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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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Abstract.
The study was aimed at investigating the effect of coenzyme 

Q10 (CoQ10) on reducing the cardiotoxic effects of trastuzumab 
(TRZ) and doxorubicin (DOX) in a rat model. The experiment 
duration was 20 days and involved sixteen healthy albino 
rats, subdivided into four groups: the negative control group, 
in which rats received a daily dose of a placebo vehicle; the 
positive control group, receiving a daily placebo vehicle and 
a single dose of a combination of TRZ+DOX; the third group, 
pretreated with CoQ10 (10 mg/kg orally daily for 10 days), 
followed by 10 days of placebo vehicle and a single dose of 
a combination of TRZ+DOX at day 10; and finally, the fourth 
group pretreated with 10 days of placebo vehicle then followed 
by CoQ10 (10 mg/kg orally daily for 10 days) and a single dose 
of a combination of TRZ+DOX at day 10.  Histological analysis 
of cardiac tissues was conducted, and the serum levels of cardiac 
troponin and redox markers were evaluated. The results showed 
that there were several histopathological changes like necrosis, 
edema, inflammation, and others in Group 2, which did not 
receive CoQ10, with high serum levels of cTnI. However, a 
high degree of improvement was achieved in Groups 3 and 
4 in which rats were administered CoQ10 either before or 
after TRZ and DOX administration. The improvement was 
expressed by the disappearance of histopathological changes 
and a significant decrease in the serum level of cardiac troponin 
compared with Group 2. The findings of the study suggest that 
the administration of CoQ10 could be beneficial in minimizing 
the cardiac side effects caused by TRZ and DOX. This study 
provides a basis for further research and development of CoQ10 
as a potential cardioprotective agent against the cardiac side 
effects of chemotherapy.

Key words. CoQ10, Trastuzumab, Doxorubicin, Cardiac 
toxicity, Troponin, Oxidative stress.
Introduction.

Chemotherapy resistance is a significant challenge in cancer 
treatment, as not all patients respond [1,2]. It occurs when 
cancer cells become less sensitive or resistant to the drugs 
used in chemotherapy, leading to treatment failure and disease 
progression [3]. Many factors contribute to chemotherapy 
resistance, including genetic mutations, changes in the tumor 
microenvironment, and the presence of cancer stem cells [4]. 
Researchers are working hard to develop strategies to overcome 
chemotherapy resistance [5]. One approach is identifying and 
targeting specific molecular pathways contributing to drug 
resistance [6]. Another strategy is combining therapies that 
simultaneously target multiple pathways [6]. Additionally, 
advances in precision medicine have led to the development 
of personalized treatment options based on a patient's specific 

genetic profile [7]. Combination chemotherapy is a treatment 
method that involves the use of multiple drugs to combat cancer. 
Trastuzumab (TRZ) and doxorubicin (DOX) are two commonly 
used drugs in combination chemotherapy [8]. These drugs have 
several side effects in addition to their ability to effectively treat 
cancer. One of the most severe side effects of these drugs is 
cardiotoxicity, which is damage to the heart muscle [9]. 

Trastuzumab, also known as Herceptin, is a monoclonal 
antibody that is used to treat breast cancer [10]. It works by 
targeting a protein called HER2 that is found on the surface 
of cancer cells. Although TRZ is generally well-tolerated by 
patients, it can cause cardiotoxicity in some cases [11]. Studies 
have shown that TRZ can cause a reduction in left ventricular 
ejection fraction (LVEF), which is a measure of how much 
blood the heart pumps out with each beat [12]. This reduction 
can lead to heart failure, arrhythmias, and other cardiac 
complications [11]. Doxorubicin, also known as Adriamycin, is 
a chemotherapy drug that is used to treat a variety of cancers, 
including breast cancer, lymphoma, and leukemia [12,13]. Like 
TRZ, DOX can also cause cardiotoxicity [13]. It works by 
interfering with the DNA of cancer cells, but it can also damage 
the DNA of healthy cells, including heart cells [14]. This 
damage can reduce LVEF, which can cause heart failure and 
other cardiac complications [12]. When TRZ and DOX are used 
together in combination chemotherapy, the risk of cardiotoxicity 
is even higher [8]. Patients who are receiving this treatment 
should be closely monitored for signs of cardiotoxicity, such as 
shortness of breath, swelling, and fatigue [10]. If cardiotoxicity 
is detected, treatment may need to be adjusted or discontinued 
altogether [12]. CoQ10 is a naturally occurring antioxidant 
that can help protect cells from damage caused by free radicals 
[15]. To reduce these negative side effects, many trials have 
been conducted over the years. This study is an extension of 
these efforts and CoQ10 was used as an exogenous protectant 
substance to counteract the harmful effects of these anti-cancer 
drugs on the heart. 

The present study was conducted to investigate the effect of 
CoQ10 administration on reducing the cardiotoxicity caused by 
TRZ and DOX.
Materials and Methods.
Sources of experimental animals:

Experimental animals are often used in research studies to 
understand the biological mechanisms involved in various 
diseases and to develop new treatments. In this particular study, 
sixteen healthy white albino adult male rats (aged 2-3 months), 
kindly provided by animal house College of Veterinary 
Medicine, University of Mosul, were used. These rats were 
carefully selected to ensure they were in good health and did not 
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carry any pre-existing conditions that could affect the results of 
the study. The rats were weighed at the start of the experiment, 
and their weights were found to range from 260–380 g. This 
weight range was deemed appropriate for the study, as it 
ensured that the rats were of a similar size and weight, which 
would help to minimize any variations in the results that could 
be attributed to differences in the rats' size or weight. To ensure 
the welfare of the rats, they were placed in an animal house 
under standard conditions. This included providing them with 
appropriate food and water, maintaining a constant temperature 
and humidity, and ensuring that they were not exposed to any 
harmful substances or conditions [16,17]. 
Experimental groupings and treatments:

The study was designed to run for a period of 20 days, during 
which the rats were observed and monitored closely. The 
study involved four groups of rats (4 rats per group), each of 
which received different treatments throughout the experiment, 
as illustrated in Figure 1. Group 1 (negative control) was 
administered pure corn oil orally at a dose of 1 ml/kg from the 
first day until the end of the experiment. For Group 2 (positive 
control), the rats received pure corn oil orally at a dose of 1 mg/
kg daily for twenty days; On the 10th day of the experiment, 
the rats were given a single dose of TRZ (10 mg/kg) and 
DOX (10 mg/kg) intraperitoneally. Group 3 (pretreated group) 
was administered Co-Q10 orally at a dose of 10 mg/kg daily 
from the first day until the 10th day of the experiment; On the 
10th day, the rats were given a single dose of TRZ and DOX 
intraperitoneally. From day 10 to day 20 of the experiment, the 
rats were administered pure corn oil orally at a dose of 1 ml/
kg. The rats in Group 4 (post-treated group) were given pure 
corn oil orally at a dose of 1 ml/kg from day 1 to day 10 of 
the experiment; On the 10th day, the rats were given a single 
dose of TRZ and DOX intraperitoneally. From day 10 to day 
20, the rats were given CoQ10 orally at a dose of 10 mg/kg. The 
administration of pure corn oil was necessary to eliminate the 
effect of corn oil, which was the solvent used for CoQ10 in the 
experiment.

Sample collection, preparation, and histopathological 
analysis:

Cardiac tissue specimens from rats were used to investigate 
the changes in the heart tissue. The first step in the preparation 
of the cardiac tissue samples was to fix them to preserve their 
structure and prevent any further changes. This was followed 
by dehydration, clearing, impregnation, and embedding, which 
involved the removal of water and its replacement with a suitable 
medium. The medium used was paraffin wax, which provided a 
solid matrix for sectioning. The next step was sectioning, which 
involved cutting the tissue samples into thin slices of about 4-5 
microns. To facilitate this process, the samples were embedded 
in paraffin blocks, which helped in obtaining uniform sections. 
The sections were then dewaxed, rehydrated, and stained with 
hematoxylin and eosin stains (H&E). Hematoxylin stains the 
nuclei of the cells blue, while eosin stains the cytoplasm and 
extracellular matrix pink. The staining of the cardiac tissue 
sections helped identify the structural changes in the heart tissue. 
Finally, the sections were mounted on glass slides and examined 
under a microscope (18,19). The histopathological examination 
of the cardiac tissue samples provided valuable insights into the 
changes in the heart tissue, which could be used to diagnose and 
study various cardiac diseases. The histopathological changes 
were classified as scores by pathologists according to the 
degrees of toxicities and their pathologic descriptive severity 
(Table 1).

Table 1. Severity scoring system of histopathological cardiac 
abnormalities in rats.

Histopathological changes Description Score
-Cell injury 
1-Degeneration
2- Necrosis
-Circulatory disturbances	
1- Edema
2- Congestion of blood vessels
3- Hemorrhage
- Cell adaptation	
1-	Atrophy
2-	Hyperplasia
3-	Metaplasia
- Inflammation: infiltration of 
inflammatory cells

No lesions 0

Mild lesions 1

Moderate 
lesions 2

Severe lesions 3

Blood sample collection and biochemical analysis:
The blood samples were collected at the end of the experiment. 

The rats were euthanized using ether, and the blood samples 
were collected directly from the retro-orbital venous plexus. 
After the samples were collected, the rats were sacrificed. The 
collected blood samples were then centrifuged at 3000 RPM 
to separate the serum, which was then stored at -20℃. To 
determine the serum level of rat cardiac troponin-I (cTn-I) [20], 
a chemiluminescence immunoassay analyzer (CLIA) was used 
along with a kit from Elabscience Biotechnology, China. The 
CLIA kit uses the CLIA-sandwich principle, which involves 
a microplate that is pre-coated with an antibody specific to rat 
cTn-I. This method allows for the quantitative determination 

Figure 1. Schematic diagram describing workflow of the study design 
involving 16 rats (4 in each group). Group 1 represented the negative 
control group; Group 2 represented the positive control group; Group 
3 represented the pre-treated group; Group 4 represented the post-
treated group; Each circle represents a day in the study period; Blue 
circle: Pure corn oil; Green circle: CoQ10; Red circle: Trastuzumab; 
Black circle: Doxorubicin.
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of the serum level of cTn-I with high accuracy and precision. 
In addition to cTn-I, serum levels of malondialdehyde (MDA) 
and T-AOC were also measured in the same samples using a 
quantitative colorimetric assay kit and a spectrophotometer 
(Elabscience Biotechnology, China) [18,19]. The MDA assay 
kit detects the level of lipid peroxidation, which is an important 
biomarker of oxidative stress. The T-AOC assay kit determines 
the total antioxidant capacity of the serum, which is crucial in 
evaluating the overall health status of the rats.
Statistical analysis.

Statistical tests were used to analyze the data at the level 
of p<0.05 value and for comparison among groups. The 
Kruskal-Wallis test was employed to evaluate the scores of 
histopathological changes using the statistical package for social 
sciences (SPSS) program. The analysis of variance (ANOVA), 
on the other hand, was used to analyze the variance among 
the groups. The Duncan test is a post hoc test that was used to 
compare the means of different groups. Finally, post hoc tests 
were used to determine which groups are significantly different 
from each other after the ANOVA test was performed.
Results.

The intensity of collagen fibers in the heart, the architecture of 
the tissue, endocardium endothelial cells, myocardium muscle 
fibers of blood vessels, and infiltration of inflammatory cells 
were investigated in the present study. The goal of the study 
was to examine the effects of TRZ and DOX on the heart tissue 
of rats and determine whether Co-Q10 could help alleviate 
the negative effects of chemotherapy on the heart. The results 
of the microscopy on Group 2 tissues, in which rats received 
TRZ and DOX only, showed several abnormalities compared 
with the control group (Group 1). These abnormalities 
included circulatory disturbances such as haemorrhage and 
oedema between myocardial muscle fibers and congestion of 
the blood vessels. Cell adaptation, such as the conversion of 
endothelial cells to cuboidal shapes, was also observed, as was 
the infiltration of inflammatory cells. Moreover, cell injuries 
such as hyaline degeneration and necrosis of myocardial muscle 
fibers were also observed in Group 2. In contrast to Group 2, 
the histopathological changes of rats' hearts in Groups 3 and 
4, in which CoQ10 was administered either pre-or post-TRZ 
and DOX, revealed high degrees of improvement of heart tissue 
against chemotherapy (TRZ+DOX). These results suggest that 
CoQ10 may be a promising candidate for reducing the negative 
effects of chemotherapy on the heart tissue (Table 2 and Figure 2).

The comparison indicated that Group 2 had a higher level of 
measured parameters compared to the other groups, and this 
difference was significant at a value of p<0.05. Moreover, the 
results indicated that the administration of CoQ10 had a positive 
impact on the experimental animals. In groups where CoQ10 
was given either pre-or post-TRZ and DOX, high degrees of 
improvement were observed, which is a promising result that 
supports the use of CoQ10 as a therapeutic agent. Interestingly, 
the highest degree of improvement was observed in Group 3, 
where the rats were administered CoQ10 before TRZ and DOX. 
This suggests that the timing of the CoQ10 administration might 
play a crucial role in its effectiveness (Figure 3).

Features G2
(TRZ+DOX)

Sequential CoQ10 treatment
G3
CoQ10 
pretreated+
(TRZ+Dox)

G4
CoQ10 
posttreatment
(TRZ+Dox)

General 
appearance

Haemorrhage 
and oedema mild changes mild changes

Endothelial cells Conversion to 
cuboidal shape Normal Normal 

Blood vessels
Congestion with 
inflammatory 
cell infiltration

Intact with no 
infiltration

Intact with no 
infiltration

Myocardium
Hyaline 
degeneration 
and necrosis

Mild 
haemorrhage 
and
no necrosis

Mild 
haemorrhage 
and
no necrosis

Table 2. Histopathological results of the studied parameters.

Figure 2. CoQ10 restored near-normal tissue architectural features of 
rats’ cardiac histology following exposure to TRZ+DOX. A: Control 
group (400x); B: TRZ+DOX-treated group (400x); C: CoQ10 pre-
treated+TRZ+DOX group (400x); D: Co-Q10 post-treated+TRZ+DOX 
group (100x); The tissues were stained with eosin-hematoxylin stain.

Figure 3. Histological scores of measured parameters of the studied 
group. The same letters represent non-significant differences in Chi-
square. Different letters represent significant differences in Chi-square.
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The results (Figure 4) revealed that Group 2 showed a 
significant effect for both cTnI and MDA as compared to the 
other groups. The statistical analysis of T-AOC was significant 
in Group 1 as compared to Group 4, with little variation 
between Group 2 and Group 3. Cardiac troponin (cTnI) is a 
biomarker that is used to detect heart damage. The results of 
this study show that Group 2 had significant results for cTnI 
as compared to the other groups. This suggests that Group 2 
may have experienced some sort of cardiac damage or injury. 
Malondialdehyde (MDA) is a biomarker that is used to detect 
oxidative stress. The results of this study show that Group 2 had 
significant results for MDA as compared to Groups 1 and 3, 
with little variation in Group 4. This indicates that Group 2 may 
have experienced more oxidative stress than the other groups. 
Total antioxidant capacity (T-AOC) is a biomarker that is used 
to detect the overall antioxidant capacity of an individual. The 
results of this study show that Group 1 had significant results for 
T-AOC as compared to Group 4, with little variation between 
Groups 2 and 3. This suggests that Group 1 might have had a 
higher antioxidant capacity compared to Group 4, which may 
have helped in protecting against oxidative stress.
Discussion.

The study examined the heart tissue of rats that were treated 
with TRZ+DOX, and the results were revealing. Under a light 
microscope, various histopathological structures were observed. 
Group 2, which consisted of rats that were treated with 
TRZ+DOX, showed numerous abnormal elements, including 
cellular necrosis and degeneration, oedema, haemorrhage 
and congestion of blood vessels, endothelial metaplasia, 
hyperplasia, atrophy, and infiltration of inflammatory cells from 
blood vessels to the cardiac interstitial tissue. These findings 
suggest that TRZ+DOX has cardiotoxic effects on rats, which 
can lead to a range of pathological conditions in the heart tissue. 
However, the study also found that Group 3 (CoQ10 pretreated 
with TRZ and DOX) and Group 4 (CoQ10 post-treated with 
TRZ and DOX) showed a high degree of improvement compared 
to Group 2, which did not receive CoQ10. The improvement 
observed in Groups 3 and 4 demonstrated the beneficial effect 
of CoQ10, which counteracted the cardiotoxic effects of TRZ 

and DOX. CoQ10, a potent antioxidant, has been shown to have 
a protective effect on the heart tissue by preventing oxidative 
stress and reducing inflammation. 

Several studies have been conducted to investigate the effects 
of CoQ10 on the heart, and many of them have demonstrated 
its cardioprotective properties [21-25]. In one study, rats were 
given CoQ10 before being subjected to ischemia-reperfusion 
injury, a condition that occurs when blood flow to the heart is 
temporarily blocked and then restored. The results showed that 
CoQ10 was able to reduce the size of the infarct (the area of tissue 
damage caused by a lack of oxygen) and improve heart function 
[26]. Another study found that CoQ10 supplementation was 
able to improve cardiac function in rats with heart failure [27]. 
The rats were given CoQ10 for weeks, and the results showed 
that it was able to improve left ventricular function and reduce 
oxidative stress in the heart. In addition to its cardioprotective 
effects, CoQ10 has also been shown to have other health 
benefits. It has been found to have antioxidant properties, which 
can help protect cells from damage caused by free radicals [28]. 
It has also been shown to have anti-inflammatory properties, 
which can help reduce inflammation in the body [29]. While 
these studies have been conducted in rats, there is evidence to 
suggest that CoQ10 may also have cardioprotective effects in 
humans [21-25]. Several clinical trials have been conducted 
to investigate the effects of CoQ10 on various cardiovascular 
conditions, including heart failure and hypertension, and many 
of them have reported positive results.

Trastuzumab and doxorubicin are both commonly used 
chemotherapy drugs that have been shown to cause cardiotoxicity 
or damage to the heart muscle. While these drugs can be highly 
effective in treating cancer, they can also have serious side 
effects on the cardiovascular system, including heart failure. 
Fortunately, there is growing evidence to suggest that CoQ10 
may be able to protect against these cardiotoxic effects. In animal 
studies, researchers found that supplementation with CoQ10 
was able to significantly reduce the cardiotoxic effects of both 
trastuzumab and doxorubicin [30-32]. CoQ10 supplementation 
was able to improve cardiac function and reduce oxidative 
stress and inflammation in the heart muscle [30-32]. This 
suggests that CoQ10 may be a promising option for protecting 
the heart during cancer treatment, particularly for patients who 
are at high risk for cardiotoxicity. In addition to its potential 
cardioprotective effects during cancer treatment, CoQ10 has 
also been shown to have numerous other health benefits. It has 
been shown to improve energy levels, boost immune function, 
and even improve symptoms of chronic fatigue syndrome [32].

Studies have shown that supplementation with CoQ10 can 
reduce oxidative stress caused by chemotherapy drugs like 
trastuzumab and doxorubicin. In a study conducted on rats, 
it was found that CoQ10 supplementation reduced oxidative 
stress levels in rats treated with these drugs [33]. Moreover, 
other studies have also demonstrated the effectiveness of CoQ10 
in reducing oxidative stress in human patients undergoing 
chemotherapy. One study found that CoQ10 supplementation 
reduced oxidative stress markers in breast cancer patients 
undergoing chemotherapy [34,35]. In addition to reducing 
oxidative stress, CoQ10 has other potential benefits for cancer 
patients. It has been shown to improve heart function, which 

Figure 4. Biochemical analysis of the studied groups at the end of 
the study after 20 days. The same letters represent non-significant 
differences in Chi-square; Different letters represent significant 
differences in Chi-square; MDA: Malondialdehyde; TAOC: Total 
antioxidant capacity.
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can be important for cancer patients who may be at risk of heart 
damage from chemotherapy drugs [36]. 

The present study, which was conducted on rats exposed 
to Trastuzumab and doxorubicin found that CoQ10 
supplementation reduced the levels of troponin in the rats. 
Troponin is a protein that is released by damaged heart muscle 
cells, and high levels of troponin in the blood are a sign of heart 
damage. Therefore, the reduction in troponin levels observed 
in the rats that were given CoQ10 indicates that CoQ10 was 
able to protect the heart from damage caused by Trastuzumab 
and doxorubicin. This finding is significant because it suggests 
that CoQ10 could be used to protect cancer patients' hearts 
from damage caused by chemotherapy drugs. This could 
improve the quality of life for cancer patients by reducing 
the risk of heart failure and other heart-related complications. 
Additionally, CoQ10 is a natural compound that is generally 
safe and well-tolerated, making it an attractive option for cancer 
patients who are already undergoing chemotherapy. CoQ10 
has been shown to reduce MDA levels by neutralizing free 
radicals and preventing lipid peroxidation. Several studies have 
confirmed that supplementation with CoQ10 can significantly 
reduce MDA levels in both healthy individuals and those with 
various medical conditions. Furthermore, CoQ10 also increases 
antioxidant activity in the body. Antioxidants are substances 
that protect cells from damage caused by free radicals. Studies 
have shown that supplementation with CoQ10 can significantly 
increase antioxidant activities in both healthy individuals and 
those with various medical conditions.

In this study, the researchers aimed at minimizing the 
cardiotoxic effects of TRZ+DOX, a combination of drugs that 
can lead to heart damage, by administering CoQ10 to rats. The 
antioxidant capacity of the rats' biological system was raised in 
two ways. The first method was by administering CoQ10 before 
the rats received TRZ+DOX, represented by Group 3. The second 
was by administering CoQ10 with TRZ and DOX, represented 
by Group 4. The results of the study showed a high degree of 
improvement in cardiotoxicity in both groups, as observed 
through microscopical examination of cardiac tissues of rats 
that received CoQ10. The histological examinations revealed 
reduced cell necrosis, oedema, congestion, and haemorrhage, 
as well as less inflammation and cellular adaptation. However, 
the results of Group 3 were better than those of Group 4. The 
findings suggest that the administration of CoQ10 before giving 
TRZ+DOX was more effective in minimizing cardiotoxic 
effects. In general, this study highlights the potential of CoQ10 
as a protective agent against the cardiotoxic effects of certain 
drug combinations, and further research may be needed to 
explore its potential clinical applications.

Cardiac troponin is a protein that is found in heart muscle cells 
and is released into the bloodstream when there is damage to 
these cells. It is commonly used as an indicator of cardiac cell 
damage resulting from cellular necrosis. In a recent study, rats 
were treated with TRZ+DOX, a combination of drugs known to 
have cardiotoxic effects. In Group 2, which received the drugs 
without any protection, a high serum level of cTnI was observed, 
indicating cardiac cell damage. However, in Groups 3 and 4, 
where CoQ10 was used as a protectant against the cardiotoxic 

effects of the drugs, there was a significant decline in cTnI serum 
levels compared to Group 2. Group 3, which was pretreated with 
CoQ10 before receiving TRZ+DOX, showed better results than 
Group 4, which was post-treated with CoQ10. These findings 
suggest that CoQ10 may be an effective protectant against the 
cardiotoxic effects of TRZ+DOX, with pretreatment being more 
effective than post-treatment. Further research is needed to 
better understand the mechanisms behind this protective effect 
and to determine the optimal dosing regimen for CoQ10 in this 
context.

In a recent study, cardiomyocyte necrosis was found to be 
associated with a high serum level of MDA in Group 2, which 
received only TRZ+DOX without CoQ10. However, the 
administration of CoQ10 resulted in a decline in MDA levels 
in both Group 3 and Group 4. Notably, Group 3 demonstrated 
a greater reduction in MDA levels compared to Group 4, 
indicating that CoQ10 may play a significant role in reducing 
MDA levels and minimizing cardiotoxicity. Previous research 
has also suggested that CoQ10 may be effective in reducing 
MDA levels, and these findings further support the potential 
benefits of CoQ10 in mitigating cellular damage and promoting 
overall health and wellness. In general, these findings highlight 
the importance of identifying reliable markers for cellular 
damage and exploring potential interventions, such as CoQ10, 
for minimizing the negative impacts of cellular injury [15-18].

Total antioxidant capacity (T-AOC) is an important biological 
system that plays a vital role in balancing the production of 
reactive oxygen species (ROS) and neutralizing the oxidative 
reactions that can cause tissue damage. It is well known that 
anti-cancer drugs can significantly reduce the serum level 
of T-AOC, which is a serious concern for cancer patients 
undergoing chemotherapy. However, the body has a natural 
ability to counter this effect by attempting to increase its 
endogenous antioxidant capacity. This adaptive response was 
observed in a study where rats were treated with TRZ+DOX, a 
combination of anticancer drugs, and the serum level of T-AOC 
was assessed. The results showed that the rats treated with 
TRZ+DOX alone (Group 2) showed a slight increase in T-AOC 
levels, which is consistent with the hypothesis of cell adaptation 
to cell damage mechanisms. Interestingly, the study also found 
that administering CoQ10, a potent antioxidant, either before or 
after TRZ+DOX treatment resulted in a significant increase in 
the serum level of T-AOC. This was observed in Groups 3 and 
4, where CoQ10 was administered to rats either before or after 
TRZ+DOX treatment. Moreover, the results showed that the 
T-AOC level was higher in Group 4 than in Group 3, indicating 
that administering CoQ10 after the TRZ+DOX treatment was 
more effective than administering it before. These findings are 
significant as they suggest that administering CoQ10 can help 
cancer patients undergoing chemotherapy maintain their T-AOC 
levels and reduce the risk of tissue damage. This is particularly 
important since chemotherapy-induced tissue damage can 
cause serious long-term health problems for cancer survivors. 
Therefore, the use of CoQ10 as an adjuvant therapy in cancer 
treatment has the potential to enhance the effectiveness of 
chemotherapy while reducing its adverse effects. Therefore, 
T-AOC is an essential biological system that plays a critical role 
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in maintaining cellular health, and administering CoQ10 can 
help cancer patients undergoing chemotherapy maintain their 
T-AOC levels, which is crucial for their recovery [25-32].

CoQ10, also known as ubiquinone, is a coenzyme found 
in every cell of the human body. It plays a crucial role in 
energy production and is particularly important for the proper 
functioning of the heart. Recent research has shown that CoQ10 
has an important role in the prevention and treatment of some 
heart problems. This effect is obtained through its free radical 
scavenging and vasodilator effect, which might help in the 
previous conditions. CoQ10 can protect cells from oxidative 
damage by neutralizing harmful free radicals that can cause 
damage to the heart. It also inhibits LDL oxidation, which 
reduces the progression of atherosclerosis [37]. In addition to 
its antioxidant properties, CoQ10 has anti-inflammatory effects 
that can be beneficial to patients with heart failure and coronary 
artery disease [30]. It decreases proinflammatory cytokines and 
decreases blood viscosity, which improves patients' conditions 
[34]. This coenzyme also improves ischemia by reperfusion and 
revascularization of the injured coronary arteries. Research on 
CoQ10 and its effects on cardiovascular diseases is ongoing, 
and there is growing evidence to support its use in therapy. 
Several studies have shown that CoQ10 supplementation can 
improve heart function and reduce symptoms in patients with 
heart disease. Other studies have suggested that CoQ10 may be 
effective in preventing heart disease in individuals who are at 
high risk [36].
Conclusion.

CoQ10 is an important coenzyme with a crucial role in the 
prevention and treatment of heart problems. Its antioxidant and 
anti-inflammatory effects, along with its ability to improve blood 
flow and reduce blood viscosity, make it a promising therapy 
for cardiovascular diseases. Further research is needed to fully 
understand the potential benefits of CoQ10 in the treatment of 
heart disease, but the evidence so far is encouraging.
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