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ABSTRACT

This study aimed to investigate the effect of stem extract of Opuntia ficus-indica on
experimentally induced liver fibrosis by the hepatotoxicant thioacetamide (TAA) in male albino
mice. The experimental mice were divided into four groups. The mice of the first group served as
normal control, while the experimental animals of the second group were given 150 mg/kg of
body weight of TAA by intraperitoneal injection, twice weekly, for 8 weeks. The mice of the
third group were exposed to TAA and supplemented with O. ficus-indica stem extract orally. The
animals of the fourth group were supplemented with O. ficus-indica stem extract only. The
plasma levels of alanine aminotransferase, aspartate aminotransferase, gamma-glutamyl
transferase, alkaline phosphatase were measured. The results showed significantly increased
levels of the aforementioned enzymes. Histopathological evaluations of hepatic sections from
mice treated with TAA showed severe alterations including increase of fibrogenesis processes
with structural damage. Concomitant administration of ficus-indica stem extract with TAA
reduced the extent and development of fibrous septa, liver cells change, and biochemical
alterations in mice. The present findings suggest that the supplementation of these extract may act
as antioxidant agents and could be an excellent adjuvant support in the therapy of hepatic
fibrosis.
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INTRODUCTION

Liver is a vital organ responsible for
metabolism, blood detoxification, bile
production, synthesis and regulation of
essential hormones. Various liver diseases
have become a global problem associated
with high morbidity and mortality levels
especially in developing countries. A
report from the World Health Organization
(WHO) indicates that 10% of the world
population has chronic liver disease, in
addition about two million people
worldwide die each year from hepatic
failure [1]. Hepatic fibrosis is a dynamic
physiological wound-healing process. When
damage is sustained, however, this process
becomes exacerbated and irreversible,
leading to cirrhosis. Hepatic fibrosis after
hepatocyte injury is a pathological process
with deposition of extracellular matrix
(ECM) proteins such as collagens. Indeed,
the gradual replacement of hepatocytes with
scar tissue impairs blood circulation in the
liver leading to hepatocytes death and loss
of liver functions [2].

Thioacetamide (TAA) was originally used
to control the decay of oranges and then as a
fungicide [3]. TAA is a potent
hepatotoxicant which requires metabolic
activation by the mixed-function oxidases.

For its toxicity, thioacetamide requires

oxidation to its S-oxide and then further to
reactive S,S-dioxide form which ultimately
attacks lipids and proteins [4]. Furthermore,
TAA has been widely used in the study of
the underlying mechanisms of hepatic
fibrogenesis and the therapeutic effects of
potential antifibrosis drugs. Additionally,
many experimental investigations showed
that TAA induced hepatic fibrosis and
cirrhosis in rats and mice [5, 6].

Medicinal plants have played an important
role in pharmacology and medicine for
centuries. Today, it is estimated that about
80% of the world population relies on
botanical preparations as medicine to meet
their health needs [7]. Apart from currently
available therapeutic options, many herbal
medicines have been recommended for the
treatment of many diseases. Medicinal
plants and herbal drugs are prescribed
widely because of their effectiveness, less
side effects and relatively low cost [8,9]. O.
ficus-indica is a tropical or subtropical plant
belonging to the Cactaceae family and is
mainly used for fruit production [10].
Additionally, alkaloids, indicaxanthin,
neobetanin, and various flavonoids have
been isolated from the cactus [11]. It can be
used also as a vegetable forage resource for

livestock feed in arid and semiarid lands
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during periods of drought and shortage of
herbaceous plants [12]. Different parts of O.
ficus-indica are used in the traditional
medicine of several countries: the cladodes
are utilized for treatment of ulcers,
rheumatic pain, wounds, fatigue [13]. This
study was carried out to assess the
hepatoprotective activity of O. ficus-indica
against thioacetamide-induced
hepatotoxicity in albino mice.
MATERIALS AND METHODS

Animals: male albino mice of the SWR
strain, weighing 15.0-25.0 g were taken for
the present study. The principles of
laboratory animal care were followed
throughout the duration of experiment
according to the guidelines given by King
Abdulaziz University ethics committee [5].
The mice were distributed into four groups
(Seven mice per group) and were housed in
standard cages at an ambient temperature of
20 1 °C with 12-h light:12-h dark cycle
and humidity of 65%. The mice were fed ad
libitum on normal commercial chow and
had free access to water.

Chemicals: Thioacetamide (Sigma-Aldrich,
Switzerland) was dissolved in sterile
distilled water and injected intraperitoneally
to the mice in concentration of 150 mg/kg
of body weight.

Extraction of O. ficus-indica stem

Fine qualities of O. ficus-indica stem were
directly collected from the outskirts of
Albaha region of Saudi Arabia and
identified in Biology department, Albaha
University. The collected stems were
completely washed, air dried at room
temperature and stored in a dry plastic
container until extraction processes. The
method of Al-Attar and Abu Zeid [14]. was
used to prepare the extracts. Briefly, the
dried stem of O. ficus-indica (50 g) were
powdered, added to 2 liters of cold water
and mixed using an electric mixer for 20
min. Thereafter, the solutions were gently
filtered and evaporated in an oven at 40 °C.
With references to the powdered samples,
the mean yield of O. ficus-indica was
19.3%. Furthermore, these extracts were
stored in a refrigerator for subsequent
experiments.

Experimental design: The animals were
divided randomly into four groups (seven
mice per group):

Group 1: Normal control injected with
normal saline (0.9% NaCl) twice weekly for
eight weeks.

Group 2: injected with TAA
intraperitoneally at a dose of 150mg/kg twice
weekly for eight weeks.

Group 3: injected with TAA and

supplemented with O. ficus-indica stem
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extract orally at a dose of 150mg/kg/ day for
eight weeks.

Group 4: orally received O. ficus-indica stem
extract only at a dose of 150mg/kg daily for
eight weeks.

Biochemical analysis

At the end of experimental period, mice
were fasted for 6 hours and anaesthetized
with diethyl ether. Blood specimens were
collected from orbital venous plexus in
vacuum tubes containing EDTA (k3) as
anticoagulants. Blood specimens were
centrifuged at 200 xg for 10 minutes, and
the clear samples of blood plasma were
separated. Plasma ALT, AST, GGT, ALP
was estimated using an automatic analyzer
(Reflotron Plus System, Roche, Germany).
Histopathological analysis

Liver samples were fixed in buffered
formaldehyde (10%) followed by paraftin
embedding. Sections were stained with
hematoxylin and eosin. All slides were
examined by light microscopy and
photographed.

Statistical analysis

The data were expressed as mean+ standard
deviation (SD) and were analyzed using the
Statistical Package for Social Sciences
(SPSS for windows, version 12.0). All
values were expressed as mean + standard
deviation. Statistical comparisons were

performed by a two-way analysis of

variance (ANOVA). The results were
considered statistically significant if the P-
values were less than 0.05.

RESULTS

The serum levels of ALT, AST, GGT, ALP
of control and treated mice after eight weeks
are shown in TAA at the dose of 150 mg/kg
body weight induced significant increases
(P < 0.05) of plasma ALT (+118.7%), AST
(+102.6%), GGT  (+142.2%), ALP
(+53.0%) were statistically decreased (P <
0.05) in mice of group 2 compared to the
control (group 1), TAA plus O. ficus-indica
stem extract (group 3), and O. ficus-indica
stem extract (group 4) treated mice. The
level of plasma ALT (+27.9%) was
statistically elevated in mice treated with
TAA plus O. ficus-indica stem extract
compared with control and O. ficus-indica
stem extract treated mice. The level of
plasma GGT (+20.6%) was increased in
mice treated with TAA plus O. ficus-indica
stem  extract compared with mice
supplemented with only O. ficus-indica
stem extract. Additionally, The levels of
plasma AST, ALP were significantly
unchanged in mice treated with TAA plus
O. ficus-indica stem extract. Furthermore,
insignificant changes of plasma ALT, AST,
GGT, ALP were observed in mice treated

with only O. ficus-indica stem extract.
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Histopathological Examination

Histopathological examination of liver
sections from control mice showed a normal
hepatocellular  architecture  (Fig. 1A).
Similar observations were noted in the
group of O. ficus-indica stem extract stem
extract treated mice after eight weeks (Figs.
1F). Liver sections of mice exposed to TAA

for eight weeks showed a structural damage

with the extracellular matrix collagen and
liver cells showed centrilobular necrosis
(Fig. 1B and C). Conversely, liver sections
from mice subjected to TAA plus O. ficus-
indica stem extract stem extract (Fig. 1D
and E) showed a decreased development of
fibrogenesis processes and liver cells
showed no necrosis but had only minimal

portal inflammation.

Table 1: Plasma ALT, AST, ALP, GGT levels (mean + SD) of control, TAA, TTA plus O. ficus-indica stem extract, and
0. ficus-indica stem extract treated mice (n = 7). Percentage changes are included in parentheses

Treatments Parameters

ALT (U/L) AST (U/L) ALP (U/L) GGT (U/L)

Control 25.61 +3.04 40.38 £4.10 119.56 + 8.60 5.79 £ 0.51

TAA 59.00 = 13.15 83.50 £23.40 180.63 +24.28 12.55 +2.31

(+118.7%) (+102.6%) (+53.0%) (+142.2%)

TAA + O. ficus-indica stem 34.63 +7.35 49.87 +11.64 127.38 +£17.78 4.73+1.33
extract (+27.9%) (+20.5) (+7.4) (+20.7)

O. ficus-indica stem extract 24.75 +3.01 41.00 +5.93 119.13 £ 8.86 4.54 +0.48
(=7.1) (—0.9) (+0.5) (-5.2)

(A)

(B)
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(D)

(F)

Figure 1: (A- F) Photomicrographs of liver sections in each group. (A) control (X200), (B, C) TAA-treated group (X200, X400), (D, E)
TAA plus O. ficus-indica stem extract (X200, X400), (F) O. ficus-indica stem extract (X200) treated mice for eight weeks

DISCUSSION

Hepatic injuries lead to attenuation of
metabolic functions regulated by liver, and
have remained one of the serious health
problems [15]. Currently, hepatic fibrosis still
contributes to the high incidence and
morbidity rates of cirrhosis as the latter is
irreversible. Thus, researchers are dedicated
to find out specific treatment targets that
contribute to the development of hepatic

fibrosis [16].

The present study is the first experimental
investigation designed to evaluate whether
supplementation of O. ficus-indica stem
extract would have protective influences on
TAA induced hepatic fibrosis with
physiological disturbances and histological
injuries in male mice. TAA intoxication has
shown significant increases in the levels of
serum ALT, AST, GGT and ALP. Similar
observations were noted in experimental

animals treated with TAA [17-22]. Moreover,

necrosis or membrane damage releases these
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enzymes into circulation, which agrees with
the previously reported results [23].

The mechanism of TAA-induced liver
cirrhosis is not fully understood. Certainly, it
is a multifactorial process involving Reactive
oxygen species (ROS), reduced hepatic
antioxidants, and fibrogenic and
inflammatory mediators. Thioacetamide is
metabolized to toxic metabolites, such as N-
acetyl-p-benzoquinone imine (via
p-450

thioacetamide sulfoxide (TASO,). N-acetyl-

cytochrome pathway) and
p-benzoquinone imine reacts with sulfhydryl
groups of proteins leading to rapid decrease
in intracellular glutathione due to its
elimination in urine as conjugates. This
reduction of glutathione culminates in
increase of oxygen free radicals that cause an
oxidative stress and apoptosis [24].
Additionally, TASO, binds covalently to
cellular macromolecules causing protein
oxidation, lipid peroxidation, and DNA
damage [4].

The present work showed that the treatment
of mice with O. ficus-indica stem extract
reduced the liver fibrosis process and tissues
damage induced by TAA administration as
verified by the values of liver function
markers (ALT, AST, GGT, and ALP) and

liver histopathological observations. This

indicated the effectiveness of this extracts in

prevention of TAA toxicity. The main
constituent of the O. ficus-indica stem are
alkaloids, indicaxanthin, neobetanin, and
various flavonoids which are thought to be
responsible for pharmacological effects [11].
Furthermore, Chemopreventive effect on
oxidative stress and genotoxicity was also
recently investigated [13]. Fruit and cladodes
of this plant yield high values of important
nutrients such as minerals, vitamins as well
as further antioxidants [25, 26]. Besides,
several studies have reported its efficiency in
the treatment of several diseases. These fruits
have shown several effects such as
antiulcerogenic, antioxidant, anticancer and
hepatoprotective activities [27-29]. Stem
extract of O. ficus-indica has shown a
protective effect against liver injuries in
Wistar male rad models [30, 31]. They
demonstrated that the extract of Opuntia ficus
possesses hepatoprotective properties against
TAA-induced hepatic cirrhosis by inhibiting
the physiological and histopathological
alterations. Moreover, they suggested that the
hepatoprotective effects of O. ficus-indica
leaves extract may be attributed to its
antioxidant activity. Moreover, Smida et al.

[32] evaluated the protective effect of O.

ficus-indica extract against chlorpyrifos-
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beneficial antioxidant effects against ethanol-
induced liver toxicity [5, 22].
CONCLUSION

One of the most important findings in the
present study is the observation that the
extract of O. ficus-indica stem was effective
in reducing the TAA induced liver fibrosis,
that were proven by physiological analysis
and histopathological evaluation.
Collectively, the results of this study suggest
that the effects of these extracts against TAA-
induced hepatic fibrosis possibly due to
antioxidant properties of their natural
chemical constituents. To the best of author's
knowledge, this is the first study that
investigates the protective effects of O. ficus-
indica in liver fibrosis induced by TAA in
animal Additional

model. physiological,

biochemical and histopathological
investigations are needed to explore the
possible use of different doses of these
extracts and their constituents as potential
natural therapeutic agents in the treatment of
hepatic fibrosis against TAA and may be
against other fibrogenic factors.
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