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MORPHOHISTOLOGICAL CHARACTERISTICS OF THE HEART, LI VER AND KIDNEYS
UNDER THE INFLUENCE OF DOXORUBICIN AND METABOLIC DR UGS
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Doxorubicin is one of the most effective drugs,ahhis often used in clinical practice. The purpafsthis work was to study
the structural basis of the doxorubicin toxic effemn the heart, liver and kidneys and under theeince of metabolic drugs. Results of
the histological and morphometric studies indithgepotential cytoprotective properties of the igtianetabolic drugs — ubiquinone-
10, a complex of precursors and modulator of ubimpe biosynthesis (vitamin E, methionine, paraorgbie acid and magnesium)
and tiotriazolini in the conditions of experimentlaixorubicin cardiomyopathy (the cumulative dosel@forubicin is 15 mg/kg) and
can serve as an experimental justification forrtfegisibility as a protective agents in clinicagiice.
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MOP®OTI'ICTOJOI'TYHI XAPAKTEPUCTUKUA CEPLSI, ITIEYIHKHU TA HUPOK
3A BILTMBY JOKCOPYBIIIUHY TA IPEITAPATIB METABOJITYHOI /11

JloKCOpyOULIMH BiJHOCHUTBCS 10 HAHOLIbII eheKTUBHUX MpETaparis, sKi BUKOPUCTOBYIOTHCS B KIIiHIUHIH mpakTuii. Metoro
naHoi poOoTH OylIo JOCIIIUTH CTPYKTypHI OCHOBHM TOKCHYHOTO BIUIMBY JNOKCOPYOIIMHY Ha ceple, IediHKy Ta HHPKH, a TaKoX 3a
BIUTMBY TpenapariB MerabomiuHoi nii. Pe3ynbrari mpoBeeHHMX TiCTONOTTYHMX Ta MOP(OMETPHYHHX OCIIDKEHb BKA3yIOTh Ha
MOTEHLiHHI IUTONPOTEKTOPHI BIACTHBOCTI HOCHIDKYBAaHUX IpenapariB MeTabosiuHol Ail — yoixiHoHy-10, KoMIuIeKkcy MonepeaHrKIB Ta
MoxynsTopa OiocuHTesy yOixiHOHy (Bitamin E, MeTioHiH, napaokcuOeH30iHa Kuciota i MarHiif) Ta TIiOTpHA3OliHy IpH
EKCIICPUMEHTANBHIN JOKCOPYOIlMHOBOI Kapaiomiomnarii (KyMmymsiTHBHA 032 JOKcOpyOimmHy — 15 Mr/kr) i MOXyTh CIIyryBaru
EKCIICPUMEHTAIIBHIM OOIPYHTYBAHHSIM iX BUKOPHCTAHHS B SIKOCTI IPOTEKTOPHUX 3aCO0IB B KIIHIYHIN HPAKTHILI.

Kiro4uoBi ciioBa: 1oKcopyOIlMH, ceplie, eYiHKa, HUPKH, YOiXiHOH, TIOTPHA30ITiH.

The work is a fragment of the research project “Tiechanism of hypoxic development during nitritthereoglobinemia”,
state registration No. 0117U006710.

The search for means to protect the body from teffécts of antitumor chemotherapeutic drugs is an
urgent scientific problem. Doxorubicin is one oétmost effective drugs, which is often used inicdh
practice [9]. Cytotoxic action is aimed to inhitie synthesis of nucleic acids, to interact withroembrane
lipids, to change the physicochemical state ofphespholipid layer, membrane fluidity and ion tizors
disorder [4]. This mechanism of doxorubicin actimmtributes to high antimitotic activity, but lowlsctivity
of action, accompanied by severe side effectsdicanephro-, hepatotoxicity, etc. [14].

To reduce the toxic effects of doxorubicin, it iposed to use various drugs with antioxidant,
membrane-protective, antitoxic properties, to ereambined drugs with doxorubicin [3, 6, 8].

The purposeof the work was to study the structural basis ofodobicin toxic effects on the heart,
liver and kidneys and under the influence of mdialoiougs.

Materials and methods.The experiment was performed on white outbred mateweighing 220—
260 g. Rats were kept under the standard vivarionditons: granulated compound feed, free access to
water, 24-hour lighting schedule (12 h day/12 lntig

Animals were divided into 4 groups:

Group 1 rats injected with doxorubicin solution Xdrubicin hydrochloride, “Sindan Pharma” SRL,
Romania) (i.m., 5 mg/kg body weight, once a weeklicee weeks to simulate doxorubicin cardiomyopath
[31;

Group 2 - rats treated with doxorubicin complex ppécursors and modulators of ubiquinone
biosynthesis (EPM-Mg), which consisted of vitamin(E mg/kg), para-oxybenzoic acid (100 mg/kg),
methionine (100 mg/kg) and magnesium ions (5 mg/kg)

Group 3 - rats treated with doxorubicin morpholmisalt of thiazotic acid (tiotriazoline drug, PAT
“Halychpharm”, Ukraine) at the dose of 150 mg/kgypwaveight;

Group 4 - rats treated with doxorubicin and ubiquie+10 (kudesan Q10 drug, ubidecarenone, TOV
“VneshtorgPharma”, Russia) at the dose of 10 mgddy weight;

Group 5 - rats, which were injected with 0.9% Na@ltion at the appropriate terms (control group).
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Thiotriazoline, kudesan and EPM-Mg complex were iaitered to animals orally, daily, for three
weeks from the first administration of doxorubieinthe above doses. Animal experiments were peeidim
compliance with the provisions of the “European @mtion for the Protection of Vertebrate Animalssts
for Experimental and Other Scientific Purposestg&tourg, 1986).

Histological and morphometric examination was penfed to assess the toxic effects of doxorubicin
and the effect of the studied drugs. Animals wexeagitated under brief ether anesthesia.

Samples of organs (heart, liver, kidneys) weredfixel0% formalin solution (pH 7.4, with phosphate
buffer, duration of fixation 24 h). After fixaticend washing in running water, the samples weredtatgd in
ascending concentrations of ethanol (70%, 80%, 9B%4), dioxane, xylol, paraffin xylol (1: 1; 32), and
embedded in paraffin (after 2 paraffin changeSCh@Leica Surgipath Paraplast Regular). Paraffapor
sections with the thickness of 44fn were made using Thermo Microm HM 360 microtoniee Fections
were dewaxed, rehydrated and stained with hemérosagtl eosin according to standard methods [5].

For morphometric assessment of quantitative changagans, the following indices were selected:
in the heart — the mean area of cardiomyocyte nQate?), in the liver — the mean area of the hepatocyte
nuclei @m?), the mean area of hepatocyte sopme?), the diameter of sinusoidal hemocapillarigs);, in the
kidney — the mean area of the renal corpuscle taggm?), the diameter of the nephron’s proximal
convoluted tubulegun), the diameter of the nephron’s thin tubules), the diameter of the ascending distal
tubule um). To do this, by means of Olympus BX 51 microgc@ihotomicrographs of microscopically
examined organs were obtained (magnificationx4B@asurements were performed in microphotographs
using Carl Zeiss software (AxioVision SE64 Rel.1)9.

The data are presented as Mtm. The intergrouprelifbe was assessed using Student's t-test.

Results of the study and their discussiorAccording to the results of histological study,ofvious
signs of necrosis or dystrophic changes of the aryliem in the studied heart samples were detettteka
histological level. But there was some differens&lduished. Thus, in the group of animals adn@rest
doxorubicin only, a probable decrease in the afeamliomyocytes nuclei was found (table 1). Inup® of
animals that received EMP-Mg complex and thiotliaztogether with doxorubicin, significant changasa
tendency to recovery were found, which indicategtaprotective effect (table 1).

Table 1
Results of cardiomyocyte nuclei morphometric assesgnt
Group
Index Control Dox Dox.+ Dox.+ Dox.+
' EPM-Mg thiotriazolini ubiquinone-10
Mean area of cardiomyocytes 116.2+7.09 90.4+5.04 99.7+5.66 108.5+6.25 94.3+6.13
nuclei,un? A @ N

Note: Henceforward: » — reliable for control (p 8%); * — authentic to the Dox group. (p <0.05); significantly to the group Dox. + EPM-
Mg (p <0.05); @ — significantly to the group Doxthiotriazoline (p <0.05).

In the myocardium of animals treated with doxorirhiabiquinone-10 and thiotriazolini, cross
striation of cardiomyocytes was found, whereafiéngroup without pharmacorrection striation wasabi
most cardiomyocytes. However, karyopyknosis, ieatll of cardiomyocytes, was not registered. Loss of
cross striation was assessed as a morphologiciree of dystrophic changes in cardiomyocytes uthger
action of doxorubicin. Additional changes were fdun myocardial vessels: abrupt stasis, dilatatod
blood supply of hemocapillaries, venules and atesi This indicates a blood flow disorder, pedasn the
myocardium. The absence of vascular stasis waswalosien the group of animals treated with EPM-Mg an
ubiquinone-10. The conclusion about cytoprotecteardioprotective) action of thiotriazolini and EFY
complex at doxorubicin intoxication was made.

According to the results of histological study, wn signs of structural damage (hemorrhage,
necrosis of lobules or hepatocytes, inflammationkhe studied liver samples of animals that reckeive
doxorubicin only, were not detected. Structuralngfes were only observed at the level of sinusoidal
capillaries and hepatocytes. In the group receidiogprubicin only, there was a sharp blood filliogthe
central veins in the liver lobules and increaseshen of the sinusoidal capillaries, hepatocytes were
characterized by the increased nucleus size (Bbln groups with pharmacocorrection, the histiaalg
structure of hepatic lobules did not differ sigrdintly from the control group, but the action oMERIg and
ubiquinone-10 caused a probable increase in the oreas-sectional area of hepatocytes (table d)iratihe
group of animals receiving ubiquinone-10, cytoplagas granular, indicating initial dystrophic chasige the
cellular level. In the group of animals treatedwibiquinone-10, a sharp increase in the lumeinaéeidal
capillaries was additionally found, which also tates structural and functional changes in the lalaules
and explains the cytological changes of hepatoayttss group. According to histological and maspietric
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data, the most pronounced effect was found fotrthimlini and EPM-Mg. No probable changes werantbu
between these drugs action.

Table 2
Results of the liver morphometric study
Group
Index Control Dox Dox.+ Dox.+ Dox.+
' EPM-Mg thiotriazolini ubiquinone-10

Mean area of the 112.245.62 129.94+4.20 100.145.52 96.845.04 154.745.44
hepatocyte nucleugn? A N * #@"
Mean area of hepatocyte | 367.2+16.2 393.9+11.9 415.0£13.3 317.4+14.0 537.0+£15.7
somaum? A *HN H@N
Diameter of sinusoidal 8.64+0.32 10.1+0.33 10.2+0.47 13.740.92 19.1+1.25
hemocapillariegym A N *HA K%

Increased lumen of sinusoidal hemocapillaries aneir tblood supply is a morphological
manifestation of impaired microcirculation of livéwbules with the administration of doxorubicin. No
hepatocyte necrosis was detected, but an incnedise area of hepatocytes was found in animalgetiesith
ubiquinone-10 and thiotriazolini, and nuclei weeerkased in the group of animals treated withribiilini
(table 2). Increase in the hepatocytes’ size caasbessed as a result of two independent processbsas
activation of synthetic processes with the preseoad cytology (as in the group of animals regggvEPM-
Mg complex and thiotriazolini together with doxoieib) or with the initial stage of dystrophic chasgyas in
the group of animals receiving ubiquinone-10 togethith doxorubicin).

Histological studies showed nephrotoxic effectafatubicin. In the renal cortex there was a urinary
space increase in the renal corpuscles (crosssactirea increase of the Shumlyansky-Bowman oapsul
free space appeared between the capsule and thdavagomerulus), a tendency to decrease theo$itee
vascular glomerulus. The blood capillaries of thmrgrulus and microvessels of the renal cortexoled-
filled, in the state of stasis. The capsule’s intggemained structurally intact. A probable dese in the
diameter of the thin tubules in the nephrons waadan the medulla, and edema and dystrophic clsaoige
epitheliocytes were registered in the thick tub@ieeximal and distal convoluted tubules). Struaitehanges
were assessed as initial structural and functidisatders (table 3).

In the group of animals that received the EPM-Mgnplex together with doxorubicin, a sharp
increase of the urinary space in the renal corpashd an increase in the lumen of the nephrainsiuhules
were found. Acidophilic gelatinous content was diete in the lumen of the nephron tubules in théegaand
medulla. The authors [13] describe this as a stractmanifestation of sclerosis. Inclusions similar
hemosiderin or hemoglobin pigment were found in esdubules (table 3). These changes are evidence of
dystrophic changes in the kidney under the actiaororubicin.

In the group of animals treated with thiotriazoliogether with doxorubicin, relative preservatidn o
nephron structure was observed. The structurah@gizon and morphometric data of the renal coressiid
not differ from the control ones, but a slight d&se in the lumen of thin tubules in the nephraas faund.

In capillaries of cortex and medulla increase in oodl fiing is  observed
(table 3).

In the group of animals treated with ubiquinonetdgether with doxorubicin, polymorphic changes
were observed at the level of various nephrons.stifoetural organization of some nephrons was prede
while in others sharp dystrophic changes of epiibgles were noted. A separate structural mantfestaf
functional changes in the tubular epithelium neplmas the occurrence of inclusions similar to redesin
(table 3). These changes may be associated wittolyss) filtration of hemolysis products through
glomerular microvessels, reabsorption and lysosaligaktion of epitheliocytes’ tubules [15]. In timedulla,
1/2-2/3 tubules were filled with acidophilic conteas observed in the group of animals that redeilie
EPM-Mg complex, which also indicates increasedatilbn and changes in reabsorption. Similar strattu
changes of nephrons are described concerning ttelmibdoxorubicin nephropathy in the publicatiag]

It is known from the literature that doxorubicinusas myocardial damage, which consists in the
vacuolar decay of cardiomyocytes and the replaceofefamaged areas with interstitial fibrosis. Botosis
occurs less frequently than focal fibroblast pesition and histiocyte infiltration [7]. The pringasign of
cardiotoxicity is disruption of myofibrils and dig@mnization of the nucleus, which further progresse to
vacuolation of cells. In our study, only the lo$stoiation and reduction in the size of cardiomytes’ nuclei
was found, which can be assessed as a cytologmaifgstation of the early development of doxorubici
toxicity.
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Table 3
Results of renal nephrons morphometric study
Group
Index Control Dox Dox.+ Dox.+ Dox.+
) EPM-Mg thiotriazolini ubiquinone-10
Mean area of the renal corpuscle 25564.7+ 19794.5+ 33261.3+ 24966.9+ 24481.6+
capsulepn? 1583.3 3267.8 3004.2 5157.1 2905.8
*N\
Mean cross-sectional area of renal | 19775.3+ 13323.6+ 21760.2+ 18120.2+ 19141.5+
corpuscle’s vascular glomerulysy? 1296.9 2839.0 884.9 3609.5 2667.9
*
Diameter of the proximal nephron 65.9+1.62 57.1+1.38 61.0+2.85 54.3+1.51 57.4+2.35
convoluted tubulegim N #n A
Diameter of the nephron thin tubules| 25.6+1.31 24.4+1.53 44.4+2.06 19.7+1.41 27.25+2.14
pm *A *HN #@

The increase in the nuclei area may be a manifastaif the synthesis activation and of
cardiomyocytes’ compensation. Changes in the mircwdatory system of the myocardium can be expthine
by the release of vasoactive compounds by damagjisd Thus, there was a sharp increase in the tdvel
venous histamine, catecholamines, E and F prostiglafter the administration of doxorubicin [1The
importance of preserving the capillaries’ endothmlis pointed out by other authors [10]. Martinahtas, et
al. showed that the administration of histaminekeetioxorubicin reduced the cardio- and hepatoteitects
of the latter, which probably improves vasculafymion [11].

The nephrotoxic effect of doxorubicin is also damag the renal corpuscles’ vascular glomeruli,
which is accompanied by an increase in urinaryespad is a manifestation of impaired, increaséatiibn.
Increased urinary space was recorded in all grofigsimals administered with doxorubicin, and ia group
of animals that were additionally administered ERNgl-and ubiquinone-10, additionally acidophilic cemit
in individual tubules was found, which is also &vide of damage to nephrons’ epithelial cells, ofeased
and impaired reabsorption. Proximal tubules ofriyghrons underwent minor structural changes compare
the thin tubules and the distal segment of the mephReduced lumen of the thin tubules is also a
consequence of epithelial cell dystrophy undesatti®n of doxorubicin. However, the action of thiatolini
had a positive effect on the nephrons’ structuesgmvation in the kidney (renal rings, thick and thbules).

Our previous studies [1, 2] can explain this by fiére that under the influence of the complex of
EPM-Mg, thiotriazolini and kudesan drugs, there v@asestoration of the disturbed oxidant-antioxidant
balance in the body under the action of doxorubiairihe heart, liver and kidneys, the contentreé fradical
oxidation products of lipids and proteins decreategbther with the activation of antioxidant prdi@t
enzymes, which may further confirm the protectiveperties of these compounds under the action of
doxorubicin.

The results of histological and morphometric stsidfiglicate the potential cytoprotective properies
the studied drugs of metabolic action in the expental doxorubicin cardiomyopathy and can servamas
experimental justification for their use as pratecagents in clinical practice.

Prospects for further research: to develop andtanite the efficacy of using metabolic drugs in
clinical practice, in particular, complexes thatiate endogenous synthesis of ubiquinone, to edoe
toxicity of doxorubicin and prevent the developmaintardio-, nephro- and hepatopathies.
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PROTEINASE-INHIBITORY POTENTIAL IN RAT PANCREAS AT THE BURN SHOCK
AND TOXEMIA STAGES OF BURN DISEASE
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The increase in general antitryptic activity waslb¥ times higher for 1 day (at the stage of binock), while the total
proteolytic activity decreased, compared to thpaetive parameters of the pancreas in the cormvapgof rats under the conditions of
burn disease. Then both indices decrease and reedaioed for 7 days. At the next stage of toxewmiad@y 7), with a burn, the total
antitryptic activity in the pancreas decreases.Bytifines compared to the control animals. On thie day, the total antitryptic activity
in the pancreas decreases by 2. 2 times, comjuatieel 1-st day. Changes in proteolytic and antitygetivity in the rat pancreas cause
changes in proteinase-inhibitory potential at ttages of burn shock and the stage of toxemia inraxpatal burn disease. The
proteinase-inhibitory potential of the rat pancreashe 1-st day after the burn differs from thidex value on the 7-th day.

Key words: burn disease, pancreas, antitryptic activity,quigtic activity.

JLI. Hetroxaiino, C.B. XapueHko

l'[POTEiHA3"HO-IHF IITOPHUI INOTEHHIAJTY HII[H}.JIYHKOBIFI 3AJIO31 IIIYPIB
HA CTAAII OIIKOBOI'O IOKY I CTAAII TOKCEMII ITPHU OIIIKOBIN XBOPOBI

3pocTaHHsl 3araibHOI AHTUTPINTHYHOT aKTUBHOCTI B 1,4 pasu Bin3nadeno Ha 1 100y (Ha crafii OmKoBOro IIOKY), TIPH LBOMY
3arajbHa MPOTEONITUYHA aKTHBHICTH MaJae, B MOPIBHSAHHI 3 BiITOBIJHUMH ITOKa3HUKAMH ITiILTYHKOBOI 3aJI03H KOHTPOJIBHOI IPyIH
IIypiB B YMOBaX OMiKoBOi XBOpoOu. [10TiM 00M/IBa TIOKA3HUKH 3MCHIITYFOTHCS 1 3QJHIIAIOTHCS 3HIDKCHUMHU Ha 7 00y. Ha HactynHiit
cranii Tokcemii (Ha 7 mo0y) MpH OMmiKy 3araibHa AHTUTPINTAYHA AKTHBHICTH B IiIUUTYHKOBIH 3a103i 3HIKYyeThCsl B 1,6 pasu, B
MOPIBHSHHI 3 KOHTPOJILHUMH TBapuHaMu. Ha 7 100y 3arajbHa aHTUTpINTHYHA aKTUBHICTh B MIiIUTYHKOBIH 321031 3HIKYETHCS B 2, 2
pasy, B MopiBHsHHI 3 140 10000. 3MiHH MPOTEONITUYHOI i AHTUTPINTUYHOI aKTMBHOCTI B ITi/IIUTYHKOBIH 3a1103i IIypiB BUKIHKAIOTH
3MiHHM MPOTETHA3HO-HT10ITOPHOTO MOTEHIIAy Ha CTaAil OMKOBOIO IIOKY 1 CTafii TOKCeMil 3a eKCTICPIMEHTAIBHOI OTIKOBOI XBOPOOH.
IMpoteina3Ho-iHriOITOPHMI MOTEHLIAN B Mi/IIUTYHKOBI# 3a1103i 11ypiB B 1-y 100y miciist OmiKy BiIpi3HSETHCS BiJ JAHOTO MOKa3HHKA Ha
ChOMHUIA JICHb.

Kutro4oBi cj10Ba: omikoBa XBopo0a, Mi/IITYHKOBA 321033, aHTHTPINTHYIHA AKTUBHICTB, IPOTEONITHYHA AKTUBHICTb.

The work is a fragment of the research project “Gmahpatterns of pathological changes in experiraebtirn disease and
development of methods for its correction”, stagistration No. 0119U102850.

From our previous studies in rats, changes inrthibitory potential of the blood serum as wellm@as i
the pancreas in acute stress are known. The totglgbytic activity both in the blood serum andprallel in
the pancreas, increases against the backgrouathbéntitryptic activity declining [1].

The literature highlights the results of proteinggbitory potential studies in stress under thenb
disease conditions [2].
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