Ha paHHIiX
TepMiHaX CIIOCTEPEIKCHHSI BU3HAYAETHCS PO3IIHUPEHHS BEHYII,
110 MATBEPUKYETHCS JIOCTOBIPHAM 301LTBIICHHSIM
30BHIIIHBOTO AiaMETPy Ta JiaMeTpy MPOCBITY i3 3MEHIICHHIM
TOBIIMHM  CYIAMHHOI  CTiHKM. 3  [OBaHAmUATOI 700U
CIIOCTepiraeThesi TEHICHIS [0 BiIHOBICHHS METPUYHHX
nokasHukiB. Hopmanizallis Moka3HHKIB 1O TPUALATOI 00U
HE BHU3HAYAETHCS.

Kaw4oBi ciaoBa: XpoHIYHA IHTOKCHKAIS ETAHOJIOM,
LIypH, CIIMHHI 3aJI031, BEHYIIH.
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MOP®OMETPUYECKASA XAPAKTEPUCTUKA
EMKOCTHOI'O 3BEHA
TFEMOMMUMKPOLUPKYJATOPHOI'O PYCJIA
CJIIOHHBIX KEJIE3 KPbIC B HOPME U [TPU
XPOHAYECKON NTHTOKCUKAIIUA 3TAHOJIOM

Epomenko I' A., IlleBuenko K.B., fIkymixo A.C.

B pabote mpencrasieHsl JaHHBIE MOP(GOMETPHUECKOTO
HCCIIEI0BAaHNSI MPH XPOHUUYECKOW HHTOKCHKAIIMU 3TaHOJOM.
VYcTaHOBIEHO, YTO XPOHMYECKas HMHTOKCHKALUS 3TaHOJIOM
BIMSIET HAa EMKOCTHOE 3BEHO TI'€MOMHKPOIMPKYISITOPHOTO
pyciia JacTHI[ HOAHIDKHEUEIIOCTHON CIIOHHOH >kene3bl. Ha
paHHHX CpOKax HAONIONEHHs OIPEAENSCTCS paclIupeHne
BEHYJ, YTO IIOJATBEPXKIAETCS JOCTOBEPHBIM YBEJIMUCHUEM
HapY>KHOTO JHaMETPa U AWAMETPa MPOCBETA C YMEHBIICHUEM
TOJNIIMHBI cocyaucToil cTeHku. C JBEHAANATOrO JHS
HaOJIFO1aeTCsl TEHAEHLUs] K BOCCTAHOBJIEHHIO METPHUYECKUX
nokasareneil. Hopmanusauus mnoxazartenedl 10 TPUALATOrO
JIHS HE OTpeeNsieTCs.

KnioueBble ci0Ba:  XpOHHUYECKas
9TaHOJIOM, KPBICHI, CITIOHHBIE JKEJIe3b], BEHYIIBL.
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MORPHOFUNCTIONAL CHANGES IN THE LIVER OF 24-MONTH-O LD RATS IN THE
EARLY STAGES OF EXPERIMENTAL DIABETES MELLITUS DEVE LOPMENT

E-mail: zhurakivska.o.ya@gmail.com

The purpose of the research work was to estabilistpéculiarities of morphofunctional changes inlither in the
early stages of streptozotocin-induced diabetedita®l(DM). Diabetes mellitus was induced by a #ngtraperitoneal
injection of streptozotocin (5mg per 100g of bodgight). Specimens for the study were collectedhen14" and 28 day
of the experiment. Histologic, electron-microscopamnd biochemical methods of investigation weredusehe study
revealed that in streptozotocin-induced diabetelfitmgewith the increase of levels of glucose amgtgsylated hemoglobin
the granular degeneration of hepatocytes with fesition to vacuolar degeneration takes placeic8tral changes in the
liver lead to its dysfunction, which is confirmeq Ithe increased levels of specific hepatic aminferases and the
decreased De Ritis ratio starting from th& tlay of the experiment. Such changes are followethé increased activity of
pro-oxidant system which is confirmed by the siigaift increase of levels of superoxide dismutad#and serum and liver
homogenates.

Key words: liver, liver transaminase, superoxide dismutasepsbzotocin-induced diabetes mellitus.

The article is a fragment of the academic resegnaject “Age peculiarities in pathomorphogenesissofe organs
of neuroendocrine, cardiovascular, digestive andspimtory systems in diabetes mellitus” (state segition No.
0116U003598).

Various pathological processes occurring in therlias a result of its damage occupy one of the
most important places in gastroenterology [6, #leSe changes may be caused by a large range of
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factors, one of which is diabetes mellitus (DM) &,10]. The medical-and-social problem of diabetes
mellitus is that it is one of the most common emitec diseases in the world, and its complications
(angio-, neuropathies) lead to patients’ perfornsadegradation, disability and mortality [2, 7]. The

number of patients suffering from diabetes melligmews at an exponential rate annually, motivating
scientists to improve already existing and find maethods of diagnosis and treatment of this digorde
Quite often, diabetes leads to the developmentatfetic hepatopathies, which are accompanied ley liv

dysfunction [10]. Therefore, a comprehensive stoflymorphofunctional liver changes in diabetes
mellitus is important and prospective for theortend practical medicine.

The purpose of the study was to establish the peculiaritiesnofphofunctional changes in the
liver of 24-month-old rats in the early stages mparimental streptozotocin-induced diabetes msillitu
development.

Materials and methods. The investigation involved 16 24-month-old male 4fisrats. The
animals were divided into 2 groups: experimentalugr (10 animals), and control group (6 animals). In
experimental group of animals, diabetes mellitus waluced by a single intraperitoneal injection of
streptozotocin (“Sigma”, USA) at a dose of 5mg pedg of body weight, diluted in OM solution of
citrate buffer pH 4.5) [8]. Control group animals were injected Disolution of citrate bufferpH 4.5)
in the equivalent dose intraperitoneally.

Animals were decapitated under thiopental anesthesil their blood and liver specimens were
taken for study. In order to control the level gphrglycemia and confirm the development of diakete
blood glucose levels (blood samples from caudal)weere determined after an overnight fast evegy da
during the whole study period using test stripsocu-Chek glucometer (Germany).

The levels of liver transaminases were studiedriiento evaluate the changes in the liver,
namely, the levels of ALT (Alanine aminotransfefjaaad AST (Aspartate aminotransferase) in blood
serum and liver homogenates were determined wi¢h blp of standard diagnostic kits «Felicit-
Diagnostics» (Ukraine). Diagnostic set «Accent-208A;. Direct» (Poland) was used to determine the
levels of glycosylated hemoglobin. The activitysoperoxide dismutase was determined on the basis of
guantitative content of nitroformazane, the prodofchitrotestrazole recovery, and expressed in éU p
1mg of hemoglobin (IU/ml).

Computer data processing was performed with the ol statistical analysis software —
STATISTICA (StatSoft, Inc. (2010).

Results of the study and their discussionlt should be noted that the level of glucose and
glycosylated hemoglobin in the blood of the experital group of animals statistically significantigreases
on the 14 and 28 day of streptozotocin-induced diabetes mellituslDevelopment (table 1).

Table 1
Indices of glycemic profile in streptozotocin-indued diabetes mellitus
Indices Groups of animals 1% day 28" day
Glucose (mmol/L) Experimental group 14.06+0.41* 15.74+0.49%
Control group 5.62+0.66 5.43+0.6
. Experimental group 7.21+0.19* 8.18+0.41%
0,
Glycosylated hemoglobin (%) Control group 2.41+0.37 2.34+0.33

Notes: 1) * — relevant difference as compared & dbntrol indicesp<0.05; 2)* — relevant difference as compared to the
previous period of experiment<0.05.

The study made it possible to distinguish the feitgy zones in the liver lobule of 24-month-old
rats of the experimental group: peripheral (petgdpr central and intermediate. Small amount of
connective tissue was present around the portadl.tiHepatocytes are of typical structure on the
ultrastructural level. The nuclei are located caitrand have somewhat elongated or rounded shape w
condensed heterochromatin along the inner nuclemmbrane and diffusely scattered fine-grained
euchromatin in their nucleoplasm. Nuclear membrianelearly visualized with minor invaginations.
Perinuclear spaces are filled with granules of giym. The cytoplasm of hepatocytes contains
mitochondria of various forms and densities. Sorh¢hem are increased in size with slightly dilated
mitochondrial cristae; others have loosened menabiamd low electron-optical density matrix, still
others have matrix of high density and are elorh@teshape. The Golgi complex contains a small
number of vesicles and tubules. Granular endoptagmiiculum is represented by cisternae with
ribosomes concentrated on their surface. Thers@re lipid droplets, lysosomes, autophagosomes and
myelin-like bodies in the cytoplasm (figa)l

Dysplasia of hepatic plate and leukocytic infiltoat of portal triads of hepatic lobules were
observed in 24-month-old rats on th#lday of streptozotocin-induced diabetes mellitused veins,
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sinusoid hemocapillaries, as well as near-sinusagaces were significantly enlarged. Significant
number of binuclear hepatocytes is also observiad.nimber of lipid droplets of varying size incress
in the cytoplasm of hepatocytes. The quantitatmetent of glycogen granules decreases leadingeto th
decrease of optical density of cytoplasm with theriation of larger and smaller bare fields. Glyaoge
granules are quite often observed in the nucldivef cells. At the same time the number of Kupfer
cellsi IS also mcreased (flg 1b)

Flgure 1. Ultrastructure of control and dlabetnLg;r rat hepatocytes on théh:ki'ay of experlment Magnlflcatloa)x6400 b)x4800 1- hepatocyte
nucleus; 2 — nucleolus; 3 — glycogen granulesyditechondria; 5 — lipid droplet; 6 — slightly aliéd cisternae agranular endoplasmic reticulum; 7 —
granular endoplasmic reticulum; 8 — vacuole-liga-glycogen opacities.

The nuclei are round, electron-light, containingeasr two nucleoli, with certain regions of
defibration of external nuclear membrane. Mitoch@ndire swollen with reduced cristae. The Golgi
complex contains a small number of vesicles andilagh The number of ribosomes attached to the
cisternae of the granular endoplasmic reticuluwiggsally reduced as compared to the control grdup o
animals. On the 28day of experiment structural changes are morerpssive. Thus, the number of
glycogen granules decrease, while there are hggaothe perinuclear space of which does not contai
any glycogenic inclusions and is “empty”. Therghie hepatocytes of the control group of animals
contain rosette-like glycogen granules throughtwt ¢ytoplasm, especially in the central part of the
hepatocyte, around the nucleus.

The nuclei of hepatocytes have spherical shapeemetiin is condensed in the form of lumps
along the inner surface of the nuclear membrane. [@tter has uneven contours due to invaginations.
The nuclear space is extended.

The mitochondrial cristae are contracted, and tlarim space is clear. The cisternae of the
granular endoplasmic reticulum are somewhat entar@mlgi complex contains tubules, vesicles and
saccules (fig. 2 2b.). Accumulation of large quantities of neutfat and overload with Ito cells
(perisinusoidal cells) is observed at early starfedreptozotocin-induced diabetes mellitus.

Increased enzyme activity of hepatocyte cytolysés wbserved in blood serum of rats at early
stages of streptozotocin-induced DM and is two $imigher than in the control group animals (Table 2
On the 28 day of experiment the level of hepatic transamér@mtinues to increase both in blood serum
and homogenate. De Ritis ratio (correlation betw&en and AST levels) is lower than the control value
on the 14 day of the experiment and increases up to tied2§ and does not significantly differ from
the control one (table 2).

These changes indicate abnormalities of the livaction, mainly in hepatocytes. The decrease
of De Ritis ratio, consequently a slight differerlmetween the ALT andST levels on the 14 day of
experiment, may point to the release of these eagyfnom the cytoplasm of hepatocytes, since ALT is
predominantly present in the cytoplasm of hepaex@ndAST has two fractions — cytoplasmic and
mitochondrial.

Therefore, the hypoxic factor may be the most obwicstarting from the 28 day of
streptozotocin-induced diabetes mellitus develogmas it indicates the predominate increase of both
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ALT and AST levels in blood serum and homogenate and may heidered the marker of diabetes
mellitus progression [1, 3]
. “ 1.}., 7Y Y 78

LH
Flg 2. UItrastructure of hepatocyte and stellacrophagocyte of rats on the™8ay of experlment Magmﬂcanoa) b) x4000. 1 —
hepatocyte; 2 — enlarged cisternae of the granematoplasmic reticulum; 3 — lipid droplet in degtd nucleus of hepatocyte; 4 —
mitochondria; 5 — lipid droplet; 6 — agranular eplhsmic reticulum; 7 — vacuole-like non-glycoggracities; 8 — nucleus of macrophagocyte;
9 — processes of sinusoidal pole of hepatocyte—1Disse’s space; 11 — processes of macrophagotgte; intracellular inclusion of
macrophagocyte.

We think that the increase of blood levels of ghee@nd glycosylated hemoglobin leads to
structural liver changes and consequently causindyisfunction. This is confirmed by the data dfest
authors, who also observed liver dysfunction dua¢cincreased blood glucose levels [10].

Table 2
Indices of antioxidant defense and hepatic transamases of blood and homogenates in streptozotocin-
induced diabetes mellitus

o ) ALT, pmol \h*L AST, pmol \h*L N )
Timing of experiment De Ritis ratio
Blood serum Homogenate Blood serurﬁ Homogenate
14" day Experiment 0.7+ 0.13* 1.85+0.2* 0.78+0.14* 1.95+0.22* 1.11+0.04*
Control 0.28+0.02 1.41+0.11 0.33£0.02 1.54+0.8 1.21+0.03
28" day Experiment | 1.02+0.05% 2.22+0.9% 1.27+0.11% 2.04+0.18* 1.24+0.08
Control 0.28+0.02 1.35+0.08 0.33£0.02 1.540.7 1.240.01

Notes: 1) * — relevant difference as compared & dbntrol indicesp<0.05; 2)* — relevant difference as compared to the
previous period of experiments0.05.

Concerning the biochemical indices of antioxidaafetise, the level of superoxide dismutase
increased by 14% in blood serum on th& @ldy of experimental diabetes mellitus, and by 18#the
28" day, and in the liver homogenate its level incedasy 12% and 13% respectively, as compared with
the control group of animals.

Other researchers have also observed the incraasieitly of lipid peroxidation in hepatocytes in
streptozotocin-induced type | DM [5], that pointem the development of oxidative stress; and the
findings of our researches indicated that thissstrenay lead to increased activity of pro-oxidant
system[4, 8].

The study revealed granular degeneration of hep@®cwith the transition to vacuolar
degeneration caused by the increase of levelsuabge and glycosylated hemoglobin at early stafes o
streptozotocin-induced diabetes mellitus (14-28 silaystructural changes in the liver lead to its
dysfunction, which is confirmed by the increasedels of specific hepatic aminotransferases and the
decreased De Ritis ratio starting from th& 28y of the experiment. Such changes are followethé
increased activity of pro-oxidant system which enfirmed by the significant increase of levels of
superoxide dismutase in blood serum and liver h@natgs.
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Prospects for further researcthe findings of our study may be used in furtheeeech of various antidiabetic agents

effects on liver hepatocytes in diabetes melliteatment.
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MOP®OPYHKIIOHAJIBHI 3MIHU
B INIEYIHII 24-MICSIYHUX IITYPIB HA PAHHIX

MOP®OPYHKIIMOHAJIBHBIE U3BMEHEHUA
B ITEYEHU 24-MECSAYHBIX KPBIC HA PAHHUX

CTAIIAX PO3BUTKY EKCHEPUMEHTAJIBHOT'O
HOYKPOBOI'O JIABETY
0.41. Kypakiscbka, H0.B. bognapuyk, B.M. [lepuoBuy,
X.b. Kyiannny, B.A. Mecoenosa

Mertoo poGoTu Oya0 BCTaHOBICHHS OCOOIMBOCTEH
MopdodyHKIioHaNBPHOT TIepeOyI0BH TMEYiHKH Yy paHHi
TEpMiHM Iepediry  CTPenTO30TOLMHOBOIO  ITYKPOBOTO
miabery (). IIJI  momenroBamM  OJHOPa30BHM
BHYTPIIIHbOOYEPEBUHHUM BBECHHSAM CTPENTO30TOLHUHY (5
mr Ha 10Q macu Tinma). Marepian s JOCIIDKCHHS
3abupamn Ha 14 ta 28 nobu excriepuMenty. Bukopucramm
ricToyNoriyHnii, eIeKTPOHHO-MIKPOCKOMIUHMH, O0ioXiMiuHI
mertoau pociimkenus. [Ipu crpenrto3zoronrHoBomy 1] Ha
T 3pPOCTaHHS DIIOKO3U 1 IIIKO3WIIBOBAHOTO TeMOINIOOIHY
BUSIBIIETBCSA ~ 3CpHHMCTA  AUCTPOdis  TemaronuTiB 3
nepexofoM y BakyonbHy. CTpyKTYpHI 3MIiHM ME4iHKH
NMpU3BOAATH  JIO TopymieHHs i yHkmii, 1o
MiATBEP/DKYEThCS  MIJIBUIICHHM pPIiBHEM  crenu(iyHuX
TIEYIHKOBHUX amiHoTpaHcgepas Ta 3MEHILCHHAM
xoeimienrta Pitica 3 14 nobu excnepumenTy. Taki 3MiHH
CYIPOBOIKYIOTBCS T ABUILCHHSIM aKTHBHOCTI
HPOOKCUJIAHTHOT CHUCTEMH, Ha 110 BKa3ye JOCTOBIpHE
3pOCTaHHs CYNEPOKCHAAMCMYTa3H B CHPOBATLi KpOBi Ta
TOMOTICHaTax MeYiHKH.

KurouoBi ciioBa: mediHka, MeYiHKOBI TpaHcamiHasy,
CYIEPOKCHANCMYTa3a, CTPENTO30TOLMHOBUN ITyKpOBHUi
nmiaber.

Crarrs nagivinoa 3.04.18p.

CTAAUAX PA3BUTHUS DKCIEPUMEHTAJIBHOI'O
CAXAPHOI'O JUABETA
0.41. Kypakosckas, F0.B. bonnapuyk, B.M. IlepuoBuy,
X.b. Kyiannny, B.A. Mecoenosa

Lenpto paboThl OBUIO  YCTAaHOBJCHHE OCOOEHHOCTEH
MOpGOPYHKINOHAIBHON MNEPECTPONKK IMEYCHH B PAHHUE CPOKU
pasBUTHS CTPENTO30TOLMHOBOrO caxapaoro auadera (CH). CJI
MOJEMPOBAJIN OAHOKPATHBIM BHYTPUOPIOLIMHHBIM BBEJICHUEM
crpenro3oropHa (5 mr ma 10Q maccel Tena). Matepuan s
uccnenoBanusl 3abupamu Ha 14 m 28 cyTkm OIKcrepEMeHTa.
Hcnons3oBam THCTOJIOTHIECKUH, JIEKTPOHHO-
MHKPOCKOIIMIECKUH, OMOXNMUYECKHIE METOBI HccitenoBanys. [Ipu
crpenrozoroumHoBoM  CJ[ Ha  ¢QoHe pocTa INIOKO3BI U
IJIMKOJIM3UPOBAHHOTO  IeMOrJIoOMHa HaOJIoJaeTcss 3epHHCTas
JMcTpodus  renaTolMTOB € MEPEXOJOM B BAKYOJIBHYIO.
CTpyKTypHbIE M3MEHCHHS IIEYEHH NPUBOIAT K HAPYLICHUIO ee
(YHKIMM, 9YTO  THOATBEP)KAACTCS  IOBBIIIEHHBEIM  ypPOBHEM
crien(UUecKUX IeYCHOYHBIX aMUHOTpaHC(epas U yMEHbIICHHEM
kodpdummenra Putnca ¢ 14 cyrkm okcrepuMenta. Takue
W3MEHEHHSI  CONPOBOXKJIAIOTCS ~ IIOBBIICHHMEM  aKTHBHOCTH
MIPOOKCHIAHTHOTO CHCTEMBI, Ha 4YTO YKa3blBaeT IOCTOBEPHOE
YBEIIMUCHHE CYIEPOKCHIUIUCMYTa3bl B CBIBOPOTKE KPOBH H
TOMOTeHATaX MEe4YeHH.

KiioueBble ci10Ba: neucHb, NEYCHOYHBIE TPAHCAMUHA3BI,
CYNEPOKCHIUCMYTa3a, CTPENTO30TOLMHOBBIN CaXapHbIH 11aler.
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