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ABSTRACT

Doxorubicin, which is widely used as an anti-tumour drug, it associated with Cardiotoxic
problems. Previous studies suggested that each of the metoprolol and troxerutin alone could provide
potential protection against this cardiotoxic effect. This study was aimed to investigate if the
combination of these two drugs could provide superior protection against the cardiotoxic effect of
doxorubicin. Fifty male Wistar rats were divided into five groups; each group had 10 animals. Both
control negative and control positive groups, a treatment group for each drug and a combination
group. The blood samples were collected from the animals to extract the serum, and the serums
were used in Elisa technique for investigation the concentration of CK-MB, SOD, MDA, IL-6 and
TNF-Alpha for all groups to study the effect of the drugs to these markers. The combination
treatment group provided a superior effect in almost all groups, The combination treatment group
achieved nearly the levels of the control negative group in 2 markers, which were CK-MB and
TNF. In oxidative stress markers (MDA) and antioxidant (SOD), it had the lowest concentration of
MDA compared to positive group. While highest concentration of antioxidant (SOD) compared to
positive group suggesting a slightly better effect of the combination. In conclusion, Combination
therapy provides a superior effect on key markers, suggesting its benefits by working on various
pathways to protect the heart. Although the effect of the combination was still comparable in
oxidative stress markers to other treatment groups, the combination therapy totally outperformed
monotherapies.
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doxorubicin limits its wuse. [2,3]. The

cardiotoxic effect often reaches life-
threatening levels; the pathway in which
doxorubicin causes cardiotoxicity is through
oxidative stress since it can produce reactive
oxygen species (ROS); the cardiac disorders
associated with doxorubicin  could be
moderate as in arrhythmias or severe as in
irreversible damage to heart cells, those
damages could be chronic or acute [1,4-6].
The heart is highly susceptible to adverse
effects of doxorubicin since the harmful
pathway of doxorubicin is through oxidative
stress and reactive oxygen species [7]. These
effects, when associated with the heart’s
elevated demand for oxygen and its high
susceptibility to oxidative stress leads to
cardiotoxic effect [8]. However, doxorubicin
is still one of the main drugs used as an anti-
tumor drug, although the patients who receive
this drug need special care [9].

The cancer is considered to be the
second cause of death worldwide after
cardiomyopathies [10]. Cancer characterized
by abnormal growth and distribution of
undifferentiated cells [11]; cancer
chemotherapy generally has harmful side
effects, which includes depression of the
immune system and damaging normal tissue
of the body. [12], Due to these effects, many
patients and medical centers seek alternative
ways to treat cancers or drugs that could
decrease the harmful side effects of the old
treatments. [13].

Troxerutin, also known as vitamin P4,
is a natural flavonoid drug in fruits [14],
vegetables, tea, and coffee. Troxerutin gained
attention because of its therapeutic properties,
which include anti-oxidant, anti-
inflammatory,  prevent  thrombogenesis,
enhance microcirculation, and anti-DNA
damage effects. All those properties make
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Troxerutin one of the drugs of choice to
prevent Doxorubicin-induced cardiotoxicity
[15]. While metoprolol is a drug that belongs
to the B1-blocker family, B1 drugs are known
to be effective against cardiomyopathies,
Metoprolol, which is one of the most common
drugs used for managing acute myocardial
infarction. It is also effective in treating
hypertension and tachycardia [16].

Cardiotoxicity induced by
Doxorubicin leads to limitation in the use of it
for treatment cancers because the long-term
cardiac complications. Previous studies have
shown that troxerutin and metoprolol
individually offer some degree of cardiac
protection against this toxicity. However,
their combined effect has not been studied
thoroughly yet. This study aims to investigate
if the combination of troxerutin and
metoprolol  provides enhanced cardiac
protection compared to either drug alone.

MATERIALS AND METHODS

Ethical approval

All procedures used in this study were
reviewed and approved by the Scientific
Committee of the Faculty of Veterinary
Medicine, University of Kufa, in compliance
with the ethical principles of animal welfare,
with reference number UK.VET.2025.2105.
Experimental design

This study consisted of 50 male
Wistar rats (n=50) that were divided into five
groups, as each group had 10 animals. Each
group was divided into 2 cages to avoid
overcrowding and keep the best conditions for
the animals. The conditions of the animals
were ideal for the study as the temperature
was 22+4, the humidity was 40-60%,
light/dark hours were 14/10, and animals had
free access to food and drink, fig. 1.
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Fig. 1. The experimental design

This study consisted of 50 male
Wistar rats (n=50) that were divided into five
groups, as each group had 10 animals. Each
group was divided into 2 cages to avoid
overcrowding and keep the best conditions for
the animals. The conditions of the animals
were ideal for the study as the temperature
was 22+4, the humidity was 40-60%,
light/dark hours were 14/10, and animals had
free access to food and drink. The groups
were as: G1: This group was administrated
with only Saline. G2: This group was
administrated with a single dose of
Doxorubicin through an intraperitoneal route
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(IP) at a dose of (40mg/kg) for induction of
cardiomyopathy [17]. G3: This group was
received troxerutin by oral gavage for four
weeks before doxorubicin administrated, and
troxerutin given in a dose of (300mg/kg BW)
[18] to study the protective effects. G4: This
group was received metoprolol by oral gavage
for four weeks before doxorubicin
administrated, and metoprolol was given in a
dose of (10mg/kg BW) to study protective
effects [19]. G5: This group was received
both troxerutin and metoprolol by oral gavage
for four weeks before doxorubicin was
administrated; the dose at which troxerutin
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and metoprolol were given was (300mg/kg

At the end of the study, the animals
were anesthetized using ketamine and
xylazine in doses of (10 mg/kg BW and 40
mg/kg BW), respectively [20]. Then, the
blood was collected directly from the heart
without opening the animal's chest to ensure
that the blood was without hemolysis and to
cause the little harm possible to the animals to
extract the serum was for use in the ELISA
technique. The blood was put in Gel tubes and
centrifuged for 15 minutes with 3500 rounds
per minute [21]. The parameters measured
using the ELISA technique were Creatinine
Kinase MB (CK-MB), Malondialdehyde
(MDA), Superoxide Dismutase (SOD),
Interleukin-6 (IL-6), and Tumor Necrosis
Factor-o (TNF-a).

RESULTS

The Fig. 2 showed there was an increase in
Ck-MB in the control positive group, which
was administrated with only doxorubicin,
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BW and 10mg/kg BW), respectively.

when compared to the control negative group,
which administrated with only saline, the
increase was statistically significant (P<0.05).
However, all protection groups demonstrated
a decrease in Ck-MB compared to the control-
positive group. All of the protection groups'
decreases were statistically  significant
(P<0.05) when compared to the control-
positive group, also the differences between
the protection groups were statistically
significant (P<0.05), as the group that
received troxerutin+doxorubicin were
significantly lower than the group that
received only doxorubicin it was also
significantly higher than the group which
received metoprolol+doxorubicin. However,
the combination group had a lower
concentration of CK-MB among all protection
groups, almost the same concentration as the
control-negative group, and there wasn’t a
statistically significant difference between the
control-negative group and the combination

group.
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Fig. 2. Concentration of CK-MB among all groups

The fig. 3 and 4 showed the oxidative
stress markers among all groups. Fig. 2 shows
MDA results, as it demonstrated that the
MDA increased significantly (P<0.05) in
Control-positive groups when compared to
the control-negative group. All the groups of
the treatment were statistically different from
the control positive group (P<0.05). However,
the group that received
Doxorubicint+Troxerutin wasn’t significantly
different from the group that received
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= Control
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14,63 [13.37
Doxorubicin+Metoprolol. Still, The

Combination Group wasn’t significantly
different from the Doxorubicin+Troxerutin
Group or Doxorubicin+Metoprolol Group.
Also The combination Group wasn’t
significantly different from the control
negative Group. Still, Both treatment groups,
rather than the combination group, were
significantly  different (P<0.05) when
compared to the control negative group.
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Fig. 3. MDA concentration among all groups.

Fig. 4 shows SOD concentrations
among all groups; it demonstrates that the
SOD decreased significantly (P<0.05) in the
control positive group, which received only
Doxorubicin when compared to the control-
negative group. The results were somehow
inverse to the results of the MDA, as both of
the treatment groups that received
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Doxorubicin+Troxerutin and

Doxorubicin+Metoprolol, respectively, had
significantly higher (P<0.05) concentrations
of SOD when compared to control positive
group. Still, the results of these two groups
weren’t significantly different from the
control negative group or the combination
group. However, the combination group had a
significantly lower (P<0.05) concentration of
SOD compared to the Control negative group.
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Fig. 4. Concentration of SOD among all groups

The fig. 5 showed concentrations of
IL-6 Among all groups, the results of IL-6
Concentrations demonstrate that control
positive  group, which received only
Doxorubicin, have significantly higher
(P<0.05) concentrations when compared to
the control negative group, however, all the
treatment groups have lower concentrations of
IL-6 when compared to control positive
group, the results of protection groups were
significantly different (P<0.05) from the
control positive group. Also, there wasn’t any
statistical ~ difference  (P<0.05) between
treatment groups. Also, the control negative
group had the lowest concentration of IL-6;
the results of IL-6 showed the concentration
of the control negative group was
significantly  different (P<0.05) when
compared to the treatment groups.
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Fig. 6 showed the concentration of
TNF-o among all groups. The results of TNF-
o demonstrate that TNF-o increased
significantly (P<0.05) in the control positive
group when compared to the control negative
group; however, The treatment group that
received Troxerutin+doxorubicin had
significantly (P<0.05) lower concentration of
TNF-o when compared to the control positive
group, Still, the results of the Group that
received Metoprolol+Doxorubicin, the
combination group, and control negative
group were significantly (P<0.05) lower than
the group that received
Troxerutin+doxorubicin.  However, there
wasn’t any significant difference (P<0.05)
between these three groups.
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Fig. 6. Concentration of TNF-alpha among all groups.

DISCUSSION
Doxorubicin induced cardiotoxicity
primarily ~ occurs  with  mitochondrial

dysfunction, inflammatory
KJV M, 2025, Vol. 16, No. 1

signaling

pathways and most importantly oxidative
stress mechanisms, which accounts for the
toxic effect of this drug, this mechanism
involves the excessive generation of reactive
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oxygen species (ROS), mainly by redox
cycling of mitochondria, once doxorubicin
enters cardiomyocytes it undergoes redox
reaction and releasing and production of
superoxide free radicals onset of multiple
pathologic events among them the disruption
of the electron transport chain, injuries of
mitochondrial membrane and initiate lipid
peroxidation that mainly affecting directly
some key biomarkers like malondialdehyde
(MDA), a byproduct of lipid peroxidation,
that increased significantly in the group
receiving a positive and control of DOX
confirming oxidative damage [22,23].

The most important of the many
antioxidant defence mechanisms conferred by
these major antioxidant defence mechanisms
is catalysing the conversion of reactive
oxygen species (ROS) to free radicals in
superoxide dismutase (SOD). The site of
doxorubicin apparent activation is in the SOD
group. The decrease, however, relies on
oxidative damage. Oxidative stress also
triggers the transcription factor nuclear factor
kappab N (NF-kappab) and inflammatory
cytokines, tumor necrosis factor alpha (tumor
necrosis factor alpha). When this upregulated
factor is present, it compounds myocardial
fibrosis, heart dysfunction, and cell apoptosis.
Overall, doxorubicin set the stage for the
inflammatory response that, together with all
other factors, did even more harm to the heart.
The result of oxidative stress and
inflammation is damage to the cardiomyocyte
membrane causing the release of CK-MB.
Increased significantly in the doxorubicin
treated group was this myocardium injury
biomarker. Moreover, the NF-kB activation
leads to upregulation of STAT along with
detrimental cardiac dysfunction. Although, in
conclusion, we demonstrate that the
cardiotoxicity induced by doxorubicin occurs
through a high level of interaction between
oxidative stress and inflammatory response.
Together, oxidative damage and high pro-
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inflammatory cytokines increase heart injury

[24,25].
Troxerutin function as a
cardioprotective agent because it

downregulates oxidative stress, mitochondrial
dysfunction, and inflammation through
modulation of a few of the pathways.
Proanthocyanidins possess some mechanism
of action such as serving as ROS scavenger.
Superoxide dismutase (SOD) activity was
significantly increased in troxerutin treated
group due to Troxerutin increases in the
activity of antioxidant enzymes. The further
enzyme mediated conversion of superoxide
radicals by the increased activity of SOD
would have facilitated less oxidative damage.
The reduced MDA levels indicated that the
mitochondrial membrane damage as well as
lipid peroxidation had been adequately
minimized [26].

Troxerutin also blocks mPTP, a critical
event toward mitochondrial depolarization
and the initiation of apoptotic signalling, at
the mitochondria during doxorubicin effect
Troxerutin protects ATP generation and
prevents the release of cytochrome c, a pro-
apoptotic  factor that triggers caspase-
dependent pathways of programmed cell
death, by stabilizing mitochondrial membrane
potential. This mitochondrial protective effect
is associated with less cardiomyocyte
apoptosis and lower CK-MB levels reflecting
less myocardial damage [27].

Troxerutin ~ also  modulates  the
inflammatory signaling pathways. Troxerutin
inhibits NF-kB activation and suppresses the
transcription of pro — inflammatory cytokines,
resulting in a significant decrease of TNF-a
and IL-6 levels. Prevention of macrophages
recruitment to the site of damage and limited
degree of cardiac fibrosis, due to suppression
of inflammatory mediators. Below, it has
been additionally demonstrated that troxerutin
upregulates nuclear factor erythroid 2-related
factor 2 (Nrf2), a transcription factor that
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controls the expression of antioxidant genes.
Activation of Nrf2 confers resistance of cells
to oxidative stress through enhancing the
production of glutathione and other
detoxifying enzymes. This additional
antioxidant support also contributes to the
increased effect of troxerutin on reducing
oxidative stress markers as well [28-30].

Metoprolol provides cardioprotection
through  PBl-adrenergic  antagonist  that
decreases myocardial strain, oxidative stress
and inflammation. Increased intracellular
calcium and mitochondrial calcium overload
leads to B1-adrenergic receptor overload with
transport of doxorubicin. The consequence of
overproduction of this free calcium, and an
overload of it, causes not only mitochondrial
dysfunction but there an increase in oxidative
stress, and these withered mitochondria
ultimately can't avoid oxidisation by the
reactive oxygen species (ROS) so they release
vast amounts of free calcium. In addition, it
inhibits beta 1 adlnergic receptors and
prevents high influx of calcium and stabilizes
mitochondrial effector function thereby
reducing production of reactive oxygen
species (ROS) [31,32].

For oxidative discharging damage, the
protection of SOD was dramatically increased
and the antioxidation damage was declined in
metoprolol-treated  group.  Similar  to
metoprolol, blunting of caspase-3 activation
in the apoptotic signaling pathway has been
described as having a similar type of
cardioprotective effect. Doxorubicin induced
the loss of mitochondrial function which
released cytochrome c that then activated
caspase 3 and cardiomyocyte apoptosis. The
reduction in cardiomyocyte loss is a result of
metoprolol’s unintended effect of preventing
mitochondrial stress and calcium overload
and consequently reducing cytochrome c¢
release, caspase-3 activation, and apoptosis
[33,34].
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The myocardial injury decreased in
the metoprolol-treated group because they
presented lower CK-MB levels than the
doxorubicin group. The anti-inflammatory
properties in metoprolol treatment occur
mainly because the drug blocks the activation
of NF-kB by adrenergic stimulation. While
activated NF-kB transcription is reduced by
metoprolol treatment the drug blocks pro-
inflammatory  cytokine  production  to
substantially lower TNF-o and IL-6 levels.
The reduction of inflammatory markers
accomplished through metoprolol treatment
blocks immune cell entry into cardiac tissue
[35,36].

The inflammatory markers reduction
through metoprolol administration impedes
immune cell entry into cardiac tissue while
decreasing fibrosis which enables protection
of heart function. The administration of
metoprolol has been documented to boost
endothelial nitric oxide synthase (eNOS)
activity in the body leading to better nitric
oxide (NO) output. The enhanced availability
of NO through metoprolol therapy works to
better both endothelial function and decreases
vascular inflammation to contribute additional
cardioprotective benefits [37,38].

CONCLUSION

The combination of Metoprolol with
troxerutin shows superior cardio protective
activity against doxorubicin-induced
cardiotoxicity than each of drugs alone. This
combination treatment notably decreases the
levels of oxidative stress, inflammation, and
myocardial injury markers, bringing levels
closer to that of controls negative rats. These
results indicate that dual therapy may be an
effective strategy for limiting the cardiac side
effects of doxorubicin.
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