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ABSTRACT

Abnormal growth of brain cells can lead to the formation of tumor cell
masses and disruption of normal brain functions, including sensory-motor functions. The present study
aims to evaluate the effectiveness of moderate-intensity continuous training (MICT) and nanocurcumin
supplementation on sensorimotor disorders in rats with brain tumors.

In this study, 35 healthy male Wistar rats were randomly divided into 7 groups
of 5, including baseline control (BC), 4-week control (4wC), baseline tumor control (BT), 4-week tumor
control (4wT), tumor exercise (TE), tumor nanocurcumin (TN), tumor exercise+nanocurcumin (TEN). One
week after the injection of cancer cells in the frontal cortex and performing a 6-parameter behavioral
test (Garcia scale), the rats in the TEN and TN groups received nanocurcumin supplement by gavage at a
dose of 80 mg/kg (28 days, 5 days a week). Then, the rats in the TE and TEN groups performed the MICT
on a treadmill for 4 weeks, at a speed of 18 m/min, 3 days a week, each for 25-40 minutes. Finally, the
rats were sacrificed and data were collected and analyzed.

5T The MICT plus nanocurcumin supplementation significantly reduced tumor volume in the TEN
group (P<0.05). It also led to a significant increase in the behavioral test score in the groups TE, TN and
TEN compared to the 4wT group.

[T It seems that the combination of MICT with nanocurcumin supplementation can be used
as a complementary method along with other methods to reduce brain tumor volume and improve
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Extended Abstract

Introduction

rain tumors, especially malignant tu-

mors, are among the most dangerous

diseases that can directly affect the brain.

The brain is responsible for regulating

memory, sensory-motor functions, and
many other processes. A tumor in the central nervous
system is associated with a disruption in brain function.
Depending on the type and stage of the disease, the tu-
mor can attack the areas of the cerebral cortex that are
involved in language, sensory, and sensorimotor func-
tions and has destructive effects on the nervous system,
which is manifested by a set of cognitive, emotional,
physical, and motor deficits which may appear again
in case of disease reoccurrence. Curcumin, a polyphe-
nolic compound, has antioxidant, anti-inflammatory,
anti-cancer, and neurogenesis properties. It exerts its
anticancer effects through several pathways, regulation
and involvement in multiple cellular mechanisms, and
inhibition of cytokines. It inhibits the tumor cell me-
tastasis and reduces inflammation. However, due to
the poor absorption and metabolism of curcumin and
the presence of the blood-brain barrier that disrupts the
targeted access of the drug to the tumor, its use is lim-
ited. For this reason, the use of curcumin nanoparticles
due to their small size by passing through the blood-
brain barrier, can be a suitable method for the delivery
of drugs in the treatment of brain tumors. The present
study aims to evaluate the effectiveness of moderate-in-
tensity continuous training (MICT) and nanocurcumin
supplementation on sensorimotor disorders in rats with
brain tumors.

Methods

This is an experimental study on 35 healthy 8-week-
old male Wistar rats with an average weight of 223
grams, which were kept under laboratory conditions (a
temperature of 22°C, a relative humidity of 55%, and
a 12-h light-dark cycle). They were randomly divided
into seven groups of 5, including basic healthy con-
trol (BC), 4-week healthy control (4wC), basic tumor
control (BT), 4-week tumor control (4wT), tumor ex-
ercise (TE), tumor nanocurcumin (TN), and tumor
exercise+nanocurcumin (TEN). The C6 cancer cells
were injected by 10 microliters into the right frontal cor-
tex of control and intervention groups. One week after
cancer induction and confirmation in rats, along with
performing the behavioral tests (using the Garcia scale),
nanocurcumin supplement was administered by gavage
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for 28 days, 5 days a week, at a dose of 80 mg/kg for
TEN and TN groups. At the same time, the TE and TEN
groups performed MICT on a treadmill for 4 weeks at
an intensity of 60-70% VO,max with a speed of 18 m/
min, 3 days a week, each for 25 minutes in the first week
and for 40 minutes in the next weeks. The rats were sac-
rificed 48 hours after the last training session and their
brain tissue was collected for tissue processing. The col-
lected data was analyzed in SPSS software, version 24.
The significance level was set at 0.05.

Results

In the TEN group, the tumor volume decreased sig-
nificantly compared to other groups. In the TN group,
the rate of tumor growth was lower, while the rate of
tumor growth in the TE group did not decrease signifi-
cantly compared to the 4wT group. The results of post
hoc test showed a significant decrease in the TEN group
compared to the 4wT and TE groups (P=0.001). The re-
sults of the Garcia scale showed a significant difference
in the intervention groups compared to the 4wT group
(P=0.001). In addition, the Mann-Whitney U test results
showed a significant difference in the TE, TN and TEN
groups compared to the 4wT group (P=0.001). Moreover,
there was a significant difference in the TEN group com-
pared to the TE group (P=0.032). However, there was no
significant difference in the TN compared to the TE and
TEN groups (P=0.05) (Table 1).

Conclusion

The results of the present study showed that 4 sessions
of MICT along with nanocurcumin supplementation
significantly reduced the tumor volume in TE, TN, and
TEN groups compared to the 4wT group, and this re-
duction was more in the TEN group than in TE and TN
groups. Also, the results showed that MICT and nano-
curcumin supplementation, alone or in combination
with each other, could significantly improve the behav-
iors of rats in the TN, TE, and TEN groups compared
to the 4wT group, such that the highest Garcia scale
score was observed in the TEN group. It seems that
their combined form can be more efficient and useful
in minimizing the growth of cancer tumors. However,
more studies are needed to better understand the adapta-
tions of MICT in pathological conditions, especially in
human samples, and to know the cellular and molecular
mechanisms involved in the effects of MICT and nano-
curcumin on the brain tissue.
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Table 1. Post-hoc test results for tumor size( Tuky) and (Mann-Whitney U) the Garcia scale score

Tumor Volume (mm?3)

Garcia Scale Score

Group
Mean+SD P Statistic P

awT 0.5774+3.667 0.001" 0.001 0.008"
TE 0.5774+3.333 0.001" 1.000 0.016"

4wC
TN 0.5774+2.667 0.001" 0.001 0.008"
TEN 0.5774+1.667 0.072 1.000 0.016"
TE 0.577443.333 0.053 2.500 0.032"
aAwT TN 0.5774+2.667 0.056 2.500 0.032"
TEN 0.5774+1.667 0.01" 0.500 0.008"
TE 0.5774+3.333 0.064 9.000 0.548

TN

TEN 0.5774+1.667 0.057 7.500 0.310
TE TEN 0.5774+1.667 0.001" 2.500 0.032"

SD: Standard deviation, "Significance at P<0.05
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6. Roswell Park Memorial Institute
7. Saline Buffered Phosphate(PBS)
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8. Scanning Electron Microscope (SEM)
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9. Kolmogorov—Smirnov test
10. Leven test

11. One Way Anova

12. Kruskal-Wallis test

13. Tukey

14. Mann—-Whitney
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19. Phosphatidylinositol-3-kinase (Akt / PI3K)

20. Mammalian mTOR target of rapamycin

21. Janus kinase (JAK)

22. Signal transducer and activator of transcription 3 (STAT3)
23. Pyrin domain containing 3 (NLRP3)

24. P38MAPK Mitogen-activated protein kinase
25.Nano-Curcumin

26. TNF-a
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15. Receptor Tyrosin Kinase (RTK)

16. C Protein kinase (PKC)

17. Signal transducers and activators of transcription(STAT)
18. RNA
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27. Microtubule-associated protein2
28. Glial fibrillary acidic protein

29. Von Willebrand factor

30. Synaptophysin

31. Deoxyribonucleic Acid (DNA)

32. Endogenous
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