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nervous system, with a poor prognosis. Given the chemo-resistance and rapid tumor
recurrence, the development of new therapeutic strategies is essential. Gallic acid (GA) is
a natural polyphenol with potent anticancer properties in in vitro studies. This study
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Gallic acid aimed to evaluate the antitumor effects of GA in a rat animal model of glioblastoma.
Glioblastoma Methods: Rat glioblastoma cell line (C6) was transplanted into the striatum of female
VEGF Wistar rats using the stereotaxic method. Animals were randomly divided into three

groups: 1) control group, 2) group treated with gallic acid (GA) at a dose of 100 mg/kg,
and 3) group treated with GA at a dose of 200 mg/kg. The GA was administered
intraperitoneally daily for 14 days. After the end of the treatment period, animals were
deeply anesthetized, and cardiac perfusion was performed. Then, brain tissue was
prepared for histopathological examination by hematoxylin-eosin (H&E) staining, and
tumor samples were stored at -80°C for evaluation of VEGF gene expression by Real-time
PCR.

Results: Administration of GA resulted in a significant dose-dependent reduction in
tumor volume compared to the control group. Histopathological studies showed a
decrease in cell density and pseudopalisading necrosis, and a significant inhibition of
angiogenesis in the treated groups, and the results of gene expression evaluation
showed a dose-dependent decrease in a-VEGF expression in the treated groups.
Conclusion: The findings of this study indicate that GA has a significant antitumor effect
in an animal model of glioblastoma. The mechanism of this effect is likely to be through
inhibition of angiogenesis (reduction of VEGF) and inhibition of cell proliferation. Gallic
acid can be investigated as a promising therapeutic agent for future studies in the field of
glioblastoma.
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INTRODUCTION

Glioblastoma multiforme (GBM) is the most
aggressive and lethal primary brain tumor in adults,
characterized by rapid proliferation, diffuse invasion,
extensive angiogenesis, and remarkable resistance to
conventional therapies. Despite advances in surgical
resection, radiotherapy, and chemotherapy with
temozolomide, the prognosis of GBM remains poor,
with a median survival of approximately 12-18
months after diagnosis (1, 2). Several factors
contribute to treatment failure, including tumor
recurrence, intratumoral heterogeneity, the presence
of therapy-resistant cancer stem cells, and the highly
immunosuppressive tumor microenvironment.
Moreover, physiological barriers such as the blood-
brain barrier restrict the effective delivery of
therapeutic agents to tumor tissues (3).

Recent attention has focused on naturally occurring
bioactive compounds as potential adjuncts for cancer
treatment. Among these compounds, gallic acid (GA;
3,4,5-trihydroxybenzoic acid) is a naturally occurring
polyphenol widely found in fruits, tea, nuts, and
medicinal plants (1, 4, 5). Previous studies
demonstrated that GA possesses multiple biological
activities, including antioxidant, anti-inflammatory,
antiproliferative, pro-apoptotic, anti-invasive, and
anti-angiogenic effects. In various cancer models, GA
has been shown to inhibit key signaling pathways
involved in tumor growth and vascular development,
such as PI3K/Akt, Ras/MAPK, and HIF-la-mediated
signaling (6).

Angiogenesis plays a central role in GBM progression,
as the rapidly growing tumor requires continuous
vascular support for oxygen and nutrient supply.
Vascular endothelial growth factor (VEGF) is
considered one of the most important mediators of
tumor angiogenesis and is highly expressed in
glioblastoma. Therefore, targeting VEGF-mediated
angiogenic pathways represents a promising
therapeutic strategy (7). Although several in vitro
studies have suggested anti-angiogenic effects of GA,
evidence from in vivo glioblastoma models remains
limited. The present study was designed to evaluate
the anti-cancer effects of GA in a rat model of
glioblastoma, with particular emphasis on its anti-
angiogenic activity and its influence on VEGF gene
expression.

METHODS

Rat C6 glioblastoma cells were cultured in DMEM/F12
medium supplemented with 10% fetal bovine serum
and antibiotics under standard cell culture conditions
(37°C, 5% CO,). Female Wistar rats aged 12 weeks and
weighing 250-300 g were housed under controlled
environmental conditions before the experiment.
Glioblastoma was induced using a stereotaxic
implantation technique (8). Approximately 1 x 10°® C6
glioblastoma cells suspended in culture medium were
injected into the right striatum of anesthetized rats.
Following tumor establishment, animals were
randomly assigned to three experimental groups (n=8
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per group): a control group receiving normal saline, a
GA-treated group receiving 100 mg/kg gallic acid, and
a second GA-treated group receiving 200 mg/kg GA.
Gallic acid was administered intraperitoneally for two
weeks, beginning 10 days after tumor implantation.
One day after the final treatment, animals were
sacrificed, and brain tissues were collected for
histological and molecular analyses. Histopathological
evaluation was performed using hematoxylin and
eosin (H&E) staining to assess tumor morphology,
cellular density, necrosis, angiogenesis, and abnormal
mitotic activity.

To investigate the molecular effects of GA on
angiogenesis, total RNA was extracted from tumor
tissues, converted to cDNA, and analyzed using
quantitative Real-Time PCR. VEGF-A expression was
measured as the primary angiogenic marker, while
B2M served as the housekeeping gene. Relative gene
expression levels were calculated using the 2/-AACt
method. Statistical analysis was performed using one-
way ANOVA followed by Tukey’s post hoc test. A P-
value < 0.05 was considered statistically significant.

RESULTS

Histopathological ~examination confirmed the
successful induction of glioblastoma in the control
group. Tumor tissues exhibited characteristic features
of high-grade glioma, including dense -cellularity,
invasive and poorly defined tumor margins, extensive
palisading necrosis, microvascular proliferation,
intratumoral hemorrhage, cellular pleomorphism,
hyperchromatic nuclei, and abnormal mitotic figures.
Treatment with GA resulted in marked improvements
in tumor morphology. Rats receiving 100 mg/kg GA
showed reductions in tumor size, decreased necrotic
areas, and lower microvascular density compared
with untreated controls. These effects were more
pronounced in animals treated with 200 mg/kg GA,
which demonstrated substantial reductions in tumor
volume, cellular density, and angiogenic activity.
Histological observations indicated a clear dose-
dependent inhibitory effect of GA on glioblastoma
progression.

Molecular analysis further supported these findings.
Quantitative Real-Time PCR revealed a significant
downregulation of VEGF-A gene expression in both
treatment groups. The reduction was observed at
both tested doses and was more evident in the 200
mg/kg group, indicating a dose-dependent
suppression of angiogenic signaling. The decrease in
VEGF-A expression correlated with the reduced
vascular density observed in histological sections,
suggesting that inhibition of tumor angiogenesis is a
major contributor to the anti-tumor activity of GA.

CONCLUSION

The present study demonstrates that GA exerts
significant anti-tumor effects in an experimental
glioblastoma model. Treatment with GA improved
histopathological characteristics of the tumor,
reduced cellular proliferation, diminished pathological
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angiogenesis, and decreased tumor burden. These
effects were accompanied by a significant
downregulation of VEGF-A expression, indicating that
suppression of angiogenic pathways is a key
mechanism underlying its therapeutic activity.

The observed dose-dependent responses suggest that
gallic acid effectively interferes with tumor growth
and vascular development. In addition to its anti-
angiogenic properties, previous evidence indicates
that GA may also modulate apoptosis, oxidative
stress, inflammation, and multiple oncogenic signaling
pathways, further contributing to its anti-cancer
potential.

Overall, the findings support the potential application
of GA as a promising adjunct therapeutic agent for
glioblastoma. Further investigations focusing on
protein-level analyses, safety evaluation, and
combination strategies with standard treatments,
such as temozolomide, are warranted to validate its
clinical relevance.
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