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OJTHOYACHOTO YPA)XEHHS TOKCHKAaHTaMH € CTaTeBOHE3piNi
mypu.. HaiiBummit  Bmict  C-peakTHBHOro  HpOTeiHY
3apeECTPOBAHO y CHUPOBATLi KPOBI LIypiB CTApeyoro BiKy, Y
sKkuX BiH migBummBes B 3,3 pasa. KapOonaitH BuUsiBUBCS
e(peKTHBHUM B OCTaHHI TEPMiHM JOCHiKeHHA. [licms
YpaKeHHsI CHOCTepiraBcs 3CyB OanaHCy MiK IIUTOKIHAMH B
CTOpOHY IpO3allajibHUX MpOLECiB, Ha M0 BKa3yBaJo
MBUILEHHS BMICTY MPO3alajbHOrO Ta 3HIKCHHS BMICTY
MIPOTHU3AIIAILHOTO IHTEpJIeHKiHy. Y CTaTeBO3pUIMX IIypiB
CHTEPOCOPOCHT TMPH3BIB 0 BIPOTIAHOIO BiIHOBICHHS
JqucOanaHcy IUTOKIHIB Y CHPOBATII KPOBI MiCHIsl ypaXKeHHsI.

KurouoBi cjioBa: HaTpilo HITPUT, TIOTIOHOBHH 1M,
METTreMOrao0iH, KapOOKCHUreMoriodOiH, 1mmrokiau, C-
peaKkTUBHUM NPOTEiH

OJHOBPEMCHHOMY  IOP@)XEHHI0  TOKCHKAaHTAaMH  OBUIH
HETI0JI0BO3peJIble KPBICH. B CHIBOPOTKE KPOBH MOPaXKEHHBIX
CTapbIX KPBIC OTMEYEHO Hambosee BBICOKOE conepkaHue C-
peaktuBHOro nporernHa (B 3,3 pasa Boiuie HopMbl). KapGoaiin
okazan 3((eKTHBHOE BIMSHHE Ha 3TOT MOKa3aTelb B KOHIE
HcceoBaHusi. B CHIBOPOTKE KPOBH IOPAKEHHBIX KPBIC BCEX
BO3PaCTHBIX IPYII HAOIIOAANICS CABUT HUTOKHHOBOTO OanaHca
B CTOPOHY IIPOBOCHAIUTENIBHBIX MPOLECCOB (IIOBBILICHHE
COZICpKaHHsl MHTEPIICHKHHA-6 U CHU)KCHHE MHTEpIeHKuHa-4).
Hawubonee >dpexTuBHOE BIMSHUE OKa3ajl HTEPOCOPOEHT Ha
LIMTOKMHOBBIN OalaHC y MOJIOBO3PEIIbIX KPBIC.
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The study is devoted to identifying the featuredreé radical processes changes in skin homogefidte rats with
diabetes mellitus, after using different methodswfgical wounds closing. Analysis of the resultggests that the use of skin
glue significantly reduces the intensity of theefradical oxidation course in the cells of scaskih tissues in animals with
simulated diabetes mellitus compared to the apicaf nodal sutures to the wound under similarditions.
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The work is a fragment of the research project t8y8c and organ disorders due to emergency faatffext on the
body, mechanisms of their development and pathtiger@erection”,state registration No. 016U003390.

Diabetes mellitus (DM) is considered to be onehefrmost important non-communicable diseases
worldwide and is also one of the global health lemgles of the 21st century [3]. It ranks fourth agthe
major causes of death in developed countries [15].

In 2017, 1,270,929 cases of diabetes were registartlkraine. Today, almost 50% of diabetes
cases are undiagnosed. Development of late cortiphisdeads to a significant reduction in qualifyife,
reducing its duration by 10-30%, disability, incsed mortality of patients by 2-3 times and siguific
budget expenditures for their treatment. The nunalb@atients with diabetes mellitus is increasiygb
7% annually. Such indices indicate a non-infectiepisiemic of diabetes.

Wound healing is a coordinated process that gaesigh certain stages with different types of
cells and their waste products participating, whiediulate the healing process. It is proved thatients
with DM there is the wound healing process disqrdet not all features of this process in diabatelitus
are completely understood.

At the same time, the quality and structure ofrtfaerial, the chemical composition of the suture
material effect the reaction of tissues to thetiraduction, as well as the final result of the apien. Free
radical oxidation (FRO) is an important biochemicahversion process of lipids, proteins, nucleiclgc
and other compounds under the action of free régjiaad peroxide oxidation of lipids (LPO) and jgios
is one of the further consequences [2, 13]. Asi@ges of the FRO, due to the interaction of feetcals
and biological macromolecules, numerous intermediptoducts are formed. Such peroxidation
compounds, in their excess, are characterized dayopinced cytotoxic activity. As a result, the pssms
of energy production in the cell are suppressed simthesis of proteins and nucleic acids is disaip
which in its turn leads to the formation of pathgital scar tissue.

The purpose of the study to identify the features of free cadliprocesses changes in the skin
homogenate of rats in different ways of surgicalnas closing, in the conditions of diabetes malitu

Materials and methods.An experiment was performed on 60 adult malewestighing 240-280
g. The rats were simulated diabetes mellitus byap#ritoneal administration of streptozotocin
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(“Sigma”, USA) at the dose of 65 mg/kg body weidh.minutes before administration of streptozotocin
the animals were intraperitoneally administeredtiamide at the dose of 230 mg/kg body weight. All
animals were obese, which was caused by keepin@iimals on a high-fat diet for 4 weeks. By
determining the concentration of glucose in theoblavith ContourNext (USA) glucometer, the
development of type 2 DM was confirmed. Under tiegental anesthesia (40 mg/kg body weight), all
experimental animals underwent straight incisionsn? long in the anterior-lateral region of the
abdomen. In experimental group | (30 rats) surgmaiures “Vikril5 / 0" were used to close the
postoperative wound. In experimental group Il (a6) “Dermabond” skin glue (Ethicon, USA) was
applied. Animals were sacrificed on the 3rd, 7tBth2days after surgery by overdose of thiopental
anesthesia (90 mg/kg body weight of rats).

The scarred skin pieces homogenate and the homtegau@ernatant were under study.

To determine the degree of free radical oxidatiomcesses activation, the content of reactive
oxygen species (ROS) [5], lipid hydroperoxides () H®%], diene conjugates (DC) and triene conjugates
(TC) [1] and indices of blood plasma proteins ok modification were determined (ONM#E and
OMPa430) [10].

In order to study the antioxidant defense systamattivity of superoxide dismutase (SOD) in the
supernatant was determined by the method of Ch&vaat al. [12]. Catalase activity was determingd b
the method of Korolyuk M.A. [6], sulfhydryl grougSH groups) — according to Ellman G.L. [14].

Statistical processing of the obtained data wasiezhrout by standard methods of variation
statistics using a package of statistical softwatee results are given as (Mtm), where M is the mea
value of the index, m is the standard error. Tigaificance of discrepancies between the studieitésd
was determined using the Student's t-test.

Results of the study and their discussionOur study showed that the activity of free-radical
oxidation (FRO) increased during the wound procagainst the background of diabetes mellitus.
However, in the skin homogenates of the animalstéad with “Dermabond”, all values were
significantly lower than in the group of animalsdted with interrupted sutures during all studyqés.
Thus, the number of ROS was greater in animalsad |, compared to those of group Il, on the 3rd,
7th and 28th days of the experiment. They also sltoav gradual decrease from the beginning of the
study to the last time interval, the gradient ofr@@ase being more significant in group Il (tableThe
content of diene and triene conjugates in the Bkimogenate of group | rats exceeded that of animals
in group Il on the 3rd day. In group I, the contehDC was (10.77+0.23) relative units (RU)/kg, TC
(9.72+0.41) RU/Kkg, il - (7.66+0.37) RU/kg and (7.531£0.37) RU/kg, respey. On days 7 and 28, a
linear decrease in the content of primary LPO potsiwas observed in both experimental groups | and
II. Lipid hydroperoxides (LHP) content was also g in group | rats, compared those in group Il, on
the 3rd day of the experiment and significantlyrdased on the 7th and 28th days in the both grofips
animals.

Table 1
Indices of free radical oxidation in the skin homognate of rats with simulated diabetes
mellitus using suture material and skin glue in thedynamics
Index ROS, % DC, RU/kg TC, RU/kg LHP, RU/h
Intact animals 19.20+0.37 4.05+0.08 4.09+0.18 50066
Day 3 Groupl 90.76+1.26 10.77+0.23 11.49+0.55 9.72+0.41*
Groupll 74.67+1.06* 7.66+0.37* 9.71+0.19* 7.53+0.37*
Day 7 Groupl 88.27+2.08 9.88+0.56 9.29+0.39 7.20+0.38*
Groupll 43.93£1.31* 6.82+0.29* 7.84+0.20* 6.24+0.35*
Day 28 Groupl 50.1+3.21 5.65+0.26 8.76+0.26 5.13+0.21
Groupll 29.07+0.95* 5.46+0.16 6.51+0.26* 4.93+0.23*

Notes.Henceforward in the tables: * - the differenceign#icant between experimental groups | and Ilhivitone day

The content of OMEand OMR3p products in the skin homogenate of group | animals by 2.3
and 1.5 times higher, respectively, similar to skinhose in group Il on the 3rd day of the expenitn A
slight decrease in these indices occurred in bgpermental groups on day 7. On day 28, the coraént
OMP3s70 products in the skin homogenate of group | animals by 3.6 times higher than the same index
in the skin of group Il animals (table 2).

Analysis of all indices permits to state that ie #kin of animals treated with glue, the intensity
FRO processes is much lower compared to the imposif interrupted sutures. Given the strengthening
of the LPO processes, which cause the phenomemrnudiry and secondary alteration when using suture
material to close wounds in rats with diabetes itasl the beginning of reparative mechanisms imtie
delayed.
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Table 2
Indices of proteins oxidative modification in skinhomogenate against the background
of diabetes mellitus using suture material of skirglue in the dynamics

Group/Index, % OMPs70 OMP430
Intact animals 1.70+ 0.06 0.33+0.46
Day 3 Groupl 7.250.20 2.79+0.10
Groupll 3.12+0.10* 1.84+0.09*
Day 7 Groupl 6.78+0.17 2.10+0.11
Groupll 2.67+0.11* 1.42+0.09*
Day 28 Groupl 5.83+0.26 1.69+0.06
Groupll 1.62+0.04* 1.02+0.06

At the early stages of scar formation (on the 2rg) dwe observed an increase in the activity of the
antioxidant defense system in the two groups ptedem the groups of animals to which interruptatiires
were applied, the activity of superoxide dismutg&®D) and catalase was much higher than in theaskin
the animals to which the glue was applied, and ateouto (199.81+7.59) RU and (175.02+8.31) kat/kg,

respectively. Such data indicated the inevitalédet sif free radical oxidation due to the traumddictor
against the background of diabetes mellitus. Aiigamt decrease in all parameters was determinede
skin of experimental animals of the both groupdhen7th day of the experiment. However, this déffere
in the change of SOD activity data was higher augrll animals than in the group treated with tia glue,
where the index decreased by 1.4 times, whileaat the this index decreased by 1.15 times (table

Table 3

Indices of the antioxidant defense system in the skhomogenate under the conditions
of diabetes mellitus using suture material and skimglue

Index SOD, RU Catalase, kat/kg SH-groups, mmol/L
Intact animals 71.45+2.28 35.05+2.91 37.50+£2.02
Day 3 Groupl 199.81+7.59 175.02+8.31 90.44+2.00
Groupll 118.57+3.51* 96.05+£2.43* 68.50+1.42*
Day 7 Groupl 173.19+7.05 146.72+7.19 71.50+2.77
Groupll 84.72+1.81* 74.28+1.83* 62.90+1.27*
Day 28 Groupl 140.51+5.93 111.12+5.13 64.18+2.25
Groupll 83.18+2.29* 73.02+1.40* 62.27+1.33*

Similarly, the reduced glutathione indices were down rats of group Il, compared to those in
group |, on the 3rd and the 7th days from the b@gmof the experiment.

Thus, in the animals in the wound process agadiesbackground of diabetes mellitus, the indices of
FRO activity are much higher, compared to the abméits. The obtained data are confirmed by theltes
of other authors in the study of the oxidative-axitiant system status of the liver in alloxandiabedts
under the conditions of melatonin administratiod anthe study of the vanadium and chromium cigate
effect on the antioxidant system in the blood gbezimental rats [4, 9, 11]. The activity of supedax
dismutase and catalase, which are important conmt®ioé the antioxidant system, in the skin homotgna
of rats with diabetes mellitus is significantly vegd, compared to healthy animals. Similar actieftthese
indices was found in the study of the antioxidafedse system in rats under the action of carragesyainst
the background of streptozotocin diabetes, asagéti the study of lipid peroxidation system antibaddant
defense enzymes in rats of different ages in exyeerial diabetes mellitus [7, 8, 11].

The use of skin glue significantly reduces the FR#@nsity in the cells of scar tissue in animals
with simulated diabetes mellitus compared to thpasition of interrupted sutures on the wound: iimsk
homogenates of animals, which were applied skie glermabond”, all indices are significantly lower
than in the group of animals which were imposeérmipted sutures during all terms of the study. In
particular, in the long term of the study (the 288y) the content of hydro lipid peroxides in expental
group | was 8.76x0.26 RU/kg, which is by 1.3 timesre than in the animal group Il - 6.51+£0.26 RU/kg.
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BIOXIMIYHI OCOBJIMBOCTI 3AI'O€HHA BUOXUMHNYECKHE OCOBEHHOCTH 3A)KI/IB.JIEHI/IE’

HICTSONEPANIAHAX PAH IHNKIPH HA ®OHI MNOCJIEONNEPAIIMOHHBIX PAH KOKH HA ®OHE
OYKPOBOTI'O JIABETY Y H1YPIB ITPH PI3HUX CAXAPHOTI'O JUABETA Y KPbIC ITPH PA3JIMYHBIX
CIIOCOBAX 3AKPUTTSA PAH CITOCOBAX 3AKPBITHUS PAH
Jlo3a €.0., Mapymak M.L., lenedias O.B., Jloza E.A., Mapymaxk M.U., lenedpuas O.B.,
AgertikoB /1.C., Kyasnaa O.0. AsetukoB /[.C., Kynsauaa O.0.
JlocnikeHHST TIPHCBSYCHO BUBYEHHIO OCOOIHMBOCTEH HccrnenoBanne  MOCBSAIICHO  M3YYCHHIO  OCOOCHHOCTEH

3MIH BUIBHOpAJMKAJIBHUX IIPOLECIB y TOMOICHATi IIKIpM  W3MEHEHHH CBOOOAHOPAIUKAIBHBIX MPOLIECCOB B TOMOTEHATE KOXKH
IIypiB MPH PI3HUX CIIOCO0AX 3aKPHUTTS ONEPAlifHUX paH, 32  KPBIC IIPU Pa3INIHBIX CII0CO0aX 3aKPBITHS ONEPANOHHBIX PaH, IPH
YMOB ILyKPOBOTO Tia0eTy. AHaji3 OTPUMaHUX pe3yNbTaTiB CaxapHOM AuadeTe. AHaIW3 MONYYECHHBIX PE3YJIbTAaTOB ITO3BOJISET
JIa€ 3MOTY CTBEPIPKYBATH, 1110 3aCTOCYBAHHS IIKIPHOTO KIICI0  YTBEpIKIATh, YTO NPUMEHEHHE KO)KHOTO KJIes IOCTOBEPHO CHIDKAET
JIOCTOBIPHO 3HIDKY€ iHTEHCUBHICTB nepebiry BPO y kiniTHHaX ~ MHTEHCHBHOCTH TEUYEHMSI CBOOOIHO paJMKaJIbHBIX IIPOLECCOB B
PpyOLEBO3MIHEHUX TKAHWH IIKIpU TBAPHH 31 3MOJETbOBAHAM  KIJIETKaX pPyOLOBO-W3MEHEHHBIX TKaHEW KOXH JKHBOTHBIX C
LYKPOBUM [ia0eToM MOPIBHSAHO i3 HaKJIaJaHHAM Ha paHy CMOJCJIMPOBAaHHBIM CaXapHBIM Ma0eTOM 110 CpPaBHEHUIO C

BY3JIOBUX IIBIB 32 aHAJOTIYHUX YMOB. HAJIO’KCHUEM Ha PaHy Y3JIOBBIX IIIBOB IPU aHAIOTUYHBIXYCIIOBHUSIX.
KurouoBi cJjioBa: BimbHOpagMKanbHE OKHCHEHHS, KuroueBbie ciioBa: CBOOOJHO paauKaIbHOE OKHCIICHHE,
OKCHJIATUBHHIA CTpEC, MATOJIOTIYHUIN PyOeIb. OKCHIaTUBHBIICTPECC, ATOJOTMYESCKUMN pyOelr.
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THE ROLE OF ARGININE/CITRULLINE CYCLE DISORDERS IN  THE PATHOGENESIS
OF DOXORUBICIN-INDUCED LIVER INJURY ASSOCIATED WITH NONALCOHOLIC
STEATOHEPATITIS IN RATS
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The article presents the results of an experimesttaly aimed to investigate the features of argirinitrulline cycle
disorders associated with doxorubicin-induced livgary in rats, concomitant with NASH. The studyolved adult fertile
Cutbrid [IbmIr(ts (n=30; m1r(ts=15 (50%); fim[1r(ts=15 (50%)) wlIghtld 160-220 g. The rats were assigned into 3 groups:
GroupI (n=10) involved rats with NASH, administeredth mtr( 1Tt h(11 5 mg/kg d([Trub(ln it 3 d(1s; Grlull1l (n=10)
mv(Ivid rits withCut NOSH, fdmn(st(t(d with mtr[ [Tt h(11d[TTrubin sin It tOGriur[glmih; GrlulJIII (n=10) — control
group. It has been shown that administration obdoticin in rats with NASH leads to disorders afiame/citrulline cycle, which
are characterized by inhibition of arginase agtigind activation of citrulline synthesis.

Key words: arginine, citrulline, arginase, doxorubicin, hejtakic reactions, nonalcoholic steatohepatitis.

The work is a fragment of the research project “Blepment of methods for prevention and treatmernhefdrug-
induced internal organs damages”, state registrathdo. 0115U001087.

Doxorubicin, an anthracycline antibiotic, has beertensively used in oncology and
oncohematology for over 30 years. Currently, itamsidered one of the most effective antitumor drug
with pharmacological feature to accumulate in nmradigt cells. However, the use of doxorubicin is
accompanied by a high risk of side effects duéstbigh toxicity [3, 8, 10, 13].
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