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Introduction: This research aims to investigate the protective action of menthol dissolved 
in dimethyl sulfoxide (DMSO) on experimental epileptiform activity induced by the 
intraperitoneal (IP) injection of pentylenetetrazol (PTZ) in male rats.

Methods: Thirty adult male Wistar rats weighing 200-250 g were randomly assigned to five 
equal groups. The control animals received normal saline (200 µL) and the rest four cohorts 
were considered as treatment. Menthol was dissolved in DMSO and intraperitoneally injected 
at the doses of 100, 200, and 400 mg/kg into the first, second, and third groups (M100, M200, 
and M400 V=200 µL), respectively. The fourth treatment was injected with the solvent (200 
µL). The animals were anesthetized, then underwent cranial surgery and a recording electrode 
was implanted in the stratum radiatum of the hippocampal carbonic anhydrase 1 (CA1) region 
(AP=-2.76 mm, ML=-1.4 mm and DV=3 mm). The seizure activity was induced by PTZ (IP) 
and assessed by counting and measuring amplitudes of the spikes for 10 minutes using the 
eTrace program.

Results: Menthol was observed to significantly reduce the activity level of PTZ-induced 
epileptiform activity, as well as exert a protective and inhibitory action on proconvulsant effect 
of DMSO in a dose-dependent manner. 

Conclusion: Menthol can potentially be used as an adjuvant to prevent seizure activity.
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1. Introduction

enthol is fragrant monoterpenoid alco-
hol obtained from peppermint (Mentha 
piperita L.) oil. For centuries, it has been 
used as a food additive, local anesthetic, 
topical analgesic, antipruritic agent, and 
gastric sedative (Galeotti et al., 2002). 
Among the different optical isomers, 

(-)-menthol predominates the others in nature. Due to its 
peculiar flavor and fragrance, menthol is widely used in 
cosmetics (Eccles, 1994). Additionally, it is one of the in-
gredients of antiseptic and cooling formulations in phar-
maceutical dosage forms. This optical isomer can also be 
found in eutectic formulations of local anesthetic agents. 
Menthol affects both the peripheral nervous system and 
the central nervous system (CNS) because its intra-cere-
bro-ventricular and systemic administration may pro-
duce sedation or anesthesia (Watt & Betts, 2008), anti-
convulsant effects (Zhang et al., 2008), analgesic effects 
(Su et al., 2011), improvement in learning (McKenzie, 
2018), and cognitive functions (Bhadania et al., 2012). 
Cellular targets of menthol in the CNS include voltage-
gated sodium channels (Pan et al., 2012), voltage-gated 
calcium channels (San Cheang et al., 2013), serotonin 
receptors, nicotinic acetylcholine receptors (Ashoor et 
al., 2013), glycine receptors (Hall et al., 2013), and gam-

ma-aminobutyric acid (GABA) receptors. Although be-
havioral studies have claimed that menthol can influence 
CNS (Umezu et al., 2001), no definite target has been 
determined for menthol in the CNS, yet. Nevertheless, 
menthol has been shown to inhibit hippocampal neurons 
by increasing the tone of the GABAA nervous system 
(Taniguchi et al., 1994). Dimethyl sulfoxide (DMSO) 
was used as the solvent of menthol in this study because 
most drugs tested for their antiepileptic effects on animal 
models are dissolved in DMSO, which is an amphipa-
thic molecule. Due to its physicochemical properties, 
DMSO is regarded as an extremely efficient solvent for 
water-insoluble compounds (Santos et al., 2003). Sever-
al biological functions have been attributed to DMSO in 
different CNS models (Sardo et al., 2006). For instance, 
data from initial in vivo studies have shown the antiepi-
leptic effect of DMSO on an animal model of temporal 
lobe epilepsy and different studies have demonstrated 
its dose-dependent anticonvulsant and proconvulsant 
effects. DMSO has also been reported to have antiepi-
leptic effects at moderate and high doses (Carletti et al., 
2013). However, a study showed that the moderate and 
high doses of DMSO produced proconvulsant effects 
(Kovács et al., 2011). Given the results of the involve-
ment of DMSO in seizure-induced neuropathology, its 
widespread use as a solvent and vehicle for effective 
agents in mammalian systems cannot be easily justified 

Highlights 

• Dimethyl sulfoxide (DMSO) induces proconvulsant effects, significantly increasing spike counts.

• Menthol 100 mg/kg also stimulates seizure activity, leading to a substantial spike count increase.

• Menthol 200 and 400 mg/kg exhibit inhibitory effects, decreasing seizure activity and spike counts.

Plain Language Summary 

In this study, we explored the potential protective effects of menthol, dissolved in dimethyl sulfoxide (DMSO), on 
experimentally induced epileptiform activity in male rats. Our research involved thirty adult male Wistar rats, divided 
into five groups. While the control group received normal saline, the remaining four groups were treated with different 
doses of menthol in DMSO. The rats underwent surgery, and electrodes were implanted in the hippocampal region for 
recording. Using pentylenetetrazol (PTZ) to induce seizure activity, we observed that menthol, administered at varying 
doses, significantly reduced the level of epileptiform activity triggered by PTZ. Notably, menthol also demonstrated 
a protective and inhibitory effect on the proconvulsant action of DMSO, and this effect was dose-dependent. In sim-
pler terms, our findings suggest that menthol has the potential to be used as an additional treatment to prevent seizure 
activity. This means that incorporating menthol, especially at specific doses, may offer a protective influence against 
epileptic events. This research sheds light on a promising avenue for potential therapeutic interventions, emphasizing 
the importance of further exploration of menthol's role in epilepsy prevention. Ultimately, our study opens the door 
to considering menthol as a valuable component in the development of strategies to mitigate the impact of seizures.
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(Noel et al., 1975). According to our previous study (Pa-
nahi et al., 2020), we observed that the effects of DMSO 
in seizure activities are biphasic, i.e. it had protective ef-
fects at a dose of 10% and stimulant effects at doses of 
50% and above. Therefore, in this study, we used 100% 
of it as a solvent to make sure that it has no protective 
effects on seizure activity, and if an effect is observed, 
we can easily attribute it to menthol. Considering that, 
we utilized DMSO as the solvent despite its controver-
sial effects on the CNS. Therefore, the present study was 
designed to investigate the possible protective effects of 
different concentrations of menthol on pentylenetetrazol 
(PTZ)-induced seizures in adult male rats. 

2. Materials and Methods 

Animals

In the present study, 30 male Wistar rats weighing 
200-250 g were purchased from the Laboratory Animal 
Breeding Center in the Faculty of Pharmacy at Urmia 
University of Medical Sciences. The animals were ac-
climatized to their new surroundings for a week before 
the experiment. The rats were housed in special cages 
at a temperature of 22°C and humidity of 45%-55% un-
der standard laboratory conditions with a 12 h dark-light 
cycle. They had ad libitum access to food and water. 

The animals were randomly divided into five equal 
groups (n=6 group), one group was considered as control 
and the rest as treatments. The control group received 
normal saline (200 µL) and the first, second, and third 
treatments received an intraperitoneal injection of men-
thol dissolved in DMSO at the doses of 100, 200 and 400 
mg/kg (M100, M200, and M400. 200 µL), respectively. 
The fourth group was intraperitoneally injected with 200 
µL of DMSO. Doses of menthol were used according 
to the pilot research work and because doses above 600 
mg/kg caused the killing of the studied animals, in the 
present study, lower doses were used and doses of 100, 
200, and 400 mg/kg were selected.

Chemicals

The flowing substances were used, diazepam (diaze-
pam chemidarou 10 mg/2ml amp, it was purchased from 
the pharmacy of Tabriz University of Medical Sciences, 
Tabriz City, Iran), ketamine (Alfasan Inc., Utrecht, Hol-
land), Zylazine (Alfasan, Woerden-Holland), DMSO 
(liquid concentrate 99%), menthol (Porsina Pharmacy, 
Tehran City, Iran) and PTZ (was prepared from Sigma 
Aldrich and was dissolved in saline).

Electrophysiology 

Then, rats were anesthetized by IP injection of a com-
bination of ketamine (Alfasan, Netherland) (80 mg/kg) 
and xylazine (Alfasan, Netherland) (5 mg/kg) (Panahi et 
al., 2020). Next, a stereotaxic device was used to keep 
their heads in a fixed position and, according to the atlas 
of Paxinos & Watson (2006), a specific location (AP=-
0.27, ML=-0.14, DV=-0.3) was selected for stereotaxic 
surgery to access the stratum radiatum of the hippocam-
pal carbonic anhydrase 1 (CA1) region. According to our 
previous study (Panahi et al., 2017) due to the structure 
and neural circuit of the hippocampus and the high den-
sity of pyramidal cells in the striatum layer of CA1, the 
intensity of the impulse recorded (field action potentials) 
in this part can be at its highest and best, which is the 
reason for placing the recording electrode in this part. 
Finally, using a dental drill, a hole was drilled in the posi-
tion to implant a tungsten dipole recording electrode and 
record extracellular field potentials. 

In the control group, baseline field potentials were re-
corded for 10 minutes, and afterward, normal saline (at 
the same volume as menthol) was intraperitoneally in-
jected. PTZ (80 mg/kg) was injected 30 minutes later. 
To suppress PTZ-induced seizures, diazepam at the dose 
of 10 mg/kg (Wu & Wang, 2018) was intraperitoneally 
injected after 10 minutes. 

In the treatment groups, after recording the baseline 
field potentials, menthol was intraperitoneally injected 
at doses of 100, 200, and 400 mg/kg. Its action on the 
baseline activity was monitored for 30 minutes and then 
PTZ (80 mg/kg) was intraperitoneally injected to induce 
the experimental epileptiform activity. Considering that 
epileptic activities were performed on live animals, diaz-
epam (10 mg/kg, IP) (A routine drug for the treatment of 
seizure symptoms) was used to suppress these activities 
at the end of the procedure.

Experimental design

1) Anesthetizing animals; 2) Placement in a stereotaxic 
device; 3)Insert the recording electrode into the hip-
pocampus; 4) Basic record for 10 minutes; 5) Menthol 
injection (normal saline in the control group); 6) After 
30 minutes, injection of pentylenetetrazol; 7) After 10 
minutes, injection of diazepam.

Statistical analysis

The packaged SPSS software, version 22 was used 
for statistical analysis. To compare differences between 
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groups, the one-way analysis of variance (ANOVA) 
and Tukey’s post-hoc test were performed. Using the 
repeated measures analysis of variance (rANOVA) and 
Tukey’s post-hoc test, differences in each group were ex-
plored. A P<0.05 was considered statistically significant.

3. Results

DMSO induced a proconvulsant effect on seizure 
activity and significantly (P<0.001) increased spike 
counts. M100 also induced stimulatory effects on the 
seizure activity and increased spike counts (P<0.001). 
Results related to M200 and M400 showed an inhibi-
tory effect on seizure activity and decreased spike counts 
(P<0.05). As presented in Figures 1 and 2 following the 
PTZ injection, the number of field action potentials was 
significantly increased (P<0.001) in the DMSO group 
compared to the control, indicating its proconvulsant ef-
fects on PTZ-induced seizure activity. The spike count 
was also significantly higher in the M100 group than the 
control (Figures 2a, 2b, 2c and 2d) suggesting that men-
thol at the lower dose cannot inhibit the proconvulsant 
effects of the solvent on PTZ-induced seizure activity. 
However, the middle dose (200 mg/kg) can inhibit the 
proconvulsant effects of DMSO because no significant 
difference was observed between the M200 group and 
the control on spike counts (Figures 2a, 2b and 3d). On 
the other side, the PTZ-induced seizure activity was sig-
nificantly reduced in the M400 group (Figure 2a and 2e) 
and the proconvulsant effects of DMSO were also sup-

pressed. Therefore, menthol exerts protective effects in 
a dose-dependent manner on the PTZ-induced seizure 
activity, which is potentiated by DMSO. 

4. Discussion

The results of the present study revealed that DMSO 
at the absolute concentration (100%) similar to the 
study conducted by Panahi et al. (2020) and Kumari et 
al. (2018) exacerbated the PTZ-induced seizure activity 
but menthol alleviated it in a dose-dependent manner. As 
mentioned, we aimed to explore the protective effects of 
menthol on the PTZ-induced seizure activity; therefore 
we used DMSO as a solvent for menthol regardless of 
its controversial effects on the CNS. It was essential to 
select a dose of DMSO at which menthol can be easily 
dissolved and not cause any problem in the biological 
system, therefore we did not adjust the dose for which 
DMSO had no antiepileptic effect. Therefore, we used 
DMSO at a concentration of 100% and observed that it 
had proconvulsant effects on adult male rats evidenced 
by a significant increase in the number of spikes per unit 
of time. Nevertheless, using different concentrations of 
DMSO, other researchers, such as Panahi et al. (2020) 
have demonstrated its dose-dependent anticonvulsant 
or proconvulsant effects. With this aspect, DMSO has 
been claimed to have antiepileptic effects at moderate 
and high doses. On the contrary, a study showed that 
moderate and high doses of DMSO produced procon-
vulsant effects (Kovács et al., 2011). To some extent, 

Figure 1. The number of field action potentials per 30 minutes (n=6/group) after the iP injection of normal saline, DMSO and 
menthol at 100, 200, and 400 mg/kg 

*Significant differences with control group (P<0.001), ®Significant differences with the DMSO group (P<0.05).

Note: Values expressed as Mean±SEM.
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this is consistent with the results of the present study in 
which DMSO was used at a concentration of 100% and 
increased the PTZ-induced seizure activity in adult male 
rats. Meanwhile, it has been reported that DMSO can 
injure nerves and induce histopathological changes. For 
example, DMSO caused neuropathologic damage and 
exacerbated soman-induced seizures when it was used 
as a solvent and vehicle (0.5-1 mL/kg). On the other 
side, some studies have reported the protective effects of 
DMSO on the CNS. For instance, in a study conducted 
by Noel et al, DMSO at 9 mL/kg/day demonstrated no 
toxic signs (Noel et al., 1975). It has also been indicated 
that DMSO at doses of 1-6 mL/kg possesses antioxidant 
and free radical scavenging properties in rats (Wang et 
al., 2000). Moreover, the nontoxicity of DMSO in the 
nervous system has been reported in previous studies 
(Bodjarian et al., 1995; Maooz et al., 2020). 

Therefore, despite its controversial actions in the CNS, 
we used DMSO as a solvent in our study, because we fo-
cused on the investigation of the antiepileptic properties 
of menthol and the effects of DMSO on the CNS were 
not crucial to us. Nevertheless, proconvulsant effects of 
DMSO and the suppression of the DMSO-augmented 
seizure activity by menthol suggest the protective effects 
of menthol on the PTZ-induced seizure activity. 

Evidence shows that the administration of menthol 
produces different behavioral effects in the CNS on 
animal models and some of them are GABAA-receptor-
mediated effects (Tani et al., 2010); although this recep-
tor is a target for many general anesthetics and analge-
sics (Hemmings et al., 2005). The enhancement of the 
GABAA-receptor-mediated inhibition plays a central 
role in suppressing neuronal excitability by anesthetics 
(Bieda & MacIver, 2004). The enhancing effect of men-

A

B

C

D

E

Figure 2. "Menthol in DMSO shields against PTZ-induced epileptiform activity in male rats"

Note: CA1 activities were recorded without the use of any drugs; Menthol 100: After injection of 100 mg/kg menthol, CA1 
activities were recorded; Menthol 200: After injection of 200 mg/kg menthol, CA1 activities were recorded; Menthol 400: After 
injection of 100 mg/kg menthol, CA1 activities were recorded; PTZ: Epileptiform activity was measured after an intraperito-
neal injection of pentylenetetrazol (80 mg/kg); Diazepam: Epileptiform activity was suppressed by an IP injection of diazepam 
(10 mg/kg).
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thol on cultured hippocampal neurons occurs only when 
the GABA concentration is 3 µM, implying that menthol 
preferentially acts on GABAA receptors. However, these 
results demonstrate that menthol is a selective enhancer 
of the tonic GABAergic inhibition in CA1 pyramidal 
neurons of the hippocampus (Zhang et al., 2008). Recent 
studies show that extrasynaptic GABAA receptors are 
optimally activated by GABA in physiological condi-
tions and an additional increase in the GABA concentra-
tion significantly suppresses neuronal excitability (Bieda 
& MacIver, 2004). Hence, the enhancement of the func-
tion of activated GABAA receptors may be a therapeutic 
approach to diseases, such as epilepsy in which neuronal 
excitability is increased.

Different animal models of epilepsy exist to assess the 
effects of anticonvulsant drugs and PTZ, a GABA re-
ceptor antagonist, is one of them (Lau et al., 2014). We 
used the PTZ-induced seizure model to explore the in 
vivo action of menthol and determine whether menthol 
can suppress the epileptic activity induced by inhibiting 
GABA. According to the previous study, the systemic 
administration of menthol can induce anticonvulsant ef-
fects and suppress the prolongation of the seizure latency 
induced by PTZ (Zhang et al., 2008); however, in the 
present study, no significant difference was observed be-
tween the menthol-treated groups and the control group 
in terms of the onset of the seizure activity. Meanwhile, 
the studies conducted by (Zhang et al., 2008) indicated 
that the IP administration of menthol had ambulation-
promoting effects on house mice, implying that it could 
enter the brain and reach an influential concentration 
(Haeseler et al., 2002). Therefore, considering that men-
thol can penetrate the blood-brain barrier, it can be used 
for the treatment of epilepsy. As a suitable solvent, men-
thol may contribute to the development of new drugs 
effective in treating epilepsy; although it has been dem-
onstrated that its administration can be potentially ben-
eficial for lowering the neural network hyperactivity in 
pathological and normal conditions. Menthol has been 
shown to raise the after-discharge threshold, and after-
discharge duration, and reduce the susceptibility of rats 
to hippocampal seizures. These results and the anticon-
vulsant action of menthol on the PTZ model highlight 
the role of the menthol-mediated enhancement of tonic 
inhibition in preventing epileptic activity (Zhang et al., 
2008). 

Evidence shows that extrasynaptic GABAA receptors 
have subunit compositions that differ from those of syn-
aptic receptors. Menthol has been indicated to selectively 
enhance the tonic inhibition of hippocampal pyramidal 
neurons. Hence, the suppression of the epileptic activity 

and neuronal hyperexcitability via the selective enhance-
ment of the tonic inhibition in pyramidal neurons empha-
sizes the prominent role of tonic inhibition in controlling 
network excitability, including physiological oscillations 
and the pathological propagation of the epileptic activity. 
Nevertheless, it is unclear which receptor (tonic or pha-
sic) is activated by menthol (Zhang et al., 2008). In this 
regard, a study explored the effects of menthol on GABA 
receptors compared to benzodiazepines and intravenous 
anesthetics, such as steroids, barbiturates, etomidate, and 
propofol. According to the results of this study, menthol 
affects GABA receptors through sites distinct from ste-
roids, benzodiazepines, and barbiturates. Considering 
structural affinities between propofol and menthol, these 
results are expected. At clinically relevant low concen-
trations, propofol selectively enhances GABA-activated 
tonic currents in hippocampal neurons (Bhadania et al., 
2012), confirming that menthol and propofol may modu-
late GABA receptors with a similar mechanism (Zhang 
et al., 2008). Therefore, menthol selectively enhances the 
inhibition mediated by high-affinity GABA receptors in 
hippocampal CA1 pyramidal neurons of rats, resulting 
in the inhibition of in vitro and in vivo neuronal excit-
ability (Zhang et al., 2008); however, menthol has been 
proven to activate GABA-medicated tonic and phasic 
currents in vitro. The action of menthol on tonic currents 
seems to be mediated by δ subunit-lacking extrasynaptic 
GABAA receptors (Lau et al., 2014). Therefore, further 
studies are needed to confirm the precise mechanism of 
menthol action. 

5. Conclusion

Menthol, as a natural compound, has inhibitory effects 
on PTZ-induced seizure activity in a dose-dependent 
manner. Therefore, it may be used as a prophylactic 
agent and an adjuvant to treat epileptic patients or those 
disposed to epilepsy. However, further mechanistic stud-
ies should be conducted to elucidate the precise mecha-
nism of action of menthol on the seizure activity. Such 
determinations should be covered in future research. 
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