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Abstract

Background. Doxorubicin (DOX) is a highly effective anthracycline drug widely
used in cancer treatment. Myocardial fibrosis, a key pathological consequence of
DOX-induced cardiotoxicity, impairs cardiac function and increases the risk of
heart failure. Troxerutin (TXR), a natural bioflavonoid, has shown promise in
mitigating myocardial injury. This study evaluated the protective effects of TXR
against DOX-induced myocardial fibrosis and expression of fibrosis markers, TGF-
B and Smad3.

Methods. Twenty-four male Wistar rats were randomly divided into four groups:
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e Cardiotoxicity myocardial fibrosis was evaluated histologically using Masson's trichrome staining.
e Antioxidant Gene expression of TGF-B and Smad3 was analyzed by real-time PCR.

Results. DOX significantly increased serum LDH activity and myocardial fibrosis
compared to controls (P<0.01). Pre-treatment with TXR significantly reduced LDH
activity and myocardial fibrosis in the DOX+TXR group compared to the DOX
group (P<0.05). Additionally, TXR decreased the expression of TGF- (and Smad3
(P<0.01) genes, indicating a reduction in fibrotic signaling.

Conclusion. TXR shows significant potential as a preventive treatment for DOX-
induced myocardial toxicity. Its ability to reduce myocardial damage and fibrosis
while modulating key fibrotic signaling molecules offers a promising approach for
improving cardiac outcomes following DOX therapy.

Practical Implications. Troxerutin could be used as an effective preventative
treatment for improving cardiovascular health in cancer patients undergoing
chemotherapy with DOX.
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Extended Abstract

Background

Doxorubicin (DOX) is a potent anthracycline
drug widely used in the treatment of various cancers.
However, its clinical use is significantly restricted
due to severe cardiotoxicity, which is a severe
condition characterized by progressive and often
irreversible heart damage, manifesting acutely within
days of DOX administration or chronically over
time. Myocardial fibrosis, a prominent feature of
DOX-induced cardiotoxicity, contributes
significantly to progressive cardiac dysfunction. Two
key factors in the development of fibrosis are
transforming growth factor-beta (TGF-B) and its
downstream molecule Smad3, which mediates the
TGF-B-induced fibrogenic signaling in myocardial
fibrosis. While troxerutin (TXR) has shown to be
effective in reducing oxidative stress and regulating
mitochondrial ~ biogenesis in  DOX-induced
cardiotoxicity, its effict on myocardial fibrosis
remains unknown. This study aimed to investigate
the preventive effects of TXR on DOX-induced
myocardial fibrosis, focusing on histological fibrotic
changes and the expression of fibrosis-regulating
genes in myocardial tissue in rats.

Methods

Twenty-four male Wistar rats weighing 250-300
g were used in this study and kept in the animal
facility under controlled conditions with a 12-hour
light/dark cycle. They had free access to standard
food and water throughout the experiment. The
animals were randomly assigned to four groups: (1)
the control group without treatment, (2) the TXR
group receiving only TXR, (3) the DOX group
receiving only DOX, and (4) the DOX+TXR group
receiving both TXR and DOX. TXR was
administered orally at 150 mg/kg daily for 4 weeks
before the administration of DOX. Doxorubicin
hydrochloride at a dose of 20 mg/kg was
administered intraperitoneally to DOX-receiving
groups. Saline was administered to the control group.
One week after DOX injection, the animals were
deeply anesthetized by intraperitoneal injection of
ketamine (60 mg/kg) and xylazine (10 mg/kg). About

2 mL of blood was collected from the portal vein and
the heart was immediately removed from the body
after thoracotomy. The left ventricle was divided into
two parts: one part was used to examine the
expression of genes and the other part was used to
examine the histological changes of fibrosis. The
activity of lactate dehydrogenase (LDH) in serum
was measured using the ELISA method to evaluate
the extent of myocardial cell damage. Myocardial
fibrosis was assessed through Masson's trichrome
staining of paraffin-embedded heart sections and
analyzed using light microscopy according to the
standard protocol. The severity of fibrosis was
quantified by measuring the ratio of stained pixels to
total pixels in twenty random microscopic fields of
left ventricular slices and calculated based on the
average intensity of pixels for each heart in each
group. RNA was extracted from myocardial tissue,
and real-time PCR was used to quantify the
expression of TGF-B and Smad3. The relative
quantification of the target mMRNAs was normalized
to the expression level of GAPDH and the changes in
gene expression were reported using the 244¢T
formula.

Results

Administration of DOX resulted in a significant
increase in serum LDH activity, which serves as a
marker of myocardial damage, compared to the
control group (P<0.01). This increase in LDH levels
was accompanied by pronounced myocardial
fibrosis, as evidenced by Masson's trichrome staining
of heart tissue sections. In contrast, treatment with
TXR in the DOX+TXR group significantly mitigated
the adverse effects of DOX. The administration of
TXR led to a marked reduction in serum LDH levels
in comparison to the control group (P<0.05),
indicating a decrease in myocardial damage.
Histopathological examination further revealed that
TXR substantially reduced the extent of fibrosis
compared to the DOX group. Treatment of DOX-
receiving rats with TXR displayed a notable decrease
in fibrotic areas, suggesting a protective effect of
TXR against DOX-induced myocardial fibrosis.

Med J Tabriz Uni Med Sciences. 2025;47(3) | 288



Babaei Kouchaki, et al.

Additionally, real-time PCR analysis of myocardial
tissue revealed that treatment with TXR significantly
decreased the expression levels of key fibrosis-
regulating molecules, TGF-B (P<0.05) and its
downstream signaling molecule Smad3 (P<0.01),
compared to the DOX group. The reduced expression
of TGF-p and Smad3 in the DOX-receiving rats
treated with TXR indicates a potential mechanism
through which TXR exerts its protective effect by
modulating fibrogenic signaling pathways.

Conclusion

TXR shows significant potential as a preventive
treatment for myocardial fibrosis induced by DOX in
rats. This protective effect was accompanied by
decreased histopathological fibrotic changes and the
expression levels of TGF-B and Smad3 genes in rats

pretreated with TXR, suggesting that TXR
counteracts  fibrotic alterations and signaling
pathways activated by DOX. This natural

bioflavonoid has been shown to reduce oxidative
stress and inflammation, which are key factors in
myocardial fibrotic damage. By reducing oxidative
and inflammatory reactions, TXR may help prevent
the activation of the fibrosis-promoting TGF-
B/Smad3 pathway. The efficacy of TXR in reducing
myocardial damage/fibrosis and regulating key
fibrotic molecules make it a promising agent for
improving cardiac outcomes in patients undergoing
DOX therapy. Further studies are needed to clarify
mechanisms of action of TXR, its optimal dosing,
and its long-term effects and to explore its
interactions with other cardioprotective agents used
in cancer treatment regimens.
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