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Background: The signaling pathway of the transforming growth factor (TGF)-β/SMAD3 plays a crucial 
role in developing liver and kidney fibrosis. TGF-β is linked to metastasis through SRY-related, high-

mobility box (SOX-2). The objective of this study was to investigate the impact of thymol and menthol, 

two monoterpene compounds, on the SOX-2 expression and TGF-β/SMAD3 signaling in the liver and 
kidneys of mice after administering diethylnitrosamine (DEN). 

Methods: The Balb/C male mice, aged 14 days, were administered a single intraperitoneal injection of DEN 

(25 mg/kg) and then given daily either thymol (10 mg/kg) or menthol (50 mg/kg) for 26 consecutive weeks. 
The mRNA levels of TGF-β, SMAD3, and SOX-2 were measured after 4 and 26 weeks of treatment. 

Results: The administration of DEN increased the expressions of TGF-β, SMAD3, and SOX-2 in the 

liver of animals after 4 and 26 weeks; however, their expressions in the kidneys increased only at the end 

of the 26th week compared to that of the control group. Thymol and menthol inhibited the expression of 

TGF-β, SMAD3, and SOX-2 in the liver and kidneys of the mice injected with DEN. 

Conclusion: Based on the study findings, we concluded that thymol and menthol prevented 
carcinogenesis induction via expression of DEN in the liver and kidneys by inhibiting the associated 

expression of epithelial-mesenchymal transition and SOX-2. 
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Introduction
Nitrosamines, one of the causes of cancer, are primarily 

formed when nitrogen oxide reacts with secondary amines. 

The most commonly found nitrosamine in agricultural 

foods is diethylnitrosamine (DEN) [1]. This compound has 

the potential to cause the formation of DNA adducts, which 

is mediated by cytochrome P450 enzymes, particularly 

cytochrome P450 family-2, subfamily-E, member 1. As a 

result, DEN is considered a potent hepatocarcinogenic 

agent and is often used to induce hepatocellular carcinoma 

in rodents for medical research purposes. The age and 

gender of the animals are factors that affect the 

tumorigenesis of DEN. For example, the liver is most 

susceptible to DEN during the 7-15 days of infancy. 

Further, since estrogen has an anti-hepato-carcinogenic 

effect while androgens have carcinogenic potential, male 

animals are more likely than females to develop DEN-

induced tumorigenesis [2]. Estrogens are known to inhibit 

tumorigenesis by preventing the production of interleukin-

6 in the liver’s Kupffer cells [3]. In addition to affecting the 

liver, DEN also has harmful effects on the kidneys, as 

demonstrated by two earlier studies [4, 5]. 

Based on the available literature, the DEN damaging 

effect begins with oxidative stress and inflammation, 

progresses to fibrosis, and ultimately culminates in 

hepatic tumor development [6]. Toll-like receptor-4 

(TLR4) signaling is the fundamental determinant in 

DEN-induced inflammation [7]. The activation of the 

TLR4/myeloid differentiation primary response 88 

(MyD88) signaling pathway triggers the transforming 

growth factor (TGF)-β pathway and results in fibrosis 

[8]. The stimulation of TGF-β/SMAD3 signaling can 

cause fibrosis in various organs, such as the liver, 

kidneys, heart, and lungs. Consequently, inhibiting this 

pathway can prevent fibrosis, suppress tumorogenesis, 

and hinder tumor progression [9]. Transcription factor 

SRY-related, high-mobility box (SOX)-2 is crucial in 

mammalian embryogenesis. Nevertheless, it has been 

observed that SOX-2 expression changes in many 

tumors, contributing to increased tumor growth, 

metastasis, drug resistance, and reduced survival rates 

http://ijt.arakmu.ac.ir/
http://dx.doi.org/10.61186/IJT.17.2.833.2
http://dx.doi.org/10.32592/IJT.18.4.196
http://dx.doi.org/10.32592/IJT.18.4.196
mailto:mrousta58@gmail.com
mailto:mrousta58@gmail.com
mailto:mrousta58@gmail.com
https://crossmark.crossref.org/dialog/?doi=doi:10.32592/IJT.18.4.196
https://orcid.org/0009-0001-9245-9120
https://orcid.org/0000-0002-2087-5483


October 2024, Volume 18, Number 4 

197 
Thymol and Menthol in Mice’s Liver and Kidneys. J Toxicol. 2024; 18(4): 196-202 

 

 

[10]. Studies indicate that there is a significant correlation 

between TGF-β and SOX-2 expression [11], along with 

DEN’s ability to induce SOX-2 expression [12]. 

Thymol (2-isopropyl-5-methylphenol) and menthol (2-

isopropyl-5-methyl-cyclohexanol) are two forms of 

monoterpenes that possess pharmacological properties. 

Thymol is commonly extracted from Thymus vulgaris but 

can also be found in other plant species, such as 

Ocimumgratissimum L., Origanum L., 

Trachyspermumammi (L.), Satureja L., Monarda L., 

Carum copticum L., Oliveriadecumbens, and Anemopsis 

californica. Menthol is also abundant in Mentha 

canadensis L. and Mentha x piperita L. [13, 14]. Studies 

have demonstrated that these compounds exhibit 

antioxidant, anti-inflammatory, antitumor, and hepato- and 

nephro-protective effects [13-16]. Conversely, there are 

several research reports about the protective effects of 

these compounds on the liver and kidneys [17-20].  

Aim of the Study: Based on the available evidence, we 

hypothesized that thymol and menthol could prevent the 

molecular changes associated with fibrosis and tumor 

induction caused by DEN in mice’s liver and kidneys. 

Therefore, this study was designed to investigate the effect 

of DEN on TGF-β/SMAD3 signaling and SOX-2 

expression in the liver and kidneys of mice that had 

received DEN during infancy across two periods. 

Materials and Methods 

Animal Grouping: A total of 48 Balb/C male mice, 

aged 11-14 days, were used for this experimental research. 

The mice were obtained from the Neuroscience Research 

Center of Shahid Beheshti University of Medical Sciences 

(Tehran, Iran) and were separated into six groups, each 

consisting of eight mice, as outlined below: 

1. The control group (C) did not receive any treatment. 

2. The Menthol group (M) was given 50mg/kg of 

menthol (dissolved in dimethyl sulfoxide) three times a 

week for 26 weeks [21]. 

3. The Thymol group (T) was given 10mg/kg thymol 

(dissolved in dimethyl sulfoxide) for 26 weeks [22].  

4. The Diethyl-nitrosamine group (N) was given an 

intraperitoneal (IP) injection of 25mg/kg DEN (dissolved 

in normal saline) at the age of 14 days [23]. 

5. The Diethyl-nitrosamine-Menthol group (NM) 

received menthol in addition to the DEN injections. 

6. The Diethyl-nitrosamine-Thymol group (NT) 

received thymol in addition to the DEN injections. 

All animal procedures were conducted consistent with 

the ethical principles of the university and were 

reviewed and approved by the Ethics Committee of the 

Islamic Azad University, Zanjan Branch, Zanjan, Iran 

(Approval Code: IR.IAU.Z.REC.1401.017). 

Study Scheme: We acquired DEN, thymol, and 

menthol from Sigma Aldrich Co. (St. Louis, MO, USA). 

After one day of DEN injection, we started 

administering thymol and menthol treatment to the mice 

by gavage for a continuous period of 26 weeks. 

Following four weeks of DEN injection, we 

anesthetized four animals from each group with 

Ketamine (100 mg/kg, IP) and Xylazine (10 mg/kg, IP) 

[24] to investigate their liver and kidney tissue for the 

expression of TGF-β, SMAD3, and SOX-2, using real-

time polymerase chain reaction (PCR). The remaining 

animals continued receiving treatment until the end of 

the 26th week, after which they were sacrificed. 

Real-time Polymerase Chain Reaction: Initially, 

RNA was extracted using an RNA extraction kit (Pars-

Tous Co., Mashhad, Iran). Subsequently, the RNA 

concentration and quality were determined through 

spectrophotometry at 260 nm and by calculating the 

A260/A280 ratio. Next, cDNA was generated following 

the guidelines provided in the Easy cDNA Synthesis Kit 

(Pars-Tous Co., Mashhad, Iran). For the real-time PCR, 

we utilized the qPCRBIOSy Green Mix Lo-ROX from 

PCR BIOSYSTEMS in the Rotor-Gene Q device 

(Qiagen Co., Hilden, Germany). The thermal cycling 

conditions involved primary denaturation for one cycle 

at 95°C for 2 min, followed by 40 cycles of denaturation 

at 95°C for 30 sec, annealing at 52°C for 30 sec, and 

extension at 72°C for 20 sec. The melting curve analysis 

was carried out to verify the single PCR product for each 

primer. The primers were synthesized by Gen Fan 

Avaran (Tehran, Iran), the sequences of which are 

presented in Table 1. Finally, the 2-ΔΔCT method was 

employed to normalize the amplification of each target 

to its corresponding mRNA levels of glyceraldehyde‐3‐

phosphate dehydrogenase (GAPDH), as per the 

recommendations of Livak and Schmittgen [25]. 

Statistical Analyses: The study data are presented as 

the means ± the standard error of the means (SEM) for 

each of the study groups. One-way analysis of variance 

was used to identify any discrepancies between the

 
Table 1. Primer sequences used in real-time PCR*  

Sequences  Gene 

5'-GTTGTCTCCTGCGACTTCA-3’ F 
GAPDH 

5'-GGTGGTCCAGGGTTTCTTA-3' R 
5'-AACTTCTGTCTGGGACCCTG-3’ F 

TGF-β 
5'- CCGGGTTGTGTTGGTTGTAG-3' R 

5’- GTCAAAGAACACCGATTCCA-3’ F 
SMAD3 

5'- TCAAGCCACCAGAACAGAAG-3' R 

5'-GCGGAGTGGAAACTTTTGTCC-3' F 
SOX-2 

5'-GGGAAGCGTGTACTTATCCTTCT-3' R 
*Polymerase chain reaction 
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experimental groups. The statistical variations 

among the groups were determined using the Least 

Significant Difference and Tukey post-hoc tests. The 

statistical significance between the pairs of study 

groups was set at P<0.05.

Results 

The Effects of Thymol and Menthol on TGF-β 

Expression in the Liver and Kidneys: The expression 

of TGF-β in the liver of mice receiving DEN showed a 

significant increase at the end of the fourth and twenty-

sixth weeks compared to the control group (P<0.001). 

The treatment of both thymol and menthol prevented the 

increase in the expression of TGF-β in the liver of mice 

receiving DEN; as a result, its expression in the NT and 

NM groups was significantly reduced compared to the 

N group (P<0.001) (Figure 1). 

The results of real-time PCR showed that there was no 

significant difference in the renal expression of TGF-β 

at the end of the fourth week in all different groups. 

DEN injection after twenty-six weeks caused a 

significant increase in its expression in the kidney 

compared to the control group (P<0.001). The 

expression of TGF-β in the NM and NT groups was 

significantly lower compared to the N group 

(P<0.001) (Figure 1). 

The Effects of Thymol and Menthol on SMAD3 

Expression in the Liver and Kidneys: At the end of 

the fourth and twenty-sixth weeks, the expression of 

SMAD3 in the liver of the N group was significantly 

higher compared to that of the control group 

(P<0.001). In both samples, the SMAD3 expression 

in the liver of NT and NM groups was significantly 

lower compared to the N group (P<0.001) (Figure 2). 

At the end of the fourth week, no significant difference 

was observed in the expression of SMAD3 in the kidneys 

of all study groups. However, at the end of the twenty-

sixth week, the SMAD3 expression was higher in the N 

group compared to the control (P<0.001). The expression 

of SMAD3 in the kidneys of the NM and NT groups 

showed a significant decline compared to that of the N 

group (P<0.001) (Figure 2). 

 

 

 
Figure 1. Expression of TGF-β in liver and kidney. Results are presented as means ± SEM. Each group contained four mice.  ***P<0.001 compared to 

group C and ### P<0.001 compared to group N. 
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Figure 2. Expression of SMAD3 in liver and kidney. Results are presented as means ± SEM. Each group contained four mice. ***P<0.001 compared to 

group C and ###P<0.001 compared to group N. 
 

The Effects of Thymol and Menthol on SOX-2 

Expression in the Liver and Kidneys: The expression of 

SOX-2 was also significantly increased in the liver of 

animals receiving DEN in both samples compared to group 

C (P<0.001). Nevertheless, its expression was significantly 

lower in the NT and NM groups compared to the N group 

(P<0.001) (Figure 3). 

After four weeks, there was no significant difference in 

the renal expression of SOX-2 among the various groups. 

However, after 26 weeks, the N group had significantly 

higher SOX-2 expression compared to that of the control 

group (P<0.001). The NM and NT groups had 

significantly lower levels of SOX-2 expression 

compared to that of the N group (P<0.001) (Figure 3). 

In both samples, the expression of TGF-β, SMAD3, and 

SOX-2 in the liver and kidneys of the T and M groups 

were not significantly different from those of the control 

(Figures 1, 2, and 3). 
 

 

 
Figure 3. Expression of SOX-2 in liver and kidney. Results are presented as means ± SEM. Each group contained four mice. ***P<0.001 compared to 
group C and ###P<0.001 compared to group N. 
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Discussion 

There exists strong evidence that DEN is harmful to 

both the liver and kidneys in animal models [4, 5]. The 

compound DEN has been known as a potent carcinogen 

[2, 26]. In the current study, 14-day-old male mice were 

intraperitoneally injected with DEN (25 mg/kg). The 

dosage and injection time were determined based on a 

previous study conducted by Connor et al. [23]. In that 

study, the injection of this dose in 14-16-day-old mouse 

pups led to hepatocarcinoma in 26-40-week-old mice. 

Consequently, the study also measured the expression of 

the desired genes at the end of the twenty-sixth week. 

The results of both samples, taken 4 weeks and 26 weeks 

after DEN injection, showed elevated expression of 

TGF-β, SMAD3, and SOX-2 in the liver. The expression 

of these factors increased in the kidney after 26 weeks; 

however, no significant changes were found at the end 

of the fourth week. The ability of DEN to increase the 

expression of SOX-2, TGF-β, and SMAD3 is consistent 

with the findings reported in the studies conducted by 

Shen et al. [12] and Perumal et al. [27]. 

Previous research has shown that a decline in SOX-2 

expression in the heart, spleen, and kidneys indicates 

aging [28], while a high expression can mean 

tumorigenesis and resistance to treatment [29]. In our N 

group, the increased expression of SOX-2 in the liver 

and kidneys suggests changes toward tumorigenesis. 

DEN tumorigenesis in the liver began earlier than that 

in the kidneys, as the expression of SOX-2 in the 

kidneys remained unchanged at the end of the fourth 

week. However, treatment with thymol and menthol 

effectively prevented the increase in SOX-2 expression 

in both mice organs. Although there is no report on the 

inhibitory effects of menthol and thymol on SOX-2, 

research has shown that they can boost the levels of 

signal transducers and activators of transcription 3 

(STAT3) [30, 31]. These alterations can likely lead to 

squamous cell carcinoma [32]. Since STAT3 activation 

plays an important role in the induction of hepato-

carcinogenesis by DEN [33], the ability of menthol and 

thymol to prevent the increase in SOX-2 expression in 

mice injected with DEN may prevent the induction of 

carcinoma. Therefore, we suggest evaluating the 

expression and activity of STAT3 in the mice liver and 

kidneys of mice across different animal groups of the 

current study. 

Earlier studies have reported that TGF-β/SMAD3 

signaling is crucial in liver and kidney diseases. In this 

context, SMAD3 plays a significant role in inflammation 

and fibrosis, whereas SMAD2 activation has shown 

protective effects [34, 35]. Inflammation is a main factor 

in developing fibrogenesis as it activates the TGF-

β/SMAD3 signaling pathway [36]. The over-expression of 

TGF-β can lead to epithelial-mesenchymal transition, 

extracellular matrix deposition, organ fibrosis, and cancer. 

As a result, targeting TGF-β has become an accepted 

strategy in cancer treatment [37, 38]. 

The pathogenesis of DEN begins with inflammation 

and can lead to fibrosis and carcinoma [6]. Therefore, 

suppressing TGF-β/SMAD3 signaling is critical in 

reducing the harmful effects of DEN. For this reason, 

we determined the expression of inflammatory factors 

four weeks after DEN injection in both organs. While 

TGF-β and SMAD3 expression did not change in the 

kidneys of DEN-injected animals at the end of the 

fourth week, it seems that the activation of the 

fibrogenesis pathway in the kidneys of mice injected 

with DEN during infancy has a delay of several months 

compared to that of the liver. Menthol and thymol 

treatments prevented the increase of TGF-β and 

SMAD3 expression in both organs.  

There is also evidence available in support of the 

anti-fibrogenesis effect of menthol and thymol. Ogaly 

et al. [39] found that the essential oil of Mentha 

piperita L. (which contains high amounts of menthol) 

reduced the expression of TGF-β and SMAD3 in the 

liver of rats receiving carbon tetrachloride, as well as 

α-smooth muscle actin and desmin expression. 

Additionally, the inhibitory effect of thymol on the 

expression of TGF-β in bleomycin-induced 

pulmonary fibrosis has been established [40].  

Lastly, studies have revealed a significant correlation 

between SOX-2 and TGF-β/SMAD3 signaling. In non-

small-cell lung cancer, SOX-2 enhances the activity of the 

TGF-β/SMAD3 pathway [41]. Further, Weina et al. [11] 

have demonstrated that TGF-β elevates the expression of 

SOX-2. Based on this finding, the co-expression of these 

genes in the liver (at the end of the 4th and 26th weeks) and 

kidney (at the end of the 26th week) of animals exposed to 

DEN validates the findings of previous research. The 

ability of menthol and thymol to alter the expression of 

these genes in the liver and kidneys of NT and NM animals 

indicates their anticancer properties. To support this 

assertion, further histopathological investigations are 

warranted. 

Conclusions 

Based on the current study findings, it can be 

concluded that monoterpenes menthol and thymol 

suppress the expression of SOX2 and down-regulate 

TGF-β/SMAD3 signaling in the liver and kidneys of 

mice injected with DEN. Menthol and thymol are highly 

likely to prevent the occurrence of molecular changes 

that initiate fibrosis and cancer in these organs in animal 

models and potentially in humans. 
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