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Abstract

Background: Carissa opaca (Apocynaceae) leaves possess antioxidant activity and hepatoprotective effects, and so
may provide a possible therapeutic alternative in hepatic disorders. The effect produced by methanolic extract of
Carissa opaca leaves (MCL) was investigated on CCl4-induced liver damages in rat.

Methods: 30 rats were divided into five groups of six animals of each, having free access to food and water ad
libitum. Group I (control) was given olive oil and DMSO, while group II, III and IV were injected intraperitoneally
with CCl4 (0.5 ml/kg) as a 20% (v/v) solution in olive oil twice a week for 8 weeks. Animals of group II received
only CCl4. Rats of group III were given MCL intragastrically at a dose of 200 mg/kg bw while that of group IV
received silymarin at a dose of 50 mg/kg bw twice a week for 8 weeks. However, animals of group V received MCL
only at a dose of 200 mg/kg bw twice a week for 8 weeks. The activities of aspartate transaminase (AST), alanine
transaminase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase (LDH) and g-glutamyltransferase (g-GT) were
determined in serum. Catalase (CAT), peroxidase (POD), superoxide dismutase (SOD), glutathione-S-transferase (GST),
glutathione peroxidase (GSH-Px), glutathione reductase (GSR) and quinone reductase (QR) activity was measured in
liver homogenates. Lipid peroxidation (thiobarbituric acid reactive substances; TBARS), glutathione (GSH) and
hydrogen peroxide (H2O2) concentration was also assessed in liver homogenates. Phytochemicals in MCL were
determined through qualitative and high performance liquid chromatography (HPLC) analysis.

Results: Hepatotoxicity induced with CCl4 was evidenced by significant increase in lipid peroxidation (TBARS) and
H2O2 level, serum activities of AST, ALT, ALP, LDH and g-GT. Level of GSH determined in liver was significantly
reduced, as were the activities of antioxidant enzymes; CAT, POD, SOD, GSH-Px, GSR, GST and QR. On cirrhotic
animals treated with CCl4, histological studies showed centrilobular necrosis and infiltration of lymphocytes. MCL
(200 mg/kg bw) and silymarin (50 mg/kg bw) co-treatment prevented all the changes observed with CCl4-treated
rats. The phytochemical analysis of MCL indicated the presence of flavonoids, tannins, alkaloids, phlobatannins,
terpenoids, coumarins, anthraquinones, and cardiac glycosides. Isoquercetin, hyperoside, vitexin, myricetin and
kaempherol was determined in MCL.

Conclusion: These results indicate that MCL has a significant protective effect against CCl4 induced hepatotoxicity
in rat, which may be due to its antioxidant and membrane stabilizing properties.
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Background
Carissa opaca Stapf ex Haines is an evergreen shrub
native to the drier parts of Pakistan and India (Hima-
layas up to 6000 ft), Burma and Sri Lanka [1]. Stems are
branched growing up to 3.5 m in height. The traditional
knowledge has been suggested as being of special inter-
est as hepatoprotector [2]. The decoction of its bark and
leaves is used in disorders related to respiratory dysfunc-
tion such as asthma [3]. In Pakistan fruits and leaves are
used as an alternative in cardiac disorders [3,4]. This
plant possesses antipyretic, aperients activities and is
also used in the treatment of cough [5].
Free radicals induce an oxidative state that can lead to

cellular membrane injury with the consequent alteration
in metabolic processes. Reactive oxygen species (ROS)
plays an important role in the pathogenesis of various
degenerative human diseases and have been implicated
in atherosclerosis, liver disorders, lung and kidney
damage, aging and diabetes mellitus [6]. In liver disor-
ders the ability of natural antioxidant system is
impaired. Free radicals are generated in cells by environ-
mental factors such as ultraviolet radiation, pollutants,
x-rays, as well as by normal metabolism. Carbon tetra-
chloride (CCl4) is a well known hepatotoxin used in
diverse experimental models [6]. Liver injuries induced
by CCl4 are mediated through the formation of reactive
intermediates such as trichloromethyl radical (CCl3 •)
and its derivative trichloromethyl peroxy radical (CCl3
OO•), generated by cytochrome P450 of liver micro-
somes. These free radicals are thought to react with
membrane lipids leading to their peroxidation [6]. Mem-
brane disintegration of hepatocytes with subsequent
release of aspartate transaminase (AST), alanine transa-
minase (ALT), alkaline phosphatase (ALP), lactate dehy-
drogenase (LDH) and g-glutamyltransferase (g-GT)
marker enzymes of hepatotoxicity, centrilobular necrosis
and steatosis are some of the consequences of CCl4-
induced lipid peroxidation [6]. The intracellular concen-
tration of ROS is a consequence of both their produc-
tion and removal by various endogenous antioxidants
including both enzymatic and non enzymatic compo-
nents [7,8].
Although a wide range of drugs are currently

employed in the management of hepatic disorders.
However, alternative approach in recent days is the
research of medicament from traditional medicinal sys-
tems. Inhibition of free radicals is very important in
terms of liver pathology. Natural products from the
plant kingdom are being investigated as a source of anti-
oxidants as these may have great relevance in the pre-
vention of diseases associated with oxidative stress [7-9].
Despite the favorable ethnopharmacological properties

of Carissa opaca leaves, protective effects against

hepatotoxicity have not previously been explored. Car-
issa opaca leaves may have a protective effect on the
deteriorated hepatic function that results from free radi-
cals generated by CCl4. To test this hypothesis, the pre-
sent investigation examined the ability of methanol
extract of Carissa opaca leaves (MCL) for protection
against CCl4-induced oxidative stress in liver. Phyto-
constituents of MCL were also characterized in this
study.

Methods
Chemicals
Reduced glutathione (GSH), oxidized glutathione
(GSSG), glutathione reductase, gamma-glutamyl p-
nitroanilide, glycylglycine, bovine serum albumin (BSA),
1,2-dithio-bis nitro benzoic acid (DTNB), 1-chloro-2,4-
dinitrobenzene (CDNB), reduced nicotinamide adenine
dinucleotide phosphate (NADPH), CCl4, flavine adenine
dinucleotide (FAD), glucose-6-phosphate, Tween-20,
2,6-dichlorophenolindophenol (DCPIP), thiobarbituric
acid (TBA), picric acid, sodium tungstate, sodium
hydroxide, trichloroacetic acid (TCA) and perchloric
acid (PCA) were purchased from Sigma Chemicals Co.
St. Louis, USA.

Extract preparation
The plant was collected in March 2009 from the cam-
pus of Quaid-i-Azam University Islamabad, identified by
its vernacular name and later validated by Dr. Mir Ajab
Khan, Department of Plant Sciences, Quaid-i-Azam Uni-
versity, Islamabad. A voucher specimen was deposited at
the Herbarium of Pakistan, Museum of Natural History,
Islamabad. Leaves were shade dried for two weeks and
powdered in a Willy Mill to 60-mesh size. Briefly, 1 kg
powder was extracted with 6 litres of methanol (95%) at
25°C for 48 h. After extraction the mixture was filtered
and the methanol solution was evaporated in a rotary
evaporator (Panchun Scientific Co., Kaohsiung, Taiwan)
at 40°C and stored at 4°C for further in vivo
investigations.

Estimation of MCL dose
Male Sprague-Dawley rats (3; six week old) were kept
fasting for overnight providing only water, after which
the extract was administered intragastrically at the dose
of 300 mg/kg bw and rats were remained under obser-
vation for 14 days to observe the mortality. Toxicity was
not observed, and the procedure was repeated for next
higher doses, i.e., 600, 1000, 1500 and 2000 mg/kg bw.
One-tenth (200 mg/kg bw) of the maximum dose of the
extract tested (2000 mg/kg bw), did not indicate mortal-
ity was selected for evaluation of hepatoprotective activ-
ity [10].
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Animals and treatment
Six-week-old male Sprague-Dawley rats weighing 180 ±
10 g were kept at 20-22°C on a 12-h light-dark cycle
during which time they had free access to standard
laboratory rat chow containing protein, 21.05%; fat
4.33%; fiber, 3.07%; ash, 8.3%; sand (silica), 1.65%; carbo-
hydrate, 52.06%; calcium, 0.9%, phosphorous, 0.5%,
moisture, 10% (w/w) and fresh water ad libitum. We
used only male rats because of their constant metabo-
lism compared to the variation in the female physiology.
All experimental procedures involving animals were
conducted in accordance with the guidelines of National
Institute of Health (NIH guidelines Islamabad, Pakistan).
The study protocols were approved by Ethical Commit-
tee of Quaid-i-Azam University, Islamabad. The rats
were acclimatized to laboratory conditions for 7 days
before commencement of experiment.
For subchronic toxicity studies, 8 week experiment

was designed with some modifications [11]. 30 male rats
of Sprague-Dawley strain were randomly divided into
five groups with six animals in each. Group (I) the con-
trol received only vehicles; olive oil (0.5 ml/kg bw) and
DMSO (0.5 ml/kg bw) and fed with a normal diet.
Group (II) the CCl4 group received intraperitoneal
administration of 0.5 ml CCl4/kg bw (20% CCl4/olive
oil) twice a week for 8 weeks to cause subchronic rever-
sible cirrhosis. Group (III) MCL group (200 mg/kg bw)
and Group (IV) the silymarin group (50 mg/kg bw) was
given intragastrically through a feeding tube twice a
week for 8 weeks. These groups (III and IV) also
received intraperitoneal injection of 0.5 ml CCl4/kg bw
(20% CCl4/olive oil) twice a week for 8 weeks. Group
(V) received only MCL (200 mg/kg bw) twice a week
for 8 weeks. At the end of 8 weeks, 24 h of the last
treatment, all the animals were anesthesized in an ether
chamber. The liver was removed after perfusion with ice
cold saline at 4°C. Blood was collected by cardiac punc-
ture and serum obtained by blood centrifugation at
1500 × g for 10 min, at 4°C.

Assessment of serum marker enzymes
Serum analysis of various liver marker enzymes such as
alanine transaminase (ALT), aspartate transaminase
(AST), alkaline phosphatase (ALP), lactate dehydrogen-
ase (LDH) and gamma glutamyltransferase (g-GT) were
estimated by using standard AMP diagnostic kits (Stat-
togger Strasse 31b 8045 Graz, Austria).

Assessment of liver antioxidant enzymes
10% homogenate of liver tissue was prepared in 100
mM KH2PO4 buffer containing 1 mM EDTA (pH 7.4)
and centrifuged at 12,000 × g for 30 min at 4°C. The
supernatant was collected and used for the following
experiments as described below. Concentration of

protein in supernatant was estimated by using crystalline
BSA as standard [12].
Catalase assay (CAT)
CAT activity was determined by spectrophotometric
method [13]. Briefly, a reaction mixture of 3 ml contain-
ing 2.5 ml of 50 mM phosphate buffer (pH 5.0), 0.4 ml of
5.9 mM H2O2 and 0.1 ml liver supernatant was allowed
to react for one min and change in absorbance of the
reaction solution was noted at 240 nm. CAT activity was
defined an absorbance change of 0.01 as unit/min.
Peroxidase assay (POD)
POD activity in the liver supernatant was determined by
spectrophotometric method [13]. Briefly, 0.1 ml liver
supernatant was added to a reaction mixture containing
2.5 ml of 50 mM phosphate buffer (pH 5.0), 0.1 ml of
20 mM guaiacol and 0.3 ml of 40 mM H2O2. Change in
absorbance of the reaction solution at 470 nm was
determined after one min and POD activity was defined
an absorbance change of 0.01 as unit/min [13].
Superoxide dismutase assay (SOD)
SOD activity was estimated by using NADH as substrate
[14]. Briefly, 0.3 ml of supernatant after centrifugation
(1500 × g for 10 min followed by 10000 × g for 15 min)
was added to the reaction mixture containing 0.1 ml of
phenazine methosulphate (186 μM), and 1.2 ml of
sodium pyrophosphate buffer (0.052 mM; pH 7.0).
Enzyme reaction was initiated by adding 0.2 ml of
NADH (780 μM) and stopped after 1 min by adding 1
ml of glacial acetic acid. Amount of chromogen formed
was measured by recording color intensity at 560 nm.
Results are expressed in units/mg protein.
Glutathione-S-transferase assay (GST)
The assay mixture was made using 1.475 ml phosphate
buffer (0.1 M, pH 6.5), 0.2 ml reduced glutathione (1 mM),
0.025 ml 1-chloro-2,4-dinitrobenzene (CDNB, 1 mM) and
0.3 ml of liver supernatant. Change in the absorbance was
recorded at 340 nm and enzyme activity was calculated as
nM CDNB conjugate formed/min/mg protein using a
molar extinction coefficient of 9.6 × 103M-1cm-1 [15].
Glutathione reductase assay (GSR)
Glutathione reductase assay was carried out by using
NADPH as the substrate [16]. Briefly, 0.1 ml of liver
supernatant was mixed with 1.65 ml phosphate buffer:
(0.1 M; pH 7.6), 0.1 ml EDTA (0.5 mM), 0.05 ml oxidized
glutathione (1 mM) and 0.1 ml of NADPH (0.1 mM) and
the mixture was measured at 340 nm. Enzyme activity
was calculated as nM NADPH oxidized/min/mg protein
using molar extinction coefficient of 6.22 × 103 M-1cm-1.
Glutathione peroxidase assay (GSH-Px)
This procedure was based on a previously reported
method [17]. The reaction assay was done in a final
volume of 2 ml solution constituted by: 1.49 ml phos-
phate buffer (0.1 M; pH 7.4), 0.1 ml EDTA (1 mM), 0.1
ml sodium azide (1 mM), 0.05 ml glutathione reductase
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(1 IU/ml), 0.05 ml GSH (1 mM), 0.1 ml NADPH (0.2
mM), 0.01 ml H2O2 (0.25 mM) and 0.1 ml of liver
supernatant. The disappearance of NADPH at 340 nm
was recorded at 25°C. Enzyme activity was calculated as
nM NADPH oxidized/min/mg protein using molar
extinction coefficient of 6.22 × 103 M-1cm-1.
Quinone reductase assay (QR)
This procedure was based on the reduction of dichloro-
phenolindophenol (DCPIP). Briefly, 3.0 ml reaction
assay was constituted of 2.13 ml Tris-HCl buffer (25
mM; pH 7.4), 0.7 ml BSA, 0.1 ml FAD, 0.02 ml NADPH
(0.1 mM), and 0.1 ml of liver supernatant. The absor-
bance was determined at 600 nm and enzyme activity
was calculated as nM of DCPIP reduced/min/mg pro-
tein using molar extinction coefficient of 2.1 × 104 M-

1cm-1[18].

Reduced glutathione assay (GSH)
Reduced glutathione in liver homogenate was deter-
mined by reaction with 1,2-dithio-bis nitro benzoic acid
(DTNB). Briefly, 1.0 ml of supernatant was precipitated
with 1.0 ml of (4%) sulfosalicylic acid. The samples were
kept at 4°C for 1 h and then centrifuged at 1200 × g for
20 min at 4°C. The total volume of 3.0 ml assay mixture
contained 0.1 ml filtered aliquot, 2.7 ml phosphate buf-
fer (0.1 M; pH 7.4) and 0.2 ml of 1,2-dithio-bis nitro
benzoic acid (DTNB, 100 mM). The yellow color devel-
oped was read immediately at 412 nm on a Smart-
SpecTM plus Spectrophotometer. It was expressed as
μM GSH/g tissue [19].

Estimation of lipid peroxidation assay (TBARS)
Malondialdehyde in liver homogenate was determined
by reaction with thiobarbituric acid (TBA). Briefly, 1.0
ml reaction assay was consisted of 0.58 ml phosphate
buffer (0.1 M; pH 7.4), 0.2 ml liver supernatant, 0.2 ml
ascorbic acid (100 mM), and 0.02 ml ferric chloride
(100 mM). The reaction mixture was incubated at 37°C
in a shaking water bath for 1 h. The reaction was
stopped by addition of 1.0 ml of trichloroacetic acid
(10%). Following addition of 1.0 ml 0.67% thiobarbituric
acid, all the tubes were placed in boiling water bath for
20 min and then shifted to crushed ice-bath before cen-
trifuging at 2500 × g for 10 min. The amount of TBARS
formed in each of the samples was assessed by measur-
ing optical density of the supernatant at 535 nm using
spectrophotometer against a reagent blank. The results
were expressed as nM TBARS/min/mg tissue at 37°C
using molar extinction coefficient of 1.56 ×105 M-1cm-1

[20].

Hydrogen peroxide assay (H2O2)
Hydrogen peroxide (H2O2) was assayed by H2O2-
mediated horseradish peroxidase-dependent oxidation of

phenol red [21]. 2.0 ml of liver supernatant was sus-
pended in 1.0 ml of solution containing phenol red
(0.28 nM), horse radish peroxidase (8.5 units), dextrose
(5.5 nM) and phosphate buffer (0.05 M; pH 7.0) and the
resultant mixture was incubated at 37°C for 60 min.
The reaction was stopped by the addition of 0.01 ml of
NaOH (10 N) and then centrifuged at 800 × g for 5
min. The absorbance of the supernatant was recorded at
610 nm against a reagent blank. The quantity of H2O2

produced was expressed as nM H2O2/min/mg tissue
based on the standard curve of H2O2 oxidized phenol
red.

Histopathological studies
For microscopic evaluation liver tissues were fixed in a
fixative (absolute alcohol 60%, formaldehyde 30%, glacial
acetic acid 10%) and embedded in paraffin, sectioned at
4 μm and subsequently stained with hematoxylin/eosin.
First the slides were deparaffinized in xylene, and rehy-
drated in descending order of ethanol. Slides were
dipped in hematoxylin, washed in tap water and dehy-
drated in ascending order of ethanol. Sildes were then
stained with eosin and washed with absolute ethanol
and xylene. Sections were studied under light micro-
scope (DIALUX 20 EB) at 40× magnifications.

Phytochemical screening
Qualitative tests of the MCL for the presence of alka-
loids, anthraquinones, cardiac glycosides, coumarins, fla-
vonoids, saponins, phlobatannins, tannins and
terpenoids were carried out.
Test for alkaloids
0.4 g of MCL was stirred with 8 ml of 1% HCl, mixture
was warmed and filtered. 2 ml of filtrate was treated
separately with (a) with few drops of potassium mercu-
ric iodide (Mayer’s reagent) and (b) potassium bismuth
(Dragendroff’s reagent). Turbidity or precipitation with
either of these reagents was taken as evidence for exis-
tence of alkaloids [22].
Test for saponins
The ability of saponins to produce emulsion with oil
was used for the screening test. 20 mg of MCL was
boiled in 20 ml of distilled water in a water bath for five
min and filtered. 10 ml of the filtrate was mixed with 5
ml of distilled water and shaken vigorously for froth for-
mation. 3 drops of olive oil were mixed with froth, sha-
ken vigorously and observed for emulsion development
[22].
Test for terpenoids
Presence of terpenoids in MCL was carried out by tak-
ing 5 ml (1 mg/ml) of MCL and mixed with 2 ml of
chloroform, followed by 3 ml of concentrated H2SO4. A
reddish brown coloration of the interface confirmed the
presence of terpenoids [22].
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Test for anthraquinones
200 mg of MCL was boiled with 6 ml of 1% HCl and fil-
tered. The filtrate was shaken with 5 ml of benzene, fil-
tered and 2 ml of 10% ammonia solution was added to
the filtrate. The mixture was shaken and the presence of
a pink, violet or red color in the ammoniacal phase indi-
cated the presence of free hydroxy anthraquinones [23].
Cardiac glycosides determination
5 ml (10 mg/ml in methanol) of MCL was mixed with 2
ml of glacial acetic acid having one drop of FeCl3 solu-
tion. To the mixture obtained 1 ml of concentrated
H2SO4 was added to form a layer. The presence of
brown ring of the interface indicated deoxy sugar char-
acteristic of cardiac glycosides [23].
Test for coumarins
In a small test tube, 300 mg of MCL was covered with
filter paper moistened with 1 N NaOH. The test tube
was placed for few minutes in a boiling water bath.
After removing the filter paper it was examined under
UV light, yellow florescence indicated the presence of
coumarins [23].
Test for phlobatannins
80 mg of MCL was boiled in 1% aqueous hydrochloric
acid; the deposition of a red precipitate indicated the
presence of phlobatannins [23].
Test for flavonoids
Test for : 50 mg of MCL was suspended in 100 ml of
distilled water to get the filtrate. 5 ml of dilute ammonia
solution was added to 10 ml of filtrate followed by few
drops of concentrated H2SO4. Presence of flavonoids
was confirmed by yellow coloration [24].
Test for tannins
50 mg of MCL was boiled in 20 ml of distilled water
and filtered. A few drops of 0.1% FeCl3 was added in fil-
trate and observed for color change; brownish green or
a blue-black coloration was taken as evidence for the
presence of tannins [24].
High Performance Liquid Chromatography (HPLC) of MCL
Sample preparation: 50 mg of MCL was extracted with
6 ml of 25% hydrochloric acid and 20 ml methanol for
1 h. The obtained extract was filtered to a volumetric
flask. The residue was heated twice with 20 ml of
methanol for 20 min to obtain the extract. The com-
bined extract was diluted with methanol to 100 ml. 5 ml
portion of the solution was filtered and transferred to a
volumetric flask and diluted with 10 ml of methanol.
The sample (10 μl) was injected into the HPLC
apparatus.
HPLC determination: Samples were analyzed on Agi-

lent HPLC system. Separation was carried out through
column 20RBAX ECLIPSE, XDB-C18, (5 μm; 4.6 × 150
mm, Agilent USA) with UV-VIS Spectra-Focus detector,
injector-auto sampler. Solvent A (0.05% trifluoroacetic
acid) and solvent B (0.038% trifluoroacetic acid in 83%

acetonitrile (v/v) with the following gradient: 0-5 min,
15% B in A, 5-10 min, 50% B in A, 10-15 min, 70% B in
A. The flow rate was 1 ml/min and injection volume
was 10 μl. Eleven standard compounds including rutin,
myricetin, vitexin, orientin, hyperoside, isovitexin, iso-
quercetin, luteolin, apigenin, kaempherol, and luteolin-
7-glucoside were run for comparative detection and
were optimized. The calibration curves were defined for
each compound in the range of sample quantity 0.02-0.5
μg. All samples were assayed in triplicate.

Statistical analysis
The values are expressed as means ± standard deviation
(SD) of six observations in each group. One-way analysis
of variance (ANOVA) was carried out to determine the
significant difference between parameters. Duncan’s
multiple range test was used to determine the significant
difference between the groups at P < 0.05 by using SPSS
ver. 14.0.

Results
Chemical composition of MCL
Qualitative analysis of MCL
Phytochemical analysis of MCL demonstrated the pre-
sence of alkaloids, anthroquinones, cardiac glycosides,
coumarins, flavonoids, saponins, phlobatannins, tannins
and terpenoids.
HPLC analysis of MCL
HPLC analysis of MCL revealed the presence of chro-
matographic peaks consistent with the pattern showed
by the standards such as isoquercetin, hyperoside,
vitexin, myricetin and kaempherol. Quantitative HPLC
analysis showed that myricetin (0.172 μg/mg of MCL)
and isoquercetin (0.119 μg/mg of MCL) were the main
flavonoids in MCL (Table 1; Figure 1).

Hepatoprotective studies
Effects of MCL on serum marker enzymes
Blood biochemical parameters such as ALT, AST, ALP,
LDH and g-GT level, of all the experimental groups are
shown in Table 2. CCl4 induced an increase in enzy-
matic activity of ALT, AST, ALP, LDH and g-GT as

Table 1 Flavonoids profile of MCL through HPLC studies

Compound Retention time
(min)

Concentration μg/mg of MCL dry
weight

Unknown 2 0.067 ± 0.008

Isoquercetin 6 0.119 ± 0.006

Hyperoside 12.5 0.062 ± 0.005

Vitexin 2.5 0.053 ± 0.004

Myricetin 18.5 0.172 ± 0.009

Kaempherol 3.4 0.084 ± 0.015

MCL; methanol extract of Carissa opaca leaves.

Values are Mean ± SD (03 number).
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compared to the control group. However co-treatment
with MCL (200 mg/kg bw) reduced the alterations in
the activity level of ALT, AST, ALP, LDH and g-GT as
against the CCl4 group. Silymarin (50 mg/kg bw) pre-
vented the alterations in the activity level of ALT, AST,
ALP, LDH and g-GT induced with CCl4.
Effects of MCL on liver enzymatic antioxidant level
CCl4 decreased the activities of hepatic antioxidant
enzymes; CAT, SOD, POD, GSR, GSH-Px, QR and GST
as compared to the respective control group. Co-admin-
istration of MCL and silymarin avoided the CCl4-
induced decrease in activities of hepatic antioxidant
enzymes (Table 3).
Effects of MCL on liver protein, glutathione, H2O2 and lipid
peroxidation
Table 4 depicts the effects of MCL on proteins, GSH,
TBARS and H2O2 levels. CCl4 treatment significantly
increased the hepatic TBARS and H2O2 level whereas
significantly decreased the GSH and protein contents
than that of the control group. MCL and silymarin pre-
vented the CCl4-induced alterations in TBARS, H2O2,
GSH and protein of liver homogenates.

Discussion
In the present investigation administration of CCl4 to
rats was shown to cause oxidative stress in liver and this
damage was associated with significantly lowered

activities of antioxidant enzymes; CAT, POD, SOD,
GSH-Px, GSR, GST and QR. Concentration of H2O2

was significantly increased in liver samples with the
administration of CCl4 to rats. On cirrhotic animals
treated with CCl4, a significant increase in lipid perox-
ides while a significant decrease in glutathione in liver
samples indicated the severity of CCl4 to rats. Co-treat-
ment of MCL, on the other hand, prevented the toxic
effects of CCl4 by restoring the activities of antioxidant
enzymes and glutathione towards the level of control
animals. It seems likely that CCl4 administration cause
oxidative stress in liver via the generation of free radi-
cals whereas the MCL ameliorates the liver injuries by
scavenging of free radicals, which is further confirmed
by the reduced amount of histopathological injury
[10,25,26].
Lipid peroxidation is supposed to be a critical factor in

the pathogenesis of CCl4-induced hepatic injuries. In
this study, rats treated with CCl4 developed significant
hepatic damage as manifested by a significant increase
in activities of AST, ALT, ALP, LDH and g-GT that are
indicators of hepatocyte damage and loss of functional
integrity. Centrilobular necrosis, lymphocytes infiltration
and steatosis were also apparent in this study (Figure 2)
[27]. Phosphatases are key enzymes responsible for var-
ious biological functions such as metabolism, detoxifica-
tion and biosynthesis of energetic macromolecules for
different essential functions. Any alteration in the activ-
ity of these enzymes causes tissue lesion and cellular
impairment and dysfunction. Previous studies have
reported that oxidative stress plays an essential role in
the hepatic injury mediated by CCl4 [28-30]. Decrease
in the level of these enzymes with MCL is an indication
of the stabilization of plasma membrane as well as
repair of liver damage caused by CCl4, and is similar to
earlier reports [7,9].
The coordinate action of antioxidant system is very

critical for the detoxification of free radicals. SOD
reduces the concentration of highly reactive superoxide
radical by converting it to H2O2 whereas CAT and

Figure 1 HPLC flavonoids profile of MLC.

Table 2 Effects of MCL on liver function tests in rat

Group AST(U/l) ALT(U/l) ALP(U/l) g-GT(U/l) LDH (U/l)

I 104.12 ± 8.2+ 69.9 ± 6.8+ 146.34 ± 14.2+ 2.01 ± 0.86+ 46.7 ± 4.16+

II 211.56 ± 18.3* 221.6 ± 24.7* 315.67 ± 19.2* 4.61 ± 0.48* 133.9 ± 14.12*

III 111.61 ± 8.2*+ 85.6 ± 6.8*+ 188.39 ± 14.8*+ 2.39 ± 0.65*+ 61.8 ± 6.27*+

IV 123.76 ± 9.4*+ 87.9 ± 7.7*+ 201.45 ± 16.8*+ 2.69 ± 0.79*+ 64.32 ± 7.82*+

V 101.24 ± 8.5+ 74.6 ± 6.6+ 152.54 ± 16.4+ 1.92 ± 0.53+ 38.65 ± 3.44+

Group I: Control (Olive oil+ DMSO); II: CCl4 (0.5 ml/kg bw); III: MCL (200 mg/kg bw)+CCl4 (0.5 ml/kg bw); IV: Silymarin (50 mg/kg bw)+CCl4 (0.5 ml/kg bw); V: MCL
(200 mg/kg bw).

MCL; methanol extract of Carissa opaca leaves.

Values are Mean ± SD (06 number).

*, Indicate significance from control group (P < 0.05).

+, Indicate significance from CCl4 group (P < 0.05).
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GSH-Px decomposes H2O2 and protect the tissues from
highly reactive hydroxyl radicals. In the present study,
MCL alleviated the CCl4-mediated oxidative stress with
an increase in activities of antioxidant enzymes; CAT,
POD, SOD, GSH-Px, GSR, GST and QR in hepatic sam-
ples. Previous studies have reported that CCl4 reduces
the activities of antioxidant enzymes and causes hepato-
pathy [28-31]. Interestingly, impaired hepatic antioxidant
enzymes activities were brought back to increase by the
treatment of MCL to CCl4-treated rats. Thus, the anti-
oxidant activity or the inhibition of generation of free
radicals by MCL is important in the protection against
CCl4-induced hepatopathy [32].
GSH is supposed to be a highly effective extra-and intra-

cellular antioxidant compound that neutralizes hydrogen
peroxide and hydroperoxides by its scavenging and antiox-
idant properties. In this study, CCl4 treatment to rats
depletes the hepatic GSH contents. A number of studies
have revealed that GSH conjugates play a major role in
eliminating the CCl4-induced toxic metabolites which are
the main cause of liver injuries. The maintenance of

sufficient glutathione level is important for the prevention
of CCl4-induced damages [33]. Toxicants that deplete
GSH or influence the activity of GSH-dependent enzyme
(s) may result in toxic responses. The study herein pre-
sented was instigated by other reports where CCl4 admin-
istration cause depletion in GSH contents [34,35]. The
mechanism of hepatoprotection by MCL against the CCl4
toxicity might be due to restoration of GSH concentration
in liver as reported previously [34,35].
An approach for the detection of hepatic injury

involves measurement of lipid peroxides. The observed
decline in lipid peroxides in liver samples of rat follow-
ing the co-treatment with CCl4 and MCL suggests the
protective potential of MCL by scavenging of free radi-
cals produced by CCl4 (34,35). We obtained significant
increase in H2O2 concentration with CCl4 in liver sam-
ples of rat as compared to the control group in this
experiment. The oxidative damage observed in hepatic
samples of rat with CCl4 treatment could be the conse-
quence of hydrogen abstraction from membrane lipid
molecules by H2O2-derived OH• and the failure of

Table 3 Effects of MCL on hepatic antioxidant profile in rat

Group CAT
(U/
min)

POD
(U/
min)

SOD (U/mg
protein)

GST (μM CDNB
conjugate/min/mg
protein)

GSH-Px (nM of
NADPH/min/mg
protein)

GSR (nM of NADPH/
min/mg protein)

QR (nM of DCPIP
reduced/min/mg
protein)

I 4.59 ±
0.57+

10.34 ±
0.67+

3.62 ± 0.23
+e

167.89 ± 9.67+ 125.91 ± 5.12+ 220.78 ± 10.96+ 108.53 ± 6.06+

II 2.15 ±
0.74*

5.23 ±
0.45*

0.98 ± 0.09* 98.76 ± 7.45* 70.84 ± 4.68* 134.74 ± 9.72* 58.60 ± 3.53*

III 4.12 ±
0.35*+

9.87 ±
0.52*+

3.11 ± 0.14*
+

150.78 ± 6.99*+ 112.79 ± 5.02*+ 194.23 ± 8.90*+ 89.80 ± 4.08*+

IV 3.99 ±
0.64*+

9.34 ±
0.78*+

2.98 ± 0.04*
+

154.23 ± 7.83*+ 110.56 ± 4.81*+ 189.48 ± 12.49*+ 89.24 ± 5.21*+

V 4.62 ±
0.26+

10.52 ±
0.67+

3.65 ± 0.16+ 168.25 ± 6.48+ 122.34 ± 4.67+ 223.56 ± 7.68+ 110.43 ± 4.57+

Group I: Control (Olive oil+ DMSO); II: CCl4 (0.5 ml/kg bw); III: MCL (200 mg/kg bw)+CCl4 (0.5 ml/kg bw); IV: Silymarin (50 mg/kg bw)+CCl4 (0.5 ml/kg bw); V: MCL
(200 mg/kg bw).

MCL; methanol extract of Carissa opaca leaves.

Values are Mean ± SD (06 number).

*, Indicate significance from control group (P < 0.05).

+, Indicate significance from CCl4 group (P < 0.05).

Table 4 Effects of MCL on hepatic protein, lipid peroxidation (TBARS), glutathione (GSH) and hydrogen peroxide
(H2O2)

Group Protein (μg/mg tissue) TBARS (nM/mg protein) GSH (μg/mg protein) H2O2 (nM H2O2/min/mg tissue)

I 1.598 ± 0.034+ 3.67 ± 0.53+ 21.34 ± 1.10+ 1.594 ± 0.016+

II 0.976 ± 0.023* 6.21 ± 0.98* 11.56 ± 1.67* 2.984 ± 0.077*

III 1.501 ± 0.081*+ 4.32 ± 0.91*+ 17.67 ± 1.16*+ 1.710 ± 0.067*+

IV 1.492 ± 0.009*+ 4.51 ± 0.74*+ 18.48 ± 1.21*+ 1.640 ± 0.053*+

V 1.685 ± 0.014+ 3.53 ± 0.42+ 20.68 ± 1.12+ 1.521 ± 0.043+

Group I: Control (Olive oil+ DMSO); II: CCl4 (0.5 ml/kg bw); III: MCL (200 mg/kg bw)+CCl4 (0.5 ml/kg bw); IV: Silymarin (50 mg/kg bw)+CCl4 (0.5 ml/kg bw); V: MCL
(200 mg/kg bw).

MCL; methanol extract of Carissa opaca leaves.

Values are Mean ± SD (06 number).

*, Indicate significance from control group (P < 0.05).

+, Indicate significance from CCl4 group (P < 0.05).
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antioxidants to reestablish redox homeostasis [36,37].
Lipid peroxidation leads to a cascade of reactions,
thereby not only destroys membrane lipids but also gen-
erates endogenous toxicants that can readily react with
adjacent molecules like membrane proteins or diffuse to
more distant molecules like DNA, which may lead to
more hepatic complications and functional anomalies.
We hypothesize that MCL would be able to protect

CCl4-induced hepatic damages in rat liver as an intrinsic
ameliorating properties. Phyto-constituents such as
saponins, tannins, terpenoids and flavonoids (isoquerce-
tin, hyperoside, vitexin, myricetin and kaempherol) pre-
sent in MCL; have been reported to exert antioxidant
activities by scavenging of free radicals that cause lipid
peroxidation [9,25].

Conclusion
On the whole, it can be concluded that the altered bio-
chemical profiles due to CCl4 exposure is reversed
towards normalization by MCL. The contents of the
extract not only increased the regenerative and repara-
tive capacity of the liver but, at the same time prevented
from oxidative damage. Beneficial effects of MCL illu-
strated in this study may be due to the presence of
phyto-components that have membrane stabilizing
effects.

Authors’ contributions
SS made significant contribution to acquisition of data, analysis, drafting of
the manuscript. MRK has made substantial contribution to conception and
design, interpretation of data, drafting and revising the manuscript for
intellectual content. RAK participated in the design and collection of data
and analysis. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 28 February 2011 Accepted: 24 June 2011
Published: 24 June 2011

References
1. Nazimuddin S, Qaiser M: Apocynaceae.Edited by: Nasir E, Ali SI. Flora of

Pakistan, Department of Botany, University of Karachi, Karachi; 1983:11-13.
2. Abbasi AM, Khan MA, Ahmad M, Zafar M, Khan H, Muhammad M,

Sultana S: Medicinal plants for the treatment of jaundice and hepatitis
based on socio-economic documentation. Afr J Biotechnol 2009,
8:1643-1650.

3. Jabeen A, Khan MA, Ahmad M, Zafar M, Ahmad F: Indigenous uses of
economically important flora of Margalla Hills National Park, Islamabad
Pakistan. Afr J Biotechnol 2009, 8:763-784.

4. Saghir IA, Awan AA, Majid S, Khan MA, Qureshi SJ, Bano S: Ethnobotanical
studies of Chikar and its allied areas of District Muzaffarabad. Online J
Biol Sci 2001, 1:1165-1170.

5. Adhikari BS, Babu MM, Saklani PL, Rawat GS: Distribution, use, pattern and
prospects for conservation of medicinal shrubs in Uttaranchal State. Ind
J Mount Sci 2007, 4:155-180.

6. Singh N, Kamath V, Narasimhamurthy K, Rajini PS: Protective effects of
potato peel extract against carbon tetrachloride-induced liver injury in
rats. Environ Toxicol Pharmacol 2008, 26:241-146.

7. Sreelatha S, Padma PR, Umadevi M: Protective effects of Coriandrum
sativum on carbon tetrachloride-induced hepatotoxicity in rats. Food
Chem Toxicol 2009, 47:702-708.

Figure 2 Micrograph of liver of rats (H & E stain). (A) Representative section of liver from the control group showing the normal histology.
(B) CCl4 (0.5 ml/kg bw) induced hydropic necrosis (HN), lymphocytes infiltration (LI), and ballooning (B) of hepatocytes. (C) CCl4+MCL (200 mg/
kg bw) repairing of hepatocytes. (D) CCl4+silymarin (50 mg/kg bw) repairing of hepatocytes.

Sahreen et al. BMC Complementary and Alternative Medicine 2011, 11:48
http://www.biomedcentral.com/1472-6882/11/48

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/19146910?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19146910?dopt=Abstract


8. Srivastava A, Shivanandappa T: Hepatoprotective effect of the root extract
of Decalepis hamiltonii against carbon tetrachloride-induced oxidative
stress in rats. Food Chem Toxicol 2010, 118:411-417.

9. Sahreen S, Khan MR, Khan RA: Evaluation of antioxidant activities of
various solvent extracts of Carissa opaca fruits. Food Chem 2010,
122:1205-1211.

10. Handa S, Anupama S: Hepatoprotective activity of andrographolide from
Andrographis paniculata against carbon tetrachloride. Ind J Med Res 1990,
92:276-283.

11. Shyu MH, Kao TC, Yen GC: Hsian-tsao (Mesona procumbens Heml.)
prevents rat liver fibrosis induced by CCl4 via inhibition of hepatic
stellate cells activation. Food Chem Toxicol 2008, 46:3707-3713.

12. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ: Protein measurement with
Folin phenol reagent. J Biol Chem 1951, 193:265-275.

13. Chance B, Maehly AC: Assay of catalase and peroxidases. Method Enzymol
1955, 11:764-775.

14. Kakkar P, Das B, Viswanathan PN: A modified spectrophotomateric assay
of superoxide dismutase. Ind J Biochem Biophy 1984, 21:130-132.

15. Habig WH, Pabst MJ, Jakoby WB: Glutathione-S-transferases: the first
enzymatic step in mercapturic acid formation. J Biol Chem 1974,
249:7130-7139.

16. Carlberg I, Mannervik EB: Glutathione level in rat brain. J Biol Chem 1975,
250:4475-4480.

17. Mohandas J, Marshal JJ, Duggin GG, Horvath JS, Tiller DJ: Differential
distribution of glutathione and glutathione-related enzymes in rabbit
kidney. Possible implications in analgesic nephropathy. Biochem
Pharmacol 1984, 33:1801-1807.

18. Benson AM, Hunkeler MJ, Talalay P: Increase of NADPH, quinone
reductase activity by dietary antioxidant: Possible role in protection
against carcinogenesis and toxicity. Proc Nat Aca Sci USA 1980,
77:5216-5220.

19. Jollow DJ, Mitchell JR, Zampaglione N, Gillete JR: Bromobenzene induced
liver necrosis. Protective role of glutathione and evidence for 3, 4-
bromobenzene oxide as a hepatotoxic metabolite. Pharmacology 1974,
1:151-169.

20. Iqbal M, Sharma SD, Zadeh HR, Hasan N, Abdulla M, Athar M: Glutathione
metabolizing enzymes and oxidative stress in ferric nitrilotriacetate (Fe-
NTA) mediated hepatic injury. Redox Report 1996, 2:385-391.

21. Pick A, Keisari Y: Superoxide anion and hydrogen peroxide production by
chemically elicited peritoneal macrophages-induction by multiple
nonphagocytic stimuli. Cell Immunol 1981, 59:301-318.

22. Harborne JB: Phytochemical methods, London Chapman and Hall, Ltd; 1973,
49-188.

23. Trease GE, Evans WC: Pharmacognsy. Brailliar Tiridel Can Macmillian
Publishers;, 11 1989.

24. Sofowara AE: Medicinal plants and traditional medicine in Africa.
Spectrum books Ltd., Ibadan, Nigeria;, 2 1993, 289.

25. Etuk EU, Agaie BM, Ladan MJ, Garba I: The modulatory effect of
Cochlospermum tinctorium a rich aqueous root extract on liver damage
induced by carbon tetrachloride in rats. Afr J Pharm Pharmacol 2009,
3(4):151-157.

26. Robin SL, Kumar V: Liver function. Textbook of Basic Pathology. 4 edition.
Saunder, Philadelphia; 1987, 11-14.

27. Nabeshima Y, Tazuma S, Kanno K, Hyogo H, Iwai M, Horiuchi M:
Antifibrogenic function of angiotensin II type 2 receptor in CCl4-induced
liver fibrosis. Biochem Biophy Res Co 2006, 346:658-664.

28. Recknagel RO, Glende EA, Dolak JA, Waller RL: Mechanisms of carbon
tetrachloride toxicity. Pharmacol Therapeut 1989, 43:139-154.

29. Weber LW, Boll M, Stampfl A: Hepatotoxicity and mechanism of action of
haloalkanes: carbon tetrachloride as a toxicological model. Crit Rev
Toxicol 2003, 33:105-136.

30. Lin HM, Tseng HC, Wang CJ, Lin JJ, Lo CW, Chou FP: Hepatoprotective
effects of Solanum nigrum Linn. extract against CCl4-induced oxidative
damage in rats. Chem-Biol Interact 2008, 171:283-293.

31. Parola M, Robino G: Oxidative stress-related molecules and liver fibrosis. J
Hepatol 2001, 35:297-306.

32. Castro JA, Ferrya GC, Castro CR, Sasame H, Fenos OM, Gillette JR:
Prevention of carbon tetrachloride-induced necrosis by inhibitors of
drug metabolism. Further studies on the mechanism of their action.
Biochem Pharmacol 1974, 23:295-302.

33. Hayes JD, Flanagan JU, Jowsey IR: Glutathione transferases. Annu Rev
Pharmacol Toxicol 2005, 45:51-88.

34. Khan MR, Ahmed D: Protective effects of Digera muricata (L.) Mart. on
testis against oxidative stress of carbon tetrachloride in rat. Food Chem
Toxicol 2009, 47:1393-1399.

35. Khan MR, Rizvi W, Khan GN, Khan RA, Shaheen S: Carbon tetrachloride
induced nephrotoxicity in rats: Protective role of Digera muricata. J
Ethnopharmacol 2009, 122:91-99.

36. Nevin KG, Vijayammal PL: Effect of Aerva lanata on solid tumor induced
by DLA cells in mice. Fitoterapia 2005, 74:578-580.

37. Ohkawa H, Ohishi N, Yagi K: 1979. Assay of lipid peroxides in animal
tissue by thiobarbituric acid reaction. Ann Biochem 1979, 95:351-358.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6882/11/48/prepub

doi:10.1186/1472-6882-11-48
Cite this article as: Sahreen et al.: Hepatoprotective effects of methanol
extract of Carissa opaca leaves on CCl4-induced damage in rat. BMC
Complementary and Alternative Medicine 2011 11:48.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Sahreen et al. BMC Complementary and Alternative Medicine 2011, 11:48
http://www.biomedcentral.com/1472-6882/11/48

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/18929613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18929613?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14907713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14907713?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4436300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4436300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6145422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6145422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6145422?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6269759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6269759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6269759?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12708612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12708612?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18045581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18045581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18045581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18045581?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11580156?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4813346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/4813346?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15822171?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19327381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19327381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19118616?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19118616?dopt=Abstract
http://www.biomedcentral.com/1472-6882/11/48/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Chemicals
	Extract preparation
	Estimation of MCL dose
	Animals and treatment
	Assessment of serum marker enzymes
	Assessment of liver antioxidant enzymes
	Catalase assay (CAT)
	Peroxidase assay (POD)
	Superoxide dismutase assay (SOD)
	Glutathione-S-transferase assay (GST)
	Glutathione reductase assay (GSR)
	Glutathione peroxidase assay (GSH-Px)
	Quinone reductase assay (QR)

	Reduced glutathione assay (GSH)
	Estimation of lipid peroxidation assay (TBARS)
	Hydrogen peroxide assay (H2O2)
	Histopathological studies
	Phytochemical screening
	Test for alkaloids
	Test for saponins
	Test for terpenoids
	Test for anthraquinones
	Cardiac glycosides determination
	Test for coumarins
	Test for phlobatannins
	Test for flavonoids
	Test for tannins
	High Performance Liquid Chromatography (HPLC) of MCL

	Statistical analysis

	Results
	Chemical composition of MCL
	Qualitative analysis of MCL
	HPLC analysis of MCL

	Hepatoprotective studies
	Effects of MCL on serum marker enzymes
	Effects of MCL on liver enzymatic antioxidant level
	Effects of MCL on liver protein, glutathione, H2O2 and lipid peroxidation


	Discussion
	Conclusion
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


