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Abstract: Paraquat is highly toxic compound for humans and animals. It has been used widely in agriculture as
herbicide. The present study was designed to investigate the potential protective effect of Coenzyme Q10 against the
hepatotoxicity of paraquat in male rats. The experiment was carried out using 24 male albino rats. Four groups of
animals were used in this study: control, Coenzyme Q10 (10 mg/kg), paraquat-treated (9 mg/kg b.w), paraquat along
with Coenzyme Q10 for 4 weeks. Light microscopic observations revealed that the hepatic tissue of control and
Coenzyme Q10 groups showed normal hepatocytes structure. Histopathological observations of paraquat treated
group showed severe damage in liver tissue such as hepatocytes degeneration and necrosis, congestion of blood
vessels and hemorrhage. Biochemical studies indicated that serum Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST) and Alkaline Phosphatase (ALP) levels were elevated in paraquat treated group.
Administration of paraquat significantly increased hepatic malondialdehyde (MDA) levels. Superoxide dismutase
(SOD) activity and Glutathione (GSH) content in the liver of the paraquat administered rats were significantly
decreased as compared with control group. Paraquat treated rats showed negative immunoreactivity to Alfa
Fetoprotein (AFP) in the cytoplasm of the liver cells. Coenzyme Q10 administration attenuated the damages induced
by paraquat in the liver of rats. The results of the present study indicated that Coenzyme Q10 has protective effect
against liver damage induced by paraquat.
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1. Introduction leukemia in offspring (Dick, 2006; Monge, et al,
Paraquat  (1,1-dimethyl  4,4-bipyridinium 2009).

dichloride) is widely used as herbicide, although it is It has been indicated that paraquat produces
very toxic for humans and animals (Tortorelli et al., multi-system toxicity by damaging the cellular
1990) . It is used in about 130 countries to control membrane lipids (Bus et al, 1976). The mechanism of
broad-leaved weeds in growing corn, fruit trees, cellular damage caused by paraquat involves the P-
vegetables, and also as a desiccant before harvesting 450 reductase-dependent formation of reactive oxygen
(Copping, 2002; Fernandez ef al., 2002). Paraquat is species and peroxidation of membrane lipids in
a very dangerous pollutant of the environment, as it pulmonary cells. Although most studies carried out on
readily binds to both clay and organic matter in soil Paraquat dealt with lungs, few works deal with
and is very slowly biodegraded (Watts, 1994; US paraquat effects on the liver. Antioxidants prevent
EPA, 1997). This compound is not volatile, and its oxidative damage caused by reactive oxygen species
contamination resulted in a number of health effects in (ROS) in biological structures. Interactive relations
California (U.S.A) (Madeley, 2002). Paraquat is between antioxidants and toxins may alleviate the
distributed quickly by blood to reach all organs and toxicity of hepatotoxic agent (Murray et al., 1988;
tissues (IPCS, 1984), including the main target organ Sies and Stahl, 1992; McPherson, 1994 ;).

in poisoning—the lungs (Murray and Gibson 1974; Alpha-fetoprotein (AFP) is an onco-fetal
Dey et al, 1990). Although kidney, heart and central glycoprotein normally synthesized during fetal life
nervous system are affected, lung damage and and repressed in adults. High levels of AFP are
pulmonary fibrosis are the most widespread injuries observed during adulthood only wunder certain
and are main causes of death when exposed to conditions, such as the presence of some neoplasias
paraquat (Mohammadi-Karakani et al, 2006). (e.g. hepatocellular carcinoma, testicular carcinoma
Previous studies indicating that parental exposure to and lung cancer (Soresi ef al., 2003). (AFP) is a good
pesticides including paraquat may develop certain marker for several possible disorders affecting
disorders such as Parkinson’s disease (PD) and gestation and hepatic aberrations. Chronic liver

disease and cirrhosis identified and diagnosed
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according to liver biopsy showed variations in AFP
(Gad, 2005).

Coenzyme Q10 (CoQl10) is known as
ubiquinone, a vitamin-like substance present in all
cells in the membranes of endoplasmic reticulum,
peroxisomes, lysosomes, and the inner membrane of
mitochondria. In recent years, CoQl0 has gained
considerable attention as a dietary supplement capable
of influencing cellular bioenergetics and counteracting
some of the damage caused by ROS ( Linnane et al.,
2002; Butler et al., 2003; Rosenfeldt er al., 2003;
Zhou et al., 2005). Previous studies demonstrated the
protective effects of CoQIl10 in various models of
oxidative and inflammatory tissue damage
(Upaganlawar et al, 2006; Sohet et al, 2009 ;
Spindler et al, 2009), and therefore it protects the
body against the deleterious effects of ROS. The
enzyme has hence been therapeutically employed in
many disorders for its cytoprotective and antioxidant
properties (Alleva et al., 2001; Ruiz-Jimenez et al.,
2007). In clinical populations, CoQ10 has been used
as a supplementary treatment for chronic diseases
such as Chronic Heart Failure (CHF), muscular
dystrophies, Parkinson's disease, cancer, and diabetes
(Keith et al.,1998; Shults et al., 2002). The aim of the
present study was to examine the protective effect of
CoQ10 against  herbicide paraquat-induced
hepatotoxicity in male rats.

2. Materials and Methods
Animals and experimental design

Adult male albino rats were obtained from
animal farm in Taif, Saudi Arabia. The animals were
kept at standard housing facilities (24+1 °C, 45+5%
humidity and 12 h light/dark cycle). They supplied with
standard laboratory food and water ad-libitum and left
to acclimatize for one week before the experiments.
The animals were then divided into 4 groups, 6 animals
each. Group I: animals of this group were served as
control received saline solution orally. Group II:
animals were orally given CoQ10 (10 mg/kg b.w.).
Group III: animals were given Paraquat
intraperitoneally at dose of (9 mg/kg b.w.) (1\10) LDsy.
Group IV: animals were intraperitoneally injected with
Paraquat at a dose of 9 mg / kg b.w. plus Coenzyme
Q10 (10 mgkg b.w.) orally daily. Time of the
experiment was four weeks. All the treatments were
done in compliance with the Guide for the Care and
Use of Laboratory animals.
Histological and Histopathological Examinations

At the end of the experiment, animals were
sacrificed under ether anaesthesia. Liver from animals
was carefully separated and immediately fixed in 10%
neutral buffered formalin (PH 7.2), dehydrated in
ascending series of ethanol, cleared in methyl
benzoate and embedded in paraffin wax. Paraffin
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sections of Sum thickness were prepared for
histopathological examination. Sections were stained
with haematoxylin and eosin (H&E) using the
standard techniques (Bancroft and Stevens, 1982)
and then were examined under light microscope.
Biochemical determinations

Blood samples were collected from the
marginal ear vein of the rats, placed into plain
Vacutainer silicone-coated tubes, and allowed to clot
at room temperature. The blood samples were
centrifuged at 3000 rpm for 15 minutes. Serum
samples were frozen immediately at -20°C and stored
until required for analysis.
Serum marker enzyme assays

AST, ALT, ALP levels were determined in the

serum by routine colorimetric methods on a Roche
modular autoanalyser (Roche modular autoanalyser,
Tokyo, Japan).
Oxidative stress and antioxidant enzyme assays

For determination of oxidative stress and
antioxidant enzymes in the liver, supernatant obtained
after centrifugation of hepatic tissue homogenates was
used. Reduced Glutathione was assayed as described
by Beutler et al, (1963). Superoxide Dismutase
activity was determined according to the method of
Nishikimi ez al. (1972). Malondialdehyde, as an
indicator of lipid peroxidation, was determined
according to Ohkawa ef al. (1979).
Immunolocalization of AFP in rats hepatocytes

For immunolocalization by light microscope,
the liver section were fixed in 99% ethanol and 1%
acetic acid for 12-15 hours at 40°C and rehydrated.
The endogenous peroxidase activity was blocked with
0.05% hydrogen peroxidase in absolute methanol for
30 min. The slides were then washed 5 min in
phosphate buffered saline (PBS) at pH 7.4 after each
incubation step. The slides were incubated for 5 min
in an ultra violet light at room temperature in order to
block non specific background staining of excess
stain. Primary antibody (Anti-rat. IGg) were applied
for 10 min followed by biotinylated Goat anti
polyvalent and incubated for 10 min as well. Slides
were treated with streptovidin peroxidase and
incubated for 10 min at room temperature, as a final
step for AFP localization.
Statistical analysis

The results were tested by univariate Analysis
of Variance (ANOVA) followed by Mann—Whitney
Rank Sum Test. The values were considered
significantly at P<0.05. The statistical analysis was
performed using SPSS .

3. Results
Biochemical determinations
a-Liver functions
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The serum ALT , AST and ALP levels were
significantly elevated in paraquat treated group as
compared with control group (Tablel). Treatment with
CoQ10 decreased remarkably the levels of serum ALT,

AST and ALP in the liver of paraquat-treated rats,
although the enzyme levels were still higher than in the
control (Tablel).

Table (1): Effect of Coenzyme Q10 on Paraquat- induced changes in the Liver functions of different groups.

Values are mean = SD, n = 6 animals.

arameters ALT AST ALP
Groups (U/L) (U/L) (U/L)
Control 54.87+2.73 106.83 +5.88 79.45+2.01
Coenzyme Q10 579 +2.71 110.54 £ 548 81.12+2.12
Paraquat 139.47 £ 1.98 * 187.12 +£3.55 * 134.7+1.95*
Paraquat ; Coenzyme Q10 112.52£1.11° 131.63+£2.21° 111.81£2.62°

* Significant difference at P<0.05 compared with the control group.
® Significant difference at P<0.05 compared with the paraquat treated group.

b- Oxidative stress and antioxidant enzymes
Lipid peroxidation

Malondialdehyde (MDA) is the main oxidation
product of peroxidized polyunsaturated fatty acids and
represents an important index of lipid peroxidation.
Administration of paraquat significantly increased
(38.1%) hepatic MDA levels in rats as compared to
the control group (Table 2). CoQ10 treatment resulted
in a significant decrease (10.3%) in MDA as
compared to the paraquat group (Table 2).
Glutathione (GSH)

GSH content in the liver of the paraquat
administered rats was significantly decreased as

compared to control group (Table 2). The GSH
content decreased by 12.9% in the paraquat treated
group. However, the GSH content was significantly
increased (11.4%) in rats treated with paraquat along
with CoQ10 as compared to the paraquat group (Table
2).

Superoxide dismutase (SOD)

Administration with paraquat resulted in
decreased activity (31.0%) of the enzyme in the liver
as compared to the control group (Table2).
Administration of CoQ10 along with paraquat
increased the activity (19.1%) of SOD as compared to
the paraquat group (Table 2).

Table (2): Oxidative stress and antioxidant enzymes in the liver of different groups. Values are mean + SE, n

= 6 animals.
Groups Parameters
Lipid peroxidation (nmoles Glutathione Superoxide dismutase (SOD)
MDA/mg protein) (pumole /g wet tissue) (units/mg protein)
Control 4.2+0.09 51.2+0.23 2.58 £0.09
Co Q10 4.6+0.15 53.2+0.12 2.66+0.11
Paraquat 5.8+£0.25*% 44.6 £0.15* 1.78 +£0.08*
%% 38.1 12.9 31.0
higher than control lower than control lower than control
Paraquat & Co Q10 524021 @ 49.7+0.19@ 2.12+0.18@®
% 10.3 11.4 19.1
lower than araquat higher than araquat higher than Paraquat

* Significant difference at P<0.05 compared with the control group.
® Significant difference at P<0.05 compared with the paraquat group.

Histopathological examinations

The microscopic examinations of sections of
liver of control (Fig.1A). and CoQl0 treated rats
(Fig.1B) showed the normal structure of the hepatic
lobule. The hepatocytes appeared polyhydral in shape,
bood sinusoid were situated between cords of
hepatocytes The central vein is surrounded by the
hepatocytes with eosinophilic cytoplasm and distinct
nuclei.
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The histopathological examination of the
liver of paraquat-treated rats revealed remarkable
changes versus control animals.

Fig.1C showed cellular infiltration, congested
portal vein and a lot of degenerative cells in portal
areas. (Fig.1D) revealed that there are interstitial
haemorrhage and cytoplasmic vacuolation. (Fig.1E)
exhibit that there is a severe hepatocyte necrosis.
Treatment with CoQ10 ameliorated the paraquat-
induced liver injuries and improved the histological
liver appearance (Fig.1F).
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Fig. (1A): Photomicrograph of a section of the liver of | Fig. (1B): Photomicrograph of a section of the liver
control rats showing the normal structure of the hepatic | of rats treated with CoQ10 showing the normal
lobules and the central vein (CV). (H & E, X 400) structure of the hepatic lobule with a central vein

(CV). (H&E, X 400)

Fig. (1C): Photomicrograph of a section of the liver of | Fig. (1D): Photomicrograph of a section of the liver
Paraquat treated rats showing congested blood vessel of Paraquat treated rats showing hemorrhage (H) and
(CO) and the lymphocytic infiltration (arrows). (H & E, | cytoplasmic vacuolation (arrows). (H & E, X 400)

X 400)

- f., q‘. 3 /

TR sl & Fig. (1F): Photomicrograph of a section of the liver of
Fig. (1E): Photomicrograph of a section of the liver of | Paraquat administrated rats along with CoQ10
Paraquat treated rats demonstrating necrotic area (NA). | showing that liver is more or less similar to the
(H & E, X 400) control  (H & E, X 400)

Immunohistochemical observations
In control, Coenzyme Q10 and Paraquat treated groups, the immunoreactivity to alpha fetoprotein (AFP)
was negative in the cytoplasm of the liver cells ( Figs .2 A, B, C).
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Fig. (2A): Photomicrographs of a section of the liver of control rats showing negative immunoreactivity to AFP.

(Peroxidase — antiperoxidase method, X 400)

Fig. (2B): Photomicrographs of a section of the liver of Coenzyme Q10 treated rats showing negative
immunoreactivity to AFP. (Peroxidase — antiperoxidase method, X 400)

% |

N

chuashN
Fig. (2C): Photomicrograph of a section of the liver of
Paraquat  treated rats  illustrating  negative
immunoreactivity to  AFP.  (Peroxidase -
antiperoxidase method, X 400)

4. Discussion

The liver is one of the major organs in the body
responsible for the removal of toxins and poisons.
Paraquat is a very toxic herbicide and a dangerous
pollutant of the environment. The toxic effects of
paraquat were reported in both man and animals (Clark
et al.,1966 ; Smith,1985). Such toxicity is related to the
ability of this herbicide to initiate lipid peroxidation
which leads to degeneration of the biological membranes
and hence cell death (Damian et al., 1991; Ali et al.,
2000 and Venkatesan, 2000). Previous investigators
reported that as a result of changes in membranes lipid
peroxidation leads to a reduction in membrane
microviscosity (Salmona et al.,, 1992), and also signs of
toxicity in the form of haemorrhagic and chronic
inflammatory cells in different types of man or animal
tissues were reported (Borchard, 1974). Although
paraquat has been proved to be safe when used by some
investigators (Smith, 1985), the present histological and
biochemical findings demonstrated poisoning effects on the
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hepatic tissues of rats treated with paraquat. In the present
study, the histopathological examination of the liver of
paraquat-treated rats revealed remarkable changes
relative to control animals. These changes included
congestion in blood vessels, lymphocytic infiltration,
haemorrhage, cytoplasmic vacuolation and severe
hepatocyte necrosis. Similar pathological changes were
reported by Cagen and Gibson (1977) and Burk ef
al.(1980) after paraquat treatment. In the present work,
many hepatocytes of paraquat treated animals showed
signs of cell necrosis. These observations are consistent
with previous investigators results who indicated that
metalaxyl induces apoptosis in hepatocytes of mice
(Sakr and Abel-Samie ,2008). Results of the present
study are also in accordance with previous
histopathologicallogical ~ studies =~ which ~ showing
degenerative changes in the liver of animals treated with
paraquat (Dixon, 1980; Summers, 1980; Laham ef al.,
1984 and Abo-Shafy et al.,1997). ALP comprises a
group of enzymes that are present in mammalian cell
membranes, and An increase in the activity of ALP in
serum may reflect pathologic changes in the liver as well
as other organs including the lungs and kidneys
(Fernandez and Kidney 2007). Paraquat- induced
suppression in serum ALT , AST and ALP of rats liver in
the present study. The serum level of both ALP and ALT
is used as a marker of the cell membrane integrity. This
finding is in agreement with previous reports indicating
paraquat exposure results in a significant increase in the
ALP and ALT levels mouse embryonic stem cell model
and also in vivo studies (Perla ef al., 2008 ; Mohamed
et al., 2005). Elevation of these two enzymes confirms
that paraquat exposure resulted in injuries which
reflected in the liver. The injurious effects of paraquat
may resulted from its generation of reactive oxygen
species (ROS) that causes oxidative stress of various
organs. In agreement with our results, several authors
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confirmed that oxidative stress, increased lipid
peroxidation, depletion of antioxidant defenses and
increased production of proinflammatory mediators are
implicated in the pathogenesis of herbicides-induced
acute hepatic injury ( Fouchecourt and Riviere 1995;
Nakatani et al., 2000; Sakr 2007). The present work
demonstrated that CoQ10 treatment provided a
significant protective effect in rats exposed to paraquat
as indicated by improvement of the disturbed
biochemical parameters and amelioration of hepatic
tissue damage observed by histopathological and
immunohistochemical examinations. It has been also
reported that environmental stressors (such as metals,
particulate matter, and pesticides) can induce apoptotic
cell death ( Ayed-Boussema et al, 2008 Gong et al.,
2009 and Kobayashi et al.,2009). These findings were
also previously reported in mice (Sakr and Abel-Samie
, 2008).

It has been reported that AFP is a tumor marker for
hepatocellular carcinoma (Abelev, 1974 ; Ruoslahti and
Seppsala, 1979), but it is also detected in the serum of
patients with non-malignant diseases of the liver
including acute and chronic hepatitis and liver cirrhosis
(Endo et al.,1975; Sakamoto et al.,1975 and Theise et
al.,1995). In relation to AFP pathological significance,
serum AFP is useful as a tumor marker in patients with
liver cancer (Gitlin ef al., 1972 and Etarinov, 1966).
In the present study, immunohistochemical study using
AFP showed negative reaction when the liver exposed to
paraquat for four weeks and at dose (9 mg/kg b.w.). This
indicated that paraquat is not carcinogenic agent in the
liver for short time exposure. Research must be
continued to investigate that paraquat can cause liver
cancer when rats exposed to it for long term or not.

In conclusion, results of the present study
indicated that Coenzyme Q10 has protective effect
against hepatoxicity induced by paraquat and this is
mediated by its antioxidant activities.
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