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Abstract: The methanol metabolite that causes hepatotoxicity is formic acid, generating reactive oxygen radical 
formation and cell damage. Carvacrol is an antioxidant monoterpenic phenol produced from Thymus vulgaris. This 
study aimed to investigate the effects of carvacrol on methanol-induced oxidative liver damage in rats. Eighteen 
rats were divided into three groups. Methotrexate was administered orally for 7 days to methotrexate+methanol 
(MTM) and methotrexate+methanol+carvacrol (MMC) groups. Methotrexate was given before methanol to cause 
methanol poisoning. Distilled water was given to the healthy group (HG) as a solvent. At the end of the 7th day, 
20% methanol was administered orally at a dose of 3 g/kg to the MTM and MMC groups. Four hours after methanol 
administration, 50 mg/kg carvacrol was injected intraperitoneally into the MMC group. Animals were sacrificed 8 
h after carvacrol injection. Biochemical markers were studied in the excised liver tissue and blood serum samples, 
and histopathological evaluations were made. Severe hemorrhage, hydropic degeneration, pycnosis, and 
mononuclear cell infiltration were observed in the liver of the MTM group. Additionally, the levels of malondialdehyde 
(MDA), total oxidant status (TOS), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) were 
significantly higher, and total glutathione (tGSH) and total antioxidant status (TAS) were significantly lower in the 
MTM group compared to HG (P<0.001). Carvacrol prevented the increase in MDA, TOS, ALT and AST levels with 
methanol and the decrease in tGSH and TAS levels (P<0.001), and alleviated the histopathological damage. 
Carvacrol may be useful in the treatment of methanol-induced liver damage.
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Introductıon

Methanol is a toxic alcohol used in industrial produc-
tion [1]. Methanol poisoning is observed during the 

consumption of moonshine or as a means of committing 
suicide [2]. Intoxication due to methanol can result in 
acidosis, coma, and even death [3]. This toxic effect 
arises from the metabolism of methanol by alcohol-de-
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hydrogenase to formaldehyde and formic acid, which 
are toxic [4]. Due to formic acid formation, metabolic 
acidosis is the main biological feature of poisoning [5]. 
Formic acid has been reported as the metabolite causing 
liver toxicity [6]. Formic acid leads to anaerobic gly-
colysis and lactic acidosis by inhibiting the cytochrome 
c oxidase complex [7]. Acidosis causes reactive oxygen 
species (ROS) formation, lipid peroxidation (LPO), and 
cell membrane and mitochondrial damage [8]. Methanol 
causes an increase in malondialdehyde (MDA), the last 
toxic product of LPO, and a decrease in the endogenous 
antioxidant glutathione (GSH) in the liver [9]. Kurcer et 
al. stated that methanol poisoning causes hepatic toxic-
ity in rats, which is likely a result of ROS induction [10]. 
Rats have a higher liver folic acid content than humans, 
and formic acid metabolism occurs quickly. Thus, meth-
anol poisoning patterns do not develop in rats. Folate-
dependent formate metabolism is impaired by methotrex-
ate treatment [11].

Carvacrol, whose protective effect against methanol-
related oxidative liver damage was investigated in this 
study, is a monoterpenic phenol produced from Origa-
num vulgare and Thymus vulgaris [12]. Carvacrol is 
known to have various biological and pharmacological 
properties, such as antioxidant, anti-inflammatory, hep-
atoprotective, spasmolytic, vasorelaxant, antibacterial, 
antifungal, and anticancer properties [13]. Carvacrol is 
known to suppress the excessive production of proin-
flammatory cytokines and MDA and the consumption of 
antioxidants [14], suggesting that carvacrol may be use-
ful in treating methanol-related oxidative liver injury. 
No studies investigating the protective effect of carvacrol 
against methanol-induced oxidative liver injury were 
found in the literature. Therefore, the aim of this study 
was to investigate the effect of carvacrol on methanol-
induced oxidative liver damage in rats biochemically 
and histopathologically.

Materials and Methods

Animals
The animals we used in the study were supplied from 

Ataturk University Medical Experiments Application 
and Research Center. A total of 18 albino Wistar male 
rats weighing between 250–265 g. were used for the 
experiment. Animals were kept and fed in the labora-
tory at the room temperature (22°C). Animal experiments 
were performed in accordance with the National Guide-
lines for the Use and Care of Laboratory Animals and 
were approved by the local animal ethics committee of 
Ataturk University, Erzurum, Turkey (Ethics Committee 
No.: 2021/133, dated May 27, 2021).

Chemical agents
Carvacrol, thiopental sodium, methotrexate and meth-

anol used in the experiment was supplied from Sigma-
Aldrich, Inc. (St. Louis, MO, USA), IE Ulagay (Istanbul, 
Turkey), Med-Drug (Istanbul, Turkey), Binali Yıldırım 
University Faculty of Medicine Pharmacology Labora-
tory (Erzincan, Turkey), respectively. The carvacrol used 
in this study was 98% pure. Methanol-anhydrous of 
99.8% purity was used. Thiopental sodium was admin-
istered intraperitoneally as a 2.5% solution (500 mg in 
20 ml).

Experimental procedure
Rats were divided into three groups, with six in each 

group: healthy group (HG), methotrexate+methanol 
group (MTM), and methotrexate+methanol+carvacrol 
group (MMC). Methotrexate dissolved in distilled wa-
ter was administered orally at a dose of 0.3 mg/kg body 
weight by gavage to the MTM and MMC groups for 
seven days. Distilled water was given to the HG as a 
solvent in the same way. At the end of the 7th day, the 
MTM and MMC groups received 20% methanol orally 
at a dose of 3 g/kg body weight. Four hours after the 
administration of methanol, the MMC group was in-
jected intraperitoneally with carvacrol at a dose of 50 
mg/kg body weight. Carvacrol was administered by 
dissolving it in 25% dimethyl sulfoxide [DMSO] solu-
tion in normal saline. Carvacrol was used at this dose 
in another study and it was found to be effective [15]. 
Eight hours after carvacrol injection, all rats were sac-
rificed with thiopental anesthesia at a high dose (50 mg/
kg body weight). The MDA and total glutathione (tGSH) 
levels and total oxidant (TOS) and total antioxidant 
status (TAS) were measured in the excised liver tissues. 
Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) activities were also measured in blood 
serum samples taken from the tail veins of all animals 
before they were sacrificed. Liver tissues were examined 
histopathologically. All biochemical and histopatho-
logical results obtained from the MTM group were 
compared with the MMC and HG groups. This method 
has been used previously to induce oxidative liver dam-
age [2]. Rats have a higher liver folic acid content than 
humans, and formic acid metabolism occurs quickly. 
Therefore, methanol poisoning patterns do not develop 
in rats. Folate-dependent formate metabolism is im-
paired by methotrexate treatment [11]. In this study, 
methotrexate was given before methanol to cause 
methanol poisoning.

Biochemical analyses
After resection, all tissues were rinsed with phosphate-
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buffered saline solution. The tissues were homogenized 
in ice-cold phosphate buffers (50 mM, pH 7.4) that were 
appropriate for the variable to be measured. The tissue 
homogenates were centrifuged at 5,000 rpm for 20 min 
at 4°C, and the supernatants were extracted to analyze 
tGSH and MDA. All tissue results were expressed by 
dividing to g protein. All spectrophotometric measure-
ments were performed via microplate reader (Bio-Tek, 
Winooski, VT, USA).

Tissue MDA and tGSH determinations
MDA measurements are based on the method used by 

Ohkawa et al., which includes the spectrophotometric 
measurement of the absorbance of the pink-colored com-
plex formed by thiobarbituric acid (TBA) and MDA [16]. 
The principle of tGSH measurement is based on measur-
ing the color intensity of dark yellow 5-thio 2-nitroben-
zoic acid (TNB), which is released by the reduction of 
Ellman’s reagent [5,5-dithiobis (2-nitrobenzoic acid); 
DTNB] by free thiol groups, at a wavelength of 412 nm 
[17].

TOS and TAS determinations
TOS and TAS levels of tissue homogenates were de-

termined using a novel automated measurement method 
and commercially available kits (Rel Assay Diagnostics, 
Gaziantep, Turkey), both developed by Erel [18, 19].

ALT analysis
Quantitative determination of serum ALT was per-

formed by spectrophotometric method with a Roche 
Cobas 8000 autoanalyzer. In the method with pyridox-
al-5’-phosphate, according to the International Federa-
tion of Clinical Chemistry (IFCC), 3,4 ALT catalyzes 
the reaction between L-alanine and 2-oxoglutarate. The 
pyruvate formed is reduced by NADH in a reaction 
catalyzed by lactate dehydrogenase (LDH), where L-
lactate and NAD+ are formed. Pyridoxal phosphate acts 
as a coenzyme in the amino transfer reaction ensuring 
the complete enzyme activation. L-Alanine + 2-oxoglu-
tarate yields (ALT) pyruvate + L-glutamate. The rate of 
oxidation of pyruvate + NADH + H+ yields (LDH) L-
lactate + NAD+. The rate of NADH is directly propor-
tional to the catalytic ALT activity.

AST analysis
Quantitative determination of serum AST was per-

formed by a spectrophotometric method with a Roche 
Cobas 8000 autoanalyzer. In the method with pyridox-
al-5’-phosphate, according to the International Federa-
tion of Clinical Chemistry (IFCC), 3,4 AST in the 
sample catalyzes the transfer of an amino group between 

L-aspartate and 2-oxoglutarate to form oxaloacetate and 
L-glutamate. Oxaloacetate then reacts with NADH in 
the presence of malate dehydrogenase (MDH) to form 
NAD+. Pyridoxal phosphate acts as a coenzyme in the 
amino transfer reaction. L-Aspartate + 2-oxoglutarate 
yields (AST) oxaloacetate + L-glutamate. Oxaloacetate 
+ NADH + H+ yields (MDH) L-malate + NAD+. The 
rate of NADH oxidation is directly proportional to the 
catalytic AST activity.

Histopathological examination
Necropsies were performed on the rats, and liver tis-

sues were sampled and placed into a 10% buffered for-
malin solution. The samples were then subjected to 
routine follow-up processes and embedded in paraffin 
blocks. Five µm sections were examined with hematox-
ylin-eosin staining in light microscopy in terms of his-
topathological findings. Evaluations of hemorrhage, 
hydropic degeneration, pycnosis, and mononuclear cell 
infiltration were performed semi-quantitatively and 
scored as no (0), mild (1), moderate (2), and severe (3). 
Histopathological assessment was carried out by a pa-
thologist who was blind to the study groups.

Statistical analysis
Statistical analyses were performed using the Statisti-

cal Package for Social Sciences for Windows version 
22.0 (IBM Corp. Released 2013. IBM SPSS Statistics 
for Windows, Version 22.0. IBM Corp., Armonk, NY, 
USA). Descriptive statistics for each variable were de-
termined. The results for continuous variables were re-
corded as the mean ± SD. The significance of differ-
ences between the groups was determined using the 
one-way analysis of variance (ANOVA) test followed 
by Tukey’s analysis. A P value <0.05 was considered 
significant. In the histopathological examination, the 
differences between the groups were determined by 
Kruskal-Wallis test, and groups that exhibited differ-
ences were determined by the Mann-Whitney U test.

Results

Biochemical results
As shown in Fig. 1, MDA levels were significantly 

higher in the MTM group compared to the HG and MMC 
groups (P<0.001). While the amount of tGSH in the 
MTM group was significantly lower (P<0.001), there 
was no significant difference between the HG and MMC 
groups (P>0.05). Carvacrol significantly inhibited the 
increase in the MDA content and decrease in tGSH lev-
els by methanol in the liver tissue (P<0.001; Fig. 1). 
When the HG and MMC groups were compared, there 
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was no significant difference in terms of MDA and tGSH 
levels (P>0.05).

TOS levels were higher in the liver tissue of the rats 
that received methanol compared to the HG and MMC 
groups (P<0.001). TAS levels were significantly lower 
in the MTM group compared to the HG and MMC groups 
(P<0.001). When the HG and MMC groups were com-
pared, a statistically significant difference was found in 
terms of TOS and TAS levels (P<0.05). However, car-
vacrol significantly inhibited the increase in TOS and 
decrease in TAS levels by methanol in the liver tissue 
(P<0.001; Fig. 2).

Serum ALT and AST activities in the MTM group were 
significantly higher compared to the other groups 
(P<0.001). However, there was no significant difference 
in ALT and AST activities between the HG and MMC 
groups (P>0.05; Fig. 3).

Histopathological findings
The liver tissues of the rats in the HG had a normal 

histological appearance (Fig. 4). However, severe hem-
orrhage, hydropic degeneration, pycnosis and mono-
nuclear cell infiltration were detected in the livers of rats 
in the MTM group (Figs. 5A–C). In the livers of the rats 
treated with carvacrol, hemorrhage, hydropic degenera-
tion, pycnosis, and mononuclear cell infiltration were 
found to be alleviated (Figs. 5D–F). A statistically sig-
nificant difference was found between the groups in 

Fig. 1.	 The effects of carvacrol on MDA and tGSH levels in the 
liver tissues of rats administered methanol. Bars are the 
mean±standard deviation (SD). The methanol group 
(MTM) was compared with the HG and MMC groups. 
MDA: malondialdehyde; tGSH: total glutathione; HG: 
healthy group; MTM: methotrexate+methanol group; 
MMC: methotrexate+methanol+carvacrol group.

Fig. 2.	 The effects of carvacrol on TOS and TAS levels in the 
liver tissues of rats administered methanol. Bars are the 
mean±standard deviation (SD). The methanol group 
(MTM) was compared with the HG and MMC groups. (*: 
P<0.05, the methotrexate+methanol+carvacrol group 
(MMC) was compared with the HG). TOS: total oxidant 
status; TAS: total antioxidant status; HG: healthy group; 
MTM: methotrexate+methanol  group;  MMC: 
methotrexate+methanol+carvacrol group.

Fig. 3.	 The effects of carvacrol on ALT and AST serum levels of 
rats administered methanol. Bars are the mean±standard 
deviation (SD). The methanol group (MTM) was compared 
with the HG and MMC groups. ALT: alanine aminotrans-
ferase; AST: aspartate aminotransferas; HG: healthy group; 
MTM: methotrexate+methanol  group;  MMC: 
methotrexate+methanol+carvacrol group.

Fig. 4.	S ections of the normal liver tissue of the healthy group.
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terms of hemorrhage, hydropic degeneration, pycnosis 
and mononuclear cell infiltration (Table 1, P<0.05).

Discussion

The effect of carvacrol on methanol-induced oxidative 
liver damage in rats was investigated biochemically and 
histopathologically. To induce liver damage in rats, 
methotrexate was administered for seven days before 
methanol administration to cause methanol poisoning. 
Methotrexate, which impairs folate-dependent formate 
metabolism, was administered because rats have a high-
er liver folic acid content and they do not develop 
methanol poisoning patterns. Folate-dependent formate 
metabolism is impaired by methotrexate treatment [11]. 
In the study, methotrexate was given before methanol in 
order to cause methanol poisoning. Our biochemical test 
results showed that MDA and TOS levels were higher 
in the liver tissue of methanol-given animals (MTM 
group), while tGSH and TAS levels were lower com-
pared to carvacrol (MMC) and healthy groups (HG). 

This pattern revealed that oxidants were high and anti-
oxidants were low in the MTM group. In the literature, 
an increase in oxidants and a decrease in antioxidants 
are considered oxidative stress [20]. In a previous study, 
it was reported that methanol caused an increase in MDA 
in the liver [9]. Similarly, in another study, methanol 
administration increased MDA levels in both liver and 
blood serum [21]. The increase in MDA in the methanol 
group indicates increased ROS production and cell mem-
brane lipid oxidation. The increase in ROS and LPO due 
to methanol is associated with acidosis caused by meth-
anol in the body [7, 22]. Acidosis occurs when methanol 
is metabolized to formaldehyde, formate, and formic 
acid [23].

In our study, it was also determined that the tGSH 
level in the liver tissue of the methanol group (MTM) 
was decreased compared to the healthy (HG) and carva-
crol (MMC) groups. GSH is a low molecular weight 
endogenous antioxidant composed of c-L-glutamyl-L-
cysteinyl-glycine. The thiol group of cysteine is gener-
ally involved in reduction and conjugation reactions, 

Fig. 5.	S ections of the liver (a–f). (a) Severe pycnosis (arrowhead) and hemorrhage (thin arrow) in hepatocytes of the 
methanol group, (b) hydropic degeneration (thick arrow) of the methanol group, c) mononuclear cell infiltration (*) 
of the methanol group, (d) mild pycnosis (arrowhead) and hemorrhage (thin arrow) in hepatocytes of the carvacrol 
group, (e) hydropic degeneration (thick arrow) of the carvacrol group, (f) Mononuclear cell infiltration (*) of the 
carvacrol group.

Table 1.	R esults of histopathological scoring in liver tissues of groups

Groups Hemorrhage Hydropic degeneration Pycnosis Mononuclear cell infiltration

HG 0.16 ± 0.51a 0.33 ± 0.51a 0.00 ± 0.00a 0.16 ± 0.51a

MTM 2.83 ± 0.40b 2.83 ± 0.40b 2.83 ± 0.40b 2.66 ± 0.51b

MMC 1.33 ± 0.51c 1.16 ± 0.40c 1.33 ± 0.51c 1.16 ± 0.40c

a, b, c refers to differences between groups (P<0.05). The values are mean ± SD. HG: healthy group; MTM: 
methotrexate+methanol group; MMC: methotrexate + methanol + carvacrol group.
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which are considered the most important functions of 
GSH [24]. GSH has important functions, such as di-
rectly scavenging ROS in the cell [25]. However, in 
cases where the cellular antioxidant defense system is 
suppressed by ROS production, serious cell damage can 
occur [25]. In the literature, the correlation between the 
GSH content of alcoholic and non-alcoholic livers was 
emphasized, in addition to comparisons with other liver 
disease [26]. To evaluate the oxidant-antioxidant balance 
in methanol and other animal groups in more detail, tis-
sue TOS and TAS levels were also measured. TOS and 
TAS are parameters that reflect the total effects of all 
oxidants and antioxidants in tissue [18, 19]. Studies 
showing that methanol increases TOS levels in blood 
serum support our experimental results [27].

Serum ALT and AST activities in the methanol group, 
which indicates that the oxidant antioxidant balance has 
changed in favor of oxidants, increased significantly 
compared to the carvacrol and healthy groups. Ham-
ouda et al. reported that methanol increased rat serum 
AST and ALT activities [28]. ALT is concentrated only 
in the liver, but AST is concentrated in organs and tissues 
other than the liver. ALT is primarily in the cytoplasm, 
and 80% of AST is present in the mitochondria. There-
fore, in mild hepatocellular damage, if the hepatocyte 
membrane is damaged but the mitochondrial membrane 
is intact, the ALT level in the serum is higher than that 
of AST [29]. However, AST secretion also increases 
mitochondrial membrane damage [30]. When there is 
alcoholic liver damage, if the AST/ALT ratio is greater 
than 1.5, the damage is alcohol-related, and if it is less 
than 1, it should not be considered related to alcohol use 
[31].

In our study, carvacrol, which prevented the increase 
of oxidant parameters and the decrease of antioxidant 
parameters due to methanol administration, also pre-
vented the increase of ALT and AST activities in the 
blood serum of animals. No study in the literature inves-
tigated the effect of carvacrol on methanol-induced 
liver damage. However, 50 and 100 mg/kg body weight 
doses of carvacrol have been shown to reduce the sever-
ity of ethanol-related liver dysfunction and histopatho-
logical damage with its antioxidant effect [32]. In addi-
tion, methanol exposure has been reported to induce 
cytochrome P450 2E1, which is responsible for hepato-
toxicity [33]. Carvacrol inhibits the expression of cyto-
chrome P450 (Cyt P450) by binding to its active pocket 
[32]. Kim et al. reported that carvacrol suppresses alco-
hol-induced ALT and AST elevation [34]. In another 
study, it was emphasized that the protective effect of the 
Taraxacum Syriacum Boiss plant extract, of which the 
primary component is carvacrol, against acetaminophen-

induced liver damage was due to its antioxidant activity 
[35].

Our biochemical findings in the study are consistent 
with histopathological findings. Severe histopathological 
changes were observed in the methanol group, where the 
oxidant-antioxidant balance changed in favor of oxi-
dants. While grade 3 hemorrhages, hydropic degenera-
tion, pycnosis, and mononuclear cell infiltration were 
detected in the livers of rats in the methanol group, these 
findings were evaluated as grade 1 in the group treated 
with carvacrol. In the literature, focal hepatocyte necro-
sis, micro and macrovesicular steatosis, and hydropic 
degeneration have been documented in the liver in 
cases of fatal methanol poisoning [36]. Furthermore, 
degeneration in liver cells, flattening of the hepatocyte 
surface, and disorders in the structure of cell organelles 
have been reported to be histopathological signs of 
methanol intoxication [37]. It is understood from the 
literature that portal inflammation is one of the patho-
logical symptoms related to methanol [38]. The informa-
tion obtained from the literature indicates that methanol 
causes histopathological damage to the liver.

As a result, methanol induced oxidative stress in the 
animal livers. Oxidative stress induced by methanol 
caused severe histopathological damage to the liver tis-
sue. Carvacrol significantly attenuated methanol-related 
oxidative liver injury. These results show that carvacrol 
may be useful in the treatment of methanol-induced 
liver damage.
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