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 Introduction                                                                                          

Epilepsy is the most common disabling chronic illness of the central 
nervous system,1 and affects at least 50 million people worldwide. 
Although antiepileptic drugs are the mainstay of epilepsy treatment, 
less than 70% of those afflicted with epilepsy achieve satisfactory 
seizure control with the available antiepileptic drugs.2 In addition, many 
of the current anticonvulsants have various complications and serious 
side effects such as hepatotoxicity and agranulocytosis,1,3,4 which 
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 Abstract                                                                                                            
Background: There have been some reports about the 
possible N-methyl-D-aspartate (NMDA) antagonist activity of 
Guaifenesin. As drugs with a similar structure to Guaifenesin 
(i.e. Felbamate) and those with NMDA antagonist activity have 
been clinically used as anticonvulsants, the aim of this study was 
to determine whether Guaifenesin has an anticonvulsant effect 
in an animal model of seizure. 
Methods: Anticonvulsant effect of Guaifenesin was assessed 
via Pentylenetetrazol (PTZ)-induced convulsion. Male albino 
mice received Guaifenesin (100, 200, 300, or 400 mg/kg; n=8-
10) or 0.25% Tween (vehicle) intraperitoneally 30 minutes before 
the injection of PTZ (95 mg/kg). Diazepam (3 mg/kg; n=8) was 
used as a reference drug. The latency time before the onset of 
myoclonic, clonic, and tonic-clonic convulsions, percentage of 
animals exhibiting convulsion, and percentage of mortality were 
recorded. In addition, the effect of Guaifenesin on neuromuscular 
coordination was assessed using the Rotarod. 
Results: Guaifenesin at all the studied doses significantly 
increased the latency to myoclonic and clonic convulsions in 
a dose-dependent manner. In addition, Guaifenesin at the dose 
of 300 mg/kg increased the latency to tonic-clonic seizure. The 
ED50s of Guaifenesin for protection against PTZ-induced clonic 
and tonic-clonic seizures and death were 744.88 (360-1540), 256 
(178-363), and 328 (262-411) mg/kg, respectively. Guaifenesin at 
all the investigated doses significantly reduced neuromuscular 
coordination, compared to the vehicle-treated group.
Conclusion: These results suggest that Guaifenesin possesses 
muscle relaxant and anticonvulsant properties and may have a 
potential clinical use in absence seizure.
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necessitates new drugs with more suitable margins 
of safety and more tolerability.

In modern pharmacology, drug development 
and introduction of new drugs are mainly based on 
our understanding about the pathophysiology of 
the disease. The exact pathophysiological basis 
of epilepsy is unknown;5 however, the excitatory 
glutamatergic system seems to play a key role in 
generating and spreading epileptic discharge.6 
Indeed, recent researches are focused on the 
development of drugs that counteract the activity 
of this system.  

Guaifenesin is an expectorant used widely in 
cough preprations.7 It is drawn upon as a skeletal 
muscle relaxant in some animal anaesthetic 
procedures as well.8 Chemically, Guaifenesin 
is a Propanediol drug. Previous studies have 
shown the central nervous system effects of 
Propanediol drugs, mainly Mephenesin, and 
their relevant mechanisms. A study performed 
by Pralong et al.9 reported that Mephenesin 
might be an antagonist of excitatory amino 
acids and might have NMDA-blocking activity 
and proposed that the NMDA-blocking activity 
of Mephenesin might be relevant to its muscle-
relaxing activity. This notion was subsequently 
bolstered by some other studies, demonstrating 
the muscle-relaxing effect of Mephenesin in 
relation to an excitatory transmitter-blocking 
activity.10 Interestingly, the chemical structure 
of Guaifenesin bears close resemblance to 
Mephenesin and both drugs have profound 
muscle-relaxing activity.11 It can, therefore, be 
suggested that the muscle relaxant activity of 
Guaifenesin may be in consequence of NMDA-
blocking activity.12 It is also noteworthy that 
Guaifenesin has been utilized successfully in 
fibromyalgia.13 The notion that increased levels 
of excitatory amino acids possibly participate 
in pain processes in fibromyalgia,14 has led to 
the suggestion that the NMDA and glutamate-
blocking activities of Guaifenesin are likely to 
contribute to its effectiveness in fibromyalgia. 

Taken together, glutamate and NMDA receptors 
have important roles in the pathophysiology of 
epilepsy, and there is evidence suggestive of 
the NMDA antagonistic activity of Guaifenesin. 
As a result, it is likely that Guaifenesin may 
possess an anticonvulsant effect. If it is proven 
to be true, Guaifenesin  would be a suitable 
candidate as an antiepileptic courtesy of its wide 
margin of safety. Guaifenesin can also be used 
in pregnancy and breastfeeding,15,16 in contrast to 
other antiepileptic drugs. 

The aim of the present study was to determine 
whether Guaifenesin has an anticonvulsant effect 
in an animal model of seizure.

 Materials and Methods                                                 

Chemicals
Guaifenesin was purchased from Exir 

Pharmaceutical Company, Iran and was 
dissolved in 0.25% Tween 20 in normal saline. 
Diazepam (10 mg/ml) was obtained from 
Darupakhsh Pharmaceutical Company, Iran, 
and Pentylenetetrazol (PTZ) was purchased from 
Sigma and was dissolved in normal saline. 

Animals
Male albino mice (25-35 g) were obtained 

from the Animal House, Shiraz University of 
Medical Sciences. The animals were kept in 
plastic cages in groups of 4-5 with free access 
to food and water, 12h dark/12h light cycles, and 
at a temperature of 22ºC±2. The animals were 
treated in accordance with the guidelines of the 
Ethics Committee of Shiraz University of Medical 
Sciences. 

PTZ-Induced Seizure
The anticonvulsant effect of Guaifenesin was 

assessed in an animal model of PTZ-induced 
seizure. Sixty mice were randomly assigned into 
6 groups (n=10/group) and received Guaifenesin 
intraperitoneally at doses of 100, 200, 300, 
and 400 mg/kg 30 minutes before the injection 
of PTZ (95 mg/kg). The control group was 
administered 0.25% Tween in normal saline. A 
group of mice received Diazepam (3 mg/kg) as 
a reference drug. The doses of Guaifenesin and 
Diazepam were selected according to previous 
studies.17,18 The latency time to the onset of 
myoclonic, clonic, and tonic-clonic convulsions 
was recorded after PTZ injection. PTZ initially 
produced myoclonic jerks, followed by facial and 
forelimb clonus, which then became sustained 
and led to generalized tonic-clonic jerking (loss of 
righting reflex and tonic forlimb flexion/extension, 
followed by whole body clonus).19 In addition, the 
percentage of the animals exhibiting convulsion 
and the percentage of mortality were recorded for 
each studied group. The ED50s, median effective 
doses of Guaifenesin, protecting 50% of the mice 
against clonic and tonic-clonic convulsions and 
death were determined.

Neuromuscular Coordination–Rotarod
The effect of Guaifenesin on coordinated motor 

movements was assessed using the Rotarod test. 
A day before the test, the mice were trained to 
stay on the rotating wheel (3 cm in diameter, 20 
rpm) for more than one minute. On the test day, 
the animals were tested on the Rotarod (model 
7600, UGO Basile, Italy) before and 30 minutes 
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after the administration of 0.25% Tween20, 
Diazepam or different doses of Guaifenesin. The 
number of seconds each mouse remained on the 
rotating wheel was recorded for a maximum of 
300 seconds.

Statistical Analysis
The data are presented as mean value±SEM. 

The data were deviated from normal distribution 
and analysed using the Kruskal-Wallis test, 
followed by the Mann-Whitney test. ED50s with 
95% confidence limits were determined via the 
Litchfield and Wilcoxon method using PHARM/
PCS version 4 software.20 Linear regression was 
employed to evaluate the dose dependency of 
Guaifenesin effects. SPSS 11.5 was used for data 
analysis, and a P value <0.05 was considered a 
significant level.

 Results                                                                  

Effects of Guaifenesin on PTZ-Induced Seizures
Guaifenesin at doses of 100, 200, 300, 

and 400 mg/kg significantly increased time 
to the onset of clonic seizure by 141.8, 124.2, 
473, and 1721%, respectively, compared to 
the control group (P<0.05, figure 1). The effect 
of Guaifenesin in delaying clonic seizure was 

dose-dependent (r=0.748, P<0.001). Guaifenesin 
also increased latency to the onset of myoclonic 
seizure in a dose-dependent manner (r=0.728, 
P<0.001). Guaifenesin at all the studied doses, 
i.e. 100, 200, 300, and 400 mg/kg, delayed the 
onset of myoclonic seizure by 141.8, 124.2, 167, 
and 232.9%, respectively, in comparison to the 
control group (P<0.01, figure 1). Moreover, 300 
mg/kg of Guaifenesin increased time to the onset 
of tonic-clonic seizure by 133%, compared with 
the control group (P<0.01, figure 1). Only one 
mouse showed tonic-clonic seizure in the 400 
mg/kg Guaifenesin-treated group (figure 1). 

Guaifenesin protected the studied animals 
against PTZ-induced death with an ED50 of 
328 mg/kg (table 1). Guaifenesin at the doses 
of 300 and 400 mg/kg protected 50 and 90% of 
the animals against PTZ-induced tonic-clonic 
seizure and 37.5 and 90% against PTZ-induced 
death, respectively (table 1). Diazepam (3 mg/
kg) protected all the animals from PTZ-induced 
seizure and death. 

Effect of Guaifenesin on Neuromuscular Coordination
To evaluate the effect of the different doses of 

Guaifenesin on neuromuscular coordination, the 
percent change of stay time on the Rotarod from 
baseline was analyzed using the Kruskal-Wallis 

Figure 1: Effects of different doses of Guaifenesin (G100-G400 mg/kg) on the onset of PTZ-induced myoclonic, clonic, and 
tonic-clonic seizures in mice (N=8-10/group). **, ++, ## P<0.01; +, # P<0.05 significantly different from the control group (TW)                          

Table 1: Effects of different doses of Guaifenesin on protection against PTZ-induced clonic and tonic-clonic seizures and 
death (number of animals protected/number of animals per group). ED50s of Guaifenesin (95% confidence interval; 95%CI) for 
protection against each type of seizures and death have been shown.
Treatment  groups Mortality protection Clonic seizure protection Tonic-clonic seizure protection
TW 0.10 0.10 0.10
Guaifenesin 100mg/kg 0.10 0.9 2.10
Guaifenesin 200mg/kg 0.10 1.10 1.10
Guaifenesin 300mg/kg 3.8 0.10 5.10
Guaifenesin 400mg/kg 9.10 3.10 9.10
ED50 (95% CI) (mg/kg) 328 (262-411) 744.88 (360-1540) 256 (178-363)
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test. Diazepam (3 mg/kg) and Guaifenesin at all 
the studied doses, i.e. 100-400 mg/kg, significantly 
reduced the number of seconds spent on the 
Rotarod, compared to the control group (P<0.05) 
(figure 2). However, the effect of Guaifenesin 
at higher doses, i.e. 300 and 400 mg/kg, on 
neuromuscular coordination was more pronounced 
and was significantly different from that of 100 mg/
kg of Guaifenesin (P<0.01). Linear regression 
analysis also showed the dose-dependent effect of 
Guaifenesin on motor coordination (slope=−0.28, 
P<0.01). In other words, increasing the dose 
of Guaifenesin enhanced its effect on motor 
coordination (figure 2).

 Discussion                                                                         

Guaifenesin, a Propanediol drug used as an 
expectorant, showed an anticonvulsant effect 
in our animal model of seizure induced by PTZ. 
PTZ produces tonic–clonic convulsions in rats 
or mice and is commonly employed as a reliable 
animal model for screening new anti-epileptic 
drugs for absence seizure.21,22 We evaluated the 
anticonvulsant effects of Guaifenesin using PTZ-
induced seizure in the present study, our results 
demonstrated that Guaifenesin could not only 
decrease the susceptibility of mice to PTZ-induced 
myoclonic, clonic, and especially tonic-clonic 
seizures but also protect the mice against PTZ-
induced death. These results are in agreement with 
previous studies indicating that Propanediol drugs 
can exert anticonvulsant activity.23,24 Felbamate 
and Meprobamate are among Propanediol drugs 
previously shown to have anticonvulsant effects. 
Indeed, Felbamate is currently used as an anti-
epileptic drug in clinical practice. Nonetheless, these 
drugs have serious side effects, including aplastic 

anaemia. This side effect is less likely to occur with 
Guaifenesin, which makes it a good candidate as 
an anticonvulsant drug. Additionally, Guaifenesin 
can be used during pregnancy and breastfeeding; 
this further underscores the desirability of this drug 
as a potential anticonvulsant in clinical practice. Be 
that as it may, future clinical trials should address its 
usefulness in absence seizure in humans. 

The mechanism by which Guaifenesin may 
exert anticonvulsant activity is not clear. However, 
animal models of epilepsy could partly predict 
the mechanism of action of some antiepileptic 
drugs.25 In a model of PTZ-induced seizure, 
the glutamatergic system, especially NMDA 
receptors, has been shown to play an important 
role.Thus, microdialysate, collected from 
hippocampal regions during seizures induced 
by PTZ, has revealed a rise in the concentration 
of glutamate.26 It has also been demonstrated 
that the administration of PTZ could up-regulate 
NMDA receptors in several regions of the rat 
brain.27 Therefore, it can be suggested that the 
NMDA antagonist activity of Guaifenesin may 
contribute to its anticonvulsant activity seen in 
this study. This notion requires further elucidation 
in future studies. 

In concordance with previous studies,11 
Guaifenesin at all the studied doses in the present 
investigation exhibited muscle relaxant activity 
as indicated by the findings of the Rotarod test, 
which raises the possibility that the effects of 
Guaifenesin against PTZ-induced seizure may 
be due to its muscle relaxant activity. In support 
of this concept, several experiments have 
shown similarities between the pathology of 
muscle spasm and seizure but in different areas 
of the central nervous system.28 Considering 
that the regulation of muscle tone depends on 

Figure 2: Effects of different doses of Guaifenesin on neuromuscular coordination in mice (N=6/group). Bar graphs represent 
mean±SEM of time spent on the Rotarod for each group before and after the administration of Guaifenesin (G100-G400 mg/kg), 
0.25% Tween 20 (TW) or Diazepam (DZ) 3mg/kg. *P<0.05 significantly different from the control group (TW)                                          
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the equilibrium between excitatory and inhibitory 
neurotransmission within the spinal cord and 
supra-spinal motor centers, it has been proposed 
that a pathologically increased muscle tone can 
be ameliorated by the antagonists of excitatory 
amino acids.29 Consequently, the blockade of 
NMDA-mediated events results in a myorelaxant 
effect, comparable in efficacy to that of some 
drugs in clinical use.30,31 Analogously, studies have 
indicated that glutamate plays crucial roles in the 
initiation, spread, and maintenance of epileptic 
activity,32,33 and NMDA receptor antagonists 
have anticonvulsant activity.34 In this line,Turski 
et al.35 found a potent NMDA blocker, which had 
muscle relaxation and anticonvulsant activity 
simultaneously. Therefore, Guaifenesin, via a 
similar mechanism, could produce both muscle 
relaxation and anticonvulsant effects. On the 
other hand, a comparison of the muscle relaxant 
and anticonvulsant effects between Diazepam 
and Guaifenesin in the current study showed that 
although Guaifenesin at doses of 300 and 400 mg/
kg had more profound effects on muscle relaxation 
than Diazepam, the effects of Guaifenesin at 
similar doses in preventing myoclonic and clonic 
seizures were less marked than those of Diazepam. 
Therefore, the mechanism whereby Guaifenesin 
exerts its anticonvulsant effects might be, at least 
partly, different from that of muscle relaxant activity. 

 Conclusion                                                                   

Guaifenesin has anticonvulsant and muscle relaxant 
properties. As PTZ-induced seizure is a model of 
absence seizure, it can be suggested that Guaifenesin 
may be useful in the treatment of absence seizure in 
humans.

Conflict of Interest: None declared.
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