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Abstract. The aim of our present study is to investigate the effect of Opuntia ficus indica f. inermis prickly
pear juice (PP]) against ethanol-induced liver injury in rats. Chronic ethanol administration (3 g/kg
b.w.) during 90 days to Wistar rats, significantly (p < 0.01) increased the liver lipid and protein oxidation,
reduced the glutathione content and the activities of liver antioxidant enzymes such as superoxide dis-
mutase, catalase, glutathione peroxidase and conversely elevated the liver injury biochemical markers like
aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, gamma glutamyl transferase,
lactate dehydrogenase, cholesterol, triglycerides and caused a severe histopathologic injuries. Conversely
pre-treatment of ethanol-fed rats with PPJ (20 and 40 ml/kg b.w., orally), interestingly reduced liver lipid
and protein oxidation, histopathologic lesions and inhibited the alterations of antioxidant enzymes and
the release of biochemical markers. The hepatoprotective effect of PP] could be due to their capacity to
end free radicals chain reactions or to enhance the endogenous antioxidants activities.
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Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotrans-
ferase ; CAT, catalase; GGT, gamma glutamyl transferase; GSH, reduced glutathione; GSH-Px, glutathionne
peroxidase; LDH, lactate dehydrogenase; MDA, malondialdehyde; PC, protein carbonyls; PP], Opuntia

ficus indica f. inermis prickly pear juice; ROS, reactive oxygen species; SOD, superoxide dismutase.

Introduction

Alcoholic beverages which are widely consumed in the
world contain mainly ethanol. Unlike methanol and pro-
panol which are very toxic, ethanol can be converted into
acetyl-CoA and, when kept at low concentration, metabo-
lized as a nutriment. However, immoderate consumption
of alcoholic beverages generates severe pathologies. Epi-
demiologic, experimental and clinical investigations have
shown a consistent relationship between ethanol abuse and
liver disease (Husain et al. 2001). One of the factors that play
a central role in many pathways of ethanol-induced damage
is oxidative stress (Abraham et al. 2002).
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Oxidative stress in the cells or tissues refers to the exces-
sive generation of reactive oxygen species (ROS), leading
to an increase of lipid peroxidation (Rajagopal et al. 2003),
alost of membrane integrity (Rakonczay et al. 2003), the
depletion of the reduced glutathione (GSH) content, the at-
tenuation of catalase (CAT), superoxide dismutase (SOD),
and the glutathionne peroxidase (GSH-Px) activities (Yao et
al. 2006). Moreover ethanol induced severe liver perturba-
tions of cholesterol and triglycerides metabolism (Siler et
al. 1999).

Damage to the liver after ethanol ingestion is a well-
known phenomenon, and the obvious sign of hepatic injury
can be made by estimating the activities of serum aspartate
aminotransferase (AST), alanine aminotransferase (ALT)
and lactate dehydrogenase (LDH) known as hepatocyte cy-
toplasmic enzymes and gamma glutamyl transferase (GGT)
and alkaline phosphatase (ALP) recognized as a membrane
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bound enzymes (Saravanan and Pugalendi 2006; Muthul-
ingam et al. 2010).

For several years, a special attention was paid to the nu-
tritional regimen and more particularly to natural products
(fruits and vegetables) for their capacity to reduce toxicity
of various xenobiotics and for their protective effects against
oxidative stress and related diseases.

The cactus Opuntia ssp. is widely distributed in Latin
America, South Africa and in the Mediterranean area (Butera
et al. 2002). Opuntia ficus indica f. inermis species grows
throughout Tunisia and their prickly pears are consumed
as fresh fruits, juices or jams.

According to several studies, cactus fruits yield a great
number of potentially active nutrients, such as ascorbic
acid, vitamin E, carotenoids (Stintzing et al. 2001), large
amount of glucose (35%), fructose (29%) (El Kossori et al.
1998), antioxidant compounds such as polyphenols, flavo-
noids, betaxanthin and betacyanin (Tesoriere et al. 2004),
and appear as excellent additives for the development of
healthy food.

Accordingly we hypothesized that prickly pears juice may
prevent liver from the cytotoxic effects related to ethanol
exposure.

In this study, we investigate whether the gastric instillation
of Opuntia ficus indica f. inermis prickly pears juice (PPJ),
could prevent ethanol-induced hepatic toxicity in male Wis-
tar rats. Thus, the serum levels of AST, ALT, ALP, GGT, LDH,
total cholesterol and triglycerides were determined. More so,
hepatic levels of lipid peroxidation (MDA), protein carbonyl
groups (PC) and antioxidant enzymes activities such as CAT,
SOD and GSH-Px were also analyzed.

Materials and Methods

Chemicals
Ethanol was purchased from Carlo Erba (Reag.Ph. Eur.-Reag.

USP), trichloroacetic acid (TCA), butylated hydroxytoluene
(BHT), 2-thiobarbituric acid (TBA), 2,4-dinitrophenyl-hy-

Tablel. Scheme of drugs treatment

Volumes of treatments (ml/kg b.w)

Groups

9a.m. 1p.m.
Control Water (10) Water (10)
Ethanol Water (10) Ethanol (10)
PPJ2 + Ethanol PPJ (20) Ethanol (10)
PPJ4 + Ethanol PPJ (40) Ethanol (10)
PPJ4 PPJ (40) Water (10)

Distilled water was used as vehicle (Water). PPJ2 and PPJ4, prickly
pear juice at dose 20 and 40 ml/kg b.w., respectively.

drazine (DNPH), dithiobis-2-nitrobenzoic acid (DTNB),
Folin-Ciocalteu reagent were purchased from Sigma chemi-
cal Co. (St. Louis, MO, USA). All other used chemicals and
reagents were for analytic grade.

Preparation of prickly pear juice (PP])

Mature prickly pears of Opuntia ficus indica f. inermis spe-
cies (purple-skinned) were collected in the municipal area
of Gafsa (Tunisia). The unpeeled fruit was washed and
grounded using a Musermax double bladed mill. The result-
ing juice was then filtered through a colander (0.5 mm mesh
size) and centrifuged at 3000 x g for 10 min to discard hard
fibres. The clarified juice was then collected and stored at
-21°C until use.

Animals housing conditions

Two months old male Wistar rats (n = 40), weighing about
120-140 g, purchased from Pasteur institute (Tunisia), were
maintained for a two weeks adaptation period under the
same conditions of temperature (22 + 2°C), relative humid-
ity (70 + 4%), and a 12 h light/dark cycle. Animals were fed
with commerecial pellets, given tap water ad libitum and cared
according to the Tunisian code of practice for the Care and
Use of Animals for Scientific Purposes.

Treatments

After the adaptation period, animals were divided into five
experimental groups (n = 8) and treated for 90 days with
two consecutive intra-gastric intubations of vehicle (distilled
water), PPJ, ethanol (prepared at 30% in distilled water which
was equivalent to 3 g/kg b.w.) or both PPJ and ethanol ac-
cording to the scheme described in Table 1.

Serum collection and tissue homogenate preparation

Atthe end of experimental period animals were anesthetized
with diethyl ether and sacrificed by decapitation. The serum
was collected by centrifugation of the whole blood at 1000
x gfor 10 min at 4°C and stored at —80°C until analysis.
About 1 g of excised liver was cut into small pieces, homoge-
nised into 2 mlice-cold lyses bufter (pH 7.4), sonicated twice
and centrifuged for 20 min at 3000 x g, 4°C. The collected
supernatants were stored at —-80°C until analysis.

Biochemical analysis

The activities of serum marker enzymes AST, ALT, ALP,
GGT, LDH and the levels of triglycerides and cholesterol
was assayed spectro-photometricelly using a BioMaghreb
diagnostic kits.
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In liver homogenate the level of lipid peroxidation was
measured as MDA content according to the method of
Ohkawa et al. (1979). PC groups were evaluated accord-
ing to the modified method of Burcham (2007) using urea
instead of guanidine. Total GSH contents were measured
by Ellman’s reaction using 5,5-dithiobis 2- nitrobenzoic
acid according to the method of Moron et al. (1979). SOD
activity was estimated according to the method described by
Misra and Fridovich (1972). CAT activity was determined
by measuring hydrogen peroxide decomposition at 240
nm according to the method described by Aebi (1984).
GSH-Px activity was assayed using the method described
by Flohe and Gunzler (1984), by the subsequent oxidation
of NADPH at 240 nm.

Protein determination

Protein contents in tissue extracts were determined ac-
cording to Lowry’s method using bovine serum albumin as
standard (Lowry et al. 1951).

Liver histopathological studies

Liver tissues were cut into about 5-cm-thick slices and fixed
with 10% phosphate-buffered formalin (pH 7.4). The tissue
slices were dehydrated through ascending grades of alcohol,
and embedded in paraffin. Tissue sections of 5-8 um were
made using microtome, and stained with hematoxylin-eosin
solutions (H&E). Tissue preparations were observed and
micro-photographed under a light BH, Olympus micro-
scope.

Statistical analysis

All the values have been reported as means * standard devia-
tion of triplicate samples and were analyzed statistically by
one way ANOVA and different group means were compared
by Duncan’s multiple range tests; p < 0.05 was considered
significant in all cases. The software SPSS 12.0 was used for
analysis of data.

Results

Effect of ethanol and PPJ on liver MDA, PC and GSH
contents

As shown in Fig. 1, a significant (p < 0.01) increase in
hepatic MDA and PC was occurred by 82.6% and 84.5%,
respectively, in ethanol-treated rats, whereas pre-treatment
with PPJ at low (PPJ2 = 20 ml/kg b.w.) and high (PPJ4
= 40 ml/kg b.w.) doses decreased hepatic MDA content
by 29.92% (p < 0.05) and 40.87% (p < 0.01) and reduced

PC content by 39.58% (p < 0.05) and 43.75% (p < 0.01),
respectively. As also showed in Fig. 1, hepatic GSH con-
tent of chronically ethanol-treated rats were significantly
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Figure 1. Effect of chronic ethanol ingestion (EtOH = 3 g/kg b.w., for
90 days), and low (PPJ2 = 20 ml/kg b.w.) or high (PPJ4 = 40 ml/kg
b.w.) doses of PPJ on the levels of reduced glutathione (GSH; A),
malondialdehyde (MDA; B) and protein carbonyls (PC; C) in rats
liver. Values are expressed as means + SD (n = 8).” p <0.05,  p <0.01
versus ethanol group; * p < 0.05, ** p < 0.01 versus control group.
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Table 2. Effects of ethanol and PPJ on the activities of hepatic markers enzymes

Enzyme concentration (IU/1)

Groups AST ALT PAL LDH GGT
Control 114.5 + 4.33 46.1 + 4.5% 68.3 +6.1° 582.4 +£31.92 2.08 +0.14
Ethanol 264.9 + 7.6 93.2 + 5.3bb 220.8 + 6.2%° 1072.8 + 51.7° 6.32 +0.29°
PPJ2 + Ethanol 118.6 + 8.1 527 7.1 76.9 + 8.1 742.6 + 37.9% 3.89 +0.12°
PPJ4 + Ethanol 123.9 + 8.5% 47.8 + 3.8 70.1 + 10.1° 584.3 + 41.8° 2.24 +0.12°
PPJ4 109.1 + 8.8* 452 +3.1° 66.7 + 11.2°% 581.9 + 14.3% 1.96 + 0.13

Values are expressed as means + SD, for eight rats in each group. * p < 0.01 when compared with ethanol group; b5 <0.05,% p <0.01
when compared with control group. AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase;
LDH, lactate dehydrogenase; GGT, gamma glutamyl transferase; PPJ2 and PPJ4, prickly pear juice at dose 20 and 40 ml/kg b.w,,

respectively.

decreased by 60.86% (p < 0.01) in comparison with the
corresponding finding of normal rats. As compared with
ethanol-treated rats, PPJ supplement at PPJ2 and PPJ4
doses increased hepatic GSH level by 47.05% (p < 0.05)
and 59.09% (p < 0.01), respectively. Fig. 1 also showed that
PPJ given alone to intact rats slightly reduced normal MDA
and PC levels and slightly induced hepatic GSH synthesis
when compared with control rats.

Effect of ethanol and PPJ on serum markers of liver damage

As it is obvious in Table 2, chronic ethanol administration
significantly (p < 0.01) increased the activities of hepatic
damage indicators AST, ALT, GGT, PAL and LDH in com-
parison with control rats. Pre-treatment of ethanol-fed with
PPJ significantly (p < 0.01) reversed as dose-dependant
manner the serum AST, ALT, GGT, PAL and LDH activities
towards normal. There was no significant change in mean
activity of serum hepatic markers enzymes in intact rats
only treated by PPJ.

Table 3. Effects of ethanol and PP] on the activities of hepatic
antioxidant enzymes

Effect of ethanol and PP] on liver antioxidants enzymes
activities

Table 3 represents the activities of SOD, CAT and GSH-Px
in liver. Chronic ethanol administration was found to cause
a significant decrease (p < 0.01) in the activities of antioxi-
dant enzymes when compared with control group. However,
PPJ supplement at low and high doses significantly (p <0.01)
increased SOD, CAT and GSH-Px activities, in dose-depend-
ent manner, to reach normal values. The administration of
PPJ4 alone for intact rats slightly induced SOD, CAT and
GXH-Px activities when compared with control group.

Effect of ethanol and PP] on liver cholesterol and triglyceride
levels

As shown in Table 4, the chronic ethanol administration
for control rats significantly increased the serum total
cholesterol and triglycerides levels when compared with
control rats (p < 0.01), while it returned to near normal
levels when PP] was pre-administered as dose-dependant
manner. Table 4 also showed slightly reduced levels of serum
total cholesterol and triglycerides in intact rats given PPJ4
as compared with control rats.

Groups SoD ! CAT? GSH-Px 3

Control 12117 +5.3% 231 +25°% 2.8+ 0.6% Table 4. Effect of PPJ on the serum triglycerides and cholesterol
EtOH 9652+ 68%  9.6+31% 09404  levels

PPJ2 + Ethanol 11631 +8.1% 152+23"  22+0.8

J2 + Ethano 6.31+8 a > 3a 0 8a Total cholesterol Triglycerides
PPJ4 + Ethanol 118.92 5.2 21.6 £5.7 2.7+0.7 Groups
(mmol/1) (mmol/1)

PPJ4 128.14 + 3.3% 25.8 +4.2% 3.1+0.4% 2 2

o - IR R— Control 2.71+0.16 1.34+0.19
+

\ alues are expressed as means + SD, for eig g rats in e?)i group. gl 352+ 0,18 234 40,1450

P <0.01 when compared with ethanol group; ° p <0.05,”” p < 0.01 PP12 + Ethanol 589+ 0412 L6l + 028
when compared with control group. ! Units/mg protein (one units J2 + Ethano T DO
of SOD activity is the amount of enzyme required to give 50% PPJ4 + Ethanol 2.73 % 0.13;1 133+ 0'13a
inhibition of epinephrine auto-oxidation);?> pmol of H,O, con- PPJ4 2.64£0.38 1.29 + 043

sumed/min/mg protein; > nmol of GSH oxidized/min/mg protein.
SOD, superoxide dismutase; CAT, catalase; GSH-Px, glutathionne
peroxidase.

Values are expressed as means + SD, for eight rats in each group.
2 <0.01 when compared with ethanol group;® p <0.05,%" p < 0.01
when compared with control group.
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Results of histological studies

Histological examination of section taken from control rats
showed the normal structure of liver tissue composing of
polyhedral hepatocytes arranged in parenchyma (Fig. 2A).
Chronic ethanol intake had an obvious damaging effect
on liver tissue with the appearance of large and small fatty
vacuoles rounded with large number of activated Kupfter
cells (Fig. 2B). Pre-administration of PP] to ethanol-fed rats
showed marked improvement in liver tissue structure in spite
of the presence of acidophilic hepatic cells, fatty vacuoles are
nearly absent (Fig. 2C). The chronic administration of PPJ4
to intact rats did not cause any toxic effect in liver tissue
which appeared near normal (Fig. 2D).

Discussion

This study was undertaken to determine whether a dietary
regimen enriched by PPJ, could attenuate some of ethanol

toxic effects on liver functions. Oxidative stress plays a capital
role in the development of alcoholic liver diseases (Wu and
Cederbaum 2003). The removal or neutralization of the
noxious ethanol metabolites remained a primordial steps
in the prevention of alcohol-related liver diseases (Ozaras
et al. 2003; Kasdallah-Grissa et al. 2007).

In our study, ethanol-induced hepatotoxicity is evidenced
by 1) significant increase of liver-related injury biomarkers
in serum such as LDH, ALT, AST, GGT and ALP, 2) impair-
ment of liver antioxidants such as GSH, SOD, CAT, and
GSH-Px, 3) alteration of blood parameters linked to liver
function such as cholesterol and triglycerides, 4) histological
changes, including hepatocytes steatosis and activation of
Kupffer cells. Our results are in agreements with similar
observations reported by Jurczuk and co-workers (2004).

Liver is the main organ in charge of metabolizing ethanol
via three different enzymes: alcohol dehydrogenase, cyto-
chrome P450 (CYP2E1), and CAT (Lieber 1993). Ethanol
metabolism led to the formation of cytotoxic acetaldehyde,
which in turn was oxidized to acetate giving rise to ROS

Figure 2. Light micrographs of hematoxylin-eosin (H&E) stained liver (magnification x40). A. Control rat liver showing normal hepatic
parenchyma. B. Liver of rat treated with ethanol (3 g/kg b.w.), showing large fatty globules (black arrow) rounded with activated Kupffer
cells (white circle). C. Liver of rat treated with ethanol (3 g/kg b.w.) + PPJ4 (40 ml/kg b.w.) showing few number of acidophilic hepatic
cells (white arrow) and a near normal appearance parenchyma without fatty vacuoles. D. Intact rat liver treated with PPJ4 (40 ml/kg

b.w.), showing normal hepatic parenchyma. (Bars = 10 pm).
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(Fridovich 1989). ROS released from ethanol metabolism
such as superoxide (02°7), hydroxyl (HO®), and alkoxyl
(RO) radicals have a high potential to initiate lipid and
protein oxidation (Nordmann et al. 1992). In agreement
with previous studies, our results showed that chronic etha-
nol ingestion significantly increased liver tissue MDA and
PC contents (Rajagopal et al. 2003). The lipid peroxidation
started in ethanol-fed rats hepatocytes, leads to the lost of
their membrane integrity evidenced by the leakage to the
blood stream, of the membrane-bounded ALP, GGT and
cytoplasmic AST, ALT and LDH enzymes, our results are in
agreement with those reported by Pari and Suresh (2008).

In normal conditions hepatocytes possess a powerful
antioxidant defense system, including enzymatic and non-
enzymatic antioxidants such as SOD, CAT, GSH-Pxand GSH
(Jurczuk et al. 2004). However, under certain circumstances,
chronic ethanol intake and antioxidant mechanisms fail can
bring on oxidative stress (Parola and Robino 2001). The
impairment of liver SOD, CAT, GSH-Px activities and GSH
content has been reported in alcoholics and experimental
animals (Ozaras et al. 2003). In consistent with these reports,
our results also showed that chronic ethanol administration
to untreated rats, decreased the liver GSH, SOD, CAT and
GSH-Pxlevels. Such decreases can result from ROS depletion
of the above antioxidants or to the suppression of the de novo
protein synthesis (Husain et al. 2001; Yao et al. 2006).

It has been demonstrated that the impairment of the liver
antioxidant status, the over production of ROS and acetal-
dehyde associated to ethanol intake inhibit the tricarboxylic
acid cycle activity and fatty acid oxidation, leading to the
increase of serum cholesterol and triglycerides content (Siler
et al. 1999; Pari and Suresh 2008). In consistent with these
reports our results also showed an evidence increase of serum
triglycerides and cholesterol contents in alcoholic rats.

Pre-treatment of ethanol-fed rats with both PPJ2 and PPJ4
significantly reversed hepatic lipid and protein oxidation as
evidenced by the decrease of MDA and PC contents to near
control levels. We have previously demonstrated that PP]J
appears as a good candidate in the prevention of ethanol-
induced lipid and protein oxidation in rats erythrocytes
(Alimi et al. 2012 b). In the present study we showed that
PPJ diminished the ethanol-induced hepatic tissue injury as
monitored by normal liver architecture when compared with
alcoholic rats. Consistent with the improved morphology,
treatment with PP] was associated with a corresponding
reduction in levels of serum cholesterol, triglycerides, AST,
ALT, ALP, GGT, and LDH indicating a protective role of
PPJ against ethanol toxicity in liver. Further more liver GSH
content and activities of antioxidant enzymes, namely, SOD,
CAT and GSH-Px were visibly ameliorated when PPJ was
supplemented to ethanol-fed rat’s diet.

A wide range of natural antioxidant compounds can
protect the liver from damage via a variety of mechanisms.

In our previous study we have showed that PP] was rich
in polyphenols, flavonoids, ascorbic acid, carotenoids, and
betalains. We have also demonstrated that PPJ supplement
increased plasma scavenging activity of control and ethanol-
fed rats and prevented ethanol-induced impairment of eryth-
rocyte osmotic stability and morphologic aspect (Alimi et al.
2012a). The PPJ active principles may acts by scavenging free
radicals and ROS that causes the oxidative process in liver
cells. The restoration of liver antioxidant status when PPJ
was supplemented to alcoholic rat’s diet may be attributed,
in part, to the antioxidant sparing action of the polyphenolic
compounds. In addition, administration of high PPJ dose to
untreated rats slightly enhanced production of GSH, SOD,
CAT and GSH-Px. Hence, hepatic protective effect of PP]
could be attributed in part to its safeguard and/or inductive
effects on GSH, SOD, CAT and GSH-Px synthesis. Our re-
sults are in agreements with those of Myhrstad et al. (2002)
and Moskaug et al. (2005) which reported that polyphenols
was able to induce GSH biosynthesis via the up-regulation
of y-glutamylcysteine synthetase expression.

The HPLC analysis of phenolic acids extracted from PPJ,
revealed the presence of gallic, protocatechic, 4-hydroxyben-
zoic, vanillic and syrengic acids (Alimi et al. 2012a). This
kind of phenols was able to liberate a hydrogen proton from
their hydroxyl groups which could scavenge free radicals
and prevent hepatocytes from oxidative damage. In addition
PPJ ascorbic acid, carotenoids and betalains contents are
also known for their scavenging and reducing activities and
could contribute to the protective effect of PPJ (Butera et al.
2002; Ganaraja et al. 2008). It has been showed that the main
nutraceutical benefit of prickly pears and their juice has been
attributed to the flavonoids contents (Kuti 2004). I our previ-
ous study the HPLC analysis of flavonoids extracted from
PPJ revealed the presence of quercetin, luteolin, kaempferol
and isorhamnetin (Alimi et al. 2012b). It was also demon-
strated that flavonoids can be incorporated in cell plasma
membranes, which becomes more ordered and therefore
enhances their stability (Chaudhuri et al. 2007). The locali-
zation of flavonoids in the plasma membranes could strictly
hinder the diffusion of free radicals, and thereby decreases
resulting damage (Dobrzynska et al. 2005). Such flavonoids
proprieties could explain the increase of hepatocyte mem-
brane integrity evidenced by the decrease of MDA and PC
contents, the restoration of the histological morphology, and
the reduction of liver pathology markers in alcoholic rats.
Ruther than scavenging and stabilizing capacities, it has been
demonstrated that flavonoids may also inhibit the CYP 2E1
activity and/or decrease its content, thereby contributing to
inhibit and/or to decrease ethanol metabolism, hence the
occurrence of oxidative stress (Orellana et al. 2002).

In conclusion, this report is the first study examining the
effect of PPJ on ethanol-inducing liver injury. The active
components of PPJ could act synergistically in preventing
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ethanol toxicity, by scavenging free radicals and ROS, by
stabilizing hepatocyte membrane integrity and restoring
antioxidant enzymes levels. Hence, our study suggests that
PPJ consumption may provide a useful approach for decreas-
ing alcohol-induced liver damage.
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