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ABSTRACT
Opuntia joconostle fruit is a rich source of biocompounds such as polyphenols including gallic, vanilic, 4-hidroxybenzoic, cafeic, and syringic acids, catechin, epicatechin, rutin, and vanillin, besides betalains. The objective of this research was to evaluate the effect of supplementation polyphenols-rich extracts from different parts of Opuntia joconostle
against carbon tetrachloride-induced oxidative stress in a mouse model. The animals were treated orally with polyphenols-rich extracts at 50, 100 and 200 mg/kg BW for 30 consecutive days. On day 30th the mice received carbon tetrachloride (CCl4) as hepatoxic agent. Biochemical evaluations were carried out 24 h after induction of the oxidative stress.
Data showed that methanolic extracts from different parts of Opuntia joconostle exerting protective effect against the
CCl4-induced oxidative stress in mice. Histology examination revealed that the damage decreased in groups treated with
polyphenols-rich extracts compared to the group that did not receive any treatment. Opuntia joconostle fruit contains
many phenolic compounds, flavonoids and betalains. The protective effect of extracts may be related to the phenolic
composition and also by a counteraction with other compounds, such as betalains and flavonoids that increase their antioxidant effect.
Keywords: Opuntia joconostle; Oxidative Stress; Carbon Tetrachloride; Phenolic Compounds

1. Introduction
The fruit of Opuntia joconostle cactus is known as xoconostle (sour-prickly pear). It has a light red-pink colored pericarp, a yellow-pink, and succulent mesocarp,
and a deep red colored endocarp that contains small
seeds [1]. The plant produces 60 g rounded fruits with a
diameter of 4 - 5 cm [2]. The xoconostle has been used in
folk medicine as a treatment for diabetes, hypertension,
obesity and respiratory ailments [3]. Recently, it has been
reported that consumption of O. joconostle pericarp reduced hypercholesterolemia, decreased glycemic levels
and increased seric insulin levels in humans [4].
Plants rich in phenolics have gained more attention
due to their bioactivity [5]. O. joconostle fruits have phenolic compounds such as gallic acid, vanilic acid, 4*
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hidroxybenzoic acid, cafeic acid, syringic acid, catechin,
epicatechin, rutin, and vanillin. Moreover pigments such
as betanidin-5-Ο-β-glucoside (betanin), isobetanidin-5Ο-β-glucoside (isobetanin), betanidin, isobetanidin and
phyllocactin. These compounds have showed high antioxidant activity with DPPH+ and TEAC assays [2,6]. Epidemiological studies have suggested that high intake of
phenolic compounds decreased mortality from coronary
artery disease and generally decreased the risk for stroke,
as well as for lung and rectal cancers, asthma and chronic
obstructive pulmonary disease [7]. An imbalance caused
by excess oxidants leads to oxidative stress, resulting in
damage to DNA and protein and increased risk of degenerative diseases such as cancer [7,8]. Steroids, vaccines,
and antiviral drugs, which have been used to treat liver
diseases, have potential adverse effects, especially when
administered long-term [9]. Liver injury induced by CCl4
is the most extensively studied system for xenobioticJBNB
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induced oxidative stress. Reductive dehalogenation of
CCl4 by the P450 enzyme system to the highly reactive
trichloromethyl radical initiates the process of lipid peroxidation which is considered to be the most important
mechanism in the pathogenesis of liver damage induced
by CCl4 [9,10]. Thus, the aim of this study was to evaluate the protective effect of methanolic extracts from different parts of Opuntia joconostle fruit such as pericarp,
mesocarp, and endocarp against CCl4-induced oxidative
stress in a mouse model.

2. Materials and Methods
2.1. Plant Material
Xoconostle fruits (Opuntia joconostle var. F.A.C.Weber)
were purchased from a local market in Mexico State.
Voucher specimen is on deposit at the Herbarium of
Centro Medico Siglo XXI, Mexico D.F. (number 15721).
Five lots of 1 kg each were used for the study. Xoconostle fruits were washed, and then the pericarp, mesocarp,
and endocarp were separated manually and frozen at
−25˚C ± 1˚C prior to extracts preparation, seeds were
discarded.
All the chemicals and solvents used in this study were
purchased from sigma (Toluca, Mexico).

2.2. Preparation of Methanolic Extracts
Fresh pericarp, mesocarp, and endocarp, were extracted
as described by Osorio-Esquivel et al., (2011) with slight
modifications. A 1 kg of plant material was shaken with
3 L of methanol for 30 min at room temperature using an
orbital shaker at 200 rpm. The mixture was vacuum filtered through Whatman No. 1 filter paper and the supernatant was placed into an amber container. The residue
was re-extracted with 80% methanol and vacuum filtered
using Whatman No. 1 filter paper. Then the supernatants
of each part were combined and the solvent was evaporated using a rotary evaporator at 40˚C - 55˚C to remove
methanol and water. The residues were evaporated to
dryness in vacuum and the resulting dry powders were
stored at 4˚C. Extracts were identified as MPE: methanolic pericarp extract; MME: methanolic mesocarp extract
and MEE: methanolic endocarp extract. The yield of
methanolic extracts was 8.56% for pericarp, 7.72% for
mesocarp, and 5.26% for endocarp.

2.3. Animals
Male 8-week-old CD-1 mice (n = 72) with mean weight
of 25 ± 2 g were obtained from Universidad Autonoma
del Estado de Hidalgo and randomly divided into twelve
groups of six animals each. Animals were administered
once daily by gavages of gastric tube for 30 days. Body
weight and food intake were recorded during the experiCopyright © 2013 SciRes.

mental period. Group I served as control and received
only distilled water. Group II served as negative control
and received the vehicle (acidified water with 0.01% citric acid). Group III (positive control antioxidant) was
given ascorbic acid (200 mg/kg based in Recommended
Dietary Allowance of vitamin C for a 70 kg male) [11].
Groups IV to VI were administered with MPE at doses
50, 100 and 200 mg/kg, respectively. Groups VII to IX
received MME at doses 50, 100, and 200 mg/kg, respectively, and groups X to XII were administered with MEE
at doses 50, 100 and 200 mg/kg. Mice were provided
with Purina rodent laboratory chow diet (Cat. No. 5001),
and tap water ad libitum. Experiments in animals were
approved by the Laboratory Animal Care Committee of
our Institution and were conducted in compliance with
the Official Mexican Standards [12] regarding technical
specifications for production, care and use of laboratory
animals.
On the 30th day, 12 hours after the final treatment,
mice were administered intragastrically with a single
dose of CCl4 (0.7 mg/kg, dissolved in olive oil). Then
mice were fasted 12 hours before sacrificed. Liver was
dissected and weighted, and then the left lobule of each
liver was fixed in 10% formalin for at least 24 h and
processed by standard procedure for paraffin embedding.
The lobules were sectioned into 10 µm thick sections in a
rotary microtome (Microm, HM325 model, Walldorf,
Germany).
Total protein content was determinate with Bradford
assay. Results were calculated using a bovine albumin
standard curve [13].

2.4. Liver Biochemical Assay
2.4.1. Determination of Lipid Peroxidation
Lipid peroxidation was determined by the Buege and
August method [14] with slight modifications. A 200 µL
aliquot of liver homogenate was added 800 µL of 150
mM Tris-HCl buffer pH 7.4 to make up 1 mL volume.
This mix was incubated at 37˚C for 30 min; then 2 mL of
TCA-TBA reagent (0.375% thiobarbituric acid in 15 %
trichloroacetic acid) was added and the sample was vortexed. Later, the sample was heated in boiling water bath
for 45 min, allowed to cool and the precipitated removed
by centrifugation at 3500 rpm for 10 min. Finally, absorbance was determinate at 535 nm using a spectrophotometer (Thermo Spectronic, Genesys 10 UV/Vis, Rochester, NY, USA). Results were calculated as nMMalondialdehyde mg protein−1 using the molar extinction
coefficient (MEC) of 1.56 × 105 M−1·cm−1.
2.4.2. Determination of Super Oxide Dismutase
Activity (SOD)
The SOD activity was determined according to Misra
JBNB
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riod. The amount of diet intake was similar in all groups
(data not shown).
Body weight was registered every day and the results
are informed every 5 days along 30 days of treatment
with methanolic extracts (Table 1).
No significant differences were found during the first
15 days (P ≤ 0.001) among the pre-treated groups respect
to control group. However, after 20 days of pre-treatment
we observed a significant decrease on body weight (P ≤
0.001) in IV, VII and VIII groups administered with
MPE at 50 mg/kg dose, MME at 50 mg/kg and 100
mg/kg doses. At the end of the study we observed a significant (P ≤ 0.001) BW reduction in VII and VIII groups
respect to control group. Notably, long period administration of methanolic extracts did no show adverse effects on BW. It has been reported that apple polyphenols
inhibit the expression of genes involved in fatty acid
synthesis that might be responsible for the extract suppression of body weight gain [9]. Thus, polyphenols such
as protocatechuic acid and caffeic acid, the main components of Opuntia joconostle fruits may have an important effect on body weight loss.
Liver is the largest organ in vertebrate’s body, and is
the organ where metabolism and xenobiotic excretion is
carried out in it. Liver weight or size varies when an ailment appears. There were no significant differences (P ≤
0.001) in liver relative weight among the groups pre-

and Fridovich [15]. A 40 µL aliquot of supernatant from
liver homogenate was mixed in a 1-cm cuvette with 150
µL of carbonate buffer solution (50 mM sodium carbonate and 0.1 mM EDTA) pH 10.2 and 200 µL adrenaline
(30 mM). Absorbance was monitored at 480 nm, at 30 s
and 5 min. SOD activity was calculated with an adrenaline standard curve. Results were expressed as IU mg
protein−1.

2.5. Statistical Analysis
Body weight and liver relative weight data are expressed
as mean ± SD. Biochemical parameters were analyzed
using one-way analysis of variance (ANOVA) significant
at P ≤ 0.001. Dunnett’s test was used to compare the
mean of the groups.

3. Results
3.1. Effect of Methanolic Extracts on Body
Weight and Liver Relative Weight in Mice
Pretreated with Methanolic Extracts
We observed that no adverse effects were produced by
methanolic extracts from different parts of Opuntia joconostle fruit. Pre-treated animals presented normal behavior, no diarrhea, aggression, depression, writhing or
other physiological adverse effects during the study pe-

Table 1. Effect of methanolic extracts from different parts of Opuntia joconostle on body weight and liver relative weight in
mice.
Group

Body weight (g) administration days

LRW
(g/100g BW)

1

5

10

15

20

25

30

I

32.4 ± 1.6

33.8 ± 2.4

34.8 ± 1.2

32.0 ± 1.4

36.7 ± 2.0

39.0 ± 3.0

39.4 ± 3.5

5.17 ± 0.27

II

30.4 ± 2.5

33.1 ± 2.7

34.7 ± 3.1

34.6 ± 3.8

34.9 ± 2.5

36.1 ± 2.6

37.3 ± 2.5

5.72 ± 0.95

a

36.1 ± 1.4

37.7 ± 1.0

38.9 ± 1.0

5.53 ± 0.84

III

32.7 ± 1.6

33.5 ± 1.8

35.3 ± 1.5

36.3 ± 1.4

IV

33.2 ± 2.0

32.3 ± 2.0

33.0 ± 2.3

33.5 ± 1.7

32.4 ± 1.9a

34.6 ± 2.4

35.8 ± 2.9

5.63 ± 1.01

V

33.3 ± 2.4

32.5 ± 3.2

34.1 ± 2.5

35.5 ± 2.2

34.9 ± 2.5

36.8 ± 2.4

38.0 ± 2.7

5.01 ± 0.43

VI

31.6 ± 1.4

32.5 ± 1.3

32.8 ± 1.7

32.6 ± 2.8

33.5 ± 1.5

35.1 ± 1.6

36.1 ± 1.4

5.60 ± 0.56

a

a

a

5.18 ± 0.66

VII

30.3 ± 1.1

30.3 ± 1.1

31.5 ± 1.2

29.2 ± 1.7

31.2 ± 1.6

33.0 ± 0.7

32.7 ± 1.4

VIII

31.1 ± 1.9

30.1 ± 1.9

31.4 ± 1.7

31.8 ± 1.9

30.7 ± 1.8a

32.1 ± 1.6a

32.2 ± 1.9a

5.12 ± 0.32

IX

32.5 ± 1.5

30.9 ± 1.7

33.6 ± 2.0

34.0 ± 1.8

34.2 ± 1.7

34.9 ± 2.7

36.2 ± 2.7

5.34 ± 0.29

X

32.6 ± 3.0

32.3 ± 2.9

33.8 ± 3.1

33.9 ± 3.0

33.7 ± 3.3

35.6 ± 3.0

37.0 ± 2.4

5.62 ± 0.65

XI

31.1 ± 2.7

30.4 ± 3.3

31.5 ± 1.6

33.0 ± 2.9

33.3 ± 3.5

34.8 ± 2.9

35.6 ± 3.0

5.50 ± 0.37

XII

31.0 ± 0.9

31.2 ± 1.5

33.6 ± 1.7

34.1 ± 1.2

34.7 ± 1.3

35.9 ± 1.4

37.0 ± 1.1

5.23 ± 0.50

a

Results are expressed as mean ± SD, n = 6 mice, analyzed by ANOVA and Dunnett’s test. P ≤ 0.001 significant difference with respect to the control group.
Treatments—I: control; II: vehicle + CCl4; III: ascorbic acid (200 mg/kg) + CCl4; IV: MPE (50 mg/kg) + CCl4; V: MPE (100 mg/kg) + CCl4; VI: MPE (200
mg/kg) + CCl4; VII: MME (50 mg/kg) + CCl4; VIII: MME (100 mg/kg) + CCl4; IX: MME (200 mg/kg) + CCl4; X: MEE (50 mg/kg) + CCl4; XI: MEE (100
mg/kg) + CCl4; XII: MEE (200 mg/kg) + CCl4. LRW: liver relative weight.

Copyright © 2013 SciRes.
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treated with methanolic extracts. The color in most of the
groups was normal, and no macroscopically injury was
observed. It has been suggested that antioxidants could
provide protective effects on carbon tetrachloride-induced damage and retard the index of hepatitis [16]. The
highest relative weight was found in group II (CCl4).
According to our results we can assume that administration of methanolic extracts from different parts of O.
joconostle at doses used were appropriate and can be
extrapolate on other in vivo studies.

3.2. Histopathology Studies
CCl4 induces infiltration of the lymphocytes and Kupffer
cells, massive centrilobular necrosis, sinusoidal dilatation
and congestion [17]. Histopathological observations of
liver sections of the control group (Figure 1(I)) showed
normal cellular architecture with distinct hepatic cells,
sinusoidal spaces, and a central vein. Group II (CCl4
group) showed severe degenerative changes such as
vacuolization and pinotic nucleic in the parenchyma cells
in the centrilobular areas. The hepatic cells were found to
be fatty degeneration, necrosis, cytoplasmic vacuolization and inflammation (Figure 1(II)). However, a reduction of necrosis and inflammation it was observed in
groups pre-treated with MPE at 100 mg/kg dose (Figure

1(V)) similar to vitamin C group (Figure 1(III)). Groups
treated with MPE at 50 mg/kg and 200 mg/kg dose
(Figures 1(IV)-(VI)) showed a severe necrosis and inflammation of centrilobular vein. In groups pre-treated
with MME at 50 and 100 mg/kg doses it was observed a
severe necrosis, vasodilatation, hypertrophy, inflammation and congestion around of central vein (Figures
1(VII)-(VIII)). In group treated with MME at 200 mg/kg
dose moderate necrosis was observed. Notably, we observed binucleated cells (Figure 1(IX)) which indicate
cell regeneration.
In groups pre-treated with MEE it was observed micro-vesicular estatosis and binucleated cells. The steatosis is considering a reversible change per se of the cells.
Binucleated cells imply the regeneration through mitosis
and it represents a perfectly organized disorganization of
cellular components whose function is the elimination of
unwanted cell populations during embryogenesis and in
different physiological processes [18]. Mice groups X
and XI pre-treated with MEE had much less severe
hepato-cellular necrosis (Figures 1(X)-(XI)). Endocarp
from Opuntia joconostle is rich in betalains which are
well recognized as potent antioxidants [19]; therefore the
good response might be a counteraction of polyphenols
and pigments. Phenolic compounds of foods posses a variety of anti-oxidant properties (inhibition of free radical-in-

Figure 1. Effect of methanolic extracts from different parts of Opuntia joconostle on CCl4-induced liver damage of mice: (I)
Control; (II) Vehicle + CCl4; (III) Ascorbic acid (200 mg/kg) + CCl4; (IV) MPE (50 mg/kg) + CCl4; (V) MPE (100 mg/kg) +
CCl4; (VI) MPE (200 mg/kg) + CCl4; (VII) MME (50 mg/kg) + CCl4; (VIII) MME (100 mg/kg) + CCl4; (IX) MME (200 mg/kg) +
CCl4; (X) MEE (50 mg/kg) + CCl4; (XI) MEE (100 mg/kg) + CCl4; (XII) MEE (200 mg/kg) + CCl4.
Copyright © 2013 SciRes.
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duced damage) which can be ascribed to a broad range of
pharmacological activities. Antioxidant supplementation
has become an attractive therapeutic strategy for reducing the risk of liver disease [9]. Finally, our results suggest that the phenolic compounds present in the O. joconostle extracts efficiently works on the liver to maintain it normally functioning, besides minimizing cell
membrane damage.

3.3. Biochemical Parameters
Increased on oxygen concentration and reactive species
derivates from superoxide anion (*O2−), hydroxyl radical
(OH*) and H2O2 are the main causes of oxidative stress.
However the body has an effective mechanism to prevent
and reduce the damage caused by those free radicals.
This mechanism is constituted by oxidative enzymes
such as superoxide dismutase (SOD), and glutathione
peroxidase (Gpx) [20]. These enzymes work in concert to
detoxify superoxide anion and H2O2 in cells [21].
3.3.1. Lipid Peroxidation
Lipid peroxidation is one of the major characteristics that
can be included as an oxidative damage marker [16].
Therefore, lipid peroxidation is considered to be one of
the principal causes of CCl4-induced liver injury. The
tricloromethyl radical reacts rapidly with oxygen from
cells increasing its reactivity and forming tricloromethylperoxyl (CCl3OO*). Both radicals react with proteins
and lipids, initiating the lipid peroxidation [22]. Results
of pre-treatment with MPE, MME and MEE of mice are
shown in Figure 2. Significant decrease (P ≤ 0.001) was

Figure 2. Pre-treatment effect of methanolic extracts on the
hepatic MDA content after carbon tetrachloride-induced
oxidative stress in mice. Results are expressed as mean ±
standard error, n = 6, analyzed by ANOVA and Dunnett’s
test. Groups-I: control; II: vehicle; III: ascorbic acid (200
mg/kg); IV: MPE (50 mg/kg) + CCl4; V: MPE (100 mg/kg)
+ CCl4; VI: MPE (200 mg/kg) + CCl4; VII: MME (50 mg/kg)
+ CCl4; VIII: MME (100 mg/kg) + CCl4; IX: MME (200
mg/kg) + CCl4; X: MEE (50 mg/kg) + CCl4; XI: MEE (100
mg/kg) + CCl4; XII: MEE (200 mg/kg) + CCl4. *P ≤ 0.001,
significant difference with respect to the CCl4 group.
Copyright © 2013 SciRes.
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found in groups IV, V and VI (56.32%, 70.09% and
64.39%, respectively) respect to intoxicated group with
CCl4. Group III administered with vitamin C showed
38.43% lower MDA levels respect to group II (CCl4
group). The MDA levels decrease significantly (P ≤
0.001) in groups VII, VIII and IX pre-treated with mesocarp extract (49.33%, 37.52% and 45.21%, respectively)
respect to group II. As expected extract from pericarp has
better antioxidative response against CCl4 than methanolic extract from mesocarp. However an opposite behavior
was observed in groups pre-treated with endocarp extract
in which MDA levels increased 1.95% (X) and 2.62%
(XI) respect to group II, these results may be due to high
betalains content in extracts but, lower phenolic levels. It
has been established that betalains should be administered in low doses about 25 - 50 µM to obtain a benefit
effect, and in higher concentrations administered can be
responsible of prooxidation in lipid and protein form cell
wall [23]. Interestingly, we found that parts of the Opuntia joconostle richer in polyphenols (pericarp and mesocarp) give better protective effect than endocarp. It has
been informed that total phenolic content in different
parts of Opuntia joconostle is as follows 2.07 ± 0.01 mg/g
for fresh pericarp, 1.38 ± 0.03 mg/g for fresh mesocarp,
and 1.02 ± 0.03 mg/g for fresh endocarp [2]. Previously,
it has been reported that the active compounds of O. ficus indica fruit juice may act by scavenging free radicals
and reactive oxygen species that cause peroxidative
process against the liver cells, or by inhibiting the activity of cytochrome P450 required for CCl4 metabolism
[17]. Opuntia joconostle extracts decreased lipid peroxidation in liver probably through antioxidant mechanism.
Lipidic oxidation due oxidative stress is responsible of
injury in cell wall; consequently there is a releasing of
different biomarkers of hepatic damage such as antioxidant enzymes. The range of the polyphenols extract intake in our study was 50 - 200 mg/kg BW, which is
equivalent to 0.3 - 1.2 g of polyphenols for a 70 kg human adult. The total polyphenols intake could be considered to be 1 g/d as reported by Scalbert and Williamson
[24]. Beneficial effect of the extracts (pericarp and
mesocarp) may be due to antioxidants composition such
as phenolics and flavonoids (protocatechuic acid, 4-hydoxybenzoic acid, caffeic acid, vanillic acid, syringic
acid and quercetin) and pigments including betanin, isobetanin, betanidin, isobetanidin and phyllocactin [2].
Pavanato et al. (2007), reported that quercetin can act as
a scavenger of CCl3 and might prevent injuries by the
generated radicals causes by CCl4 [25].
3.3.2. Effect of Methanolic Extracts on SOD Activity
The antioxidant enzyme system plays an important role
in the defense of cells against oxidative damage. ReJBNB
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SOD (U/mg protein)

cently, it has been reported that antioxidant properties of
flavonoides from several plant extracts posses stimulatory action and exert a stimulatory action on transcription
and gene expression of certain antioxidative enzymes
[21]. SOD catalyzes the dismutation of the superoxide
anion to H2O2 and O2. It plays an important role in antioxidative mechanisms, this enzyme acts when there is an
overproduction of free radicals due administration of
CCl4 [10]. It is well-known that increased production of
free radicals caused by administration of CCl4 is a major
cause of the significantly reduced SOD activity [9]. Results of the effect of methanolic extracts on SOD activity
are displayed in Figure 3. Treatment of mice with MPE
(50, 100 and 200 mg/kg BW) showed a significant increase (P < 0.001) in SOD activity (approximately 4-fold,
5-fold and 5-fold, respectively) compared to the CCl4
group. The SOD activity decreased significantly (P <
0.05) in mice treated with MME at 50, 100 and 200
mg/kg BW (approximately 76.0%, 73.8%, and 81.9%
respectively) and MEE 50, 100 and 200 mg/kg BW (approximately 76.5%, 71.6%, and 75.1% respectively)
compared to the group I. However, SOD activity increased among the MME and MEE groups compared to
CCl4 group. In this study, pre-treatment with methanolic
extracts from MPE attenuates CCl4-induced oxidative
stress in mice (Figure 3).
Administration of CCl4 to mice decreased the antioxidant capacity of the antioxidant enzymes [9]. Thus, increase of SOD activity indicates a good response to pretreatment with polyphenols-rich extracts from Opuntia

joconostle. Previous studies have demonstrated strong
relationship between total phenolic content and antioxidant activities in different varieties of crops such as eggplant, guava, onion, raspberry and Opuntia joconostle,
[2,26-29].
Our study strongly suggests the antioxidant potential
of the O. joconostle fruit. The results indicate that total
phenolic/flavonoid content may be at least partially responsible for the antioxidant activities. Quercetin is one
of the flavonoides present in O. joconostle pericarp. Several authors have reported that quercetin and other flavonoids have pharmacological properties, such as carcinostatic and antiviral activities, prevention of platelet
aggregation, stabilization of immune cells, and relaxation
of cardiovascular smooth muscle among other. Recently,
Pavanato et al. [25] reported that quercetin significantly
increases SOD and catalase activities. The results of the
present study demonstrated that the synergistic action of
phenolic compound from pericarp effectively protected
mice against CCl4-induced oxidative stress.

4. Conclusion
In conclusion, this study indicates for the first time that
phenolic-rich extracts from different parts of O. joconostle
reduced damage induced by CCl4 in mice. The mechanisms of protection include the inhibition of lipid peroxidation and keeping SOD activity. However, further
studies are needed to know the action mechanism and the
effect of the extracts on serum biochemical parameters
such as ALT and AST.
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