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ABSTRACT

Continuous exercise with moderate intensity and the use of nanocurcumin
supplementation has the potential to control and reduce tumors of the central nervous system, includ-
ing glioblastoma. We assessed the simultaneous effect of moderate-intensity continuous exercises and
nanocurcumin supplementation on STAT3 gene expression in mice with glioblastoma multiforme brain
tumors.

Thirty-five male Wistar rats were randomly divided into seven groups of five
rats: basal control (BC), 4-week control (4wC), basal cancer control (BT), 4-week cancer control (4 wT),
cancer+training (TE), cancer+nanocurcumin (TN), cancer+ exercise + nanocurcumin (TEN). After injection
of cancer cells in the forehead, the animals were treated with nanocurcumin by gavage at the dose of 80
mg/kg for 28 days, five days a week, and started moderate-intensity continuous training on the treadmill
for four weeks, three days/weeks, 25 to 40 minutes per week at a speed of 18 m/min. Finally, and then
rats were sacrificed and data were collected.

[(EEMTE Moderate-intensity continuous training with nanocurcumin supplementation significantly re-
duced tumor volume and STAT3 gene expression in the TEN group (P<0.05). But this decrease was not
significant in the TE and TN groups.

[@TEIERT It seems that with decreased STAT3 gene expression and brain tumor size, the combination
of moderate-intensity continuous training and nanocurcumin supplementation has a therapeutic role in
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Extended Abstract

Introduction

lioblastoma multiforme is the most ma-

lignant primary brain tumor that affects

the central nervous system. This disease

with an unpleasant prognosis and a high
potential for growth, invasion, genetic heterogeneity, and
resistance to standard treatments, such as surgery, radio-
therapy, and chemotherapy has the ability to relapse and
high mortality. There is a strong correlation between in-
flammation and the rate of cancer progression. A group
of regulatory molecules, including interleukin -6, which
is a strong inflammatory cytokine, and STAT3, which is a
member of the family of signal transducers and transcrip-
tion activators, play a role in angiogenesis, metastasis, and
progression of cancer tumors. Increasing IL-6 expression
with continuous STAT3 signaling causes tumor growth.
On the other hand, curcumin, the active ingredient of
turmeric and a polyphenol compound, has antioxidant,
anti-inflammatory, and anti-cancer properties. Through
disruption of signaling pathways, inhibition of transcrip-
tion factors, and reduction of inflammation, along with
exercise, it can regulate the expression of tumor sup-
pressor genes and reduce angiogenesis, metastasis, and
inflammation. But it should be kept in mind that the
therapeutic use of this effective drug in cancer treatment
is limited due to its low solubility, fast metabolism, and
subsequently its poor bioavailability. For this reason, the
use of curcumin nanoparticles due to their small size by
crossing the blood-brain barrier can be a suitable method
for the delivery of drugs in the treatment of brain tumors.

Methods

The present study is experimental with a control group,
in which 35 healthy 8-week-old male Wistar rats with
an average weight of 223 g were placed under labora-
tory conditions of 22 °C and 55% relative humidity and
a 12-hour light-dark cycle. Then, the rats were randomly
divided into seven groups of five rats, including the ba-
sic healthy control group (BC), 4-week healthy control
group (4wC), basic cancer control group (BT), 4-week
cancer control group (4wT), cancer+exercise group. TE),
cancer group + nano curcumin (TN), and cancer group +
exercise + nano curcumin (TEN). C6 cancer cells (10 pl)
were injected into the control and intervention groups in
the right frontal cortex. After one week of cancer induc-
tion and confirmation, the nanocurcumin supplement was
gavaged for 28 days, five days a week, at a dose of 80 mg/
kg for TEN and TN groups. At the same time, the TE and
TEN groups were subjected to moderate-intensity contin-
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uous exercise on the treadmill for four weeks (intensity:
60-70% of VO2max with a speed of 18 m/min, three days
a week, 25 minutes a day in the first week and 40 minutes
until the fourth week and 48 hours after the last training
session, the rats were sacrificed and the brain tissue was
taken out for tissue processing and STAT3 gene analysis.
Then, the data were analyzed with SPSS software, ver-
sion 24 at a significance level of P<0.05.

Results

According to the ANOVA results, there was a signifi-
cant difference in tumor volume in the studied groups
(P=0.001). The results of Tukey’s post hoc test for the
tumor volume in the TNE group compared to the 4wT
group showed a significant decrease (P=0.001). But in
TE and TN groups, this reduction was not significant
(P>0.05). Also, the tumor volume in the TEN group was
significant compared to the TE group (P=0.01). Accord-
ing to the ANOVA results ANOVA for changes in the ex-
pression of the STAT3 gene, a significant difference was
observed (P=0.001). The results of the post hoc test in the
table below showed that there was a significant difference
between the TEN group and the 4wT group (P=0.008).
But there was no significant difference between the TE
and TN groups (P<0.05). Also, no significant difference
was observed between the TN group and the TE and TEN
groups (P<0.05).

Discussion

The results of the present research showed that four
weeks of continuous training with moderate intensity
along with nanocurcumin supplementation reduced tu-
mor volume and inhibition of the STAT3 gene in TE, TN,
and TEN groups compared to the 4wT group. These re-
sults indicated the positive effects of aerobic exercises and
nanocurcumin supplementation as a non-pharmacologi-
cal method on the tumor tissue volume. Considering the
limitations of conducting research on human and animal
samples, it seems that four weeks of continuous training
with moderate intensity along with nanocurcumin supple-
mentation has different mechanisms, such as disruption
of the IL-6/STAT3 signaling pathway. Inhibition of tran-
scription factors and reduction of inflammatory cytokines
and regulation of specific genes can play an effective role
in reducing brain tumor growth through inhibition and
reduction of STAT3 gene expression in rats with glioblas-
toma multiforme.

Therefore, it can be claimed that nanocurcumin supple-
mentation and moderate-intensity aerobic exercise were
effective in inhibiting the STAT3 oncogene. Probably, the
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combination of these two interventions together, due to
their special characteristics, i.e. shorter duration and nan-
ocurcumin supplement due to crossing the blood-brain
barrier and the targeted transfer of the drug to the tumor
site, to some extent can help to improve the quality of
life of patients with glioblastoma as an effective adjuvant
strategy along with other common treatment methods to
suppress the STAT3 gene. But more research is needed
for a definite result.
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