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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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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
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of the article under the title “References”. All references cited in the text must be listed. The list of refer-
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in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

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.

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 cTnl. 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
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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 10" 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 10" 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.

Day0 Day 10 Day 20
[ l l

Timeline

Heart Harvested
for histology

G3
Pre-treated
n=4

feseseecee -

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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Serum separated for
biochemical analysis

Sample collection,
analysis:

preparation, and histopathological

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 No lesions 0

2- Necrosis

-Circulatory disturbances

1- Edema Mild lesions 1

2- Congestion of blood vessels
3- Hemorrhage

- Cell adaptation

1- Atrophy

2- Hyperplasia

3- Metaplasia

- Inflammation: infiltration of
inflammatory cells

Moderate
lesions

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°C. 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
c¢Tn-1. This method allows for the quantitative determination



of the serum level of cTn-I with high accuracy and precision.
In addition to c¢Tn-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).
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Table 2. Histopathological results of the studied parameters.

Sequential CoQ10 treatment

G3

CoQ10
pretreated+
(TRZ+Dox)

mild changes

Features

General
appearance

Endothelial cells

Intact with no

Blood vessels infiltration

Mild
haemorrhage
and

Nno necrosis

Myocardium

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: CoQI0 pre-
treated+TRZ+DOX group (400x); D: Co-Q10 post-treated+TRZ+DOX
group (100x); The tissues were stained with eosin-hematoxylin stain.

A Cell Injury Cell Adaptation

3 1.5
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Inflammation

[GEEoRtBl]  G3: CoQ10 pre-treated+(TRZ+DOX)

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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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.

The results (Figure 4) revealed that Group 2 showed a
significant effect for both cTnl 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 (cTnl) is a
biomarker that is used to detect heart damage. The results of
this study show that Group 2 had significant results for cTnl
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
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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



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 CoQI10
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 cTnl was observed,
indicating cardiac cell damage. However, in Groups 3 and 4,
where CoQ10 was used as a protectant against the cardiotoxic
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effects of the drugs, there was a significant decline in cTnl 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



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
CoQI10 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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