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SUMMARY: Potent heptatotoxic chemicals such as carbon tetrachloride and thioacetamide (TAA) are used to evaluate
hepatoprotective agents. Here we sought to investigate the potential protective effect of the antidiabetic and antioxidant drug, metformin
against liver injury induced by TAA. Model group rats received several injections of TAA (200 mg/kg) before being sacrificed after 10
weeks and the protective group started the treatment two weeks prior to TAA injections and continued receiving both agents, metformin
and TAA until the end of the experiment, week 10.  Harvested liver tissues were examined using light microscopy and liver homogenates
were assayed for oxidative and anti-oxidative stress markers that are known to be modulated in liver injury. Profound damage in the
hepatic tissue of the model group such as liver fibrosis and destruction of hepatic architectures were revealed, which were protected by
metformin comparable to the control group.  TAA augmented the oxidative stress biomarker, malondialdehyde (MDA) and ameliorated
the antioxidant superoxide dismutase (SOD), which were significantly (p<0.05) protected by metformin treatment. These results indicate
that metformin effectively protects against TAA-induced hepatotoxicity in a rat model.
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INTRODUCTION

The adverse effects of certain chemicals used in
industries such as carbon tetrachloride and thioacetamide
(TAA) on the human body are well documented (Mochizuki
et al., 2009). TAA as a source of hydrogen sulfide to
precipitate metal sulfides is a severe hepatotoxic agent that
causes liver fibrosis (Kadir et al., 2011), cirrhosis and liver
cancer (De Minicis et al., 2013), which depends on the length
of exposure of the body to this agent. For example, a single
injection of TAA caused acute liver injury in rats in the form
of tissue necrosis and severe leukocytes infiltration between
6 – 60 h following TAA injections; whereas, biomarkers of
tissue necrosis, iNOS and NF-kB assessed in liver tissue
peaked at one h post TAA injection (Chen et al., 2008).
Inflammation and necrosis of liver tissue also observed after
one week following a single injection of TAA (Luo et al.,

2015). On the other hand, chronic liver injury model induced
by TAA injection twice a week for 6 to 10 weeks caused
liver fibrosis and cirrhosis (Wallace et al., 2015).

Chronic liver disease represents a major challenge
to the health sector since it can lead to liver failure as well as
the high cost of liver transplantation (Neff et al., 2011). Liver
fibrosis represents the common response of the liver to a
variety of insults, including hepatitis, toxins, viruses, alcohol
abuse, metabolic diseases, autoimmune diseases, and
cholestatic liver disease (Friedman, 2003). Regression of
hepatic fibrosis could be a potential therapeutic choice to
prevent the progression to liver cirrhosis and failure (Liedtke
et al., 2013; Czaja, 2014). Oxidative stress is known to be
involved in the pathology of metabolic liver disease and in
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TAA induced chronic liver injuries (Li et al., 2015). Imbalance
between pro-oxidant and antioxidant defence may affect the
extent of liver oxidative damage. Administration of
antioxidants in cases of chronic liver diseases and fibrosis
may ameliorate or prevent this condition (Casas-Grajales &
Muriel, 2015).

The anti-hyperglycaemic and antioxidant drug,
metformin (Cicero et al., 2012; Chukwunonso Obi et al.,
2016) that is widely used to treat type 2 diabetes mellitus was
shown to ameliorate several types of liver diseases such as
nonalcoholic fatty liver disease (NAFLD), improving liver
injury in type 2 diabetes with hyperlipidaemia (Matafome et
al., 2011). In addition, metformin has been shown to protect
primary rat hepatocytes against oxidative stress-induced
apoptosis (Conde de la Rosa et al., 2015). Here we
investigated the potential protective effects of metformin on
TAA-induced liver injury using basic histological staining
and biochemical methods. We compared the status of liver
tissue sections obtained from the model and metformin treated
groups, and also monitored the levels of oxidative stress
biomarkers in liver tissue homogenates from these animals.

MATERIAL  AND METHOD

Animals. Albino male rats weighing 180-200 g were used
for the experiments with the approval of Ethical Committee
of the college of medicine, King Khalid University, Abha,
Saudi Arabia. The animals were obtained from the animal
house of the College of Medicine of King Khalid University
where they fed with standard rat’s pellets and allowed free
access to water. They were housed at a controlled ambient
temperature of 25 ± 2 °C and 50 ± 10 % relative humidity,
with 12-h light/12-h dark cycles. Experiments were
performed according to the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes
of Health (NIH publication No. 85-23, revised 1996).

Experimental design. After a one week adaptation period,
rats were randomly allocated into 4 groups (n= 6) as follows:
Control group (Control): non- treated rats that were injected
intraperitoneally (i.p.) with vehicle;  metformin group (Met):
rats treated with metformin (200 mg/kg) daily for 10 weeks;
TAA-treated group, the model group (TAA): rats were
injected i.p. with 200 mg/kg TAA, 2x per week for 8 weeks
(week 3 – week 10); the protective group (Met+TAA): rats
were treated with metformin from week 1 – week 10 and
injected with TAA from week 3 – week 10.

Histological Analysis. Liver specimens were immediately
fixed in 10 % formal saline for 24 h. Paraffin blocks were

prepared and 5 mm thick sections were subjected to Masson's
trichrome that stains collagen in blue, which determine
hepatic fibrosis. Liver sections were also stained with
hematoxylin and eosin (H&E) stain to elucidate the status
of hepatic architecture and the structural changes.
Morphometry and statistical analysis of the degree of tissue
fibrosis were performed using "Leica Qwin 500 C" image
analyzer (Cambridge, UK). Areas % of collagen deposition
were determined in 10 non overlapping low power fields
for each group. Elements of the liver capsule were excluded
from the computations. Quantitative data were summarized
as means and standard deviations (SD) and compared using
analysis of variance (ANOVA) followed by post-Hoc
analysis (Tukey test). P-values<0.05 were considered
statistically significant. Calculations were made on
statistical package of social science (SPSS) software,
version 19.

Measurements of SOD and MDA. SOD and MDA
(measured as TBARS) levels were measured in liver
homogenates using superoxide dismutase assay kit (SOD),
rat, Cayman Chemical, Cat. No. 706002 and Thiobarbituric
Acid Reactive Substances, TBARS Assay kit, Cayman
Chemical Item Number 10009055  as recommended by the
manufacturer. Tissue homogenates were prepared by taking
parts of the livers obtained from the rats of all groups, freshly
washed with phosphate buffered saline (PBS), pH 7.4. Then,
they were homogenized with an ultrasonic homogenizer in
cold phosphate buffer, pH 7.4, containing ethylene-diamine-
tetra-acetic acid (EDTA). The supernatant obtained from
each sample was used for SOD and MDA analysis.

Statistical analysis. The data was expressed as mean ± stan-
dard deviation (SD). Data was processed and analyzed using
the SPSS version 10.0 (SPSS, Inc., Chicago, Ill., USA). One-
way ANOVA was done followed by Tukey’s post hoc test.
Pearson correlation statistical analysis was done for detection
of a probable significance between two different parameters.
Results were considered significant if p ≤ 0.05.

RESULTS

Induction of liver fibrosis in rats by TAA.  All animals
that were injected intraperitoneally with TAA (100 mg/kg
body weight) twice a week for 8 weeks developed liver
fibrosis (Fig. 1). Tissue preparations for light microscopy
analysis from the liver lobes of the model group stained with
Masson’s trichrome revealed a substantial collagen
deposition (arrows) around portal tract (Figs. 1B and 1C)
compared to a fine collagen deposition (arrow) in liver
sections obtained from the control group (Figs. 1A and 1C).
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Metformin inhibits TAA-induced modulation of oxidative
and anti-oxidative stress biomarkers. To investigate
whether metformin can modulate cellular oxidative stress
known to be up-regulated in liver injury (Le Lay et al., 2014),
we used Thiobarbituric Acid Reactive Substances (TBARS)
assay kit that measures the reactive species, MDA generated
from lipid peroxidation. In addition, we monitored the levels
of the antioxidative enzyme, SOD. Liver homogenates MDA

levels increased by around five-fold in the model group that
was significantly (p<0.05) inhibited by metformin (Fig. 2A).
TAA caused a four-fold reduction in the antioxidative
enzyme, superoxide dismutase (SOD), which was
significantly (p<0.05) augmented by metformin (Fig. 2B).
However, the levels of MDA and SOD in the Met + TAA
group were still significant (p<0.05) to the control group
(Figs. 2A and 2B).

Fig. 1. Induction of liver fibrosis in rats by TAA.(A and
B). Masson’s trichrome stained images (x200) of
harvested tissues obtained from the liver of model group
(B) compared to control group (A) rats are visualized
using light microscopy. Note that arrows point to the
deposition of collagen. (C). Histological quantification
of liver fibrosis cause by TAA compared to control.

Fig. 2. Metformin inhibits TAA-caused an induction of oxidative stress and suppression of anti-oxidative stress. Liver tissue levels of
MDA (A) and SOD (B) were measured 10 weeks after the start of metformin pre-treatment protocol and 8 weeks after the start of TAA
injections in rats. Results represent the mean (±SD); n=6 for each group. Experiments were performed in triplicate. All shown p values
are significant. *p<0.05 versus control, **p<0.05 versus TAA.
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Metformin protects hepatic tissue against fibrosis and
other injuries induced by TAA. To test the hypothesis
that metformin can protect liver organ against fibrosis and
other injuries induced by TAA, we pre-treated a group of
rats (Met + TAA) with metformin (200 mg/kg) daily
starting two weeks before the hepatotoxic agent, TAA was
given to these animals, and continued giving the drug until
the end of the experiment on week 10, whereas, TAA was
injected twice a week from week 3 till week 10. Liver
tissues were examined by light microscopy after staining
with Masson’s trichrome and H&E to quantify the degree
of liver fibrosis and to examine the structural changes.
Masson’s trichrome stained liver sections revealed that
TAA substantially induced liver fibrosis that was
significantly (p<0.05) prevented by metformin to levels
comparable to the control group as determined by image

analyzer that measured the mean area percent of collagen
deposition (Figs. 3A – 3D).

Furthermore, H&E images revealed a normal liver
histology in the control group (Fig. 4A and 4B); showing
cords of hepatocytes displaying an acidophilic cytoplasm
and vesicular nuclei radiating from the central veins (CV),
and surrounding the portal tract (PT).Whereas, the TAA
group (Figs. 4C and 4D) demonstrated multiple hepatocytes
with vacuolated cytoplasms and a dark pyknotic nuclei (bifid
arrow), dilated sinusoids (S), dilated and congested blood
vessels (D) and inflammatory cells infiltrating the portal area
(arrow). The protective group, Met+TAA (Figs. 4E and 4F)
exhibited restored normal parenchymatous architecture of
the liver, although little cellular infiltration (arrow) and
vascular congestion were noted (arrow head).

Fig. 3. Metformin protects against TAA-induced liver fibrosis.  (A - C). Masson’s trichrome stained images (x200) of
harvested tissues obtained from the liver of the control group (A),TAA injected group (B), and the protective group, Met
+ TAA (C) rats are visualized by light microscopy. Note that arrows point to the deposition of collagen. (D). Histological
quantification of collagen as indicator of liver fibrosis in the three groups mentioned above.
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DISCUSSION

The main objective of our study was to investigate
whether the antidiabetic drug metformin can protect the liver

from the hepatotoxic agent TAA in a chronic liver injury
animal model. Therefore, we induced liver injury in rats using

Fig. 4. Metformin protects against TAA-induced liver injuries.  (A - F). H&E stained images (x200) of harvested tissues
obtained after 10 weeks from the liver in different groups of rats used in the study; Control group (A and B),  TAA,
model group (C and D), and Met+TAA, protective group (E and F). Note that bifid arrows shown in C and D point to
hepatocytes with vacuolated cytoplasms and a dark pyknotic nuclei; arrows in D and E point to inflammatory cells; and
arrow head in E point to vascular congestion. Abbreviations: CV, central vein; PT, portal tract; S, dilated sinusoid; D,
dilated and congested blood vessels.
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TAA in the presence and absence of metformin. The princi-
pal findings in our study were that metformin protected liver
lobes against liver fibrosis and necrosis induced by TAA
(Figs. 3 and 4), and inhibited biomarkers of oxidative stress
(Fig. 2) and liver injury enzymes (data not shown) in liver
tissue homogenates and blood. The above conclusions are
supported by the ELISA (Fig. 2) and light microscopy (Figs.
1, 3, and 4) data indicating that TAA induced liver fibrosis,
necrosis, and lipid peroxidation product (MDA) in rats,
which were substantially protected by the use metformin
(Figs. 2-4). In addition, metformin augmented the antioxidant
enzyme SOD (Fig. 2B).

Elevated levels of liver injury biomarkers are
documented in many liver diseases such as obese patients
with fatty livers and in TAA-induced liver fibrosis in rats
(Al Akwaa et al., 2011; Czechowska et al., 2015).
Furthermore, oxidative stress is also known to be involved
in the pathology of liver disease including TAA-induced
acute hepatic encephalopathy (Mustafa et al., 2013) and
TAA-induced liver fibrosis (Kwak et al., 2011). These reports
are in agreement with our findings shown in Figure 2, and
the significant reduction in the levels of MDA, and the
upregulation of SOD upon treatment with metformin may
account for the observed improvement of the liver histology
as indicated by inhibition of fibrosis (Fig. 3), fewer
inflammatory cells, and a preserved architecture of liver
tissue (Fig. 4).

Metformin was previously used to treat liver injury
induced by endotoxin in rats after partial hepatectomy (La
Mura et al., 2013) and also treated NAFLD (Yabiku et al.,
2017). These reports are in agreement with our results that
showed effective protection of hepatocytes with metformin
(Figs. 3 and 4). However, a recent meta-analysis clinical
trials of pharmacological agents in patients with the advanced
type of NAFLD, non-alcoholic steatohepatitis (NASH)
reported that liver fibrosis does not improve with metformin
(Said & Akhter, 2017). The discrepancies could be attributed
to the type of liver disease, the assessment methods used,
and the different species involved in these studies.

In summary, our data demonstrate that TAA induced
liver fibrosis and necrosis, and the induction of oxidative
stress biomarkers, which were protected by metformin.
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RESUMEN: Para evaluar los agentes hepatoprotectores
se usan químicos heptatotóxicos potentes como el tetracloruro de
carbono y la tioacetamida (TAA). En este estudio tratamos de in-
vestigar el efecto protector potencial de la droga antidiabética y
antioxidante, la metformina contra la lesión hepática inducida por
TAA. Las ratas del grupo modelo recibieron varias inyecciones de
TAA (200 mg/kg) durante 10 semanas antes de ser sacrificadas, y
el grupo protector comenzó el tratamiento dos semanas antes de
las inyecciones TAA y continuó recibiendo ambos agentes,
metformina y TAA, hasta el final del experimento. Los tejidos he-
páticos se examinaron usando microscopía óptica y se analizaron
los homogeneizados hepáticos en busca de marcadores de estrés
oxidativo y antioxidante los que están modulados en la lesión he-
pática. Se observaron daños significativos en el tejido hepático del
grupo modelo como la fibrosis hepática y destrucción de la arqui-
tectura hepática, que estaban protegidas por la metformina compa-
rable al grupo control. TAA aumentó el biomarcador de estrés
oxidativo, malondialdehído (MDA) y mejoró la enzima
antioxidante superóxido dismutasa (SOD), que fueron  protegidas
significativamente  (p <0,05) por el tratamiento con metformina.
Estos resultados indican que la metformina protege eficazmente
contra la hepatotoxicidad inducida por TAA en un modelo de rata.

PALABRAS CLAVE: Fibrosis hepática; Tiocetamida;
Estrés oxidativo; Metformina; Modelo de rata.
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