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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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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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7. Please indicate last names, first and middle initials of the native authors, present names and initials
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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-
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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.

Background and Objectives:  Doxorubicin-Induced
Cardiotoxicity (DIC) is a challenge in clinical settings, with
limited therapeutic options. This research was designed to
investigate the enhanced cardioprotective potential of combined
silymarin and vitamin E therapy.

Methods: An in vivo approach was used in order to examine
the efficacy of silymarin and vitamin E in protecting myocardial
tissue from doxorubicin-induced damage. Doxorubicin was
given intraperitoneally at a weekly dose of 5 mg/kg. This
study analysed changes in body weight, markers of oxidative
stress, inflammation and apoptosis, serum activity of lactate
dehydrogenase and cardiac Troponin, in addition to the
histological examination of heart tissue samples of the treated
animals.

Results: Doxorubicin administration caused a significant
reduction in body weight and elevated serum levels of
Lactate Dehydrogenase (LDH) and Troponin I compared to
the control group (P < 0.05). In cardiac tissue, doxorubicin
treatment significantly increased malondialdehyde (MDA),
Interleukin-6 (IL-6), Caspase-3, and the Bax/Bcl-2 ratio, while
significantly decreasing superoxide dismutase (SOD) activity
and Bcl-2 levels (P < 0.001). The co-administration of silymarin
and vitamin E significantly attenuated these biochemical
alterations, maintained body weight, and restored oxidative and
inflammatory markers to levels comparable to the control group.
Histopathological examination revealed that the combination
therapy effectively preserved myocardial architecture and
reduced fibrosis and congestion compared to the doxorubicin-
only group.

Conclusion: The present study confirmed that at the examined
doses, silymarin and vitamin E exhibit a protective effect on the
heart tissue against doxorubicin-induced toxicity.

Key words. Silybum marianum, vitamin E, doxorubicin,
myocardial damage, cardioprotective.

Introduction.

Cancer is one of the significant public health problems and
leads to an increase in both morbidity and mortality rates. In
2022, there were approximately 20 million new cases and about
10 million deaths due to cancer or cancer-related causes in the
world [1]. To overcome this disease, chemotherapy remains the
most appropriate choice for oncologists and has been considered
the backbone for many types of malignancies [2]. Doxorubicin
is one of the most important anthracycline antibiotics used in
clinical oncology. It was discovered in the 1960s through a
microbial screening program by Italian researchers at Farmitalia
[3,4]. These antibiotics are the most common agents used in
recent oncology. They have exceptional efficacy against acute
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leukaemias, lymphomas, breast carcinoma, and many solid
tumours [5].

In spite of their clinical value, their applications were limited
by severe toxicities, forcing clinicians into a difficult situation:
giving a dose high enough to ensure cancer remission while
attempting to avoid damage mostly occurring in the heart [6].
The clinical extension of doxorubicin-induced cardiotoxicity
may be best characterised by a marked, dose-dependent increase,
a phenomenon that greatly limits the drug's therapeutic window
[7]. Chronic cardiotoxicity, which is most serious, progressive,
and mostly related to the cumulative dose of DOX received
[8,9], results from the loss of cardiomyocytes due to oxidative
stress and DNA damage [9,10].

The formation of reactive oxygen and nitrogen species by
doxorubicin is the main cause of its toxicity and occurs mainly
through two pathways: the first is enzymatic redox cycling
and the second is iron-mediated free radical formation [11].
The quinone moiety undergoes a single-electron reduction to
give the DOX semiquinone radical (DOXe). In the presence of
molecular oxygen (02), the semiquinone transfers its electron
to 02, regenerating doxorubicin [11,12]. Lipid peroxidation is
a catastrophic consequence of doxorubicin-induced oxidative
stress. It acts as a self-propagating chain reaction that destroys
the integrity of cellular membranes [13,14].

There are many preventive strategies to mitigate this
cardiotoxicity. Among these preventive strategies, the use of
Dexrazoxane, which is an iron chelator and Top2f inhibitor
and the only FDA-approved cardioprotective agent, is less used
due to issues related to the cost and availability, in addition to
concerns about its ability to reduce antitumor efficacy [12].
Pegylated Liposomal Doxorubicin (DOXIL®) is another
preventive strategy that effectively reduces cardiotoxicity by
limiting myocardial uptake but develops another side effect like
Palmar-Plantar Erythrodysesthesia (hand-foot syndrome) [12].
However, the need for safer preventive strategies emphasises
direct antioxidant co-administration with doxorubicin,
focusing on pharmaceutical or nutritional antioxidants such
as N-acetylcysteine, curcumin, vitamin E derivatives, and
Silymarin in order to scavenge free radicals and protect cardiac
cells [15-18].

Silymarin acts as a potent antioxidant through direct and
indirect mechanisms. Direct Scavenging: Due to its phenolic
nature, it directly acts as a free radical scavenger by donating
electrons to stabilise reactive species such as hydroxyl radicals
and superoxide anions, thus breaking the chain reaction. Indirect
Regulation: Silymarin modulates cellular defence pathways
[19]. Vitamin E plays an important role in the maintenance
of mitochondrial integrity because it protects cardiolipin and
other phospholipids from oxidation by being incorporated into
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the mitochondrial membranes. Its primary biological function
is to serve as the major lipophilic antioxidant of the body for
protecting cell membrane integrity from oxidative damage
[17,20,21].

The theoretical basis of this combination is due to their
complementary pharmacodynamics, creating a "defence in
depth" against oxidative stress. Vitamin E is the primary
lipophilic radical scavenger located in the cell membrane,
trapping peroxyl radicals [20,21]. Such a process generates a
weakly oxidised radical form of vitamin E. Silymarin, through
its polyphenolic silybin component, acts as a reducing agent
by donating electrons to regenerate the active alpha-tocopherol
form of vitamin E [19].

Although there are clear theoretical advantages to this
combination therapy, comprehensive studies evaluating
concurrent administration specifically in a doxorubicin-induced
multiorgan toxicity model are lacking. The scientific basis
for this study is the hypothesis that Silymarin and vitamin E
will have a protective effect. Besides that, Silymarin would
regenerate vitamin E and maintain reduced glutathione (GSH)
levels [19], leading to superior, broad-spectrum protection
against doxorubicin-induced oxidative damage in heart tissue
when compared to either antioxidant used alone.

Materials and Methods.

Chemicals and Reagents:

Doxorubicin HC1 was obtained from Deva Company A.S.
(Turkey). The antioxidant agents were purchased from
international suppliers: Silymarin from Metabolic Maintenance
Company (USA) and Vitamin E (alpha-tocopherol) from
Adrien Gagnon Company (Canada). Biolabo (France) supplied
all diagnostic kits used for serum biochemical analysis. The
ELISA kits that assessed tissue oxidative stress, inflammation,
and apoptosis were purchased from Sunlong Biotech Co., Ltd.
All general chemicals and solvents were of analytical grade.

Drug Preparation:

Silymarin Suspension: Due to the poor solubility of Silymarin
in water, it was prepared in a suspension by using 0.5% (w/v)
carboxymethyl cellulose sodium as a vehicle. For freshness and
stability, the suspension was prepared every day by trituration of
an amount of powder with a small volume of CMC-Na solution
to make a smooth paste, which will then be gradually diluted to
the final volume [22].

Vitamin E Suspension: Like silymarin, vitamin E was
suspended in 1.5% hydroxypropyl methylcellulose HPMC since
this agent helps stabilise and increase the bioavailability of the
vitamin; therefore, this process started with adding vitamin E
into HPMC solution under continuous stirring until achieving
homogeneity between phases [23].

Experimental Animals and Ethical Approval:

The sample size was determined based on previous relevant
studies to ensure sufficient statistical power [22,24]. A total
of forty-eight adult male Wistar rats within the weight range
of 150- 200 g were used in this study. Since doxorubicin is
known to cause high mortality, we increased the group size
to ensure we had a minimum of 6 surviving animals for valid
statistics. Animals were kept in clean cages throughout the
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experimental period under standard laboratory conditions at
an ambient temperature of 224+2°C with normal 12-hour light/
dark cycles; rats were allowed free access to a standard pellet
diet and water ad libitum during the entire study duration.
One week of acclimatisation for experimental procedures
was given to animals (Week 0). The study received approval
from the Medical Research Ethics Committee at the College
of Medicine, University of Mosul, with Reference no: UOM/
COM/MREC/25-26/0OCTS8 dated 26/10/2025. The consent was
considered because all procedures strictly followed institutional
guidelines for ethical care and use of laboratory animals [25].

Clarification of the experimental timeline:

* Acclimatisation: 1 week (Week -1 to Week 0)

» Treatment period: 3 weeks (Weeks 1-3)

» Sacrifice of all Groups except the Dox+R group: 24 hours
after the final DOX injection at the end of Week 3

* Recovery period (Dox+R group): 3 additional weeks (Weeks
4-6) following the final DOX injection

» Sacrifice of Dox+R group: At the end of Week 6 (3 weeks
after the last DOX dose).

Experimental Design:

After one week of acclimatisation, rats were randomly allocated
into six equal groups consisting of eight rats each (n=8). The
experiment was conducted over a period of six weeks (Weeks
1-6) according to specific protocols for each group as follows:

c-group (negative Control): The healthy baseline group
received daily oral gavage of vehicle solution consisting of
0.5% CMC-Na and 1.5% HPMC to match the treatment groups
and normal saline was given intraperitoneally in place of
doxorubicin.

Dox group: Rats in this group were treated with doxorubicin
(DOX) at a dose of 5 mg/kg via the intraperitoneal route once
weekly for three consecutive weeks (cumulative dose 15 mg/kg)
to induce toxicity [24].

Dox+S group: The DOX challenge was offered to this group
through a dose of 5 mg/kg via the intraperitoneal route once
weekly for three consecutive weeks (cumulative dose 15 mg/
kg) to induce toxicity; simultaneously, Silymarin suspended in
0.5% CMC-Na at a dose of 200 mg/kg was administered daily
by oral gavage over these three weeks [16,22].

Dox+E group: Rats were given standard DOX challenge
through a dose of 5 mg/kg via the intraperitoneal route once
weekly for three consecutive weeks (cumulative dose 15 mg/
kg) to induce toxicity, and co-treated with Vitamin E suspended
in 1.5% HPMC at a dose of 200 mg/kg daily via oral gavage
throughout these three weeks [26].

Dox+S+E group: To test possible synergism between
antioxidants, rats were given DOX challenge through a dose
of 5 mg/kg via the intraperitoneal route once weekly for three
consecutive weeks (cumulative dose 15 mg/kg) to induce
toxicity, and co-treated with both Silymarin (200 mg/kg/day)
and vitamin E (200 mg/kg/day) orally during those three weeks.

Dox+R group: To see how natural healing works, rats in this
group received the full DOX doses but without antioxidant
treatment; then they were kept for another three weeks for
recovery before being sacrificed after the last DOX dose.



Sample Collection and Preparation:

Blood Collection: Blood samples were collected at two
different times as follows: At baseline (Week 0), blood samples
were obtained from all rats at the beginning of the experiment
prior to any drug administration for testing the baseline
biochemical values. At the end of the Experiment, blood
samples from Groups A-E were taken 24 hours after the last
dose at the end of Week 3 and from Group F (natural Recovery),
blood samples were taken 24 hours after completion of a three-
week recovery period (end of Week 6). The collected blood was
left to clot at room temperature, followed by centrifugation for
serum separation. Serum samples were stored at -20 degrees
Celsius until biochemically analysed.

Tissue Collection: Immediately after final blood collection and
sacrifice, the heart was quickly removed and washed in ice-cold
saline to remove excess blood. Parts of the heart tissue were
homogenised in phosphate-buffered saline (PBS) and prepared
for assessment of oxidative, inflammatory, as well as apoptosis
markers. The remaining tissue parts were fixed in 10% formalin
and preserved for histopathological examination.

Biochemical Analysis:

Cardiac damage Markers: The serum levels of cardiac troponin
(cTn) and Lactate Dehydrogenase (LDH) activities were used as
primary markers for myocardial injury [16,22].

Assessment of Tissue Markers:

Oxidative Stress markers: The level of oxidative damage was
assessed by measuring malondialdehyde (MDA) levels, and
the antioxidant defence capacity was measured by superoxide
dismutase (SOD) activity [14,27].

Inflammation and Apoptosis markers: The biological response
to injury was evaluated by measuring the levels of interleukin-6
(IL-6), as well as apoptotic markers caspase-3, Bax, and Bcl-2
[24,28].

Histopathological examination:

For histopathological examination, formalin-fixed heart tissue
samples were dehydrated in a graded alcohol series, cleared in
xylene, then embedded in paraffin wax. Thin sections (5 \mum)
were cut and stained with Hematoxylin and Eosin (H&E). These
slides were then examined under a light microscope to identify
pathological changes such as necrosis, fatty degeneration,
fibrosis and inflammatory infiltration. The microscopic
examinations were carried out by a pathologist blindly.

Statistical analysis:

All data are expressed as Mean + Standard deviation. The
statistical analysis was done using SPSS software Version
25.0. To compare differences between experimental groups, a
one-way analysis of variance (ANOVA was used, followed by
Tukey's post-hoc test for specific group differences. Graphical
presentations were performed using GraphPad Prism. P-values
less than 0.05 were considered statistically significant.

Results.

Change in body weight:

Table 1 demonstrates that the greatest increase in body weight
was among the animals that were treated with CMC 0.5%
and HPMC 1.5% only (control group). The greatest decline
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in body weight was shown in the Dox group. The Dox+S+E
(combination) group showed a reduction in body weight, but it
was significantly smaller compared to the Dox group.

Heart/Body Weight Ratio:

Figure 1 shows that heart weight remained proportional to
body weight (stable ratio) between all groups. No statistically
significant differences were observed among all groups (p >
0.05). The mean heart/body weight ratio for the combination
group (Dox+S+E) was numerically comparable to the control
group.

Biochemical analysis:

cTn-1 level and LDH activity were significantly higher in the
serum of rats in the Dox group compared to other groups. Both
Dox+S and Dox+E groups significantly attenuated the rise of
these biomarkers compared to the Dox group. In the Dox+S+E
group, the combination of silymarin and vitamin E showed the
most protective effect. The levels of these biomarkers are closer
to the control group and lower than either treatment alone. In
the Dox+R group, discontinuation of the drug normalises these
levels to some extent but is still higher than either treatment
alone or the combination (Figure 2).

Oxidative stress, inflammatory, and apoptotic markers for
heart tissue:

Dox group showed a significant increase in the levels of MDA
and IL-6 (p value < 0.001), alongside a significant decrease in
the level of SOD activity when compared to the control group,
indicating severe oxidative damage (Figure 3).

In the Dox+S+E group, these markers were attenuated
effectively. Rats in this group showed significantly lower levels
of MDA and IL-6 and high levels of SOD compared to Group
B (P < 0.05). Group A and Group E showed no significant
difference in the level of these markers, suggesting a restoration
of the oxidative and inflammatory balance. In Group F (Natural
Recovery), MDA levels remained significantly elevated (95.51)
compared to Group E (76.44) even after the recovery time;
this indicates that DOX toxicity persisted during the evaluated
recovery period.

The inflammatory marker Interleukin 6 (IL-6) was significantly
increased in group B (51.64 + 1.72 pg/mL) compared to Group
A (31.21 £0.41 pg/mL).

Table (2) shows a significant upregulation of Bcl-2-associated
x protein (Bax) and Caspase-3 in group B, triggered by the
intrinsic apoptotic pathway of DOX, and downregulation of the
anti-apoptotic B-cell Lymphoma protein (Bcl-2) compared to
group A. The Bax/Bcl-2 ratio, which is a critical determinant
for cell survival, was significantly increased in Group B (1.45
+ 0.13) compared to Group A (0.57 £ 0.03); this means a shift
towards cell death.

In Group E, apoptotic Markers were significantly decreased.
The levels of Bax and Caspase-3 were reduced, and Bcl-2 levels
were preserved. So this made the Bax/Bcl-2 ratio in Group E
(0.57 £ 0.02) maintained at levels comparable to the healthy
control group (group A).

Evaluation of histological changes:

In Figure 4A, the histological sections of rat heart from the
negative control show intact histological architecture represented
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Figure 1. Effect of treatments on relative heart weight to body weight ratio (H/Bw). The histogram bar represents mean£SD for each group, n=8.
C=control group, Dox= Doxorubicin group, Dox+S=Doxorubicin+Silymarin group, Dox~+E=Doxorubicin+Vitamin E group, Dox+S+E=Do
xorubicin+Silymarin+Vitamin E group, Dox+R=Doxorubicin left for spontaneous recovery group. No significant differences existed between

groups, as determined by one-way ANOVA to find the differences among the groups and post hoc Tukey.
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Figure 2. Cardiotoxicity markers in the studied groups of rats exposed to the interventional therapy versus insult. The histogram bar
represents mean+SD for each group. Similar letters indicate non-significant differences between tested groups. Different letters indicate
significant differences between tested groups at p-value less than 0.05, using one-way ANOVA to find the differences among the groups and
post hoc Tukey to find the differences between groups. C=control group, Dox= Doxorubicin group, Dox+S=Doxorubicin+Silymarin group,
Dox+E=Doxorubicin+Vitamin E group, Dox+S+E=Doxorubicin+Silymarin+Vitamin E group, Dox+R=Doxorubicin left for spontaneous
recovery group. cTn-1=Serum troponin, LDH=Lactate dehydrogenase.
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Figure 3. Oxidative stress markers in the studied groups of rats exposed to the interventional therapy versus insult. The histogram bar represents
mean=SD for each group. * Indicates a significant difference as compared to the C group; # indicates a significant difference as compared to the
Dox group at p-value less than 0.05, using one-way ANOVA to find the differences among the groups and post hoc Tukey to find the differences
between groups. C=control group, Dox= Doxorubicin group, Dox+S=Doxorubicin+Silymarin group, Dox+E=Doxorubicin+Vitamin E group,
Dox+S+E=Doxorubicin+Silymarin+Vitamin E group, Dox-+R=Doxorubicin left for spontaneous recovery group. MDA=Malondialdehyde,
SOD=Superoxide dismutase.

Figure 4. Representative images of rat heart tissue sections showing histopathological changes across different experimental groups. A=control
group, B= Doxorubicin group, C=Doxorubicin+Silymarin group, D=Doxorubicin+Vitamin E group, E=Doxorubicin+Silymarin+Vitamin E
group, F=Doxorubicin left for spontaneous recovery group. 400X, H&E stain.
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Table 1. Effect of Silymarin, Vitamin E, and their combination on body weight changes in doxorubicin (DOX)-induced rats.

Groups Week 0 Week 1 ‘Week 2

C 143.63+4.25 163.63+4.20 188.38+7.78
Dox 149.50+4.89 169.50+5.02 178.13+£7.78
Dox+S 146.00+3.63 166.00+3.74 180.75+6.61
Dox+E 155.25+4.01 175.25+£3.97 181.75+2.73
Dox+S+E 142.88+4.07 162.88+4.04 183.25+2.58
Dox+R 149.00+3.79 169.00+3.23 196.88+7.18

Week 3 (Sacrifice)

Week 6 (Recovery) |P-value Vs. DOX

Data are expressed as mean + SD (Standard Deviation), n=8.
Two-way repeated-measures ANOVA followed by a Bonferroni post hoc test for multiple comparisons.
(*) Symbol: Significantly different from Group B (DOX Control) at P < 0.05.
(#) Symbol: Significantly different from Group A (Normal Control) at P > 0.05.

C=control group, Dox= Doxorubicin group, Dox+S=Doxorubicin+Silymarin group, Dox+E=Doxorubicin+Vitamin E group, Dox+S+E=Doxoru

231.88+5.39* - <0.001
158.88+5.04# - -
160.57+9.68# - 0.982
165.63+6.18# - 0.624
187.88+4.14%# - 0.001
180.67+12.65%# 205.33+£13.07 * 0.035

bicin+Silymarin+Vitamin E group, Dox+R=Doxorubicin left for spontaneous recovery group.

Table 2. Effect of treatment on oxidative stress, inflammatory, and apoptotic markers in heart tissue.

Parameters C Dox Dox+S

MDA 7248 £ 0.78 # 107.64 +4.47* 83.34+499#
SOD 3.53+0.05# 2.15+0.21 % 2.83+0.17 *#
IL-6 31.21+041 # 51.64+1.72* 37.52 + 1.85 *#
Caspase-3 0.83+0.01# 1.53+0.13 * 1.13+£0.11
Bax 0.97 £0.02 # 1.70£0.13 * 1.21+£0.12
Bcl-2 1.72 £ 0.04 # 1.21 £0.08 * 1.59+0.16
Bax/Bcl-2 0.57£0.03 # 1.45+0.17 * 0.86+0.17

Dox+E Dox+S+E Dox+R P-value
90.92 +7.00 76.44 £ 323 # 95.51 £5.61 * <0.001
247+0.16 * 3.25+0.07 # 2.45+0.09 * <0.001
43.85+093 %% 3247+£097# 48.40+2.26 * <0.001
1.23 £ 0.04 0.91 +£0.02 # 1.38+0.23 * <0.001
1.31+0.16 0.98 £0.04 # 1.44+0.16 * <0.001
1.33£0.15 1.71 £0.06 # 1.28+0.14 0.004

1.07+£0.18 * 0.75+£0.02 # 1.14 £ 0.09 * <0.001

Data are expressed as: Mean + SD (standard deviation), n=8.
Statistical Test: One-way ANOVA followed by Tukey’s post-hoc test.
(*) Symbol: Significantly different from the Control group at P < 0.05.
(#) Symbol: Significantly different from the DOX group at P < 0.05.

by myocardial muscle fibres (black arrows), fibroblasts (green
arrows), and endothelial cells (blue arrows).

A=control group, B= Doxorubicin group,
C=Doxorubicin+Silymarin group, D=Doxorubicin+Vitamin
E group, E=Doxorubicin+Silymarin+Vitamin E group,
F=Doxorubicin left for spontaneous recovery group

Histological section of the heart myocardium from the
doxorubicin group (Figure 4B), showing severe congestion
of blood vessels, focal infiltration of inflammatory cells, and
severe cardiac interstitial fibrosis.

Group C: Photomicrograph of the heart myocardium showing
moderate interstitial inflammatory cell infiltration (black
arrows) and moderate congestion (yellow arrows).

Group D: Photomicrograph of the heart myocardium showing
moderate congestion of blood vessels (yellow arrows) and
moderate inflammation (a, black arrows).

Group E: Photomicrograph of the myocardium showing
an intact cellular architecture with no signs of inflammation,
myopathy, or congestion.

Group F: Photomicrograph of the wall of the heart shows
myocardium with mild congestion (yellow arrows), intact
endocardium (a) and pericardium (b). At 400x, the myocardium
also shows mild congestion (yellow arrows), necrosis (green
arrow) and infiltration of chronic inflammatory cells (black
arrow).

Photomicrograph of the heart myocardium from the
doxorubicin group (Figure 4B), showing severe congestion of
blood vessels (black arrows), focal infiltration of inflammatory
cells (a), and severe cardiac interstitial fibrosis (green arrows).
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Group C: Photomicrograph of the heart myocardium showing
moderate interstitial inflammatory cell infiltration (black
arrows) and moderate congestion (yellow arrows).

Group D: Photomicrograph of the heart myocardium showing
moderate congestion of blood vessels (yellow arrows) and
moderate inflammation (a, black arrows).

Group E: Photomicrograph of the myocardium showing
an intact cellular architecture with no signs of inflammation,
myopathy, or congestion.

Group F: Photomicrograph of the wall of the heart shows
myocardium with mild congestion (yellow arrows), intact
endocardium (a), and pericardium (b). At 400x, the myocardium
also shows mild congestion (yellow arrows), necrosis (green
arrow) and infiltration of chronic inflammatory cells (black
arrow).

Discussion.

Doxorubicin induces gastrointestinal mucositis, suppresses
appetite, and causes systemic oxidative stress and inflammation,
leading to weight loss. The administration of silymarin alone
(Group C) or vitamin E alone (Group D) did not significantly
prevent this weight loss compared to the DOX group (Group B)
(P>0.05) (Table 1). The combination group (Group E) showed a
statistically significant preservation of body weight (P=0.001).
This suggests that both antioxidants are required to overcome
oxidative stress and inflammation caused by DOX. Group F
(natural recovery) indicates that the drug-induced weight loss is
reversible after DOX discontinuation [22,24,26].

DOX is well-documented to cause systemic toxicity leading
to significant heart and body weight loss, thus maintaining a



stable ratio (Figure 1) [22,24]. This finding suggests that the
reduction in heart weight caused by DOX occurred in proportion
to body weight loss. The heart weight ratio might not be a
sensitive enough marker for cardiotoxicity in this experiment
[5,16,28,27].

DOX causes oxidative stress, which damages the cell membrane
of cardiac myocytes. When the membrane is damaged,
intracellular enzymes (LDH) and proteins (Troponin) "leak"
out into the blood (Figure 2) [16,24,27,28]. Both Silymarin and
Vitamin E are known antioxidants. They likely scavenged the
free radicals produced by DOX, protecting the cell membrane
integrity and preventing the leakage of enzymes [19-22,26].
Group E showed a potent cardioprotective effect. This suggests
an additive effect of silymarin and vitamin E. The combined
antioxidant offers superior protection against myocardial injury
compared to monotherapy [17,22,26]. The active combination
treatment accelerated this process or protected the heart more
effectively.

Doxorubicin is one of the most potent antitumor drugs,
but its clinical application is greatly restricted by its
cardiotoxicity, as documented in a number of animal model
studies [16,22,24,26,29,30]. The formation of reactive
oxygen and nitrogen species and lipid peroxidation are
consequences of doxorubicin-induced oxidative stress, which
is largely responsible for the development of life-threatening
cardiotoxicity [ 19-21]. In studies that used animal subjects, it has
been observed that silymarin and vitamin E individually show
antioxidant properties and prevent lipid peroxidation [24,26-
28]. Silymarin, through its direct and indirect mechanisms,
alongside vitamin E through its maintenance of mitochondrial
integrity, will both have an additive protective effect against
DOX-induced cardiotoxicity [26,27]. In our experiment, we
confirmed that the concomitant use of both silymarin and
vitamin E + DOX showed a significant decrease in oxidative
stress, inflammation, and apoptosis in comparison to group B
that received doxorubicin, group C that received silymarin +
DOX, and group D that received vitamin E + DOX (Table 2).

The histological results of group B showed scarring, swelling,
and cell breakdown (Figure 3) [16,22,24,29,30]. Single
treatments (silymarin, vitamin E), or allowing for natural
recovery, produced partial healing, but inflammation and
vascular obstruction persisted [16,22,26]. The most effective
outcome was found in the combination group (Group E). The
combination treatment preserved normal myocardial structure
and provided greater protection than single agents or natural
recovery.

The limitations of this study include the short duration of the
experiment and lack of molecular pathway analysis. The sample
size is small, so it might not represent the general population.
Wistar rats are extensively used in toxicity experiments, but
they may produce a response to silymarin or vitamin E different
to that in humans, so a human model study is strongly suggested
to overcome this limitation. The histopathological assessment in
this study was performed using descriptive qualitative analysis
by a single pathologist, without the application of a formalised
semiquantitative scoring system or blinding procedures. As
such, the grading of lesion severity (e.g., mild, moderate,
severe) is based on subjective interpretation and may introduce
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potential bias. Although the described findings are consistent
across experimental groups, future studies would benefit from
employing standardised histopathological scoring systems and
blinded evaluation by multiple observers to enhance objectivity
and reproducibility.

Conclusion.

Our study concluded that the use of doxorubicin at a dose
5 mg/kg Intraperitoneally every week for 3 weeks causes a
severe reduction in rat's body weights, severe elevation of
biochemical, oxidative stress, inflammatory, and apoptotic
markers, and severe histological changes in heart tissue, while
the simultaneous uses of silymarin and vitamin E at doses 200
mg/kg Orally every day for 3 weeks preserves rat's body weight
and normalizes the levels of these markers close to their normal
value, and improves that histological changes in the heart tissue.
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