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ABSTRACT

Doxorubicin (DOX), is utilized in the treatment of various canine and feline cancers. However, its therapeutic application is associated with
marked adverse effects on heart as well as myelosuppression and potential for secondary malignancy. In order to reduce the side effects,
potential of eugenol was investigated against Doxorubicin in Swiss albino mice. Toxicity was induced by a single intraperitoneal injection
of doxorubicin (25 mg/kg, b.wt.) and Eugenol treatment (10 mg/kg/day, orally) was initiated 15 days before doxorubicin administration.
Oral administration of eugenol markedly alleviated DOX-induced oxidative stress in cardiac tissues, as evidenced by reduced levels of
lipid peroxidation, nitric oxide. Furthermore, eugenol enhanced the activity of antioxidant enzymes, including catalase and superoxide
dismutase. In addition to attenuating oxidative stress, eugenol administration significantly reduced DOX-induced inflammation by
downregulating the gene expression of pro-inflammatory mediators, namely, TNF alpha, iNOS and IL. Gross and histopathological
examinations revealed substantial structural and functional impairment in the heart, brain, liver, spleen, bone marrow and kidney due
to DOX intoxication. This study suggests the promising chemoprotective efficacy of eugenol against DOX-induced toxicopathological

alterations, indicating its potential as an adjuvant in chemotherapy.
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INTRODUCTION

ancerisagroup of diseases involving abnormal cell growth

with the potential to invade or spread to other parts of the
body (Li et al., 2007). The rate of cancer among dogs and cats
is similar to the rate of humans (Todorova et al., 2016). Cancer
is one of the leading causes of death in companion animals.
Dogs can develop variety of cancers that include sarcomas
of connective tissues and bones, lymphomas or leukemias
of the circulatory system and carcinomas of epithelial cells
and organs (Gardner et al,, 2016). Chemotherapy is one of the
conventional treatment methods for cancer. The anticancer
drugs which are used in chemotherapy act by killing rapidly
dividing cells in a cytotoxic manner. However, these drugs
are not selective only for cancer cells as they may also kill
healthy cells. Several drugs are used as chemotherapeutic
agents against various forms of human and canine cancers.
These anticancer drugs also produce genotoxicity to normal
cells which leads to secondary malignancies (Venkatesh et
al., 2007). Doxorubicin (DOX) is an anthracycline antibiotic
first isolated from Streptomyces peucetiusvarcaesius (Jagtia
and Venketesh, 2015) with broad-spectrum and potent
antineoplastic activity, used either alone or in combination
with other chemotherapeutic drugs. It is mainly used in
therapy for a wide variety of solid tumours in humans,
canines, and felines (Farag et al., 2021). As anticancer agents
are not selective in action, the sensitivity of normal tissues,
such as bone marrow, limits the maximum tolerated doses.
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The most severe side effect of doxorubicin is cardiotoxicity,
leading to life-threatening heart failure, although genotoxicity,
hepatotoxicity, nephrotoxicity, reproductive toxicity, and
gastrointestinal disturbances are also common sequelae of
DOX chemotherapy (Farag et al., 2021).

Combination therapy with phytochemicals is found to
be beneficial in providing protection against chemotherapy
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induced oxidative damage. To combat the adverse effects
of these cytotoxic drugs, itis common to prescribe vitamins
and dietary supplements, which contain substantial amounts
of antioxidants, free radical-scavenging agents and general
blocking agents. Such natural agents have the potential
to diminish the physiological side effects (Venkatesh et al.,
2007). Eugenol (C,4H;,0,; phenylpropanoid), is an aromatic
compound belonging to the group of phenols commonly
obtained from the natural essential oils of plants like clove
(Syzygium aromaticum) oil (Ulanowska and Olas, 2021).
Eugenol has demonstrated various antioxidant, analgesic,
antimutagenic, anti-platelet, antiallergic, anti-swelling, and
anti-inflammatory properties (Hajra et al., 2018; Ulanowska
and Olas, 2021). These facts motivated us to evaluate the
protective role of eugenol against DOX induced toxicities
through inhibition of oxidative stress, and inflammatory
response pathway in Swiss albino mice.

MATERIALS AND METHODS

Experimental Animals and Chemicals

Adult (5-6 weeks old) Swiss albino female mice (n=24, 25+2
g b.wt.), bred in disease free small animal house, LUVAS,
Hisar (Haryana, India) were procured and used in this study.
They were maintained at control temperature (23+2 °C)
and humidity (55+£10%) under alternating light and dark
conditions (12 h/12 h). Animals were fed with standard feed
prepared at Department of Animal Nutrition, LUVAS, Hisar
and drinking water was provided ad libitum. All procedures
for animal experimentation used were approved by the
Institutional Animal Ethics Committee (TV3240-200623,
Dated: 28.06.2023). Eugenol used in the study was purchased
from Sigma Chemicals and was diluted in peanut oil for
administration in mice. Doxorubicin hydrochloride (DOX) was
obtained from Zydus Lifesciences Limited and was dissolved
in normal saline for intraperitoneal administration in mice.

Experimental Design

After acclimatization of 7 days the mice were divided into four
groups containing six mice (n=6) in each group. Vehicle control
group (VC) mice were administered with single intraperitoneal
(i.p.) injection of normal saline (vehicle of doxorubicin); DOX
treated group (DOX) mice were intraperitoneally treated with
Doxorubicin hydrochloride @ 25 mg/kg b.wt. (Single dose);
DOX + Eugenol pretreated group (DOX+EUG) mice were intra-
peritoneally treated with Doxorubicin hydrochloride @ 25 mg/
kg b.wt. (Single dose) and eugenol was given orally @ 10 mg/
kg b.wt. daily by gavage (Fouad and Yacoubi, 2010) 15 days
prior to Doxorubicin hydrochloride treatment and continued
till the end of the experiment. The mice were sacrificed 24 h
after DOX treatment.

Sample Collection

Before euthanasia, blood samples were collected from mice
by retro-orbital venous plexus in sterile EDTA coated vials
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and processed for evaluation of haematological parameters
using automatic haematological analyzer (MS4Se). Heart
was collected for analysis of oxidative stress (LPO, Catalase,
SOD and NO) and gene expression study of TNF-a, iNOS,
IL-1. To study histopathological alterations heart, brain, liver,
spleen, kidney and bone marrow tissues were collected and
processed as per the standard protocol.

Estimation of Oxidative Stress Parameters in Cardiac
Tissue

Quantitative estimations of Lipid Peroxidation (LPO) in terms
of malondialdehyde (MDA) formed by using TBARS test,
Superoxide Dismutase (SOD) activity, Catalase (CAT) activity,
and Nitric Oxide (NO) activity in cardiac tissue homogenates
were performed as per the methods described by Shafig-
Ur-Rehman (1984), Madesh and Balasubramanian (1998),
Aebi (1984), and Titheradge (1998), and were expressed as
nM of MDA formed per mL, units/mg of protein, mmol H,O,
utilized/min/mg protein, and pmol/g tissue homogenates,
respectively.

Gene Expression Study of Pro-Inflammatory Genes
TNF-a, iNOS, IL-1 by qPCR

Heart tissues of each animal were removed, homogenized
with liquid N,, placed in RLT buffer, and then frozen at -20°C.
RNeasy Mini Kit (Qiagen, Heidelberg, Germany) was used
for total RNA extraction from cardiac tissue and quantified
with ND2000 spectrophotometer (NanoDrop Technologies).
DNase I-treated RNA was reverse transcribed into cDNA using
the Thermo Scientific Revert Aid First Strand cDNA Synthesis
Kit. Previously published primers were used (Zhao et al., 2020;
Zhu et al,, 2022) as given in Table 1. Quantitative real-time
PCR (gPCR) was carried using SYBR Green dye and POWERUP®
SYBR Green qPCR Master Mix (2X). The data obtained were
subjected to comparative Ct method (AACt method) for the
analysis of the expression levels of targeted gene and an
endogenous control. The fold changes in expression, i.e., RQ
(Relative Quantification) values were calculated for temporal
expression analysis of TNF-a, iNOS and IL-1 gene along with
standard deviation (RQ * SD). More than two fold increase
or decrease in gene expression was considered as significant
(according to global convention mice guideline).

Table 1: Primer sequences used for Real-time RT-PCR analysis

Type of Primer Sequences Am;?llcon
Gene size
TNF-a F5' AAACCACCAAGTGGAGGAGC 119
ACAAGGTACAACCCATCGGC
iNOS GAAGAAAACCCCTTGTGCTG 116
TCCAGGGATTCTGGAACATT
L1 AGCTTCCTTGTGCAAGTGTCT 156
GACAGCCCAGGTCAAAGGTT
GGCATTGCTCTCAATGACAA
GAPDH TGTGAGGGAGATGCTCAGTG 200
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Genotoxicity Studies
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LPO and NO activity in heart were significantly (p<0.05)
increased and antioxidant enzymes SOD and catalase were
significantly reduced in mice intoxicated with Doxorubicin
(Table 3) suggesting formation of free radicals is primary
cause for toxicopathological alterations in heart as well as
other organs as evidenced by histpathological alterations
(Fouad and Yacoubi, 2010). Eugenol supplementation
showed significant (p<0.05) decrease in LPO as well as NO
activity and rise in levels of SOD and catalase indicating
strong ameliorative effect due to anti-oxidative and cardio-
protective effect of eugenol (Jagetia and Venkatesh, 2015).

Gene expression of pro-inflammatory markers TNF-a,
IL-1 and iNOS was upregulated in heart of mice intoxicated
with Doxorubicin (Table 4) suggesting cell injury and
inflammation. This might be because DOX administration
has increased the iINOS transcription and protein expression
(Rawat et al., 2021), as well as stimulation of signaling
pathway for inflammatory mediators production, such
as proinflammatory cytokines and chemokines. Eugenol
supplementation to DOX-treated mice showed significant
downregulation in mRNA expression of TNF-q, IL-1 and
iNOS. Supplementation of eugenol to Doxorubicin treated

B VC

DOX

= o ®
; . o 9 % P
NCEs PCEs MNNCEs » @ 1 hl.\'Cs
J : MNPCEs i +
.g } .0 o 5 L
H J : ® L
X . o
, g . - :
9
DOX DOX + EUG EUG

DOX + EUG

Fig. 1: Ameliorative effect of eugenol against genotoxic effect of Doxorubicin in bone marrow cells. A: formation of micronuclei; B: Formation of
comets . VC: Vehicle Control, DOX: Doxorubicin 25 mg/kg B wti/p , DOX+ EUG: Doxorubicin hydrochloride + eugenol, EUG: Eugenol @ 10 mg/kg

b.w. (orally) daily by gavage 15 days prior to DOX

Table 3: Ameliorative effect of eugenol on Doxorubicin induced oxidative stress in heart of mice (Mean + SD, n=6)

Catalase activity (mM H,0,

Group LPO ac.tlwty (nM MDA/ NO act:lwty (pm.oI/g tissue) SOD aC'tIVIty (IU/.mg protein) utilized/min/mg protein) in
gm) in heart tissue in heart tissue in heart tissue .
heart tissue
Control 276.33% £54.67 1.007+0.10 345.837+31.84 245.00 %+ 54.5
DOX 802.00° £149.23* 4.80° +0.20% 262.67°+ 34.33 195.90° +29.95
DOX+EUG 278.17° +36.64* 3.20% +1.80 355.83%+£41.94 253.09° +41.01
EUG 232.65% £32.42 2.60°+2.10 481.17 £ 83.18 334.60° + 34.49

Mean + SD with different superscripts (a,b) in the same column differ significantly (p<0.05)
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mice showed downregulation of TNF-a, iNOS and IL1. This
might be due to inhibition of ROS production and signaling
pathway for inflammatory mediators production, such as
proinflammatory cytokines and chemokines, i.e., antioxidant
and anti-inflammatory potential of eugenol (Magalhaes et
al., 2019). Doxorubicin has produced significant genotoxic
changes in bone marrow cells in the present study.

Table 4: Ameliorative effect of eugenol on the altered mRNA

expression of inflammatory cytokines genes TNF-a, iNOS, and IL-1
due to Doxorubicin in heart of mice (Mean + SD, n=6)

Group TNF-a iNOS IL-1
Control 1.00° +0.03 1.00°+0.61 1.00%+0.31
DOX 4.55P+0.24 21.7040.33 1.42°+0.24
DOX+EUG 0.867+0.06 15.07°+1.2 0.42?+0.08
EUG 0.77°40.15 1.77%0.61 0.41%+0.36

Mean + SD with different superscripts (a,b,c) in the same column differ sig-
nificantly (p<0.05)

The mean value of micronucleated polychromatic
erythrocytes (MnPCEs) and normochromatic erythrocytes
(MnNCEs) was increased in DOX-treated mice (Fig. 1A) which
is due to numerical and structural chromosomalirregularities
produced by Doxorubicin (Renu et al., 2022). When eugenol
was supplemented to doxorubicin treated mice, micronuclei
formation was reduced (Table 5). Further, a single dose of
doxorubicin exposure over a period of 24 h in mice has resulted
into increased DNA damage leading to DNA migration out
of nucleus into the tail of the comets in bone marrow cells.
Doxorubicin administration significantly (p<0.05) increased
the DNA damage resulting in long comet length (Table

5, Fig. 1B), tail DNA (%), average tail length (um) and non-
significant increase in tail moment (AU) formation in large
number of cell population. Co-administration of eugenol in
Doxorubicin treatment significantly (p<0.05) mitigated comet
length compared to DOX-treated mice and prevented DOX-
induced DNA damage in bone marrow cells. These results
conclusively indicate that the compound eugenol possess
potent geno-protective efficacy by inhibiting DOX-induced
free radicals generation (Abdeldaim et al., 2017) Doxorubicin
produced significant gross (Fig. 2) and histopathological (Fig.
3) alterations in all vital organs such as severe congestion
of coronary blood vessels and petechial to ecchymotic
haemorrhages at the apex and auriculoventricular junction
in heart, pale discoloration of liver with fragile consistency,
congestion of meningeal blood vessels and swelling of
brain along with severe red discoloration and petechial
haemorrhages on kidney. Histopathological changes noticed
in the heart were of severe category such as congestion of
blood vessels and haemorrhages in mycocardium, necrosis
of individual muscle fiber, haemorrhages and degeneration
of fat cells as well as foci of haemorrhages in endocardium.
Degeneration of hepatocytes in liver, perivascular cuffing
and neuronal degeneration in cerebrum (Fig. 3), lymphocytic
depletion in spleen, haemorrhages in bone marrow and
decreased cellularity were extensive in DOX-treated mice
(Kumar et al., 2021).

The toxicopathological alterations were reversed to
normal structure in eugenol treated mice suggesting
ameliorating potential of eugenol as it is reported that
Eugenol acts by trapping the reactive oxygen species,
including superoxide anion and hydroxyl radicals as well
as by inhibiting propagation of free radical chain reactions.

Table 5: Ameliorative effect of eugenol on Doxorubicin induced genotoxic changes-micronuclei formation and comet in bone marrow cells of

mice (Mean + SD, n=6)

Group P/N ratio % MnPCE % MnNCE % PCE Reduction in MnNCE (%)
Control 1.30%+0.00 0.00%+ 0.00 0.00%£0.00 55.72+0.50 _
DOX 0.69%+0.13 0.15%+0.1 0.14°+0.05" 38.90°% +5.43 _
DOX+EUG 2412+1.39 0.00%+0.00 0.05% +0.03 59.14%+15.10 64.28
EUG 1.24%+0.10 0.02?+0.02 0.00? +0.00 55307+ 1.70 _
Comet length (um) Taillength (um)  TailDNA (%) Tail moment (AU) Reduction in tail moment
Control
24.40°+ 0.40 1.27%+0.27 457%+1.14 0.69°+0.17 -
DOX . . .
31.75P+1.89 1.55P+0.21 7.95°+1.14 0.93%+0.19 -
DOX+EUG
24.52°+0.67" 1.11%+0.15 7.61°+0.51 0.802+0.10 54.16%.
EUG
22.417+0.35 0.60°+ 0.26 3.70°+ 1.1 0.40°+0.12 -

MnPCE: micronucleated polychromatic erythrocytes; MNNCE: micronucleated normochromatic erythrocytes; P/N: ratio of polychromatic erythrocytes to
normochromatic erythrocytes; and PCE: polychromatic erythrocytes. p<0.05 significantly different from control, #p<0.05 significantly different from DOX
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Fig. 2: Protective effect of eugenol against doxorubicin induced gross
lesions in heart, liver, brain and kidney in mice.VC: Vehicle Control, DOX:
Doxorubicin 25 mg/kg b.wt. i/p, DOX+ EUG: Doxorubicin hydrochloride
+ eugenol, EUG: Eugenol @ 10 mg/kg b.wt. (orally) daily by gavage 15
days prior to DOX.

KIDNEY

CONCLUSION

Eugenol offers efficient protection against DOX-induced
toxicopathological alterations in mice. The chemo-
protective efficacy conferred by eugenol is probably
due to inhibition of DOX induced free radicle formation
by scavenging free radicles, inhibition of initiation and
propagation steps leading to termination of reaction and
delaying oxidation process. The efficacy shown by the
pretreatment group might be due to compound providing
some added protection to the target cells before exposure
to the chemotherapeutic agent. Therefore, eugenol can
serve as potential chemo-protective agent against DOX-
induced cardiotoxicity and toxic effects observed on brain,
liver, kidney, bone marrow and spleen.
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Fig. 3: Ameliorative effect of eugenol against doxorubicin induced histopathological changes in heart, liver, brain and kidney in mice VC: Vehicle
Control, DOX: Doxorubicin 25 mg/kg b.wt. i/p, DOX + EUG: Doxorubicin hydrochloride + eugenol, EUG: Eugenol @ 10 mg/kg b.wt. (orally) daily

by gavage 15 days prior to DOX.

The Indian Journal of Veterinary Sciences and Biotechnology, Volume 21 Issue 5 (September-October 2025) ' 117 \



Amelioration of Doxorubicin-Induced Cardiotoxicity in Mice by Eugenol

REFERENCES

Abdeldaim, M.M,, Kilany, O.E., Khalifa, H.A., & Ahmed, A.A. (2017).
Allicin ameliorates doxorubicin-induced cardiotoxicity in
rats via suppression of oxidative stress, inflammation and
apoptosis. Cancer Chemotherapy and Pharmacology, 80, 745-
753.

Aebi, H. (1984). Catalase in vitro, In: Methods in Enzymology, Academic
Press. pp. 121-126

Aprotosoaie, A. C., Luca, V. S., Trifan, A., & Miron, A. (2019).
Antigenotoxic potential of some dietary non-phenolic
phytochemicals. Studies in Natural Product Chemistry, 60,
223-297.

Borroto, J.I.G., Creus, A., Marcos, R., Molla, R., & Zapatero, J. (2003).
The mutagenic potential of the furylethylene derivative 2-furyl-
1-nitroethene in the mouse bone marrow micronucleus test.
Toxicologcal Sciences, 72, 359-362.

Farag, M.R., Moselhy, A.A.A., El-Mleeh, A., Aljuaydi, S.H., Ismail, T.A.,
DiCerbo, A, Crescenzo, G., & Abou-Zeid, S.M. (2021). Quercetin
alleviates the immunotoxic impact mediated by oxidative
stress and inflammation induced by Doxorubicin exposure in
rats. Antioxidants, 10(12), 1906.

Fouad, A.A., & Yacoubi, M.T. (2010). Mechanisms underlying the
protective effect of Eugenol in rats with acute Doxorubicin
cardiotoxicity. Archives of Pharmacal Research, 34(5), 821-828.

Gardner, H.L., Fenger, J.M., & London, C.A. (2016). Dogs as a model
for cancer. Annual Reviews of Animal Bioscience, 4, 199-222.

Hajra, S., Patra, A.R., Basu, A., & Bhattacharya, S. (2018). Prevention
of doxorubicin (DOX)-induced genotoxicity and cardiotoxicity:
Effect of plant derived small molecule indole-3-carbinol
(13C) on oxidative stress and inflammation. Biomedicine and
Pharmacotherapy, 101, 228-243.

Jagetia G.C., & Venkatesh P. (2015). An indigenous plant Bael (Aegle
Marmelos (L.) Correa) extract protects against the Doxorubicin-
induced cardiotoxicity in mice. Journal of Physiology and
Biochemistry, 4, 163.

Kumar, A., Siddiqi, N.J., Alrashood, S.T., Khan, H.A., Dubey, A., &
Sharma, B. (2021). Protective effect of eugenol on hepatic
inflammation and oxidative stress induced by cadmiumin male
rats. Biomedicine and Pharmacotherapy, 139, 111588.

Li, L., Pan, Q,, Han, W,, Liu, Z,, Li, L., & Hu, X. (2007). Schisandrin B
prevents doxorubicin-induced cardiotoxicity via enhancing
glutathione redox cycling. Clinical Cancer Research, 15(13),
6753-60.

118

The Indian Journal of Veterinary Sciences and Biotechnology, Volume 21 Issue 5 (September-October 2025)

Madesh, M., & Balasubramanian, K.A. (1998). Microtiter plate assay
for superoxide dismutase using MTT reduction by superoxide.
Indian Journal of Biochemistry Biophysics, 35(3), 184-188

Magalhaes, C.B., Casquilho, N.V., Machado, M.N., Riva, D.R.,
Travassos, L.H., Leal-Cardoso, J.H., & Zin, W.A. (2019). The anti-
inflammatory and anti-oxidative actions of eugenol improve
lipopolysaccharide-induced lung injury. Respiratory Physiology
and Neurobiology, 259, 30-36.

Rawat, P.S., Jaiswal, A., Khurana, A., Bhatti, J.S., & Navik, U. (2021).
Doxorubicin-induced cardiotoxicity: An update on the
molecular mechanism and novel therapeutic strategies for
effective management. Biomedicine and Pharmacotherapy,
139, 111708.

Renu, K., Pureti, L.P,, Vellingiri, B., & Valsala Gopalakrishnan, A.
(2022). Toxic effects and molecular mechanism of doxorubicin
on different organs—an update. Toxin Reviews, 41(2), 650-674.

Shafig-Ur-Rehman (1984). Lead-induced regional lipid peroxidation
in brain. Toxicology Letters, 21(3), 333 -337.

Titheradge, M.A.(1998). The enzymatic measurement of nitrate and
nitrite. Methods Molecular Biology, 100, 83-91.

Todorova, K., Dimitrov, P., Milcheva, R., Roga, S., & Russev, R.
(2016). Comparative study of several cases of human breast
cancer and mammary cancer in domestic dogs and cats. Acta
Morphologica et Anthropologica, 23, 66-70.

Ulanowska, M., & Olas, B. (2021). Biological properties and prospects
for the application of eugenol - A review. International Journal
of Molecular Sciences, 22(7), 3671.

Venkatesh, P., Shantala, B., Jagetia, G.C., Rao, K.K., & Baliga, M.S.
(2007). Modulation of doxorubicin-induced genotoxicity by
Aegle marmelos in mouse bone marrow: A micronucleus study.
Integrative Cancer Therapy, 6(1), 42-53.

Zeiss, C.J., Gatti, D.M., Toro-Salazar, O., Davis, C., Lutz, C.M., Spinale,
F., & Churchill, G.A. (2019). Doxorubicin-induced cardiotoxicity
in collaborative cross (CC) mice recapitulates individual
cardiotoxicity in humans. G3: Genes, Genomes, Genetics, 9(8),
2637-2646.

Zhao, P., Zhou, W., Zhang, Y., Li, J., Zhao, Y., Pan, L., & Hui, J.
(2020). Aminooxyacetic acid attenuates post-infarct cardiac
dysfunction by balancing macrophage polarization through
modulating macrophage metabolism in mice. Journal of
Cellular and Molecular Medicine, 24(4), 2593-2609.

Zhu, Y., Chen, X., Guo, L., Wang, L., Chen, N, Xiao, Y., & Wang, E.
(2022). Acute sleep deprivation increases inflammation and
aggravates heart failure after myocardial infarction. Journal
of Sleep Research, 31(6), 13679.




