
Sex Differences in the Effects of L-Menthol on 
Nociception in the Hot Plate Test and Acetic 
Acid Writhing Test in BALB/c Mice

Abstract
Background: Sex differences can influence the effects of 
opioid and non-opioid analgesics. This study evaluated the 
antinociceptive effects of L-menthol in male and female mice.
Methods: This experimental study was conducted in 2024 at 
Shiraz University of Medical Sciences (Shiraz, Iran). Forty-two 
BALB/c mice (21 males, 21 females) were randomLy allocated 
into three groups of seven mice receiving intraperitoneal injection 
of vehicle 2 mL/Kg, L-menthol 2.5 mg/Kg, and L-menthol 5 mg/
Kg. Chemical and thermal nociception were assessed using the 
acetic acid-induced writhing and the hot plate tests (55 ℃, with a 
cut-off point of 30 seconds). The number of abdominal writhing 
counted for 20 min, and the percent of maximum possible effect 
(%MPE) calculated from the hot plate test response were used as 
acute pain indexes, respectively. Possible side effects and motor 
coordination were assessed using video behavior recording and 
the rotarod test, respectively. Data were analyzed by ANOVA, 
Tukey’s post hoc test, McNamar’s, and Kruskal-Wallis tests. 
Statistical significance was defined as P<0.05. 
Results: L-menthol 2.5 (P<0.001) and 5 mg/Kg (P<0.001) 
showed significant antinociceptive effects in both male and 
female mice in the acetic acid and hot plate tests compared to the 
control groups. L-menthol 5 mg/Kg in the hot plate (P=0.027) 
and L-menthol 2.5 and 5 mg/Kg in the acetic acid (P<0.001) 
tests produced higher antinociceptive effects in males than in 
females. No significant differences were observed in the rotarod 
performance and other behavioral tests across groups.
Conclusion: L-menthol produced sex dependent antinociceptive 
effects in mice, highlighting the importance of considering 
biological sex in clinical pain research.

Please cite this article as: Ahmadnasr M, Baha’addiny Baigy Zarandi BF, 
Panjehshahin MR, Purkhosrow A, Shayan Bahadoori S. Sex Differences 
in the Effects of L-Menthol on Nociception in the Hot Plate Test and 
Acetic Acid Writhing Test in BALB/c Micey. Iran J Med Sci. 2026;51(6):  
doi: 10.30476/ijms.2026.108853.4397.

Keywords ● Sex characteristics ● Menthol ● Pain management 
● Antinociceptive ● Mice

What’s Known

•	 L-menthol had antinociceptive effects 
in acute and chronic pain in animal models.
•	 Numerous studies show that there 
are male and female differences in the 
response to the antinociceptive effects of 
analgesic drugs.

What’s New

•	 L-menthol showed higher antinociceptive 
effects in both the hot plate and acetic acid 
tests in male mice than in female mice. 
•	 L-menthol showed no significant side 
effects, including changes in behavior or 
motor coordination.
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Introduction

L-menthol is an alcoholic monoterpene, a main component of the 
mint species, whose therapeutic effects date back to 1708, to 
Hippocrates.1 Menthol has four optical isomers, of which L-menthol 
has been reported to have analgesic, antibacterial, antifungal effects, 
anesthetic properties, improving flatulent dyspepsia and nausea.1, 2  
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Etemad and others showed that the combination 
of phenol 1% and menthol 1% was more 
effective than placebo in reducing the skin 
pruritus of delayed cutaneous complications 
of veterans.3 Other studies have investigated 
the antinociceptive effect of L-menthol in 
animal models. Rocha and others showed that 
L-menthol (2, 5, and 10 mg/L for one hour) 
reduced nociception in zebrafish (Danio rerio) 
larvae, using 0.05% acetic acid test for one min 
in 24-well plates, as an acute pain model, by 
analysing the activity of acetylcholinesterase.4 
Moreover, Silveira and others reported that 
L-menthol had analgesic effects on the acid-
induced writhing, hot plate, tail flick, complete 
Freunds adjuant (CFA), and capsaicin tests 
in C57BL/6J mice.5 Additionally, Bagdas and 
others reported a significant sex difference 
in the effect of L-menthol (30-210 µg/mL,  
oral, in drinking water) on nicotine intake in 
mice.6 Today, treatment strategy is moving 
from prescribing for the public to individualized 
therapy, and consideration of many patient 
characteristics, such as genetic, gender, and 
disease. If gender differences in the analgesic 
effect of L-menthol are identified, it will provide 
better pain management. Although it has 
previously been demonstrated that there are 
male-female differences in the analgesic effects 
of the analgesic drug classes,7-11 research on 
sex differences in the L-menthol antinociceptive 
effect remains limited. The goal of the present 
study was to investigate sex differences in the 
antinociceptive effects of L-menthol in mice.

Materials and Methods

Experimental Procedures
Chemicals: L-menthol (Sigma, Germany) 

was prepared by initially dissolving it in a drop 
of 50% dimethyl sulfoxide (Merck, Germany), 
followed by dilution in physiological saline 
0.9% to achieve the desired concentration 
for administration. All compounds were 
administered via intraperitoneal injection at 
a volume of 2 mL/Kg of mouse body weight. 
Control animals received vehicle at a volume of 
2 mL/Kg.

Animals and Experimental Design
Male (n=21) and female (n=21) BALB/c 

mice (8 weeks old; 23–30 g) obtained from the 
Animal Breeding Center, Shiraz University of 
Medical Sciences, Shiraz, Iran. The mice were 
transferred to our animal lab three days before 
the start of the experiment. Mice were placed in 
standard cages, seven in each, under standard 
conditions (12 h light/dark cycle at 7:00 AM/7:00 

PM, 25±1 °C, and 20-30% humidity) with standard 
mice chow and tap drinking water ad libitum.12 
All procedures were carried out in accordance 
with the local regulations of the Animal Use and 
Care Committee and were approved by Shiraz 
University of Medical Science Ethics Committee 
(ethical code: IR.SUMS.AEC.1404.073). 
Twenty-one female mice were marked and 
then, using a randomizer software, each mouse 
was randomly assigned to one of three groups 
(control, L-menthol 2.5 mg/Kg, and L-menthol 5 
mg/Kg). Male mice were grouped the same way. 
On the test day, mice were transferred to our 
laboratory one hour before testing. Behavioral 
tests were performed between 8:00 AM and 
5:00 PM, and the mice were checked daily for 
general health, if there was a skin or tail lesion, 
excluded from the study. Each mouse was 
used once. Experiments were conducted in a 
blinded manner to eliminate observer bias risk. 
Measures to minimize suffering included acute 
termination on the same day at the end of tests. 
Experimental assays were done as follows. Two 
mice were used as controls daily, and an equal 
number of mice from each treatment group 
were tested to minimize the effect of differences 
between days. Fifteen min after injection, we 
did the rotarod test, then the hot plate test, and 
next the acetic acid test for all mice. Finally, each 
mouse was immediately placed in a 40×40×40 
mesh cage under a camera for fifteen min to 
record behaviors.

The Rotarod Test Protocol
The rotarod test was conducted using 

a rotarod apparatus (UGO Basile, Italy). 
Initially, mice were trained on the rotarod at a 
constant speed (22 rpm) for 30 seconds for two 
consecutive days. During training, mice that 
fell from the apparatus were replaced on the 
spindle. After training, animals that fell before 30 
seconds from the spindle were excluded from 
the study. On test day, 15 min after injection, 
immediately before the hot plate test, each 
mouse was placed on the spindle. The response 
was recorded as the ability to stand on the 
spindle for 30 seconds, marked as yes/no for 
each mouse.

The Hot Plate Test Protocol
The hot plate test was used for the thermal 

stimuli-induced nociception. Briefly, two days 
before the test day, each mouse was gently 
placed on a turn-off hot plate instrument (Model 
STUART SCIENTIFIC SH3D-England) for one-
min free movement to acclimate. The next day, 
the hot plate temperature was set to 55 °C, and 
the baseline hot plate latency response time 
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was determined for each mouse without any 
injection, a cut-off point of 30 seconds was 
used to avoid tissue injury. Baseline of the hot 
plate response latency time should be between 
5 and 12 seconds, animals exhibiting latencies 
outside this range were excluded from the study. 
The response latency time was defined as the 
period from the time the animal was placed on 
the hot plate to the time the animal licked or 
lifted its hind paw or jumped. After observing 
the response, the mouse was taken off the hot 
plate immediately. On the test day, after the 
injection, the hot plate response latency time 
was determined after the rotarod test.

The Acetic Acid- Induced Writhing Test Protocol
One min after the hot plate test, abdominal 

writhing was induced by intraperitoneal injection 
of a 0.6% (v/v) solution of acetic acid (10 mL/Kg).  
Immediately, the mouse was placed in a 
transparent observation chamber, and the total 
number of writhes was recorded for 20 min.

 
The Video Behaviour Recording Protocol

After the writhing test, to assess the side 
effects of acute use of L-menthol, each mouse 
was placed in a 40×40×40 cm mesh cage. The 
animal behaviors were continuously recorded 
for 15 min using a video recorder. At the end of 
the experiment, the videos were observed by 
a researcher who was blinded to the treatment 
groups. The total number of each behavior, 
such as licking, jumping, grooming, rearing, 
defecation, and immobility, was recorded in a 
data sheet.

Statistical Analysis
We analyzed the data by SPSS statistical 

software version 18.0 (IBM, USA). The %MPE 
was calculated according to the standard 
formula.13

Data are reported as mean±SEM. 2-way 
ANOVA was used to analyze the effect of 
gender, drug, and drug× gender interaction. 
One-way ANOVA and Tukey’s post hoc test 
were used for further groups comparisons. For 
the rotarod test, McNamer’s test was used. The 
nonparametric Kruskal-Wallis test was applied 
for the behavior tests. Statistical significance 
was defined at P<0.05.

Results

Sex Differences in L-menthol Antinociception in 
the Hot Plate Test

Female mice showed less baseline response 
latency time in the hot plate test, although the 
difference did not reach a significant level based 
on independent t test (P=0.055) (mean±SEM, 
male: 10.07±0.44 seconds, n=21; female: 7.3±0.29 
seconds, n=21). 2-way ANOVA revealed significant 
main effects of gender (P<0.001), drug (P<0.001), 
and a drug×gender interaction (P=0.027). As 
seen in figure 1, based on one-way ANOVA 
analysis followed by Tukey post hoc, L-menthol 
(2.5 mg/Kg and 5 mg/Kg) significantly increased 
the mean of %MPE compared to controls in 
both male (P<0.001) and female (P<0.001) mice.  

Figure 1: Sex-dependent effects of L-menthol (2.5 and 5 mg/Kg, intraperitoneal) on thermal pain evaluated as percent maximum 
possible effect (%MPE) in the hot plate test (55 °C) are shown. Data are presented as mean±SEM, n=7 per group. ٭Significant 
difference between L-menthol and control (P<0.001), ٭٭Significant difference between male and female (P< 0.05).The data were 
analyzed using the ANOVA. The Tukey test was applied for post hoc pairwise comparison when a significant result was obtained. 

%MPE =
(Posttreatment value)− (Pretreatment value)

30 − (Pretreatment value)
× 100
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Moreover, there was a significant sex difference 
in the antinociceptive effect of L-menthol 5 mg/
Kg, as the %MPE was higher in males than in 
females (mean±SEM, male: 68.26±11.21, and 
female mice: 35.97±5.55; P=0.04), in another 
words five out of seven male mice showed the 
%MPE above 60, while none of the female mice 
showed a response above 60 at a dose of 5 mg/
Kg of L-menthol. 

Sex Differences in L-menthol Antinociception in 
the Acetic Acid-Induced Writhing Test

2-way ANOVA showed significant main 
effects of gender (P<0.001), drug (P<0.001), 
and a drug×gender interaction (P=0.002). As 
shown in figure 2, based on one-way ANOVA 
analysis followed by Tukey post hoc test, the 
intraperitoneal administration of L-menthol at 
doses of 2.5 and 5 mg/Kg inhibited writhing 
response in mice significantly compared to 
control groups in both male (P<0.001) and female 
mice (P<0.001). Furthermore, a significant sex 
difference was observed in both the L-menthol 2.5 
mg/Kg (mean±SEM, male: 20.57±2.3 and female: 
35.57±3.8; P<0.001), and L-menthol 5 mg/Kg 
(mean±SEM, male: 10.3±1.3 and female: 23±4.5; 
P=0.024) groups, so that the antinociceptive effect 
was higher in males than in females at L-menthol 
2.5 and 5 mg/Kg.  

Sex Differences in L-menthol Effects in the 
Rotarod Test  

The McNamer’s test revealed a non-
significant change in falling responses before 
and after treatments in the rotarod test in all 
groups. Male mice in all groups were able to 
maintain their balance on the spindle for 30 
seconds before and after the injections. Female 
mice maintained their balance on the spindle, but 
only one female mouse in the 5 mg/Kg L-menthol 
group failed to maintain its balance and fell from 
the spindle before 30 seconds (table 1).

 
Sex Differences in L-menthol Effects in 
Behavioral Tests

Based on the Kruskal-Wallis test on 
each behavior, such as licking, rearing, and 
defecation, there were no significant changes in 
total behavior counts during 15 min, between the 
treatment and the control groups in both female 
and male mice. 

 
Discussion

Our findings showed significant antinociceptive 
effects of L-menthol at 2.5 and 5 mg/Kg 
intraperitoneally in both male and female mice 
in the acetic acid test and the hot plate test, 

Figure 2: Sex-dependent effects of L-menthol in BALB/c mice on the writhing test are shown. Data are presented as mean±SEM, 
n=7 per group. ٭Significant difference between L-menthol and control (P<0.001). ٭٭Significant differences between male and 
female (P<0.05). The data were analyzed using the ANOVA. The Tukey test was applied for post hoc pairwise comparison when 
a significant result was obtained. 

Table 1: L-menthol effects on the rotarod test (n=7 per group) on BALB/c mice
Drug Maintained their balance on the rod

Male Female
Control 100% 100%
L-menthol 2.5 mg/Kg 100% 100%
L-menthol 5 mg/Kg 100% 86%
Analyzed by the McNamer’s test; Statistically significant P<0.05.
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compared to control groups. These results agree 
with those of previous reports.3, 4 Li and others 
reviewed the analgesic effects of L-menthol 
3-10 mg/Kg, oral in the hot plate and abdominal 
writhing tests in Swiss albino mice, which could 
increase pain threshold in a dose-dependent 
manner.1 Additionally, L-menthol 10 mg/Kg 
intraperitoneal, showed to increase the response 
latency time in C57BL/6J mice in the hot plate 
and the tail flick tests.1 In another study, Wright 
and others showed that L-menthol 2% and 16% 
topical reduced pain behavior in protoporphyrin-
induced phototoxicity pain as an animal acute 
pain model.14 Based on our findings, L-menthol in 
male mice showed higher antinociceptive effects 
in both the hot plate and the acetic acid tests than 
female mice. We could not find similar research 
about the sex difference in the analgesic effects 
of L-menthol, but Bagdas and others reported 
a greater effect of L-menthol on nicotine intake 
in male than in female mice.6 This study also 
showed that female mice responded to the hot 
plate test more quickly than male mice, namely, 
females had a lower baseline latency time, but 
the difference was not statistically significant. 
However, Kest and others showed a sex 
difference in the baseline latency time, so that 
male mice exhibited significantly higher baseline 
tail-withdrawal latencies than their female 
counterparts, reflecting higher nociceptive 
sensitivity in female mice.15 Moreover, Lee 
and others discovered that females displayed 
greater sensitivity than males to nociception in 
the context of a spinal cord injury (SCI), which 
they used as a neuropathic pain model, in 
C57BL/6J mice.16 In contrast, Vierck and others 
found that in the hot plate test, male rats were 
more sensitive than female rats.17

These discrepancies in the baseline 
response in various studies may be attributed 
to differences in species, strains, and animal 
acute pain tests employed. Additionally, motor 
coordination assessment using the rotarod test 
revealed that L-menthol had no significant effect 
on the muscle coordination, suggesting no motor 
coordination side effect and hence no bias in our 
nociceptive tests. Significant changes were not 
observed in behaviors such as licking, rearing, 
and defecation, comparing treatment and 
control groups in both male and female mice, 
suggesting that acute L-menthol had no side 
effects, at least during one hour after injection. 

Hormonal cyclic changes in female mice 
can influence the sex differences in effects of 
drugs. Although, we did not identify hormonal 
cyclic changes, it was notable that female mice 
showed a lower variation (standard error of 
mean) than male mice in both the hot plate and 

chemical tests. 
Therefore, we assumed that hormonal cyclic 

changes may not have affected our results. In 
this regard, Moskowitz and others found that 
the morphine-induced antinociceptive effect in 
the tail-flick test, as a model of acute thermal 
nociception, was not different in female mice 
across the ovulatory cycle.18 Moreover, Diez 
and others showed that neither gonadectomy 
nor administration of estrogen in females or 
testosterone in males had detectable effects on 
brain opiate receptors,  as measured by naloxone 
binding in either Sprague- Dawley rats or two 
different strains of C57BL/6J and Swiss albino 
mice.19 A possible explanation for disparities 
in L-menthol-induced antinociceptive effects 
between the two genders might be attributed 
to the mechanism of action of the drug. A key 
mechanism through which L-menthol exerts its 
effects is via modulation of the transient receptor 
potential melastatin 8 (TRPM8) ion channels.1, 20  
On the other hand, evidence indicates that 
the expression and distribution of TRPM8 ion 
channels differ between genders, contributing to 
variability in pharmacodynamic responses.21, 22  
Consequently, recognizing gender-specific 
differences in TRPM8-mediated pathways could 
inform more personalized and effective pain 
management strategies.21 Another analgesic 
mechanism discovered for L-menthol is kappa 
opioid receptor agonism.1, 23 Furthermore, 
differential distribution of kappa opioid receptors 
between male and female mice has been 
suggested, which may underlie variations in 
L-menthol analgesic properties.24-26 Moreover, 
numerous studies have documented gender-
related differences in the pharmacokinetics of 
various drug classes, including cardiovascular 
agents,27 morphine,7, 28 ibuprofen,29 and kappa 
opioid receptor agonists.24 Azemati and others 
assessed pain using the objective pain scale 
and showed that intranasal ketamine 8 mg/Kg 
was effective for reducing parental separation 
anxiety, mask acceptance, postoperative 
agitation, and pain in children.30 Sex differences 
in analgesic and antidepressant effects of 
ketamine were reviewed by Ponton and others. 
They reported that ketamine had a greater 
analgesic effect in men vs. women, which 
may be due to variations in cytochrome P450 
(CYP) enzymes activities. The main enzymes 
responsible for metabolizing ketamine, CYP2B6 
and CYP3A4, exhibit different activity levels, with 
CYP3A4 being more active in women than in 
men.31 Therefore, it is speculated that particular 
receptors, including TRPM8 ion channels, the 
kappa opioid receptors, and CYP enzymes, may 
be involved in the differences in the L-menthol 
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analgesic response observed between males 
and females in our study. Future studies should 
explore the mechanisms, including the use of 
specific antagonists and CYP enzyme activities, 
to determine the role of specific receptors and 
CYP enzymes. There are several tests, such 
as the tail flick, von Frey, Hargreaves, and cold 
plate, that reflect more types of acute pain, 
and can be used to further investigate sex 
differences. These methods could help evaluate 
the potential mechanisms involved in sex-based 
variations in the analgesic effects of L-menthol, 
which was a limitation in the present study.

Conclusion 

The findings revealed significant sex-dependent 
differences in L-menthol-induced antinociceptive 
responses in mice, which should be considered 
in future clinical pain research. 
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