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ABSTRACT

Background:  Many scientific  Researches have shown that
diethylnitrosamine, which is used to induce liver carcinoma, has destructive
effects on the kidney. Menthol is a monoterpene type with antioxidant, anti-
inflammatory, and anti-cancer effects. In the current study, we investigated
the effect of menthol on the expression of tumor-related factors and HIF-
1a/VEGEF signaling in the kidney cells of mice receiving diethylnitrosamine.
Methods: In this research, 16 male mice at the age of 14 days were divided
into four groups including Control, Menthol, Nitrosamine, and Nitrosamine-
Menthol groups. Nitrosamine and Nitrosamine-Menthol groups received
diethyl-nitrosamine intraperitoneally (25 mg/kg) at the age of 14 days.
Menthol and Nitrosamine-Menthol groups also received menthol by gavage
(50 mg/kg) three times a week for 6 consecutive months. At the end of this
period, the expression level of SFRP1, VHL, CTNNB1, HIF-10, and VEGF
in the kidney cells was measured using real-time PCR method.

Results: Menthol treatment caused a significant increase in the expression
level of SFRP1 (p=0.021) and VHL (p=0.013) and a significant decrease in
the expression level of CTNNB1 (p=0.001), HIF-1a (p=0.000) and VEGF
(p=0.000) in the kidney cells of Nitrosamine-Menthol treated group
compared to the Nitrosamine group.

Conclusion: The results of this study showed that menthol prevents the
decrease in the expression of tumor suppressor factors and the increase in the
expression of tumor stimulating factors and factors effective in angiogenesis
in the kidney of mice treated with diethyl-nitrosamine, so menthol is
probably useful in prevention and treatment of renal cancer.
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Extended Abstract

Background: Renal epithelial cell carcinoma
accounts for over 90% of kidney cancers and
has doubled in prevalence in developed
countries over the last half-century. A diet
rich in meat, fat, and dairy increases the risk
of developing this cancer. Smoking, obesity,
high blood pressure, and exposure to certain
chemicals also play a role. Treatment
includes drugs such as Sorafenib, Sunitinib,
Axitinib, and Everolimus, as well as surgery
and immunotherapy. Natural compounds
from plants have also shown promise in
treating kidney cancer.

Diethylnitrosamine (DEN) is a compound
found abundantly in various food items such
as meat products containing nitrites, tobacco
smoke, cheese, and even vegetables like
spinach. Studies have found that DEN is a
carcinogenic compound. Therefore, it is
commonly used to induce hepatocarcinoma in
animal models. DEN is activated by
cytochrome P450, which produces reactive
oxygen species and ethylates the N7 atom in
nucleic acid guanines, causing DNA damage.
Tumor formation by DEN depends on various
factors such as age and gender. Injecting
DEN into 14-day-old male mice is considered
one of the best ways to induce
hepatocarcinoma. After 25 weeks, it creates
tumor masses in the liver. Research has also
shown that DEN can induce renal carcinoma
due to its ability to cause oxidative stress and
inflammation. Even a small amount of this
substance (in the dose range of 1.25-160
mg/kg) can induce renal carcinoma in male
and female rats through intravenous injection.
Higher doses lead to an increase in the
number of cancer masses and an increase in
mortality. It has been suggested that
compounds that strengthen the antioxidant
system can play a significant role in
inhibiting the carcinogenic effect of DEN in
the kidney.

Menthol is a natural compound found in mint
and eucalyptus. It is used widely in different
industries. Studies suggest that it may protect
against skin, prostate, and bladder cancer.
This has led to a hypothesis that menthol may

also protect against kidney carcinoma. The
current study was conducted on male mice
given DEN at 10 days old to explore this
hypothesis. The study aimed to investigate
the effect of menthol on tumor-related factors
and genes related to angiogenesis in the
kidney.

Methods: In this experimental study, 16 male
BALB/c mice, 10 days old, were used. All
animal procedures were conducted by ethical
principles and approved by the ethics
committee of Islamic Azad University,
Zanjan branch (code  of ethics:
IR.IAU.Z.REC.1401.037). During infancy,
the mice were kept in a cage with their
mother, and after that, they had access to
water and food. The animals were divided
into four groups, including (1) control (no
treatment), (2) menthol, (3) nitrosamine, and
(4) nitrosamine-menthol groups. Groups 3
and 4 received DEN for 14 days at a dose of
25 mg/kg as an intraperitoneal injection.
Groups 2 and 4 also received menthol at a
dose of 50 mg/kg three times a week for 6
consecutive months by gavage. Menthol
treatment began one day after an
intraperitoneal injection of DEN. At the end
of the period, the expression levels of SFRP1,
VHL, CTNNB1, HIF-10, and VEGF in the
kidneys were measured using real-time PCR.
Data were analyzed using SPSS and
comparison between groups was done using
one-way ANOVA and Tukey tests. The
results were shown as meanzstandard error
and p<0.05 was considered as significant
level.

Results: After six months, intraperitoneal
injection of DEN led to a significant decrease
in the expression of VHL in the Kkidney
(p=0.034). However, the mRNA expression
of VHL was significantly higher in the
nitrosamine-menthol group compared to the
nitrosamine group (p=0.013).

The expression of SFRP1 was significantly
lower in the nitrosamine group compared to
the control group (p=0.005), but this
phenomenon was prevented by menthol
treatment. The expression of SFRP1 was
significantly higher in the nitrosamine-
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menthol group compared to the nitrosamine
group (p=0.021).

Intraperitoneal injection of nitrosamine
significantly increased the expression of
CTNNBL1 in the kidney (p=0.001). However,
its expression was significantly lower in the
nitrosamine-menthol group compared to the
nitrosamine group (p=0.001).

The expression of HIF-1a was significantly
higher in the nitrosamine group compared to
the control group (p=0.000). After six months
of menthol treatment, its expression was
significantly lower in the nitrosamine-
menthol group compared to the nitrosamine
group (p=0.000).

Moreover, the results revealed that the
expression of VEGF was significantly higher
in the nitrosamine group compared to the
control group (p=0.001). However, the
expression of this growth factor was
significantly lower in the nitrosamine-
menthol group compared to the nitrosamine
group (p=0.000).

Conclusion: SFRP1 is a tumor suppressor
gene that inhibits the Wnt/CTNNBL1 signaling
pathway. Methylation of the promoter region
of SFRP1 and the reduction of its expression
plays an important role in the development
and progression of renal cell carcinoma.
CTNNBL is also abundantly expressed in
various tumors, which is related to the
reduction of SFRP1 expression. Therefore,
the decrease in the expression of SFRP1 and
the increase in the expression of CTNNB1
indicate molecular changes associated with

tumor formation in the kidney. Suppressing
CTNNBL is a therapeutic strategy for renal
carcinoma. We showed that menthol
prevented the decrease in SFRP1 expression
and the increase in CTNNBL1 expression in
mice injected with DEN, indicating its
antitumor effect. However, further studies are
required.

VHL is a tumor suppressor gene. Its
deactivation or reduction leads to the
proliferation of clear cells in the kidney and
causes renal cell carcinoma. Angiogenesis
plays a crucial role in this disease, and HIF-
la is a transcription factor that regulates
genes involved in angiogenesis, tumor cell
proliferation, and survival. The VHL/HIF-
o/VEGF signaling pathway is a therapeutic
target for renal clear cell carcinoma. Our
research suggests that menthol plays an
important role in inhibiting angiogenesis in
rats receiving DEN by suppressing HIF-
o/VEGF signaling. However, one of the
study's limitations is the lack of histological
studies to investigate tissue changes and
immunohistochemistry to determine the
protein expression of the factors studied.

We concluded that menthol can prevent the
molecular changes that lead to kidney cancer
in mice that have been given DEN.
Specifically, menthol prevents the decrease in
the expression of VHL and SFRP1 and
prevents the increase in the expression of
CTNNB1, HIF-1a, and VEGF that typically
occur during the initiation and progression of
kidney cancer.
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