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 This study investigated carbendazim (CBZ)-induced hepatic dysfunction and the mechanistic 
pathway regarding the protective effect of melatonin (MEL). Twenty-eight male rats were grouped 
as follows: Control, CBZ (150 mg kg-1), MEL (20.00 mg kg-1), and CBZ + MEL. The experiment was 
conducted for 60 days. Tissue samples were stained with Hematoxylin and Eosin and immuno-
fluorescence methods to examine apoptotic pathway. Also, hepatic enzymes and miR-122 expression 
were evaluated. The findings indicated that the CBZ group exhibited an increase in degenerated 
hepatocytes, hyperemia of sinusoids, and leukocyte infiltration, accompanied by elevated levels of 
aspartate aminotransferase and alanine aminotransferase, as well as up-regulation of miR-122. Also, 
there was a significant increase in the fluorescence intensities of caspase-3 and Bax in the CBZ group, 
whereas a substantial reduction in the fluorescence intensity of Bcl-2 was recorded. In contrast, the 
simultaneous administration of MEL alongside CBZ was shown to be effective in improving 
histological structure, decreasing levels of aspartate aminotransferase and alanine aminotransferase, 
reducing the apoptosis index, and modulating the expression of miR-122 in comparison with the 
CBZ-only group. The increased expression of miR-122 noted in the CBZ group may correlate with an 
elevation in the immunoreactivity of apoptosis markers and alterations in liver architecture. 
Additionally, MEL seems to alleviate CBZ-induced hepatotoxicity by down-regulating miR-122 
expression, diminishing the fluorescence intensity of caspase-3 and Bax, and enhancing the 
immunoreactivity of Bcl-2. Collectively, the regulation of miR-122 may serve as a potential 
mechanism by which MEL confers its protective effects against liver damage induced by CBZ. 
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Introduction 
 

Liver damages are among the serious challenges for 
human health around the world. Various factors, such as 
chemical pollutants, drugs, and alcohol, can cause liver 
injury.1 Nevertheless, despite all the studies done so far, 
there are very few suitable therapeutic compounds for 
liver injuries and diseases.2 On the other hand, there is a 
growing concern that some agricultural agents, such as 
carbendazim (CBZ), adversely affect the structure and 
function of the liver. As a systemic fungicide, CBZ is 
commonly used in agriculture and has wide applications 
for controlling fungal diseases in forestry and veterinary 
medicine. The CBZ is also employed to protect the facade 
of buildings against fungi. Besides, CBZ contamination in 
superficial waters mainly results from the discharge of 
 
 

 treated domestic sewage.3 The inhalation of fungicide or 
consumption of contaminated water, agricultural raw 
material, and frozen vegetables are the main routes of 
human or animal exposure to CBZ.4 It has also been 
reported that CBZ causes liver damage in mice and 
zebrafish.5 Numerous experimental studies have 
demonstrated that CBZ adversely affects hepatic 
integrity, which can be related with the induction of 
apoptosis, oxidative stress, and inflammation.6-9 Based on 
past research, CYP1A2 has been identified as the main 
enzyme responsible for the hepatic metabolic activation 
of CBZ. Also, increasing the administrated CBZ 
concentration not only causes cytotoxicity but also 
changes the affinity of structural proteins in hepatocytes, 
suggesting a link between hepatotoxicity and the 
metabolic activation of CBZ.5  
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Several researchers have efforts to find a novel 

protective agent to reduce the liver adverse effects of CBZ. 
For example, in one study, rats co-treated with quercetin 
and CBZ demonstrated marked improvement in both 
physiological and structural alterations of liver compared 
to the CBZ-alone ones.9 Also, in another work, due to its 
genoprotective and free radical scavenging activities, 
Nigella sativa oil was associated with normalized hepatic 
structural architecture, and minimized the elevated liver 
enzymes in a rat model of CBZ-induced hepatic damage.8 
Furthermore, the possible protective effects of 
administration of olive leaves extract on CBZ-induced 
hepatic, renal, and testicular injuries have been 
investigated previously.6 Salihu et al., have investigated the 
protective effects of active fraction of ginger on the liver 
and kidney alterations in rats exposed to CBZ. Their 
examinations not only revealed renal and hepatic 
dysfunction due to the CBZ but also certificated the 
protective characteristic of active ginger ingredients 
against CBZ toxicity.7  

Melatonin (MEL; N-acetyl-5-methoxy-tryptamine) is an 
indolamine hormone mainly synthesized from the amino 
acid tryptophan by the pineal gland and many other 
organs in mammals. This lipophilic and polymorphic 
hormone plays an important role in eliminating free 
radicals and stimulating anti-oxidant enzymes and thus, 
protecting various tissues, including the liver, against 
different toxicants.10 Also, it has been shown that MEL is 
essential for healthy metabolism of proteins and fats by 
acting as a synchronizer of circadian rhythm, seasonal 
reproduction, and also anti-oxidant effects.11 Finally, MEL 
has been reported to prevent oxidative stress and 
cytotoxicity caused by cadmium through local signal 
transducer and activating of transcription-3 pathway, 
consequently improving mitochondrial function during 
stress caused by cadmium.12 

A review of previous studies showed that MEL 
improves liver and pancreatic tissues injuries in 
streptozotocin-diabetic rats via different anti-oxidant 
effects.10 Also, the protective effect of MEL against 
herbicides-induced hepatotoxicity in rats has been proven 
in another investigation.13 Furthermore, the potential 
protective anti-oxidant role of MEL in cyclosporine -
induced hepatotoxicity was examined in Sprague-Dawley 
rats. It has been concluded that MEL may assist to protect 
against cyclosporine -induced damage to liver tissues 
possibly through effects on the anti-oxidant system.14 
Nevertheless, there is not much research regarding the 
possible effect of MEL on the histological changes of the 
liver caused by CBZ in rats. Therefore, the aim of the 
current research was to investigate the possible 
mechanism and the effect of MEL on the histological 
structure of the liver of rats treated with CBZ. From the 
results of this research, the possible effects of the MEL 
against CBZ toxicity may be commented. 

 Materials and Methods 
 

Chemicals. Carbendazim (purity: 97.00%) and 
melatonin (powder, ≥ 98.00%) were purchased from 
Sigma-Aldrich Chemicals Company (St. Louis, USA). All 
other chemicals were obtained from Merck Company 
(Darmstadt, Germany), unless otherwise stated.  

Animals. This study followed the institutional 
guidelines regarding the care and use of laboratory 
animals. The study protocol was approved by the 
Animal Experiment Committee in Ilam University, Ilam, 
Iran (No: IR.ILAM.REC.1402.015). All animals were bred 
and handled in accordance with the guidelines for the 
care and use of laboratory animals. Twenty-eight male 
Wistar rats (7 - 9 weeks old and 220 - 250 g) were 
raised in a 12 hr light/dark cycle at constant room 
temperature (22.00 ± 2.00 ˚C) with a standard diet in 
the Veterinary Medicine Laboratory Animal Husbandry 
Center, Ilam, Iran.  

Study protocol. After adaptation to new laboratory 
conditions, the animals were randomly grouped (n = 7) 
as follows: Negative control group: Rats were intra-
peritoneally injected with physiological saline, CBZ 
group: Rats were given 150 mg kg-1 CBZ by daily oral 
gavage method, CBZ + MEL group: Rats were received 
150 mg kg-1 CBZ by gavage method and simultaneously 
injected with MEL at a dose of 20.00 mg kg-1, and MEL 
group: Rats were intra-peritoneally injected with 20.00 
mg kg-1 MEL one time. The CBZ and MEL doses were 
based on previously published research.15-18 The 
experiment lasted 60 days. At the end of the treatments, 
the animals were anaesthetized using intra-muscular 
injection of 50.00 mg/ kg-1 body weight ketamine 
hydrochloride and 5.00 mg/ kg-1 xylazine 
hydrochloride. Then, blood samples were collected and 
serum was separated. Serum levels of alanine 
aminotransferase (ALT) and aspartate amino-
transferase (AST) were then assessed using an 
automatic analyzer (BT-1500 Biotecnica Instruments, 
Roma, Italy) and commercial assay kits (ALT: 
Biorexfars, Shiraz, Iran), and International Federation of 
Clinical Chemistry and Laboratory Medicine method 
without pyridoxal phosphate; AST: Biorex Fars).  

Histology and histomorphometry. Excised livers 
samples were fixed in a 10.00% buffered formalin solution 
for 48 hr. They were subjected to standard routine tissue 
processing technique, including dehydration by graded 
ethyl alcohol concentrations, clearing in xylene, and 
embedding in paraffin. Then, 5.00-μm-thick tissue sections 
were stained with Hematoxylin and Eosin method. 
Histological photographs of liver were taken using a light 
microscope (BH-2; Olympus, Tokyo, Japan) equipped with 
a digital camera and image analysis software (True Chrom 
Metrics; Tucsen, Fuzhou, China). Afterwards, all sections 
were evaluated for the degree of liver alterations, and  
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photographs were evaluated quantitatively. For histom-
orphometry examination, six random fields of each section 
were selected and in each of them, the following 
parameters were counted and expressed numerically 
between 0 and 100% according to the methods proposed 
previously.19,20 The percentage of normal and dilated 
veins, the percentage of normal or necrotic hepatocytes, 
and the rate of infiltrating inflammatory cells per mm2 of 
histological cross-sections.  

Immunofluorescence examinations. Sections were 
subjected to dehydration and rehydration with xylene 
and graded alcohol, respectively. To detect non-specific 
tissue antigens, the slices were placed in citrate buffer for 
10 min in an autoclave (pH: 7.40, 121 ˚C, and two 
atmospheres). The activity of endogenous peroxidase 
was removed by 3.00% H2O2 solution for 15 min. Dako 
blocking reagent was used to remove non-specific 
connections of antibody with tissue antigens. Sections 
were then incubated with the primary antibody against 
BAX, Bcl-2 and, caspase-3 (1/400) overnight at 4.00 ˚C. 
After washing in phosphate-buffered saline, goat anti-
rabbit immunoglobulin G (H+L, fluorescein 
isothiocyanate conjugated, and diluted 1/10,000 in 
blocking solution) was added to the sections for 1 hr at 
room temperature. After three times washing in 
phosphate-buffered saline, 1.00 μg mL-1 4',6-diamidino-2-
phenylindole was added to the specimens (30 min at 
room temperature and dark medium) for cell nuclei 
staining. The sections were observed under fluorescence 
microscope (BX50; Olympus) and photographed at 200× 
magnification with an Olympus DP72 camera. The 
nuclear morphology and distribution of apoptosis-
related proteins in the hepatic tissue were estimated by 
densitometry technique and analyses of cells with ImageJ 
Software (National Institutes of Health, Bethesda, USA). 

Quantitative real-time reverse transcription 
polymerase chain reaction (qRT-PCR) assay. For qRT-
PCR assay, 100 mg of liver tissue was separated and placed 
in a test tube with 1.00 mL radioimmunoprecipitation 
assay buffer (pH: 8.00; sodium chloride: 150 mM, sodium 
dodecyl sulfate: 0.10%, Tris: 25.00 mM, phenylmethyl-
sulfonyl fluoride: 1.00 mM, and sodium fluoride: 50.00 
mM). It was mixed and homogenized using a homogenizer. 
In order to determine the amount of protein in the 
samples, the Bradford method was used.21 To investigate 
the expression level of miR-122 in liver tissue by qRT-PCR, 
total RNA was extracted from 50.00 mg of each liver 
sample using the miRcute Isolation Kit (Tiangen, Beijing, 
China), following the supplier's protocol. The purity of 
RNA was determined by measuring the optical density at 
the ratio of 260/280 using a dedicated micro-volume 
measurement cuvette Eppendorf µCuvette® G1.0 
(Eppendorf, Hamburg, Germany). Purified RNA from each 
sample, containing 300 ng of total RNA, was rapidly 
reverse transcribed into first-strand cDNA using the  
 

 miRNA miRcute First-Strand cDNA Synthesis Kit 
(Tiangen). Subsequently, qRT-PCR was performed using 
the Applied Biosystems StepOnePlus™ Real-Time PCR 
System (Thermo Fisher Scientific, Foster City, USA) by 
miRcute miRNA qPCR Detection Kit, SYBR Green 
(Tiangen), and a specific primer for miR-122. The 
primers used were as follows: miR-122-Rat-Forward: 
GGAGTGTGACAATGGT GTTTG, cDNA Adapter Reverse: 
GAACATGTCTGCGTATCTC, U6-Forward: TGCTTCGGCA 
GCACATATAC, and U6-Reverse: AGGGGCCATGCTAATC 
TTCT. The reaction was performed under the following 
conditions: 94.00 ˚C for two min, 94.00 ˚C for 20 sec, 
and 60.00 ˚C for 34 sec. The relative amount of miR-122 
tested for each sample was normalized to the level of U6 

as an endogenous control gene. 
Statistical analysis. The results were analyzed using 

SPSS Software (version 16.0; SPSS, Inc., Chicago, USA). The 
descriptive values were expressed as the mean ± standard 
error. To evaluate the normality of the data, the 
Kolmogorov Smirnov test was used. To determine the 
difference between the groups, one-way analysis of 
variance, followed by Tukey post hoc tests for multiple 
comparisons was exploited. A p-value less than 0.05 was 
considered statistically significant. 

 
Results 
 

During this study, one death occurred in the group 
treated with CBZ. Nevertheless, the animals did not show 
clinical symptoms during the study. Macroscopic 
observations showed that animals did not have any 
anatomical abnormalities. To test whether MEL has 
hepatoprotective activities, the biochemical and 
histological changes were evaluated after a liver damage 
had been induced by CBZ.  

To evaluate liver injury, liver function enzymes (AST 
and ALT) in sera were evaluated. The CBZ administration 
significantly (p < 0.05) increased the measured liver 
function indices in comparison with the control group. 
Meanwhile, treatment of rats with MEL + CBZ caused 
marked decrease (p < 0.05) in AST and ALT levels in 
comparison with the CBZ group (Fig. 1).  

The results confirmed obvious hepatic tissue 
alterations, including increase in degenerated 
hepatocytes, hyperemia of sinusoids, and leukocyte 
infiltration, after CBZ treatment. Interestingly, MEL had 
a protective effect on the liver parenchyma and general 
integrity of the hepatic blood vessels. Only slight blood 
congestion was seen in some sections (Figs. 2 and 3). As 
illustrated in Figure 3, the hepatic tissues of CBZ-
treated rats manifested a significant decline in the 
numbers of normal hepatocytes and a considerable rise 
in the numbers of necrotic hepatocytes, as well as 
significantly increased leukocyte infiltration in the peri-
portal and centro-lobular zones (Fig. 4).  
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On the contrary, CBZ + MEL group showed a significant 
decrease in the scoring of almost all lesions compared to 
the group receiving CBZ, and in some parameters it was 
almost similar to the control group (Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

 
Fig. 1. The effect of melatonin on changes in serum liver 
function markers caused by carbendazim in rats. A) Aspartate 
amino-transferase (AST) level in serum; B) Alanine 
aminotransferase (ALT) level in serum. At the top of each 
column, ∗ means a significant difference at the p < 0.05 level, 
∗∗ means a significant difference at the p < 0.01 level, ∗∗∗ 
means a significant difference at the p < 0.001 level, and ∗∗∗∗ 
means a significant difference at the p < 0.0001 level. ns:  
non-significant. 

 
 
 
 
 
 
 
 
 
 

 

 
 

 
Fig. 2. Histological analysis of rat liver tissue treated with 
carbendazim (CBZ) and melatonin (MEL) alone or in 
combination with each other. A) Control group: Ordinary 
morphology of liver parenchyma can be seen; B) CBZ group: 
Severe hepatic tissue abnormality can be seen (black triangles 
indicate hyperemia and black arrows represent leukocyte 
infiltration); C) CBZ + MEL group: Significant improvement in 
the order and structure of liver parenchymal cells and overall 
structure of liver blood vessels is obvious; D) MEL group: The 
normal histo-architecture of the liver is observed, being 
similar to the control group (Hematoxylin and Eosin staining, 
Bars = 188 µm). 

 
 

  
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 3. Histological analysis of rat liver tissue treated with 
carbendazim (CBZ) and melatonin (MEL) alone or in 
combination with each other. A) Control group: The regular 
morphology of the liver parenchyma along with normal 
structure and size of the liver sinusoids without any 
hyperemia is seen; B) CBZ group: An increase of degenerated 
and vacuolated liver cells (arrows), expansion and hyperemia 
of sinusoids (arrows head), and infiltration of infiltrating 
inflammatory cells can be seen in the central lobular areas 
illusterated by a white circle; C) CBZ + MEL group: A 
significant improvement is observed in the cellular order, and 
structure of liver parenchymal cells and blood vessels. Also, 
infiltration of infiltrating inflammatory cells is not seen in this 
group; D) MEL group: The normal hepatic tissue architecture 
is observed, being similar to the control group (Hematoxylin 
and Eosin staining, bars = 19.00 µm). 

  
To investigate the protective effect of MEL on 

apoptosis induced by CBZ, the expressions of caspase-3 
(apoptosis executive protein), Bax (pro-apoptotic 
factor), and Bcl-2 (anti-apoptotic factor) in liver tissue 
were detected by and immunofluorescence stainings. 
Caspase-3, Bax, and Bcl-2 immunoexpressions in 
hepatic tissues of all experimental groups are illustrated 
in Figures 5-8, respectively. 

As shown in Figures 5-8, unlike the control group, 
the fluorescence intensity of caspase-3 and Bax in the 
liver tissue increased significantly, whereas the 
fluorescence intensity of Bcl-2 decreased significantly in 
the CBZ group. However, treatment of rats with MEL 
plus CBZ up-regulated the immunoexpression of Bcl-2 
and down-regulated the immunoexpression of caspase-
3 and Bax (Figs. 5-8).  

The expression pattern of miR-122 in liver tissue 
belonging to the different experimental groups was 
tested by qRT-PCR method. To confirm the 
amplification of the specific parts of miR-122, absence 
of non-specific genes, and pairing of primers, the 
correctness of performing qRT-PCR reactions was 
confirmed by drawing standard efficiency graphs, 
amplification plots, and melting curves.  
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Fig. 4. Effect of melatonin administration on histometric para-
meters of liver tissue sections in animals treated with 
carbendazim. A) Percentage of dilated and hyperemic central 
lobular veins; B) Percentage of dilated and hyperemic portal 
veins; C) Percentage of normal hepatocytes; D) Percentage of 
necrotic hepatocytes; E) Percentage of inflammatory cells in the 
vessels of the center of the lobule; F) Percentage of inflammatory 
cells in the vessels around the portal area. At the top of each 
column, ∗ means a significant difference at the p < 0.05 level, ∗∗ 
means a significant difference at the p < 0.01 level, ∗∗∗ means a 
significant difference at the p < 0.001 level, and ∗∗∗∗ means a 
significant difference at the p < 0.0001 level. ns: non-significant. 

 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig. 5. Protective effect of melatonin on carbendazim-induced 
liver apoptosis in rats. Immunofluorescence staining of caspase-3 
(green color) in the liver tissue. 4',6-diamidino-2-phenylindole 
(DAPI; blue dye) was used to stain the nuclei, (bars = 50.00 µm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 6. Protective effect of melatonin on carbendazim-induced 
liver apoptosis in rats. Immunofluorescence staining of Bax 
(green color) in the liver tissue. 4',6-diamidino-2-phenylindole 
(DAPI; blue dye) was used to stain the nuclei, (bars = 50.00 µm). 

 
As shown in Figure 8D, miR-122 was strongly 

expressed in liver tissue of CBZ group compared to control 
group. A very low expression of miR-122 was found in the 
liver tissue in control and MEL receiving groups. Also, a 
significant decrease in the expression of miR-122 was 
observed in CBZ + MEL group compared to CBZ group. 
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Fig. 7. Protective effect of melatonin on carbendazim-induced 
liver apoptosis in rats. Immunofluorescence staining of Bcl-2 
(green color) in the liver tissue. 4',6-diamidino-2-phenylindole 
(DAPI; blue dye) was used to stain the nuclei, (bars = 50.00 µm).  

 
Discussion  
 

Recently, many reports have found that pesticides and 
fungicides cause several human and animal health 
problems, including liver dysfunction.4,5 The MEL is a 
pineal gland-originated hormone that has beneficial health 
effects. However, there is little scientific information 
regarding the effect of MEL on CBZ-induced liver damage. 
Therefore, the present study investigated the possible 
mechanism of MEL effect in CBZ-induced liver damage in 
rats. The results of the present study showed widespread 
degeneration of hepatocytes with vacuolated cytoplasm, 
remarkable increase in the number of necrotic 
hepatocytes, hyperemia of the sinusoids, and centro-
lobular inflammation in the CBZ group. These findings 
suggest destructive effects of CBZ and are consistent with 
the results of previous study involved detrimental hepatic 
changes caused by CBZ.9,22-24 Nevertheless, the 
simultaneous administration of MEL alongside CBZ caused 
a significant improvement in the microscopic structure of 
the liver, including hepatocyte recovery, decreasing of 
inflammation, and promotion of the liver blood vessels 
integrity. Also, a significant reduction in the scores of 
almost all lesions was seen compared to the group 
receiving CBZ.  

Previous studies have reported that CBZ 
administration in rats has the ability to induce apoptosis, 
consequently leading to hepatic dysfunction in a dose- and 
time-dependent manner.22,24 To investigate the protective 
effect of MEL on apoptosis induced by CBZ, the 
 

 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Densitometry technique and quantitative analysis of  
A) caspase-3, B) Bax C) Bcl-2 positive areas among different 
groups. D) Comparison of miR-122 expression level in liver tissue 
in different experimental groups. The U6 was used as an internal 
control. At the top of each column, * means a significant difference 
at the p < 0.01 level, ** means a significant difference at the p < 
0.001 level, and *** means a significant difference at the p < 
0.0001 level. ns: non-significant. 

 

expressions of caspase-3 (apoptosis executive protein), 
Bax (pro-apoptotic factor), and Bcl-2 (anti-apoptotic factor) 
in the liver tissue were detected by immunohistochemical 
and immunofluorescence staining. Our results revealed for 
the first time that MEL has strong anti-apoptotic effect 
manifested by weak immunohistochemical staining of 
caspase-3 and Bax, as well as strong immunoactivity for 
Bcl-2 in liver sections from CBZ-treated rats. Generally, 
Bax, caspase-3, and Bcl-2 are the main proteins that 
regulate apoptosis by interacting with mitochondrial 
membrane permeability.25-27 These findings suggest that 
MEL can effectively reduce CBZ-induced liver apoptosis. In 
accordance with the current results, a recent study 
showed that MEL reduced hepatocyte ferroptosis induced 
by lead or lipopolysaccharide exposure through activation 
of adenosine monophosphate-activated protein kinase 
phosphorylation.28 Also, due to its lipophilic properties 
and small size, MEL can easily pass cell membrane,29-30 and 
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prevent protein, DNA, and lipid peroxidation damages. In 
particular, by reducing oxidative stress in mitochondria, 
MEL can also normalize mitochondrial homeostasis, finally 
preventing apoptosis.31 In addition, due to its multi-
functional anti-apoptotic and anti-apoptotic regulatory 
effects, it has been proven that MEL is a promising 
compound for protecting tissues against cadmium and 
carbon tetrachloride induced hepatotoxicity.32-34  

Along with our histological results, the biochemical 
findings also confirmed the hepatotoxicity of CBZ. So, the 
serum levels of AST and ALT, the most indicative markers 
of liver deterioration, showed significant elevations. These 
findings are in accordance with the previous studies.9,22,24 

Contrary to this, applying a MEL significantly reversed 
serum AST and ALT levels. These findings may indicate 
that MEL can effectively induce protection of liver 
function against CBZ-induced hepatotoxicity. Regarding 
the ameliorating effects of MEL on liver enzyme’s 
function, similar results have been reported following 
exposure to cadmium.32 

The MEL as a natural anti-oxidant, lipophilic, and 
polymorphic hormone has long been known to have 
many biological activities, including protective effects 
against liver damage.2 However, little information is 
available about the possible mechanism of its beneficial 
effects on the liver in the case of CBZ hepatotoxicity. 
Therefore, in the present study, the hepatic expression of 
miR-122 as the most abundant miRNA in human liver 
tissue was investigated. The current results revealed 
marked activation of the miR-122 in the hepatic tissues 
of rats treated with CBZ. Previous studies have also 
indicated that serum levels of miR-122 increase after the 
induction of liver injuries.35-36 On the other hands, MEL 
could significantly inhibit the increase of hepatic miR-
122 expression. Thus, as a possible mechanism, the 
inhibitory effect of MEL on the miR-122 expression could 
be correlated with its hepatoprotective effect, being 
demonstrated in this research by histological, immuno-
fluorescence, and biochemical examinations. Accordingly, 
a significant association between liver structural changes 
and the plasma concentration of miR-122 has been 
shown previously.35 

One of the limitations of this research was the lack of 
electron microscopy to examine the details of the structure 
of the liver and the organs involved in CBZ intoxication, as 
well as the protective effects of MEL. Another limitation 
was the absence of determination of anti-inflammatory 
factors related to MEL-induced hepatoprotection. So far, 
no study has reported the protective effect of MEL 
against liver toxicity caused by CBZ; so, the present 
findings are worth innovation. One of the strengths of 
this research is the investigating of the possible 
relationship between hepatic tissue alterations, 
apoptosis pathway, and miR-122 expression. However, it 
is important to acknowledge that the discovery of the 
  

 relationship between MEL, apoptosis, and miR-122 
expression requires further investigation.  

In the present study, increased expression of miR-122 
in CBZ group could be related to increased immuno-
reactivity of apoptosis marker proteins, and consequently 
liver histological abnormalities. Furthermore, MEL-
mediated hepatoprotection in CBZ-treated rats could 
involve regulatory mechanisms on miR-122 silencing and 
anti-apoptosis pathways. Taken together, our results 
provide a new insight into the ameliorative role of MEL 
supplementation against CBZ-induced hepatotoxicity. 
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