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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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HISTOLOGICAL EFFECTS OF CO ENZYME Q10 ON DOXORUBICIN-INDUCED 
DEFICITS OF CARDIOPULMONARY AXIS IN WHITE ALBINO RATS
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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 

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 21st 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 

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).

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 (A) and fibres (B). H&E stain, Scale bar = 100μm (i), 400μm (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 = 100μm (i), 400μm (ii).

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

Figure 5. A representative image for rat heart sections treated by CoQ10 showing normal structural architecture represented by bronchioles (A), 
alveoli (B) and blood vessels (C). H&E stain, Scale bar = 100μm (i), 400μm (ii).
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Figure 6. A representative image for rat heart sections treated by doxorubicin showing abnormal structural architecture represented infiltration of 
inflammatory cells surrounding bronchioles (A) and alveoli (B), emphysema (C), atelectasis (D) and necrosis and loss of epithelium of bronchiole 
(E). H&E stain, Scale bar = 100μm (i), 400μm (ii).

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

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 CoQ10 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 
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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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