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Introduction 
Methimazole is a worldwide used anti-hyperthyroidism 
drug, which its clinical use is associated with 
hepatotoxicity.1 Although the exact mechanism that 
methimazole causes hepatotoxicity through it is not 
clearly understood yet, but some investigations revealed 
that cellular glutathione reservoirs has a fundamental role 
in preventing methimazole-induced damage.2-5 
Furthermore, the importance of glutathione in 
methimazole-induced cytotoxicity was shown previously 
in our laboratory in an in vitro model of isolated rat 
hepatocytes.6 
Previous studies proposed the role of reactive metabolites 
in methimazole-induced toxicity.7,8 It has been shown that 

N-methylthiourea as a suspected reactive intermediate of 
methimazole is produced at in vitro models.8,9 N-
methylthiourea is further metabolized by cytochrome 
(CYP) and/or flavin monooxygenase (FMO) enzymes to 
sulfenic acid species.8,10 Sulfenic acids are reactive 
electrophilic metabolites11 and could interact with 
different intracellular targets, which might consequently 
encounter toxicity.11 In a study on methimazole-induced 
toxicity in rat olfactory mucosa, it has been shown that the 
metabolic pathways and CYP enzymes play a major role 
in the toxicity induced by this drug.5 In addition, glyoxal 
as another metabolite of methimazole8, might plays a role 
in methimazole-induced hepatotoxicity.6 
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Purpose: Methimazole is the most convenient drug used in the management of 
hyperthyroid patients. However, associated with its clinical use is hepatotoxicity as a life 
threatening adverse effect. The exact mechanism of methimazole-induced hepatotoxicity 
is still far from clear and no protective agent has been developed for this toxicity. 
Methods: This study attempts to evaluate the hepatotoxicity induced by methimazole at 
different experimental conditions in a mice model. Methimazole-induced hepatotoxicity 
was investigated in different situations such as enzyme-induced and/or 
glutathione-depleted animals. 
Results: Methimazole (100 mg/kg, i.p) administration caused hepatotoxicity as revealed 
by increase in serum alanine aminotransferase (ALT) activity as well as pathological 
changes of the liver. Furthermore, a significant reduction in hepatic glutathione content 
and an elevation in lipid peroxidation were observed in methimazole-treated mice. 
Combined administration of L-buthionine sulfoximine (BSO), as a glutathione depletory 
agent, caused a dramatic change in methimazole-induced hepatotoxicity characterized 
by hepatic necrosis and a severe elevation of serum ALT activity. Enzyme induction 
using phenobarbital and/or β-naphtoflavone beforehand, deteriorated 
methimazole-induced hepatotoxicity in mice. N-acetyl cysteine (300 mg/kg, i.p) 
administration effectively alleviated hepatotoxic effects of methimazole in both 
glutathione-depleted and/or enzyme-induced animals. 
Conclusion: The severe hepatotoxic effects of methimazole in glutathione-depleted 
animals, reveals the crucial role of glutathione as a cellular defense mechanism against 
methimazole-induced hepatotoxicity. Furthermore, the more hepatotoxic properties of 
methimazole in enzyme-induced mice, indicates the role of reactive intermediates in the 
hepatotoxicity induced by this drug. The protective effects of N-acetylcysteine could be 
attributed to its radical/reactive metabolite scavenging, and/or antioxidant properties as 
well as glutathione replenishment activities. 
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This study attempted to evaluate the role of hepatic 
glutathione reservoirs in methimazole-induced 
hepatotoxicity. In addition, the role of N-acetyl cysteine 
(NAC) as a protective agent in this situation was studied. 
To investigate the effect of metabolism and metabolic 
pathways, the adverse effects of methimazole was studied 
in enzyme-induced animals and the protective role of 
NAC was also evaluated in this situation.  
Serum alanine amino transferase (ALT) levels, lipid 
peroxidation, hepatic glutathione (GSH) contents, and 
liver histopathological changes were assessed in different 
conditions after methimazole administration alone and/or 
in combination with NAC. 
 
Materials and Methods 
Chemicals 
Methimazole was purchased from Medisca 
pharmaceutique (Montreal, Canada). 
5,5´-dithionitrobenzoic acid (DTNB) and L-buthionine 
sulfoximine (BSO) were purchased from Sigma-Aldrich 
(St. Louis, USA). Thiobarbituric acid (TBA) was obtained 
from SERVIA (Heidenberg, New York). Trichloro acetic 
acid (TCA), β-naphtoflavone, Sodium dodecyl sulfate 
(SDS), Phenobarbital, and Hydroxy methyl amino 
methane (Tris) were purchased from Merck (Dardamstd, 
Germany). The kit for alanine aminotransferase (ALT) 
analysis was obtained from Pars Azmun Company 
(Tehran, Iran). All salts for preparing buffer solutions 
were of the highest grade commercially available. 
 
Animals 
Male Swiss albino mice, 6 weeks old (25-40 g 
weight), were obtained from Tabriz University of 
Medical Sciences (Tabriz, Iran). Mice were housed in 
cages on wood bedding at a temperature of 25±3 °C. 
Unless otherwise stated, mice had free access to food 
and water. The animals were handled and used 
according to the animal handling protocol approved 
by the Tabriz University's ethics committee. 
Animals were randomly divided equally into eleven 
groups of five animals. The treatments were as 
follows: Group A (control): vehicle (0.9% saline 
solution) only. Group B: 100 mg/kg methimazole (i.p, 
dissolved in 0.9% saline). Group C: 100 mg/kg 
methimazole + BSO (1 g/kg, i.p). Group D: 
100 mg/kg methimazole + BSO (1 g/kg) + NAC (300 
mg/kg, i.p). Group E: β-naphtoflavone-induced 
animals + methimazole 100 mg/kg. 
Group F: β-naphtoflavone-induced animals + 
methimazole 100 mg/kg + NAC 300 mg/kg. 
Group G: Phenobarbital-induced animals + 
methimazole 100 mg/kg. Group H: Phenobarbital-
induced animals + methimazole 100 mg/kg + NAC 
300 mg/kg. There was no significant differences 
between groups; I (BSO-treated animals), J 
(β-naphtoflavone-induced animals), and group K 
(Phenobarbital-induced animals), and the control 
(vehicle-treated) animals in the parameters assessed in 
this study. 

Glutathione-depleted animals 
Mice were treated with buthionine sulfoximine (BSO) (1 
g/kg) as a model for hepatic glutathione depletion in 
animals.12 One hour later, BSO-treated animals were 
given methimazole (100 mg/kg i.p). Food was removed at 
15 hours before dosing with BSO and supplied again at 2 
hours after methimazole administration.3 
 
Enzyme-induced mice 
 β-naphtoflavone-induced animals were treated with β-
naphtoflavone (40 mg/kg, i.p) for three consecutive 
days.13 Phenobarbital-induced animals were treated with 
80 mg/kg of phenobarbital (i.p injection for three days) 
before the experiments.13 At the forth day, animals were 
treated with methimazole (100 kg/kg, i.p). 
 
Serum biochemical analysis and liver histopathology 
Blood was collected from the abdominal vena cava under 
pentobarbital anesthesia, and the liver was removed. The 
blood was allowed to clot at 25°C, and serum was 
prepared by centrifugation (1000 g, for 20 minutes).14 
Serum alanine transaminase (ALT) activities were 
measured with a commercial kit. For histo-pathological 
evaluation, samples of liver were fixed in formalin (10%). 
Paraffin-embedded sections of liver were prepared and 
stained with haematoxylin and eosin (H&E) before light 
microscope viewing.14 
 
Liver glutathione content 
The excised livers were immediately frozen at -70° C and 
analyzed for glutathione (GSH) within 24 hours. Briefly, 
samples of liver (200 mg) were homogenized in 8 ml of 
20 mM EDTA. The GSH contents were assessed by 
determining non-protein sulphydryl contents with the 
Ellman reagent.15  
 
Lipid peroxidation 
Level of lipid peroxidation was measured in different 
experimental groups. Briefly, reaction mixture consist of 
0.2 ml 8% SDS, 1.5 ml 20% trichloro acetic acid, and 0.6 
ml distilled water. 0.2 ml of tissue homogenate was added 
to the reaction mixture. Reaction was initiated by adding 
1.5 ml of 1% thiobarbituric acid (TBA) and terminated by 
10% trichloroacetic acid (TCA). Samples were 
centrifuged (3000 g for 5 minutes) and the absorbance of 
developed color was read at 532 nm using an Ultrospec 
2000® UV spectrophotometer.16 
 
Statistical analysis 
Results are shown as Mean±SE. Comparisons between 
multiple groups were made by a one-way analysis of 
variance (ANOVA) followed by Turkey’s post hoc test. 
Differences were considered significant when P<0.05. 
 
Results 
Mice were treated with 100 mg/kg of methimazole, which 
was reported as a hepatotoxic dose of this drug in previous 
investigations.3 Serum alanine aminotransferase (ALT) 
and liver histopathological changes were used as 
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indicators for occurrence of hepatotoxicity induced by 
methimazole. Serum ALT levels were measured in 
different time points after methimazole administration 
(Figure 1). It was found that the maximum serum ALT 
levels occurred at 5 hours after drug administration 
(Figure 1), and gradually declined within the next 24 
hours (Figure 1). Hence, all experiments (Serum 
transaminase levels in other groups, hepatic glutathione 
contents, lipid peroxidation, and histopathological 
evaluation of liver) were carried out five hours after 
methimazole administration to mice. 
 

 
Figure 1. Serum ALT levels after methimazole (100 mg/kg) 
administration to mice. The peak serum ALT level was 
observed at 5 hours after methimazole administration.  
▲: Control (vehicle-treated) animals. ●: Methimazole-treated 
animals. 
Data are expressed as Mean±SE for at least five animals. 
* Significantly higher than control levels (P<0.05). 
 
Methimazole (100 mg/kg) caused a significant elevation 
in serum ALT levels (P<0.05) as compared with the 
control animals (Figure 2). This might indicate the liver 
damage caused by this drug. To investigate the impact of 
glutathione reservoirs as a basic defense mechanism 
against xenobiotics-induced hepatic damage, hepatic 

glutathione content (GSH) was depleted with BSO,12 then 
the toxicity profile of methimazole was investigated in 
glutathione-depleted animals. The liver/animal weight 
ratio was assessed in different experimental groups 
(Table 1). When glutathione-depleted animals were 
treated with methimazole, a dramatic elevation in serum 
ALT levels was observed (Figure 2) (P<0.05). NAC (300 
mg/kg) administration effectively reduced (P<0.05) 
methimazole-induced ALT elevation in both intact and/or 
glutathione-depleted animals (Figure 2). 
 

 
Figure 2. The effect of methimazole (100 mg/kg) on serum 
ALT level in mice. The role of glutathione reservoirs and 
protective effects of NAC administration. 
BSO: L-buthionine sulfoximine. NAC: N-acetylcysteine. 
Data are given as Mean±SE for five animals as measured after 
5 hours of drug administration. 
* Significant difference as compared to the control animals 
(P<0.05). 
a Significant difference as compared to the methimazole-
treated animals (P<0.05). 

 
Table 1. Liver/Animal weight in the study on methimazole-induced hepatotoxicity. 

Groups 
Parameters assessed 

Animal weight (gram) Liver weight (gram) Liver/animal weight Ratio (%) 
Control (Vehicle-treated animals) 38±0.77 2.46±0.13 6.45±0.31 
+ Methimazole 100 mg/kg 36±1.34 2.25±0.12 6.38±0.50 
+ L-buthionine sulfoximine (BSO) 1 g/kg § 35±1.80 1.64±0.27 4.77±0.29 
+ Methimazole 100 mg/kg 35±2.30 1.27±0.86 3.90±0.33 
+ β-naphtoflavone (Enzyme-induced animals) §§ 35±0.38 3.24±0.30* 9.27±1.04* 
+ Methimazole 100 mg/kg ▲ 35±0.24 3.36±0.23* 9.72±0.71* 
+ Phenobarbital (Enzyme-induced animals) # 37±2.50 2.85±0.32 7.70±0.39 
+ Methimazole 100 mg/kg 38±2.32 2.5±0.42 6.60±0.92 
Data are given as Mean±SE for at least five animals. 
* Significantly different from control group (P<0.05). 
§ Mice were treated with BSO (1g/ kg, i.p).One hour later; the BSO-treated animals were given methimazole (100mg/kg i.p). Food 
was removed at 15 hours before dosing with BSO, and supplied again at 2 hours after methimazole administration. 
▲ Three out of five animals were death when they were treated with methimazole (100 mg/kg, i.p). 
§§ Mice were pre-treated with β-naphtoflavone (40 mg/kg, i.p) for three consecutive days. On the 4th day, animals were given 
methimazole (100mg/kg i.p) and the mentioned parameters were measured after five hours. 
# Mice were pre-treated with phenobarbital (80 mg/kg, i.p) for three consecutive days. On the 4th day, animals were given 
methimazole (100mg/kg i.p) and parameters were measured after five hours. 
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To evaluate the role of reactive metabolites, the effect 
of enzyme-induction on methimazole-induced 
hepatotoxicity was investigated using serum ALT 
levels as an indicator. It was found that methimazole 
(100 mg/kg) caused a dramatic raise (P<0.05) in serum 
ALT activities in β-naphtoflavone treated animals as 
compared to the control groups (Figure 3). Three out of 
five animals were death after methimazole 
administration in β-naphtoflavone treated group 
(Table 1). Moreover, phenobarbital-induced animals 
showed higher serum ALT activity when treated with 
methimazole (Figure 3) (P<0.05). These findings might 
reveal the role of metabolic pathways and reactive 
intermediary metabolites in methimazole-induced 
hepatotoxicity. NAC (300 mg/kg) administration 
alleviated serum ALT elevation in enzyme-indiced 
animals, which were treated with 
methimazole (P<0.05) (Figure 3). 
 

 
Figure 3. The effect of methimazole (100 mg/kg) on serum 
ALT level in mice. The role of enzyme-induction. BNF: β-
naphtoflavone, PB: Phenobarbital. 
Data are expressed as Mean±SE for five animals. 
a Significantly higher than control animals (P<0.05). 
b Significantly higher than methimazole-treated animals 
(P<0.05). 
c Significantly lower than phenobarbital-induced animals which 
were treated with methimazole (P<0.05). 
d Significantly lower than β-naphtoflavone-induced animals 
which were treated with methimazole (P<0.05). 
 
As methimazole caused more ALT elevation in 
glutathione-depleted animals (Figure 2), hepatic 
glutathione levels were assessed to investigate the 
effect of methimazole on hepatic glutathione reservoirs. 
It was found that, methimazole (100 mg/kg) 
administration caused a decrease in hepatic glutathione 
(GSH) contents (P<0.05) as compared with control 
groups (Figure 4). When enzyme-induced mice were 
treated with methimazole the decline in glutathione 
reservoirs was more significant (P<0.05) (Figure 4). 
These findings might indicate that methimazole 
metabolites conjugated with glutathione in mice liver. 

 
Figure 4. Methimazole-induced reduction in hepatic 
glutathione (GSH) content in mice. 
Data are showed as Mean±SE for at least five animals. BNF: 
β-naphtoflavone, PB: Phenobarbital. 
* Significantly lower than control animals (P<0.05). 
 
The probability of lipid peroxidation in liver tissue was 
investigated. We found that methimazole caused increase 
in thiobarbituric acid reactive substances (TBARS) in 
mice liver (Figure 5) (P<0.05), which indicates the 
occurrence of lipid peroxidation. Methimazole-induced 
lipid peroxidation was more severe in 
glutathione-depleted (BSO-treated) animals (P<0.05) 
(Figure 5). NAC administration effectively reduced 
methimazole-induced lipid peroxidation in intact and/or 
glutathione-depleted mice (Figure 5) (P<0.05). Enzyme 
induction using β-naphtoflavone and/or phenobarbital 
deteriorated (P<0.05) methimazole-induced lipid 
peroxidation (Figure 6), which might indicate the role of 
reactive metabolites. NAC (300 mg/kg) reduced (P<0.05) 
the level of methimazole-induced lipid peroxidation in 
enzyme-induced animals (Figure 6) (P<0.05). 
 

 
Figure 5. Methimazole-induced lipid peroxidation: the role of 
glutathione reservoirs and the effect of NAC administration. 
BSO: L-buthionine sulfoximine; NAC: N-acetyl cysteine. 
Data are given as Mean±SE for five animals. 
a Significantly higher than control animals (P<0.05). 
b Significantly higher than methimazole-treated animals 
(P<0.05). 
c Significantly lower than methimazole-treated animals 
(P<0.05). 
d Significantly lower than methimazole-treated animals which 
were depleted of glutathione (P<0.05). 
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Figure 6. The effect of Enzyme induction on 
methimazole-induced lipid peroxidation in mice liver. 
Data are expressed as Mean±SE for five animals. 
a Significantly higher than control (BNF-treated) animals 
(P<0.05). 
b Significantly higher than methimazole-treated animals 
(P<0.05). 
 
Histopathological evaluation of mice liver revealed that 
methimazolecaused a mild inflammatory 
cell infiltration (Figure7, Part C). When 
glutathione-depleted animals were treated with 

methimazole (100 mg/kg), a severe inflammatory cells 
infiltration, and widespread bridging necrosis of liver 
was observed after 5 hours of drug administration 
(Figure 7, Part D). 
The effect of enzyme-induction on mice liver 
pathology was studied. Histologically, the enzyme 
induction was evident as an expansion of the surface 
area of hepatocytes (Figure 8, Parts C&D). It was seen 
that, when enzyme-induced animals were treated with 
methimazole, the extensive necrosis of liver 
parenchymal cells and inflammatory cells infiltration 
was occurred (Figure 8, Parts C&D). The adverse effect 
of methimazole in β-naphtoflavone-induced animals 
seems to be more severe than phenobarbital-induced 
ones (Figure 8, Part C). The protective effects of NAC 
against methimazole-induced hepatotoxicity and its 
role in alleviating pathologic lesions were evaluated 
(Figure 7 and 8). It was found that NAC alleviated 
methimazole-induced histopathological changes in 
mice liver, even in glutathione depleted (Figure 7, Parts 
E & F) and/or enzyme-induced (Figure 8, Parts E & F) 
animals. 

 

 
Figure 7. Histopathological evaluation of mice liver treated with methimazole (100 mg/kg). The effect of glutathione reservoirs depletion 
on methimazole-induced hepatotoxicity. Hematoxylin and eosin (H&E) staining. A: Control, B: BSO (1g/kg) control, C: Methimazole (100 
mg/kg), D: Methimazole (100 mg/kg) + BSO (1g/kg), E: Methimazole (100 mg/kg) + NAC (300 mg/kg), F: Methimazole (100mg/kg) + 
BSO (1g/kg) + NAC (300 mg/kg). Methimazole caused a mild Inflammatory cell infiltration (C). A severe inflammatory cells infiltration, 
and widespread bridging necrosis of liver (D) was occurred when glutathione-depleted animals were treated with methimazole. NAC 
(300 mg/kg) administration, alleviated methimazole-induced changes in normal (E) and/or glutathione-depleted (F) animals. 
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Figure 8. Effect of enzyme-induction on mice liver histopathological changes, caused by methimazole (100 mg/kg). A: normal control, B: 
Methimazole (100 mg/kg), C: BNF-induced + Methimazole (100 mg/kg), D: Phenobarbital-induced + Methimazole (100 mg/kg), E: 
BNF-induced + Methimazole (100 mg/kg) + NAC (300 mg/kg), F: Phenobarbital-induced + Methimazole (100 mg/kg) + NAC (300 mg/kg). 
When enzyme-induced animals were treated with methimazole a severe and widespread necrosis of liver parenchymal cells and 
inflammatory cells infiltration was occurred (C & D), mitigation of methimazole-induced changes in enzyme-induced animals was 
observed by NAC (300 mg/kg) administration, which reduced necrosis and inflammatory cells infiltration (E&F). 
 
Discussion 
Methimazole (100 mg/kg) caused hepatotoxicity in 
mice as revealed by elevation in serum ALT activities, 
a decrease in liver glutathione (GSH) reservoirs, lipid 
peroxidation, and histopathological changes of the 
liver. The toxic effects of methimazole toward mice 
liver were more severe in glutathione-depleted and/or 
enzyme-induced animals. NAC (300 mg/kg) 
administration effectively ameliorated all aspects of 
methimazole-induced hepatotoxicity in different 
conditions such as intact, glutathione-depleted, and/or 
enzyme-induced animals. 
It has been shown in previous studies that cellular 
glutathione play a fundamental role in preventing the 
adverse effects of methimazole even in olfactory 
mucosa4 and/or liver.3,6 Our study on methimazole in 
glutathione-depleted animals is in line with previous 

investigations. Furthermore, in this study we showed 
that a significant amount of lipid peroxidation and a 
considerable reduction in hepatic glutathione (GSH) 
content was occurred as a consequence of methimazole 
administration. 
Lipid peroxidation and/or serum ALT activities were 
more severe in glutathione-depleted animals which are 
another indicator that endorses the pivotal role of 
glutathione in preventing methimazole-induced 
toxicity. The role of glutathione in methimazole-
induced hepatotoxicity might predict the risk of 
hepatotoxicity induced by this drug in human cases. 
Hence, in clinical situations where liver glutathione 
reservoirs are interrupted for example in malnutrition17 
or alcoholism,18 the risk of hepatotoxicity induced by 
methimazole might be highest. 
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NAC, a protective agent which replenish glutathione 
reservoirs19 and/or directly scavenges reactive 
species,20 could protect mice liver against 
methimazole-induced hepatotoxicity in different 
situations. Furthermore, we previously showed the 
protective role of NAC against methimazole-induced 
cytotoxicity in a model of isolated rat hepatocytes.21 
These findings might suggest this protective agent as a 
potential therapeutic choice in methimazole-induced 
hepatotoxicity cases in humans. 
The role of metabolic pathways and reactive 
intermediates in methimazole-induced hepatotoxicity 
was evaluated by investigating the effects of this drug 
in enzyme-induced animals. Methimazole showed a 
severe hepatotoxic profile in β-naphtoflavone-induced 
animals. Phenobarbital-induced animals showed an 
enhanced profile of toxicity too. These findings 
revealed that metabolism and reactive metabolites 
formation play an important role in 
methimazole-induced hepatotoxicity. 
Different CYP450 types5,8 as well as flavin containing 
monooxygenase (FMO)2,8 are involved in methimazole 
metabolism and converting it to reactive intermediates. 
As previously proposed, N-methylthiourea is suspected 
to be the reactive and toxic metabolite of 
methimazole,3,8,22 but in an in vitro study on 
methimazole-induced cytotoxicity toward isolated rat 
hepatocytes,6 we showed that in addition than N-
methylthiourea, glyoxal as another metabolite of 
methimazole,8,22 might had a role in the hepatotoxic 
effects of this drug. A part of the protective effects of 
NAC on methimazole-induced hepatotoxicity might be 
attributed to the glyoxal trapping properties of N-acetyl 
cysteine.23 However, other properties of NAC such as 
its glutathione replenishment activity might be 
included. 
β-naphtoflavone induces different CYP enzymes, 
mainly CYP1A family.24 Phenobarbital causes different 
type of CYP enzyme induction such as CYP 2C9 and 
1AC.25 Since a wide range of metabolic enzymes are 
induced by these agents, it is difficult to distinguish the 
specific enzyme which is involved in methimazole 
metabolism. Hence, more investigations are needed to 
elucidate the role of the exact CYP and/or other 
enzymes, which are responsible for converting 
methimazole to its reactive metabolites. Furthermore, 
using other glyoxal trapping agents such as metformin 
and/or aminoguanidine23 against methimazole-induced 
hepatotoxicity could be the subject of future 
investigations. 
 
Conclusion 
Methimazole-induced hepatotoxicity seems to be 
mediated through its reactive intermediary metabolites. 
Hepatic glutathione reservoirs play a critical role in 
preventing methimazole-induced hepatotoxicity. NAC 
as a thiol containing hepatoprotective agent alleviated 
methimazole-induced hepatotoxicity in mice due to its 
effects on reactive metabolites. 
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