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YV nocnimkeHHi MOPiBHIOETHCS MOLIKODKYOYHIA BILTUB
JIBOX METOJIIB TEPMOILMKIIIOBAHHS Ha NPoOIoTHYHUI mTaM B.
bifidum Cycnensii cBixoBuninennx 6Gidinobakrepiii i
OaxTepiii, 1110 30epiraancs 3a rinoTepMiyHIX YMOB IIPOTITOM
24 romyH, TiIaBaIK JECATUKPATHOMY TEPMOIIMKIFOBAHHIO
JIBOMa CrIoco0am, siki nepeadadai MOBUTbHE OXOIOMKESHHS
3paskiB 10 (-23 = 1) T a6o mBuaKe 0Xx010KeHHM 110 (-196
+ 1) °C 3 nmojaJbIuKM BifirpiBaHHsIM Ha BOAsHIN GaHi nmpu 37
°C 10 NOBHOTO BiITaBaHHA. BIKuBaHHS KITITHH OIiHIOBAIIN
OULIXOM  MiAPaxyHKy KOJOHIEYTBOPIOIOUMX OAWHHIG 1
MIPOTOYHOT LUTOMETPil 3 BUKOPUCTAHHAM
kapboxcuduryopecueiny niauerary (k@) sik duryopoxpomy.
TepMOLMKITFOBaHHSI 3 TOBLIEHUM OXOJIOKEHHsIM J10 (-23 + 1)
°C BUABWIO OLJBII BUPXKCHY JC3IHTCTPYrOUy Jil0 Ha
6idinodaxrepii. [Tonepenne 36epiranus 6idinobaxrepiii 3a
riMOTePMIYHUX YMOB HE 3HAYHO MiJBUILYBAJIO 1X CTIHKICTH 10
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B uccnenoBaHuM cpaBHMBAETCsl MMOBpEXIAoLee EHCTBUE
JIByX METOJIOB TEPMOIIMKJINPOBAHUS Ha IMPOOHOTHIECKHIT TamM B.
bifidum Cycnensun cBexeBbIEICHHBIX  OHbUIOOAKTEPHIl 1
OaxTepuii, XpPaHUBIINXCS B THIIOTEPMHYECKHX YCIOBHUSX B TCUCHHE
24 yacoB, mHoIBEprajv JACCATHKPATHOMY TEPMOLMKINPOBAHHIO
IBYyMS  cHoco0amy,  KOTOpble — NpPEINOiaraid — MEUICHHOS
oxnaxaenne 06pasuos 10 (-23 + 1) T win ObICTpOe OXJIAKICHHEM
10 (-196 £ 1) € ¢ nocneayromum OTOrpeBoM Ha BOISHOM OaHe rpu
37 °C 1o monHOTo OTTaMBaHUA. BEDKHBaEMOCTh KIIETOK OLICHHBAIN
IyTeM TMOJCYEeTa KOJOHMEOOPasyIolMX CIMHULl M HPOTOYHON
IUTOMETPHN €  HCIHONB30BaHHMEM  KapOokcudiyopecienHa
nuanerara (k) B kadectBe Buryopoxpoma. TepMOLMKIHPOBAHHE
¢ MemienHbiM oxnakaeHueM 10 (-23 + 1) € okaseiBano Gonee
BBIPOKCHHOE JIG3UHTETPUpYIOLIee AeHCTBHE Ha OU(DHI00aKTepHHL.
IpenBaputenbHoe XpaHeHHe OnpHI0OAKTEPHii B TUIIOTEPMUYESCKUX
YCHOBHAX HE 3HAUMTEIIBHO MOBBIIAIO HX YCTOWYMBOCTH K
JIE3UHTETPUPYIOLIEMY JICHCTBHIO TEPMOLIMKIMPOBAHHSL.
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MORPHOLOGICAL FEATURES OF DOXORUBICIN-INDUCED LIVER DAMAGE
ASSOCIATED WITH NONALCOHOLIC STEATOHEPATITIS
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The paper consideres the study of histologicalfestof anthracycline-induced liver lesions concomitantwibn-
alcoholic steatohepatitis.The findings of the sthdye established the presence of moderate faggneéeation of the liver with
mild focal protein dystrophy of hepatocytes in tbleules of the animals with experimental non-aldwhsteatohepatitis. In the
group of animals with anthracycline-induced livanthge, moderate periportal necrosis of hepatoeytesg with a mild small-
droplet fatty degeneration. Prominent total (cémittilar and periportal) subacute liver necrosisnglavith moderate fatty
degeneration was found in animals with anthracgeliuced liver damage associated with experimentad-alcoholic
steatohepatitis.
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The work is a fragment of the research project “Blepment of methods for prevention and treatmenhefdrug-
induced damages of the internal organs”, state strigtion No. 0115U001087.

Doxorubicin belongs to anthracycline antibioticatthre considered as one of the most effective
antitumor drugs widely used in oncological and dreraatological clinical practice [5, 6, 9-11].
Doxorubicin is the most important mainstay in theatment of breast cancer, soft tissue sarcoma and
aggressive lymphomas of high malignancy, acute hobastic and myeloblastic leukemias [6, 9-11].
In some cases, high toxicity of doxorubicin mayréstriction on its use [5, 6, 8-11]. Moreover, thgic
effect of doxorubicin on the tissues of the hdddneys, liver has been confirmed [5, 9, 12-14]taidy,
damaging effect of anthracycline antibiotics is dudéts specific pharmacokinetics. Doxorubicin iBea
to accumulate intracellularly in concentrations 5B times higher than extracellularly [8]. Another
important point in the development of toxic effeofsall cytostatics, including anthracyclines, It
impact on all cells, both malignant and healthy§J, Doxorubicin is metabolized mainly in the liver
with the formation of a highly toxic metabolite ddxorubicinol, which has a direct damaging effatt o
liver tissue [6]. Histological manifestations oférr lesions induced by anthracycline antibiotice ar
characterized by necrosis and degeneration of beypias, sinus dilatation, vascular stagnation and
hemorrhage [6, 11, 13, 14].
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Over the last decades experimental and clinicaflissuhave been conducted to study the
mechanisms of the organotoxic effect of doxorubidihus, D. Chaudhary et al. [6] reported about the
study of doxorubicin hepatotoxicity performed dhabino mature rats administered with doxorubatin
a single dose of 10 mg/kg body weight. Anatomicad Aistomorphological parameters were studied on
day 7 and 14. Liver weight in rats treated witlxalwbicin on day 14 of the study was significarityer
than in the control group. The diameter of hepaegythe size of the nucleus of the hepatocytegnester
both on day 7 and 14 compared to the control gfpup0.001). Thus, the authors proved that the toxic
effect of doxorubicin is delayed and increases wiitte. Similar changes in the histological struetuof
the liver were observed by a number of researcheosconfirmed that doxorubicin causes the enlarggme
of hepatocytes and their nuclei, as well as thegban the shape of the hepatocyte nucleus andgdisn
of their membrane structure [6, 11, 13, 14].

We believe that the study of histomorphologicaltieas of liver lesions in the presence of
concomitant nonalcoholic steatohepatitis (NASH),ichkhmay contribute to drug metabolism and
potentiate the vulnerability of hepatocytes totindc effects of cytostatics is crucial [3, 4].

The purposeof the work was to study histological features mihaacycline-induced liver lesions
concomitant with NASH.

Materials and methods.The study involved 30 mature outbred albino ratalé rats=15 (50%);
female rats=15 (50%) weighted 160-220 g. The stualy carried out in two stages.

At the first stage 10 rats (5 males and 5 femalesg exposed to modeled NASH during 9 weeks
(from day 1 to day 63), induced by a diet, contagid2,8% fats. The daily ration per one animaluded
combination fodder-concentrate granulated 0.047Rg5% butter 0.01 kg, refined sunflower oil 0.01 kg
palm oil 0.01 kg. Vegetables were excluded from rdigon of the experimental animals. 4% aqueous
solution of fructose was used as the sole sourdeafl. Another 20 rats received a regular rations
vivarium, containing combination fodder-concentrgtanulated 0.04 kg, low-fat cheese 0.006 kg, ¢srro
0.02 kg, cabbage 0.015 kg per one animal a da§ ¥eeeks (from day 1 to day 63).

At the second stage of the experiment the modalingoxorubicin- induced liver damage was
carried out. Experimental rats were divided intgr8ups:

Rats of Grougd (n=10; males n=5; females n=5) were exposed toeleddNASH, induced by a
high-calorie diet from day 1 to day 63, followed ladministration of 5mg/kg/day doxorubicin
intraperitoneally for 3 days (from day 64 to day &breach the cumulative doze of 15 mg/kg;

Rats of GroudI ( n=10; males n=5; females n=5) were on a regakéons of vivarium from day
1 to day 63, followed by administration of 5mg/kayddoxorubicin intraperitoneally from day 64 to day
66 to reach the cumulative doze of 15 mg/kg;

Rats of Grougdll (n=10; males n=5; females n=5) were on a regal@ns of vivarium from day
1 to day 63, followed by administration of intrap@neal 0.9% sodium chloride solution at a dosg# ofl
for 3 days.

Euthanasia of rats was performed under 50 mg/kgpémtal anesthesia on day 67 of the
experiment. The obtained fragments of the liverenfidted in buffered 10 % formalin for 24 hours that
were subsequently embedded into paraffin accorimngnventional technique [1]; sections of 5 pnakhi
were made and stained with hematoxylin and eosin.

Animal housing and experiments on them have begiedaut in compliance with the principles
of the “European Convention for the Protection efrtébrate Animals Used for Experimental and Other
Scientific Purposes” (Strasbourg,1986), “Gener&iiccRules for Conducting Experiments on Animals”,
adopted by the | National Congress on Bioethicaff] the requirements of the “Procedure for cotidgc
tests, experiments on animals by research institsti(2012).

The study and documentation of the sections wasedaput using the Biorex—BM-500T
microscope in x400 magnification, equipped with DEM-900 digital microphoto attachment and
software adapted for the above studies.

Results of the study and their discussiarThe analysis of the histological sections ofliber of
rats of the control group has found that it hadkalar structure. Central veins were detectedenctimter
of each lobule. Hepatic beams formed by hepatocgtes sinusoidal capillaries between them were
visualized radially. In the central zones of theules, binuclear hepatocytes were determined on the
average 8.36 + 0.08 in the field of view (fig. 1a).
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Fig. 1. Central part of the Ilver lobule of rataaintrol group (a), with experlmental non-alcohalieatohepatitis (b), with anthracycline-

induced liver damage (c) and with anthracyclineditet! liver damage associated with experimentalalooholic steatohepatitis (d). H&E stain.
Lens:x40 magnification; Ocular lens:x10 magnifioati

In rats with simulated experimental nonalcoholieasbhepatitis, varicose central veins were
detected in the central areas of the lobules. Tuethelium was thinned; the nuclei of endothelellsc
were visualized in the form of thin basophilic g&$. Cellular detritus and sporadic squamous valie
noted in the lumens. Signs of amorphous hyperhiymiraivere detected perivascularly. Sinusoidal
capillaries were dilated with heterogeneous bloogply. Hepatocytes showed polymorphism and
moderate manifestations of fatty degeneration. &aar cells were not visualized. Hepatocytes with
pyknotically altered nuclei were detected locaflg.(1b).

The study of histological sections of the liverafs with anthracycline-induced liver damage has
found that the central veins were dilated with nihaipgical signs of edema, detected perivascularly.
Sinusoidal capillaries were unevenly dilated amtiésnic (fig. 1c).

The beam-radial structure of the lobules was preskerbut cells with pyknotically altered nuclei
and karyorhexis phenomena, as well as with smalblét fatty degeneration, were detected. The number
of binuclear hepatocytes decreased compared toothteol group of animals, accounting for 3.04 +20.0
in the field of view.

In the central parts of the lobules of the liverrats with anthracycline-induced liver damage
associated with experimental non-alcoholic stegiatiis the central veins were dilated, the endathe
was thinned. The lumens were filled with inhomogare content of medium optical density. The
sinusoidal capillaries were significantly dilatethe nuclei of the vast majority of hepatocytes were
visualized in the state of karyopyknosis, karyoibe@xd karyolysis. The cytoplasm showed cytolykiag
with moderate small-droplet fatty degeneration. (fid).

In the intermediate parts of the lobules of contadk, the shape of the hepatocytes was more
orbicular and larger than the cells in the cenpaits of the lobules. Binuclear cells were sporadic
Uncondensed chromatin predominated in the nuckbsingle centric nucleolus was determined (Fig. 2a)

In rats exposed to simulated experimental nonalli®hsteatohepatitis, dilated sinusoidal
capillaries with inhomogenous blood supply wereeditd in the intermediate zones of the lobules.
Hepatocytes were polymorphic with hydropic andyfaiégeneration. Binuclear cells were not visualized
Hepatocytes with the phenomena of karyopyknosigwetected (fig. 2b).

Histological sections of the intermediate partsthoed liver lobules of rats with anthracycline-
induced liver damage showed that the sinusoidalllaaps were inhomogenously dilated, locally
narrowed, and ischemic.
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anthracycline-induced liver damage (c) and wittheatycline-induced liver damage associated withegrpental non-alcoholic steatohepatitis
(d). H&E stain. Lens:x40 magnification; Ocular lextd) magnification.

The beam-radial structure of the lobules was pwveskrbut cells with a dark unstructured
cytoplasm and compacted nuclei were detected. @kemaajority of hepatocytes were with small-droplet
fatty degeneration. Binuclear hepatocytes weralatdcted (fig. 2¢).

In the intermediate parts of the lobules of thedigf rats with anthracycline-induced liver damage
associated with experimental nonalcoholic steatatigq sinusoidal capillaries were inhomogenously
dilated; some of them were narrowed due to ederhagditocytes, in the cytoplasm of which large véesio
were found (fig. 2d).

Portal triads composed of the artery, vein and dilet were localized on the periphery of the
lobules in rats of the control group. The blood@ypf the vascular system of the lobules was matger
The number of binuclear hepatocytes was 2 + 0.Ghérfield of view. The vast majority of cells had
cubic shape (fig. 3a).

The study of histological sections of the liver odts with experimental non-alcoholic
steatohepatitis has found that in the periphergbkpH the liver lobules arterioles were spasmaudithe
triads, nuclei of the endothelial cells protrudatbithe lumens. The surrounding connective tisaag h
morphological signs of hyperhydration of the amanmh substance and was infiltrated by leukocytes,
namely, lymphocytes, macrophages and single segeehteukocytes. The sinusoidal capillaries were
inhomogenously dilated and ischemic. Hepatocyta® wkrunken, the nuclei of the latter were pyknotic
small-droplet fatty degeneration was noted in §temasm (fig. 3b).

In the experimental animals with anthracycline-iceldl liver damage, hepatocytes with dark
cytoplasm and elongated cells dominated in thepperal parts of the lobules. Karyopyknosis and
karyolysis were observed in some cells. In thedtriarteries were spasmodic and poorly expressed
periportal edema was detected. Leukocyte infilrathere macrophages and lymphocytes prevailed wer
visualized periportally (fig. 3c).

The study of histological sections of the liverrats with anthracycline-induced liver damage
associated with experimental non-alcoholic stegiatits has shown edema of the periportal strongh an
its infiltration by macrophages and plasma cellsandetected on the periphery of the lobules. Kdrggis
and karyopyknosis were noted in the vast majorithiepatocytes, as well as cytolysis in the cytaplas
The preserved cells were visualized in a statenafllsdroplet hydropic degeneration (fig. 3d).
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Fig. 3. Portal triad and peripheral portion of tiver lobule of the rat of control group (a), wiéxperimental nonalcoholic steatohepatitis
(b), with anthracycline-induced liver damage (cYdamith anthracycline-induced liver damage assodiatéth experimental nonalcoholic
steatohepatitis (d). H&E stain. Lens:x40 magnifmait Ocular lens:x10 magnification.

The findings of the study related to histofunctioclzanges in the liver in anthracycline-induced
liver damage are consistent with the findings dfieotresearchers [6, 11, 13, 14]. Non-alcoholic
steatohepatitis contributes to the drug metabolissorder, as well as potentiates the vulnerabity
hepatocytes to the toxic effects of cytostatics]3,

The findings of the study have established thegmmes of moderate fatty degeneration of the liver

with mild focal protein dystrophy of hepatocytestir lobules of the animals with experimental ntmotaolic
steatohepatitis. In the group of animals with aadiicline-induced liver damage, moderate peripodatosis

of hepatocytes along with a mild small-droplet yfattegeneration. Prominent total (centrilobular and
periportal) subacute liver necrosis along with nratie fatty degeneration was found in animals with
anthracycline-induced liver damage associated exgerimental non-alcoholic steatohepatitis.
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MOP®OJIOTTYHI OCOBJINBOCTI
JOKCOPYBINUH-IHIYKOBAHUX YPAKEHb
NEYIHKHU HA TJII HEAJIKOT'OJIBHOT'O
CTEATOT'EIIATHUTY
Maciosa I'.C., Ckpunnux [.M., €Epomenko I'.A.

B po06oTi [0CHiPKEHO TICTONIOTiYHI  0COOIMBOCTI
AQHTPAIMKIIH-IHAYKOBAaHUX ypaKeHb II€YiHKM Ha TIi
HEaJIKOTOJIbHOT'O CTeaTorenaTury. B pesynbrari npoBeaeHoro
JIOCITI/DKCHHS ~ BCTAQHOBJEHO, W0 y  TBapuH 3
CKCIICPUMECHTAJIFHUM HEAIKOIOJIbHHUM CTEaTOrelaTHTOM Yy
YacTOYKaX MEYiHKM BH3HAYCHO MOMIPHO BHPaXKEHY XKHUPOBY
JUCTPOQir0 TMedyiHKH 31 cIab0 BHPaXKEHOI OCEPEAKOBOIO
0inkoBOI0 auCTpodiero remaronuTiB. B rpymi TBapuH 3

AHTPALMKITiH-1HIyKOBaHHM YpaKeHHIM HEeYiHKU
BCTAHOBJICHUII ~ TIOMIpHUH  IEPUIOPTAIBHUA  HEKPO3
TeraToOUTIB HA TIi CIa0Ko BHpPaXeHOI ApiOHOKparersHOl
JKUPOBOL JUCTPOdii. Bupaxxenuit TOTAJILHUH

(ueHTpOIOOY IAPHHUIA 1 MepUIIOPTANBHHIN) HiArOCTPHIA HEKPO3
MeYiHKH Ha T IOMIPHO BUPaKEHOI >KHPOBOI IHCTPOdil
BUSIBIICHWA y  TBapuH 3  aHTPALUKIIH-IHIyKOBAaHUM
YPOKEHHSIM  IEYiHKM Ha T  EKCHePUMEHTAIBHOIO
HEaJKOTOJIBHOTO CTEaTOTeIIaTHTY .
KnarodoBi cioBa: HeankoronpHuil cTeaToremaTwut,
AQHTPALMKITIH-1HYKOBaHI ypa)KeHHs IEeUiHKH, IIypi.
Crarrs Hagiiimna 24.06.201%.

MOP®OJOI'MYECKHUE OCOBEHHOCTH
JOKCOPYBULIMH-UHAYIIUPOBAHHOI'O
IIOPAKEHUSI TEYEHU HA ®OHE

HEAJIKOT'OJIBHOT'O CTEATOI'EITATUTA

Macaosa I'.C., Ckpunauk U.M., Epomenko A.

B pabore nccneoBaHbl THCTOIOTHYECKHE OCOOCHHOCTH
AHTPAIMKINH-UHIYLIPOBAHHEIX NOPAKCHUH Ie4eHH Ha (oHe
HEaJIKOroJIbHOI'0 CTeaTorenaTura. B pesyabprare npoBe1eHHOTO
UCCIIEIOBAaHUsl ~ YCTAaHOBJIGHO, 4YTO y  JKMBOTHBIX C
SKCIIEPUMEHTAIBHEIM HEaJIKOTOJIbHBIM CTEATOTeNaTHTOM B
JIONIbKaX MEYEHHU BBISBIECHO YMEPEHHO BBIPAXKEHHYIO JKHPOBYIO
aucTpoduo mHedeHH co  cnabo  BBIPAKEHHOH 04aroBoi
0enkoBoil mucTpoduel renaTonuToB. B rpymme XHBOTHBIX C
AHTPALMKINH-UHIYIIPOBAHHBIM MOpakeHUeM TEeYeH!
YCTaHOBJICH YMEpEHHBIN NIEPUIIOPTAIBHBIH HEKpO3
TeraTonUTOB Ha (oHE cIa00 BEIPAKEHHOW MEJIKOKAINeIbHON
JKUPOBOM qucTpoduu. Bripasxennsiit TOTAJIBHBIN
(LeHTPOIOOYIAPHBIN U MEPHITOPTAIBHBIN) MOAOCTPHIA HEKPO3
TIeYCHU Ha ()OHE YMEPEHHO BBIPAXKEHHOI )KUPOBOH TUCTpOhHN
OOHapy’>XeH y >KUBOTHBIX C AaHTPALUKINH-WHIYyLHUPOBAHHBIM
HNOpa)XEHHeM Ie4YeHH Ha (OHE IKCIEPUMEHTAIBHOIO
HEaJIKOTOJILHOTO CTEAaTOTCIIATHTA.

KnrodeBble cjI0Ba: HEalKOTONBHBIM CTEaTOreNaTwuT,
AHTPALMKINH-UHIYIIPOBAHHBIE TOPAXKEHUS IIEYCHHU, KPBICHL.
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REACTION OF HEMOMICROCIRCULATORY BED OF RAT LIVER
AND CHANGES IN THE FUNCTIONAL STATE OF THE NITRIC O XIDE CYCLE UNDER
THE CONDITIONS OF MODELING ALCOHOLIC HEPATITIS
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The purpose of the work was to study the changdeihemomicrocirculatory bed of the liver andriie of the NO-ergic
system in their development under the conditionmadeling alcoholic hepatitis. At the early stagesodeling alcoholic hepatitis,
the thickness of the vascular wall of the centahyinterlobular artery and lobular arteriolesr@ases, while the thickness of the
vascular wall of the interlobular vein, the lobulanule and the sublobular vein decreases. Themsgek are associated with
dysregulatory changes in the nitric oxide cycleanliver. Dysregulatory changes are manifeste@dmyncrease in the activity of
inducible and constitutive isoforms of NO synthaagainst the background of decreased activity gihases in the absence of
statistically significant changes in the activifynitrate and nitrite reductases in the liver dénaith simulated alcoholic hepatitis.

Key words: liver, alcoholic hepatitis, nitric oxide cyclets.

The work is a fragment of the research project “Blexities of pathological changes developmentigedtive system
organs and development of their correction methpdtite registration No. 0120U100502.

Alcohol consumption is the seventh leading riskdafor various diseases, injuries and death. In
6.8% of deaths among men and 2.2% among womencéahse is alcohol abuse. The total cost of
eliminating the social consequences of alcohol gomtion makes more than 1% of the gross national
product for high- and middle-income countries, mbhaher than the budget for health care [5].
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