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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Doxorubicin is the common chemotherapeutic agent that has
been harnessed for the treatment of various types of malignancy
including the treatment of soft tissue and osteosarcoma and
cancers of the vital organs like breast, ovary, bladder, and
thyroid. It is also used to treat leukaemia and lymphoma,
however, this is an obstacle because of their prominent side
effects including cardiotoxicity and lung fibrosis, we do aim to
determine the role of CoQ10 as an antioxidant on the impeding
the deleterious impacts of doxorubicin on tissue degenerative
effects. To do so, 27 rats were subdivided into 3 groups of 9
each; CoQ10 exposed group, Doxorubicin exposed group, and
CoQ10 plus Doxorubicin group. At the end of the study, the
animals were sacrificed and lungs with hearts were harvested,
and slides were prepared for examination under a microscope.
The results indicated that doxorubicin induced abnormal
cellular structure resulting in damaging cellular structures of the
lung and heart while CoQ10 impeded these damaging effects
and nearly restoring normal tissue structure. As a result, CoQ10
will maintain normal tissue of the lung and heart.

Key words. Doxorubicin, CoQ10, histopathology, lung,
cardiotoxicity.

Introduction.

Doxorubicin is a commonly used anticancer drug used for
the treatment of haematological and solid tumours [1,2]. The
efficacy of doxorubicin is drawbacked by its side effects on the
vital organs, including liver, kidney, heart, respiratory, testis,
and haematological toxicity [3,4]. The mechanism by which
doxorubicin-induced toxicity is lured by cellular apoptosis,
DNA/RNA damage, oxidative stress and inflammatory reactions
[2,5]. Therefore, medications or products with antioxidant
activity will potentially provide cytoprotective effects against
doxorubicin [6-8]. Many natural remedies have been suggested
as a candidate product that could be used to mitigate the
cytotoxicity of anticancer, including Lycopene [9], Curcumin
[10], chalcone [11], Catechin [12], Coumaric acid [13], Rutin
[14], Caffeic acid phenylmethyl ester [15], and Melatonin [16].

Cardiac side effects of doxorubicin are reported to be common,
especially congestive heart failure and the risk of toxicity is higher
when doxorubicin is co-administered with another anticancer
agent [17]. The mode of toxicity principally related to redox
imbalances resulted from reactive oxygen species generation
[18-20]. The cardiac tissue is highly vulnerable to free radical
toxicity generated by doxorubicin [21,22]. These oxygen species
particularly damage DNA, protein, lipid, and other important
biomolecules [22,23]. The highly sensitive part of cardiac cell
structures are mainly mitochondria, nucleus, myofibrils, and
sarcoplasmic reticulum [24-27], these cardiotoxicities might
be permanent resulting in necrosis and cellular apoptosis [28].
Moreover, doxorubicin has been also reported to induce lung
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toxicity [29]. Doxorubicin is characterized by the accumulation
in lung tissues thereby increasing the susceptibility of lung
tissue to damage compared to other tissues [30]. The mechanism
seems similar to cardiotoxicity involving lipoid peroxidation and
oxidative stress mechanism [31,32], These pulmonary deficits
are more apparent when doxorubicin is used in combination
with other anticancer therapy [33,34].

CoQ10 is an intrinsic cofactor that is present in all cellular
mitochondria and involved in oxidative stress during metabolic
activity to tackle the reactive oxygen species maintaining
intracellular equilibrium [35]. The present study aimed to
investigate the protective role of CoQ10 in protecting the tissue
of the lung and heart from doxorubicin-induced oxidative stress
using rats as a model via histological study of heart and lung
tissue.

Materials and Methods.

Materials: The CoQ10 (manufactured by 21% Century®, USA)
was prepared by overnight mixing CoQ10 with normal saline
(0.9% NaCl) mixed with Tween-80 1% (v/v). The doxorubicin
(manufactured by Saba-Turky) was ready to use.

Purchasing and acclimatization of animals study:

The animal house in the College of Veterinary Medicine has
kindly provided 27 rats (Male rats, aged 8-10 weeks, weighing
225-275 g) to complete this study. The study was ethically
approved by the Scientific and ethical committee in the
university (Approval Letter UM.VET.2021.33). The animals
were treated according to standard conditions of temperature,
light-dark cycle, and free access to water and food [36,37].
Animals groupings:

The rats were divided into 3 groups (9 each) (Figure 1):

Group 1: treated by oral CoQ10 (10mg/day for 17 days) with
day 13 given IP dose normal saline.

Group 2: treated by oral normal saline for 17 days with day 13
given IP dose Dox (15mg/kg).

Group 3: treated by oral CoQ10 (10mg/day for 17 days) with
day 13 given IP dose Dox (15mg/kg).

Preparation of histological tissues:

To prepare microscopic slides of lung and heart: At the end of
the study the rats were euthanased and killed by cervical spine
dislocation, and the lung and heart were harvested for slide
preparation. The organs were washed with normal saline twice
and then kept in 10% formalin overnight. The next day, the fixed
organ was washed to remove the formalin solution [38,39].

The tissue is then dehydrated by a series of alcohol-increasing
concentrations. The tissue was placed in cassettes for preparation
of tissue block. The cassettes were then paraffin-embedded,
and tissue blocks then underwent cutting by microtome to
the desired slides which were then stacked into slides. Before
staining slides with hematoxylin and eosin, the paraffin was
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removed by xylene. The prepared slides were then examined
under a light microscope for assessment.

Results.

The diagnosis of the heart slides under the light microscope
has revealed that the group of rats exposed to CoQ10 has shown
intact tissue structure of normal myocardial muscles and muscle
fibres (Figure 2). The heart slides of rats exposed to doxorubicin
have shown damaging of the normal tissue architecture resulting
in hyaline degeneration, and necrosis of myocardial muscles
with characteristic oedema at intracellular area (Figure 3). The
heart slides of rats exposed to a combination of doxorubicin
and CoQ10 revealed that the heart architectural structures were

Day 0

nearly intact represented by intact myocardial muscles with
congestion of blood vessels and mild edema (Figure 4).

The diagnosis of the lung slides under the light microscope
has revealed that the group of rats exposed to CoQ10 has shown
intact tissue structure of lung represented by bronchioles,
alveoli, and blood vessels (Figure 5). The lung slides of rats
exposed to doxorubicin have shown degradation of the normal
lung architecture resulting in infiltration of inflammatory cells
surrounding bronchioles and alveoli, emphysema, atelectasis,
tissue necrosis, and loss of epithelium of bronchiole (Figure 6).
The lung slides of rats exposed to a combination of doxorubicin
and CoQ10 revealed that the lung architectural structures were
nearly intact represented by intact bronchioles and alveoli with
mild atelectasis (Figure 7).

Day 13 Day 17

27 rats

00000000000090000

sTimeline

Heart & Lung
Harvested
for histology

Figure 1. A schematic diagram describing the workflow of the study design involving 27 rats (9 in each group). Group 1 represented the CoQ10
group. Group 2 represented the Dox group. Group 3 represented the CoQ10+Dox group. Each circle represent a day in the study period. Green

Circle= CoQ10, Blue circle= Normal Saline, Red Circle=Dox.

Figure 2. A representative image for rat heart sections treated by CoQ10 showing normal structural architecture represented by myocardial muscle

cells (4) and fibres (B). H&E stain, Scale bar = 100um (i), 400um (ii).
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Figure 3. A representative image for rat heart sections treated by doxorubicin showing abnormal structural architecture represented by hyaline
degeneration (A) and necrosis (B) of myocardial cells and the presence of oedema (C). H&E stain, Scale bar = 100um (i), 400um (ii).

s

Figure 4. A representative image for rat heart sections treated by doxorubicin+CoQ10 showing nearly normal structural architecture represented
by intact myocardial muscles (4) with congestion of blood vessels (B) and mild oedema (C). H&E stain, Scale bar = 100um (i), 400um (ii).

alveoli (B) and blood vessels (C). H&E stain, Scale bar = 100um (i), 400um (ii).

56



Figure 6. A representative image for rat heart sections treated by doxorubicin showing abnormal structural architecture represented infiltration of
inflammatory cells surrounding bronchioles (4) and alveoli (B), emphysema (C), atelectasis (D) and necrosis and loss of epithelium of bronchiole

(E). H&E stain, Scale bar = 100um (i), 400um (ii).
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Figure 7. A representative image for rat heart sections treated by doxorubicin+CoQ10 showing nearly normal structural architecture represented
by intact bronchioles (4) and alveoli (B) with mild atelectasis (C). H&E stain, Scale bar = 100um (i), 400um (ii).

Discussion.

In the present study, doxorubicin has ruined the tissue
architecture of the heart represented by hyaline degeneration
and myocardial necrosis with the presence of edema. Similar
results were obtained in a study conducted earlier by Ichikawa et
al. (2014) [3], Zhan et al. (2016) [4], and El-Sayed et al. (2016)
[6], who have found that doxorubicin-induced cardiotoxicity
in experimental animal models [3,4,6]. The mechanism of
cardiotoxicity has been related to the induction of inflammatory
reaction together with oxidative reaction and cellular apoptosis
[6-10]. Moreover, antioxidant molecules have balanced
these reactive oxygen species biomolecules minimizing their
deleterious impact and restoring the quasi equilibrium to the
milieu thereby protecting against these detrimental deficits
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induced by doxorubicin [1,2,6,10,15].

Regarding lung tissue, doxorubicin has been reported to have
fibrotic activity against lung tissue resulting in tissue damage
and apoptosis [40,41].

Recently, CoQ10 has found a clinical application due to its
antioxidant and cytoprotective effects in experimental and
clinical studies. Doxorubicin-induced damage has been tackled
by CoQ1l0 through reducing cellular apoptosis, reducing
oxidative reactions, and proinflammatory mediators [42,43]
maintaining cellular and tissue shape and architecture [44].

Conclusion.

Doxorubicin as an anticancer drug induces cellular toxicity
of normal tissue of the heart and lung resulting in tissue
damage due to the capacity of the lung and heart to accumulate



doxorubicin. The deleterious impact has been attributed to
redox imbalances of exposed tissue leading to organ damage.
CoQ10 as an antioxidant reduces oxidative stress and improves
the structural architecture of the lung and heart maintaining
cellular architecture.
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