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Abstract

Introduction: Breast cancer is the most common cancer. Therapeutic
strategies reduce neurogenesis in treated patients. The present study aimed to
assess the effect of endurance training along with the combination of gallic
acid and Kaempferol on neurogenesis in the hippocampus caused by the side
effects of paclitaxel in mice with breast cancer.

Methods: The mice were randomly assigned to six groups (n=6), including
control group, the group with breast cancer injected with 4T1 cell line, the
cancer group that received paclitaxel (10 mg/kg), cancer group treated with
paclitaxel and gavage supplemented with Kaempferol and gallic acid, cancer
group treated with paclitaxel and endurance exercise, the cancer group treated
with paclitaxel and endurance training and supplements. Gene expression was
measured by the Real Time-Polymerase Chain Reaction (PCR) method. Genes
were selected using bioinformatics software. In this study, statistical analysis
was performed using GraphPad Prism software (version 9). Data were
calculated using one-way analysis of variance (ANOVA) with Tukey's post
hoc test. Results were presented as meanzstandard deviation. A p-value less
than 0.05 was considered statistically significant.

Results: The expression of VEGFa/ARC/CREB increased significantly
(P<0.05) due to the consumption of gallic acid, kaempferol, and endurance
training in mice treated with paclitaxel. Moreover, the expression level of
VEGFa/ARC/CREB genes increased in the endurance training group and the
supplement (P<0.05). On the other hand, breast cancer has increased the
expression of HIFIa gene (P<0.05). Endurance training and supplement
consumption significantly reduced the expression of the HIFa gene (P<0.05).

Conclusion: Endurance training, along with gallic acid and Kaempferol,
regulated the expression of ARC, VEGFa, HIFI1a, and CREB1 genes in the
brain tissue of mice with breast cancer treated with paclitaxel.
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Introduction

Breast cancer is currently the most commonly
diagnosed cancer around the world. The latest
global cancer statistics estimate that 2.26
million cases of breast cancer occurred in
2020, making it the leading cause of cancer-
related deaths in women across the globe (1).
Paclitaxel is widely used to treat breast cancer
patients (2). The most critical side effect of
paclitaxel is peripheral nerve toxicity, known
as peripheral neuropathy (3). Moreover,
studies have demonstrated that HIFla
increases neurogenesis in the hippocampus by
activating the brain-derived neurotrophic
factor signaling pathway (4). In addition,
HIFla, the main  hypoxia-responsive
transcription factor, may benefit neurogenesis
since its target genes have been erythropoietin
and vascular endothelial growth factor
(VEGFoa). 1t has been illustrated that VEGFa
and HIFlo cause neurogenesis in animal
models. Indeed, VEGFa signaling plays an
essential role in neurogenesis (2). The CREB1
and ARC regulate embryonic and adult
neurogenesis (5). Various approaches are
offered to reduce the side effects of
chemotherapy in cancer patients. Physical
activity may reduce cancer mortality,
especially breast cancer (5). Studies have
indicated that nutritional factors, herbal
supplements, and their effective compounds
may help cancer treatment (6). Gallic acid is a
polyphenol compound with various biological
activities, such as antioxidant, anti-
inflammatory, anti-tumor, antiviral, and
antibacterial effects (7). Kaempferol is another
aglycone flavonoid in glycoside form.
Protecting the proper functioning of the
cardiovascular and nervous systems, as well as
antioxidant, anti-inflammatory, anti-diabetic,
antimicrobial, and anticancer activities, are
among the activities of the effective
composition of Kaempferol (7).

In light of the aforementioned issues, the
present study aimed to assess the effect of
endurance training in combination with acid
and Kaempferol on the neurogenic of the brain
caused by the side effects of paclitaxel.
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Materials & Methods

All protocols and interventions of laboratory
animals were reviewed and approved by the
Ethics Committee of Islamic Azad University,
Khorasgan branch
(IR.IAU.KHUISF.REC.1401.104). A total of
36 female mice were purchased from the
Isfahan Royan Institute from the BALB/c
strain (aged seven weeks, weighing 18+2
grams). The mice were randomly assigned to
six groups, including control group (n=6), the
group with breast cancer injected with 4T1 cell
line (n=6), the cancer group that received
paclitaxel (10 mg/kg), cancer group treated
with paclitaxel and gavage supplemented with
Kaempferol and gallic acid, cancer group
treated with paclitaxel and endurance exercise,
the cancer group treated with paclitaxel and
endurance training and supplements. In this
study, we reviewed DisGeNet and STRING
databases to determine critical genes in breast
cancer and cognitive disorders.

Breast tumor induction method

4T1 cell line was used to induce breast cancer.
4T1 cells were obtained from the Pasteur
Institute of Tehran and cultivated in the cell
culture laboratory to achieve the required cells.
Finally, 24 hours after the last training and
treatment session, the mice were anesthetized
with ketamine and xylazine at a ratio of 10 mg
to 1 mg, and the hippocampal brain tissue was
isolated for further experiments and sent to the
laboratory by maintaining a cold temperature
chain.

Chemotherapy guidelines

10 mg/kg body weight of mice paclitaxel and
dimethyl sulfoxide (DMSO) were injected
intraperitoneally daily for seven consecutive
days (8).

Instructions for endurance training

A week after adaptation, it was performed for
10-15 minutes at a speed of 8-12 meters per
minute. Eight weeks of endurance training
with a slope of O degrees, at a speed of 18
m/min for 30 minutes, and moderate intensity
exercises were performed five days a week (9).
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Consumption of gallic acid and Kaempferol
200 mg/kg body weight of mice of gallic acid
and kaempferol (Sigma Company) was
dissolved in 5% DMSO and fed to mice by
oral gavage for eight weeks (10).

Examining the expression of genes by Real-
time polymerase chain reaction method
RNA extraction from brain hippocampal tissue
was performed using the Trizol method based
on the Yekta Tehiz Azma company protocol.
cDNA synthesis was performed according to
the BIOFACT kit protocol. Gene expression
analysis was performed and evaluated using
the 2"**“" method.

Statistical Analysis

Statistical analysis was performed using
GraphPad Prism software (version 9).
Moreover, in this study, the Shapiro-Wilk test
was used for the normality of the data. All data
were analyzed using a one-way analysis of
variance (ANOVA) with Tukey's post hoc test.
Results were expressed as meanzstandard
deviation. A p-value less than 0.05 was
considered statistically significant.

Results

In bioinformatic analysis, the list of genes to
breast cancer includes 6,941 genes, and the
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list of genes related to cognition comprises
1,630 genes. Tumor size has significantly
decreased compared to the positive control
group due to consuming bioactive compounds
of gallic acid and Kaempferol and performing
endurance exercises (P<0.05; Figure 1). It was
revealed that the expression of
VEGFa/ARC/CREB was significantly
decreased in the positive control group. The
expression level of VEGFo/ARC/CREB genes
in the paclitaxel group significantly decreased
compared to the breast cancer group (P<0.05;
Figure 2 a-c). Moreover, the data indicated that
the relative expression of VEGFa/ARC/CREB
increased significantly in
supplement+paclitaxel and exercise+paclitaxel
groups (P<0.05; Figure 2 a-c). In addition, the
simultaneous performance of endurance
exercise and supplemental consumption of
bioactive compounds
(exercise+supplement+paclitaxel)  increased
the expression of VEGFa/ARC/CREB genes
compared to other groups (P<0.05; Figure 2 a-
c). The expression of the HIFlo gene in the
positive control group was significantly
increased compared to the control group
(P<0.05; Figure 3). The level of HIFla gene
expression increased significantly compared to
the positive control group (P<0.05; Figure 3).
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Figure 1: Effect of Kaempferol, Gallic acid, and endurance training on tumor size in mice with breast

Data are displayed as meanzstandard deviation. Tukey's post hoc test was used to identify significant differences
between groups. Figure a indicates a significant difference between the experimental groups and the positive
control group (P<0.05). Figure b suggests a significant difference between the experimental groups and
paclitaxel group (P<0.05). Figure ¢ display a significant difference between the experimental groups and the
supplement+paclitaxel group (P<0.05). Figure d depicts a significant difference between the experimental groups

with exercise+paclitaxel group (P<0.05).
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Figure 2: effect of Kaempferol, Gallic acid supplementation, and endurance training on the expression of
VEGFa/ARC/CREB genes in the hippocampal tissue of the brain of mice with breast cancer. Figure a
indicates a significant difference between the experimental groups and the positive control group (P<0.05).
Figure b presents a significant difference between the experimental groups and paclitaxel group (P<0.05).
Figure c suggests a significant difference between the experimental groups and the supplement+paclitaxel
group (P<0.05). Figure d illustrates a significant difference between the experimental groups and
exercise+paclitaxel group (P<0.05).
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Figure 3: effect of kaempferol, gallic acid supplementation, and endurance training on the expression of
HIF1a gene in the hippocampal tissue of mice with breast cancer. Figure a indicates a significant
difference between the experimental groups and the positive control group (P<0.05). Figure b suggests a
significant difference between the experimental groups and paclitaxel group (P<0.05). Figure c illustrates
a significant difference between the experimental groups and the supplement+paclitaxel group (P<0.05).
Figure d indicates a significant difference between the experimental groups with exercise+paclitaxel group
(P<0.05).
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Discussion
This study revealed that chemotherapy with

paclitaxel caused a significant decrease in the
expression of VEGFo/ARC/CREB and a
marked increase in the HIFlo gene compared
to the positive control group. Studies have
pointed out that paclitaxel (10 mg/kg) causes
significant cognitive impairment, along with
changes in synaptic plasticity (11). It has been
reported that the expression level of
VEGFa/ARC/CREB genes increased, and the
level of HIF1a gene expression decreased due
to endurance training. A few studies have
revealed that exercise programs can improve
cognitive disorders (12). This study found that
HIF1a gene expression in the paclitaxel group
decreased significantly compared to the
positive control group. On the other hand, the
expression of the HIF' 1o gene has significantly
decreased due to the consumption of gallic
acid and kaempferol bioactive compounds and
endurance training compared to mice induced
with breast cancer and paclitaxel group. This
research determined that the simultaneous use
of gallic acid, kaempferol supplements, and
endurance training has caused a significant
decrease in HIF o gene expression compared
to other groups.

The expression level of VEGFa/ARC/CREB
genes increased significantly, and the
expression level of the HIFIa gene decreased
due to the consumption of gallic acid and
kaempferol supplements in mice treated with
chemotherapy by paclitaxel in mice with breast
cancer. As a result, chemotherapy with
paclitaxel reduces neurogenesis; moreover,
endurance exercises and the use of gallic acid
and kaempferol supplements can mitigate
disruption in  neurogenesis. Kaempferol
induces cell apoptosis and senescence in
human cervical cancer cells by downregulating
PISK/AKT pathways (13).

Conclusion
As evidenced by the obtained results, gallic

acid, kaempferol supplements, and endurance
exercises in mice treated with chemotherapy
by paclitaxel in mice with breast cancer caused

an increase in  the
VEGFa/ARC/CREB genes.

expression  of
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