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INTRODUCTION 

Pain is defined as ‘an unpleasant sensory and emotional 

experience associated with actual or potential tissue 

damage or described in terms of such damage’.1 Non-

opioid analgesics such as salicylates, paracetamol and 

NSAIDs; opioids; and other drug classes that include 

antidepressants and anticonvulsants are used either alone 

or in combination in treatment of various types of pain. In 

addition, it is established that drugs acting through the 

modulation of movement of ions through voltage-gated 

ion channels are increasingly being used as analgesic 

agents.2 Development of anti-nerve growth factor and anti-

transient receptor potential vanilloid 1 (anti-TRPV1) based 

therapies are still under clinical development, as there is 

lack of conclusive evidence for their safety and efficacy.3,4  

In spite of decades of pain research, it is stated that the 

approaches to treat pain is inadequate and inequitable. 

ABSTRACT 

Background: Pain is an unpleasant sensory and emotional experience associated 

with actual or potential tissue damage or described in terms of such damage. In 

spite of many advances in pain research, we are unable to deal in an effective 

way. The cost for new drug development is increasing day by day. Drug 

repurposing is an approach to look for new use in drugs that are already approved 

for other indications. Mexiletine is a sodium channel blockers that is being 

approved for treatment of arrhythmias. It is being tried in treatment of various 

painful conditions. The present study is to evaluate the dose-dependent analgesic 

activity of mexiletine with ibuprofen. 

Methods: The analgesic activity of mexiletine was compared at doses of 

15mg/kg, 30mg/kg and 45mg/kg with the standard dose of ibuprofen at 10mg/kg 

in male Wistar rats in thermal model of tail flick analgesiometer. 
Results: At lower doses (15mg/kg) of mexiletine, analgesic activity of ibuprofen 

was significantly higher. At higher doses (30 mg/kg and 45 mg/kg) of mexiletine, 

it was observed that there is no significant difference between the analgesic 

activities of both drugs. 

Conclusions: Mexiletine demonstrated a dose-dependent analgesic activity. 

There was no statistically significant difference between the analgesic activities 

of higher doses of mexiletine when compared to ibuprofen. 
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Further, trends observed indicate that research and 

development efforts for newer medicines for pain are 

declining.2 This is due to high cost involved in the 

development of newer drugs.5 Drug repurposing is an 

approach, where existing licensed drugs are being used for 

new medical indications, thereby potentially reducing the 

costs involved in drug development.6 It is recently 

observed that drugs like minocycline, ceftriaxone, 

pioglitazone and sivelestat have demonstrated analgesic 

activity.7  

Studies have shown that expression and functional 

properties of voltage-gated sodium channels are regulated 

after axonal injury or peripheral inflammation in sensory 

neurons.8 Mexiletine is a voltage-gated sodium channel 

(VGSC) blocker, classified as a class 1B antiarrhythmic in 

the Vaughan-Williams classification scheme of 

antiarrhythmic drugs.9 It acts by binding preferentially to 

the open and/or inactivated states of the channels. It 

exhibits use-dependent blockade of sodium channels on 

pathologically hyperactive tissues.10 The family of VGSCs 

is linked to neuronal and cardiac disorders. These sodium 

channels blockers are clinically used as anticonvulsants, 

local anaesthetics and anti-arrhythmics. Mexiletine also 

has a role in peripheral neuropathy and chronic pain.11-13 

Recently, it has been used in the treatment of sporadic 

amyotrophic lateral sclerosis.14  

Mexiletine has been used off-label for various painful 

conditions of chronic nature. It’s use as an analgesic agent 

is yet not well established. Though the major limitation for 

its routine use is the incidence of adverse effects, a recent 

study demonstrated that mexiletine is safe at both 300mg 

and 900 mg doses per day in humans and is well tolerated 

at lower doses.14 In view of the increasing cost of new drug 

development and considering a drug repurposing 

approach, we planned to study the dose dependent 

analgesic activity of mexiletine in animal models. Further, 

number of studies demonstrating the analgesic activity of 

mexiletine in animal models are meagre. As it is a 

preliminary study, it was planned to study in a thermal 

model of tail flick by using analgesiometer, in comparison 

to ibuprofen as the standard drug. 

METHODS 

All the animals included in the study were procured from 

animal house of Dr. Pinnamaneni Siddhartha Institute of 

Medical Sciences, Chinnoutpalli, Andhra Pradesh, India. 

Male Wistar rats weighing between 200-250grams were 

used in the study. The animals are housed in poly 

propylene cages under similar environmental conditions 

and strict aseptic conditions throughout the experiment. 

The animals were maintained under standard laboratory 

conditions at 25°C and have access to commercial pellet 

diet with water ad libitum, and normal photo period (12h 

dark/12h light) was strictly followed. The protocol was 

approved by the Institutional Animal Ethics Committee 

(IAEC) before the start of the study.  

Drugs and chemicals 

Mexiletine (German Remedies Private Limited.), 

Ibuprofen (Nestor Pharmaceuticals Limited), distilled 

water and normal saline were used in this study.  

Instruments 

Tail flick Digital Analgesiometer - Inco, Ambala, India.  

Animal dose calculation from human dose15,16 

Animal dose=Human effective dose (mg/kg) x Human Km 

                                                                         Animal Km 

Doses of drugs used 

Normal saline- 0.2ml orally, mexiletine - according to 

body weight orally. (15mg/kg, 30mg/kg, and 45mg/kg), 

and Ibuprofen - according to body weight orally 

(10mg/kg.) 

Experimental design and treatment 

A total of 30 male Wistar rats weighing 200 to 250grams 

were divided into five groups of six rats each after physical 

randomization. Group 1 was control and received normal 

saline; group 2 was standard and received ibuprofen 

10mg/kg; groups 3, 4 and 5 received 15mg/kg, 30mg/kg 

and 45mg/kg of mexiletine respectively. All the drugs 

were given orally. Evaluation of analgesic activity was 

done by tail flick method by digital analgesiometer.17 

Mean values of all the data were tabulated and statistical 

analysis was performed.  

Tail flick analgesiometer 

Effect of the test drug was obtained in terms of tail flick 

latency period using an analgesiometer at 30minutes, 

60minutes and 90minutes after administration of the drugs. 

The instrument was operated at 2.5amps current 

throughout the experiment. Rat was placed in the metallic 

rate holder and the tail of the rat was placed on the groove 

with for holding the tail above the heater wire. Radiant heat 

was directed to the proximal third of the tail through a hot 

wire of the analgesiometer and the reaction time was 

noted.  

A cut off period of 10 seconds was observed to prevent 

damage to the tail. Any animal failing to withdraw its tail 

within the cut off period was not used in the study. The cut 

off time was considered as the latency period for the 

animals not responding up to 10 seconds. The results were 

noted initially before giving the drug i.e. at 0 minutes; and 

then at 30minutes, 60minutes and 90minutes after 

administering the test and standard drugs. The normal 

reaction time (at 0 minutes) before the administration of 

the drug for each animal in all the groups, is the average of 

five readings taken at interval of 5 minutes before 

administration of drugs.  
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Statistical analysis 

The results were expressed as the mean±SEM (Standard 

Error of Mean). Statistical analysis was performed with 

one-way analysis of variance (ANOVA) for comparison of 

more than two groups followed by post hoc analysis using 

least significant difference (LSD). The p value of <0.05 

was considered statistically significant during the analysis 

of data. 

RESULTS 

The mean reaction times after exposing the rat’s tail to 

radiant heat using analgesiometer at various time intervals 

are represented in Table 1. At baseline (time 0), there is no 

statistical difference (p >0.05) in mean reaction times in 

various groups when compared to control group.  

 

Table 1: Mean reaction time of all the groups using tail flick analgesiometer. 

Group                               (n = 6) 
Reaction time in seconds at various time intervals 

0 Minute 30 Minutes 60 Minutes 90 Minutes 

Group 1 - control normal saline 6.7±0.23 6.6±0.33# 7±0.36# 7.1±0.30# 

Group 2 - standard ibuprofen 10mg/kg 6.6±0.04 7.6±0.33*  7.8±0.22*  9.1±0.20*  

Group 3 - test 1 mexiletine 15mg/kg 6.4±0.03 6.6±0.21# 7±0.36# 8±0.36*# 

Group 4 - test 2 mexiletine 30mg/kg 6.5±0.04 7±0.25 7.6±0.33 8.5±0.20* 

Group 5 - test 3 mexiletine 45mg/kg 6.5±0.05 7.3±0.30* 7.8±0.33* 9±0.36* 

All the values are expressed as Mean ± SEM. *p < 0.05 when compared to control; #p < 0.05 when compared to standard 

 

It was observed that there is an increase in mean reaction 

time of different groups from baseline to 90 minutes. The 

difference between the groups at different time intervals 

was found to be significant when analysed by one way 

ANOVA. In order to confirm where the difference 

occurred between groups, post hoc analysis of the data 

were done using least significant difference method (LSD).  

As the study aimed at comparing the analgesic activity of 

mexiletine at different doses with ibuprofen as the standard 

drug, p values were compared between the groups in 

relation to standard group. It was observed that the mean 

reaction times in group 3 animals treated with 15 mg/kg of 

mexiletine was significantly lower than the standard group 

at 30minutes, 60minutes and 90minutes. There was no 

significant difference in mean reaction times observed 

among group 4 (30mg/kg) and group 5 (45mg/kg) when 

compared to standard group at all times after 

administration of drugs. 

DISCUSSION 

Mexiletine is an antiarrhythmic drug which is also being 

used in treatment of chronic painful conditions like 

neuropathy. The present study was done to evaluate the 

dose dependent analgesic activity of mexiletine at doses of 

15mg/kg, 30mg/kg and 45mg/kg in thermal pain model of 

tail flick analgesiometer by comparing it with ibuprofen at 

the dose of 10mg/kg.  

The results of the analgesic activity revealed that there was 

an increase in reaction time with all the doses of mexiletine 

as seen with the standard drug ibuprofen. Findings as 

shown in Table 1, suggests that the mean increase in 

reaction time for standard drug was higher than for any 

dose of mexiletine at any time interval. When the data were 

further assessed for level of significance between the 

various groups, it was observed that only at low doses 

(15mg/kg), there was a significant difference between 

mexiletine and ibuprofen.  

Though the mean reaction times were higher for ibuprofen, 

it was observed that at higher doses with the test drug 

mexiletine (30mg/kg and 45 mg/kg), there was no 

significant difference among the mean reaction times. 

These findings suggest that mexiletine has a dose-

dependent analgesic activity when compared to standard 

doses of ibuprofen. 

The underlying mechanisms involved in analgesia by the 

two drugs are different. NSAIDs act by inhibition of 

prostaglandin synthesis. Mexiletine is a sodium channel 

blocker. It is an oral analogue of lidocaine. Study done by 

Olschewski et al, showed that lidocaine and mexiletine 

decreased the excitability of dorsal horn sensory neurons 

by inhibiting sodium and potassium currents in rats.18  

In a study done by Laird JM et al, to evaluate the analgesic 

activity of use-dependent sodium channel blockers in 

mono-arthritic rats, it was observed that mexiletine was 

effective at reducing hyperalgesia of the inflamed joint. 

This effect was dose-dependent with a median effective 

dose of 30mg/kg/day at all-time points of the study.19  

In the present study, analgesic effect shown with 

mexiletine was also dose-dependent with maximum 

response seen with higher dose (45mg/kg) than seen at 

lower doses (15mg/kg and 30mg/kg).  
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It is observed for most of the drugs used for analgesia, there 

is increased response with increase in dose of drugs.20-23 

Contrary to this, analgesic ceiling effect is the phenomenon 

that refers to the dose beyond which there is no additional 

analgesic effect. In a study comparing 400mg versus 

600mg of ibuprofen in patients with postoperative dental 

pain conducted by Seymour and co-workers, showed that 

there is very little analgesic advantage to doses of 

ibuprofen above 400mg.24 Till date no such analgesic 

ceiling effect was reported for mexiletine.  

Side effects caused by mexiletine was one of the reasons 

for not considering this drug to be used routinely. A 

retrospective cohort study done by Romman A et al, 

regarding the tolerability of mexiletine in chronic pain 

clinic revealed that 23% of the patients discontinued 

mexiletine due to gastrointestinal or neurological side 

effects. All these side effects were mild and resolved with 

stoppage of mexiletine.12 A phase II trial conducted to 

evaluate the safety and tolerability of mexiletine with doses 

of 300mg per day and 900mg per day showed that 

mexiletine was safe at both the doses but was well tolerated 

only at 300mg per day dose. Adverse effects noted at doses 

of 900mg per day led to a higher rate of discontinuation.25 

In order to overcome this, analogues of mexiletine were 

designed as alternatives which demonstrated better 

antiarrhythmic activity along with similar or less 

cardiovascular effects compared to mexiletine. These 

analogues have higher selectivity of action and fewer side 

effects.26  

As the new drug development cost is increasing and there 

is still need for newer analgesics for effective treatment of 

pain, these newer analogues can be considered for 

evaluation as analgesic agents. There is a need to compare 

the analgesic potential and tolerability of these analogues 

in various pain models in animals. Drug repurposing of 

these newer analogues of mexiletine which demonstrated 

antiarrhythmic activity with minimal side effects for 

analgesic activities can be a promising approach.  

To authors’ knowledge, this is the first study to compare 

the dose dependent analgesic activity of mexiletine with 

ibuprofen. The major limitation of the study is that it was 

conducted in only one thermal model of pain. Further 

studies are warranted to further evaluate the tolerability and 

activity of these higher doses compared to standard drugs. 

As newer analogues of mexiletine already demonstrated a 

favourable safety and efficacy profile in arrhythmia 

models, there is a need to further study those analogues in 

various pain models.  
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