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Abstract

Background: Launaea procumbens (Asteraceae) is used as a folk medicine to treat hepatic disorders in Pakistan. The
effect of a chloroform extract of Launaea procumbens (LPCE) was evaluated against carbon-tetrachloride (CCl4)-
induced liver damage in rats.

Methods: To evaluate the hepatoprotective effects of LPCE, 36 male Sprague–Dawley rats were equally divided
into six groups. Animals of group 1 (control) had free access to food and water. Group II received 3 ml/kg of CCl4
(30% in olive oil v/v) via the intraperitoneal route twice a week for 4 weeks. Group III received 1 ml of silymarin via
gavage (100 mg/kg b.w.) after 48 h of CCl4 treatment whereas groups IV and V were given 1 ml of LPCE (100 and
200 mg/kg b.w., respectively) after 48 h of CCl4 treatment. Group VI received 1 ml of LPCE (200 mg/kg b.w.) twice a
week for 4 weeks. The activities of the antioxidant enzymes catalase, peroxidase (POD), superoxide dismutase (SOD),
glutathione peroxidase (GSH-Px), glutathione S-transferase (GST), glutathione reductase (GSR), glutathione (GSH) and
lipid peroxidation (thiobarbituric acid reactive substances (TBARS)) were measured in liver homogenates. DNA
damage, argyrophilic nucleolar organizer regions (AgNORs) counts and histopathology were studied in liver
samples. Serum was analyzed for various biochemical parameters. Phytochemical composition in LPCE was
determined through high-performance liquid chromatography (HPLC).

Results: LPCE inhibited lipid peroxidation, and reduced the activities of aspartate transaminase, alanine
transaminase, alkaline phosphatase, and lactate dehydrogenase in serum induced by CCl4. GSH contents were
increased as were the activities of antioxidant enzymes (catalase, SOD, GST, GSR, GSH-Px) when altered due to CCl4
hepatotoxicity. Similarly, absolute liver weight, relative liver weight and the number of hepatic lesions were reduced
with co-administration of LPCE. Phyochemical analyses of LPCE indicated that it contained catechin, kaempferol,
rutin, hyperoside and myricetin.

Conclusion: These results indicated that Launaea procumbens efficiently protected against the hepatotoxicity
induced by CCl4 in rats, possibly through the antioxidant effects of flavonoids present in LPCE.
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Background
The liver takes part in the metabolism, detoxification
and secretion functions in the body. It is the major tar-
get organ of chemical-induced toxicity. Liver damage in
most cases involves oxidative stress and is characterized
by progressive evolution from steatosis to chronic hepa-
titis, fibrosis, cirrhosis, and hepatocellular carcinoma.
More than 50% of individuals in the United States suffer
from liver disorders [1,2]. Although the precise mechan-
isms of the pathogenesis of liver cirrhosis are incom-
pletely understood, the role of free radicals and lipid
peroxides has garnered considerable attention [3]. It has
been found that the metabolism of carbon tetrachloride
(CCl4) involves production of the highly lethal trichloro-
methyl radical (•CCl3) and peroxy trichloromethyl
(•OOCCl3) free radical through activation by drug-
metabolizing enzymes located in the endoplasmic
reticulum [4,5]. CCl4 can cause lipid peroxidation as well
as deposition of the extracellular matrix (ECM), result-
ing in liver cirrhosis [6,7]. Clinical and experimental
examinations have shown that cirrhosis can be reversed.
Various pharmaceutical drugs have been used to
minimize and reverse the insult, but most of them lead
to appreciable side-effects during long-term treatment.
In this context, the use of an effective alternative without
side-effects is crucial to reduce the oxidative stress
which leads to hepatic disorders [8,9]. Currently, there is
great awareness of the health benefits of phenolic and
polyphenolic compounds because of their antioxidant
potential [10-12]. Dietary plants possessing phenolic and
polyphenolic compounds have been shown to exert vari-
ous biological actions. These include the scavenging of
free radicals, metal chelation, increases in enzymatic ac-
tivity. More recently, they have been shown to influence
signal transduction, release of transcription factors, and
gene expression. They have received considerable atten-
tion in the past decade because of their reputed role in
the prevention of several human disorders [13].
Medicinal plants possess quantities of phenolic and

polyphenolic constituents, and are also in demand for
use as functional foods or biopharmaceutical products.
Launaea procumbens (LP) is an important medicinal
plant used extensively in Ayurvedic and herbal medicine
in Pakistan (which promotes self-remedy, good health
and longevity) as well as being used as a food ingredient
[14]. Traditionally, it has been used in the treatment of
kidney disorders, hormonal imbalance and sexual dis-
eases [15]. According to Shaukat et al. [16] the ethanolic
extracts of LP have been used against pathogenic fungi.
Chemical characterization has revealed that LP is com-
posed of salicylic acid, vanillic acid, synergic acid, 2-
methyl-resorcinol and gallic acid [16] as well as phenolic
and polyphenolic compounds [17]. These compounds
have spasmogenic, cardiovascular, anti-carcinogenic,
anti-inflammatory, hepatoprotective and antioxidant
properties [18]. The present study was designed to
screen the chloroform fraction of LP for phytochemical
composition using high-performance liquid chromatog-
raphy (HPLC) as well as to evaluate its hepatoprotective
potential against CCl4-induced hepatotoxicity.

Methods
Ethical approval of the study protocol
The study protocol was approved by an Ethics Commit-
tee of Quaid-i-Azam University for the Feeding and Care
of Laboratory Animals.

Plant collection
LP was collected from Wah Cantonment in the district of
Rawalpindi (Pakistan) at maturity during June 2006. It was
identified and a specimen submitted at the Herbarium of
Pakistan (Quaid-i-Azam University, Islamabad, Pakistan).
Aerial parts of the plant (leaves, stem, flowers, seeds) were
dried in the shade at room temperature for 2 weeks. They
were then chopped and ground mechanically to a mesh
size of 1 mm.

Preparation of plant extract
A total of 1.5 kg powder of LP was extracted with 2 L of
absolute methanol in a separating funnel with refluxing
for 5 h. The extract was cooled at room temperature, fil-
tered, and evaporated under reduced pressure in a rotary
evaporator. It was suspended in distilled water and frac-
tionated with n-hexane, ethyl acetate and chloroform.
The chloroform fraction of Launaea procumbens (LPCE)
was dried and stored at 4°C for in-vivo studies.

HPLC of LPCE
A total of 500 mg of LPCE was extracted with 6 ml of 25%
hydrochloric acid and 20 ml of chloroform for 1 h. The
obtained extract was filtered to a volumetric flask. The resi-
due was heated twice with 20 ml of chloroform for 20 min
to obtain the extract. The combined extract was diluted
with chloroform to 100 ml. A 5-ml portion of the solution
was filtered and transferred to a volumetric flask and
diluted with 10 ml of chloroform. The sample (10 μl) was
injected into the HPLC apparatus. Samples were analyzed
on an Agilent HPLC system (Agilent, Santa Clara, CA,
USA). Separation was carried out through a 20RBAX
Eclipse XDB-C18 column (5 μm; 4.6×150 mm, Agilent)
with a ultraviolet–visible (UV–vis) Spectra-Focus detector
with an autosampler. Solvent A (0.05% trifluoroacetic acid)
and solvent B (0.038% trifluoroacetic acid in 83% aceto-
nitrile (v/v) were employed 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 the injection volume
was 10 μl. Six standard compounds (myricetin, catechin,
vitexin, kaempferol, hyperoside, rutin) were run for
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comparative detection and optimized. Calibration curves
were defined for each compound in the range of sample
quantity 0.02–0.5 μg. All samples were assayed in triplicate.
All quantitative data were evaluated using analytic software.

Animals
Thirty-six male Sprague–Dawley ratss (age, 6 weeks;
190–200 g) were provided by the National Institute of
Health (Islamabad, Pakistan). They were kept in stand-
ard cages at room temperature (25 ± 3°C) with a 12-h
dark–light cycle. They were allowed to consume stand-
ard laboratory food and water.

Experimental design
To study the antioxidant possessions of LP, rats were
equally divided into six groups. Group 1 (control) have
free access to food. Group II received 3 ml/kg of CCl4
(30% in olive oil) via the intraperitoneal route twice a
week for 4 weeks. Group III received silymarin 100 mg/kg
body weight (b.w.) via the oral route after 48 h of CCl4
treatment. Groups IV and V were given 100 mg/kg b.w.
and 200 mg/kg b.w. LPCE, respectively, after 48 h of CCl4
treatment as described above, while group VI received
only LPCE at 200 mg/kg b.w. for 4 weeks. Twenty-four
hours after the last treatment, all rats were weighed and
their blood collected; they were then killed. Livers were
removed, weighed, and perfused in ice-cold physiological
(0.9%) saline solution. Half of the liver was reated with li-
quid nitrogen for enzymatic and DNA-damage analyses,
whereas the other portion was processed for histological
analyses.

Assessment of levels of liver marker enzymes and
biochemical parameters
Serum analyses of various liver marker enzymes alanine
transaminase (ALT), aspartate transaminase (AST), alka-
line phosphatase (ALP), gamma-glutamyl transpeptidase
(γ-GT), lactate dehydrogenase (LDH)), total cholesterol
(TC), high-density lipoprotein- cholesterol (HDL-C),
low-density lipoprotein-cholesterol (LDL-C) and trigly-
cerides (TGs) were estimated using standard AMP Diag-
nostic Kits (Graz, Austria).

Assessment of levels of antioxidant enzymes
Hepatic tissues were homogenized in 10 volumes of 100
mmol KH2PO4 buffer containing 1 mmol ethylenediamine
tetra-acetic acid (EDTA; pH 7.4) and centrifuged at
12,000× g for 30 min at 4°C. The supernatant was col-
lected and used for the assessment of antioxidant enzymes.
Protein concentrations in the supernatants of liver tissue
homogenates were determined using crystalline bovine
serum albumin (BSA) as a standard. All chemicals used in
enzymatic analyses were purchased from Sigma–Aldrich
(St Louis, MO, USA).
Catalase assay
Catalase activity was determined using the method of
Chance and Maehly [19] with some modifications. The
reaction solution of catalase activity contained 2.5 ml of
50 mmol phosphate buffer (pH 5.0), 0.4 ml of 5.9 mmol
H2O2 and 0.1 ml of hepatic supernatant. Changes in the
absorbance of the reaction solution at 240 nm were
determined after 1 min. One unit of catalase activity was
defined as an absorbance change of 0.01 as units/min.

Superoxide dismutase (SOD) assay
The SOD activity of liver tissue was estimated using the
method of Kakkar et al. [20]. he reaction mixture con-
tained 0.1 ml of phenazine methosulfate (186 μmol), 1.2
ml of sodium pyrophosphate buffer (0.052 mmol; pH 7.0),
0.3 ml of the supernatant after centrifugation (1500× g for
10 min followed by 10,000× g for 15 min). The enzyme re-
action was initiated by adding 0.2 ml of NADH (780
μmol) and stopped after 1 min by the addition of 1 ml of
glacial acetic acid. The amount of chromogen formed was
measured by recording color intensity at 560 nm. Results
are expressed in units/mg protein.

Glutathione-S-transferase (GST) assay
GST activity was assayed using the method of Habig
et al. [21]. The reaction mixture consisted of 1.475 ml of
phosphate buffer (0.1 mol, pH 6.5), 0.2 ml of reduced
glutathione (1 mmol), 0.025 ml of CDNB (1 mmol) and
0.3 ml of homogenate in a total volume of 2.0 ml.
Changes in absorbance were recorded at 340 nm, and
GST activity was calculated as nmol CDNB conjugate
formed/min/mg protein using a molar extinction coeffi-
cient of 9.6 × 103 M–1 cm–1.

Glutathione Reductase (GSR) assay
GSR activity was determined using the method of Carlberg
and Mannervik [22]. The reaction mixture consisted of
1.65 ml of phosphate buffer: (0.1 mol; pH 7.6), 0.1 ml of
EDTA (0.5 mmol), 0.05 ml of oxidized glutathione (1
mmol), 0.1 ml of nicotinamide adenine dinucleotide phos-
phate (NADPH) (0.1 mmol) and 0.1 ml of homogenate in
a total volume of 2 ml. Enzyme activity at 25°C was esti-
mated by measuring the disappearance of NADPH at 340
nm. It was calculated as nmol NADPH oxidized/min/mg
protein using a molar extinction coefficient of 6.22×103

M–1 cm–1.

Glutathione peroxidase (GSH-px) assay
GSH-Px activity was assayed using the method of
Mohandas et al. [23]. The reaction mixture consisted of
1.49 ml of phosphate buffer (0.1 mol; pH 7.4), 0.1 ml of
EDTA (1 mmol), 0.1 ml of sodium azide (1 mmol), 0.05
ml of GSR (1 IU/ml), 0.05 ml of reduced glutathione
(GSH; 1 mmol), 0.1 ml of NADPH (0.2 mmol), 0.01 ml
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of H2O2 (0.25 mmol) and 0.1 ml of homogenate in a
total volume of 2 ml. The disappearance of NADPH at
340 nm was recorded at 25°C. Enzyme activity was cal-
culated as nmol NADPH oxidized/min/mg protein using
a molar extinction coefficient of 6.22 × 103 M–1 cm–1.

Quinone Reductase (QR) assay
The activity of QR was determined using the method of
Benson et al. [24]. The 3-ml reaction mixture consisted
of 2.13 ml of Tris–HCl buffer (25 mmol; pH 7.4), 0.7 ml
of BSA, 0.1 ml of FAD, 0.02 ml of NADPH (0.1 mmol)
and 0.l ml of homogenate. The reduction of dichloro-
phenolindophenol (DCPIP) was recorded at 600 nm. En-
zyme activity was calculated as nmol of DCPIP reduced/
min/mg protein using a molar extinction coefficient of
2.1 × 104 M–1 cm–1.

GSH assay
GSH was estimated using the method of Jollow et al. [25].
A total of 1.0 ml of homogenate was precipitated with 1.0
ml of 4% sulfosalicylic acid. 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
of a filtered aliquot, 2.7 ml of phosphate buffer (0.1 mol;
pH 7.4) and 0.2 ml of DTNB (100 mmol). The yellow
color that developed was read immediately at 412 nm on
a SmartSpec™ Plus Spectrophotometer (Bio-Rad, Hercules,
CA, USA). It was expressed as μmol GSH/g tissue.

Estimation of lipid peroxidation using levels of
thiobarbituric acid reactive substances (TBARS)
The assay for lipid peroxidation was carried out using a
modified method of Iqbal et al. [26]. One milliliter of
20% TCA aqueous solution and 1.0 ml of 0.67% TBA
aqueous solution was added to 0.6 ml of phosphate buf-
fer (0.1 M; pH 7.4) and 0.4 ml of homogenate sample.
The reaction mixture was heated in a boiling water-bath
for 20 min and then moved to a bath of crushed ice be-
fore centrifugation at 2500 × g for 10 min. The amount
of TBARS formed in each of the samples was assessed
by measuring the optical density of the supernatant at
535 nm using a spectrophotometer against a reagent
blank. Results were expressed as nmol TBARS/min/mg
Table 1 Calibrations of standards

Compound Rt (min) a b

Kaempferol 19.2 625 -300

Catechin 21.0 12833 363.3

Myricetin 27.2 12833 133.4

Hyperoside 34.6 6333 153.3

Rutin 46.1 5250 110

The relationship between peak area and analyte concentration is expressed as linea
detector, x is the concentration (ppm) of the analytes, and a and b are the respecti
tissue at 37°C using a molar extinction coefficient of
1.56 × 105 M–1 cm–1.
Nitrite assay
A nitrite assay was conducted using Griess reagent. Tis-
sue was deproteinized using equal volumes of 0.3 mol
NaOH and 5% ZnSO4, and centrifuged at 6400 × g for 20
min, and the supernatant collected. A total of 1.0 ml of
Griess reagent was added into the cuvette, and the spec-
trophotometer blanked at 540 nm. Then 20 μl of super-
natant was added in a cuvette containing Griess reagent.
Nitrite concentration was calculated using a standard
curve for sodium nitrite.

DNA fragmentation assay
The DNA fragmentation assay was conducted using the
procedure of Wu et al. [27] with some modifications.
Tissue (50 mg) was homogenized in 10 volumes of a TE
solution at pH 8.0 (5 mmol Tris–HCl, 20 mmol EDTA)
and 0.2% Triton X-100. A 1.0-ml aliquot of each sample
was centrifuged at 27,000 × g for 20 min to separate the
intact chromatin (pellet, B) from the fragmented DNA
(supernatant, T). Pellet and supernatant fractions were
assayed for DNA content using a freshly prepared
diphenylamine (DPA) solution for the reaction. The
optical density was read at 620 nm using the SmartSpec
Plus Spectrophotometer. Results are expressed as %
fragmented DNA using the following formula:

% Fragmented DNA ¼ T� 100= Tþ Bð Þ

DNA ladder assay
DNA was isolated using the methods of Wu et al. [27]
to estimate DNA damage. A 5-μg aliquot of DNA of rats
was separately loaded in 1.5% agarose gel containing 1.0
μg/ml of ethidium bromide, including DNA standards
(0.5 μg per well). Electrophoresis was done for 45 min at
100 V. After electrophoresis, gels were studied under a
Gel Doc system and photographed using a digital
camera.
r Linear range (ppm) LOD (ppm)

0.983 20-200 3.05

0.9419 10-170 2.30

0.9792 4-125 1.60

0.989 6-165 0.85

0.9885 7-250 1.05

r regression lines (y = ax + b), where y is the peak area measured by UV
ve slope and intercept of the calibration curve. The correlation coefficient is r.



Figure 1 HPLC fingerprints obtained by chloroform extracts of L. procumbens Column: C18 20RBAX ECLIPSE, XDB-C18, (5 μm; 4.6 × 150
mm, Agilent USA) eluted with mixtures trifluoroacetic acid and acetonitrile indicated the presence of five compounds kaempferol,
catechin, myricetin, hyperoside and rutin.
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Argyrophilic nucleolar organizer regions (AgNORs) counts
A silver staining technique was used according to the
methods of Trere et al. [28]. Unstained fixed slides were
dewaxed by dipping for 3 min in xylene and were
hydrated in decreasing ethanol concentrations (90%,
70% and 50%). After drying, slides were treated with one
drop of colloidal solution (2% gelatin and 1% formic
acid) and two drops of 50% AgNO3 solution onto the
slides and incubated at 35°C for �8–12 min. Progressive
staining was followed under a light microscope (Dialux
20 EB, Leitz, Wetzlar, Germany) to obtain golden-
colored nuclei and brown/black NORs. Then, slides were
washed in distilled water, treated for 1 min with 1% so-
dium thiosulfate at room temperature to stop the reac-
tion, and washed in tap water. Cells were examined
under a light microscope at 100 ×magnification and the
number of AgNORs per cell counted.
Table 2 HPLC quantification of various flavonoids of
Histopathological studies
For microscopic evaluation, liver samples were fixed in a
fixative (absolute alcohol 60%, formaldehyde 30%, glacial
acetic acid 10%) and embedded in paraffin, sectioned at 4-
μm thickness, and subsequently stained with hematoxylin
and eosin (H&E). Sections were studied under a light
microscope at 40×magnification. Slides of all treated
groups were photographed and studied.
chloroform extract of L. procumbens

Compound Rt (min) Quantity Formula Molecular weight

Kaempferol 19.2 0.58±0.012 C15H10O6 286.23 g/mol

Catechin 21.0 0.97±0.072 C15H14O6 290.26 g/mol

Myricetin 27.2 0.47±0.035 C15H10O8 318.2351 g/mol

Hyperoside 34.6 0.77±0.003 C21H20O12 464.38 g/mol

Rutin 46.1 0.38±0.04 C27H30O16 610.517 g/mol

Mean ±SE (n=3 number).
Statistical analyses
To determine the treatment effects, one-way analysis of
variance was carried using SPSS 13.0 computer software
(SPSS, Chicago, IL, USA). The level of significance
among the various treatments was determined by least
squares difference (LSD) analyses at 0.05% and 0.01%
levels of probability.
Results
HPLC quantification of flavonoids
The investigated compounds in the LPCE were quanti-
fied by integration of the peak areas at 220 nm using an
external calibration method for each analyte (Table 1).
The main flavonoids in the extract were catechin,
kaempferol, rutin, hyperoside and myricetin (Figure 1)
along with some unidentified flavonoids (Table 2).
Effect of LPCE on body weight, liver w ight and AgNORs
There was a significant decrease (P< 0.01) in the body
weight whereas absolute liver weight, relative liver
weight and AgNORs count (NORs/cell) were increased
significantly with CCl4 treatment as compared with the
control group. There was a consistent increase in body
weight whereas the absolute liver weight, relative liver
weight and AgNORs count decreased with LPCE treat-
ment. These parameters were also restored by silymarin
treatment. However, LPCE alone did not induce a sig-
nificant change (P> 0.05) in body weight, absolute liver
weight, relative liver weight or AgNORs count in com-
parison with the control group (Table 3).



Table 3 Effects of LPCE on body weight, liver weight, relative weight, DNA damages and AgNORS

Treatment Liver weight
(g)

Relative liver weight
(% to body weight)

% Change in
Body weight

AgNORS
(NORS/cell)

DNA
damages %

Control 5.78±0.209++ 0.0578± 0.00209++ 26.0±0.80++ 2.167±0.307++ 5.17±0.94++

3 ml/kg CCl4 6.96±0.194** 0.0696±0.00194** 18.6±0.72** 9.000±0.931** 35.83±0.14**

100 mg/kg Silymarin+ CCl4 5.88±0.206++ 0.0588± 0.00206++ 25.9±0.63++ 2.667±0.333++ 5.00±0.44++

100 mg/kg LPCE+CCl4 5.98±0.128++ 0.0598±0.00128++ 23.2±0.71++ 4.667±0.422++ 16.0±0.55++

200 mg/kgLPCE+CCl4 5.81±0.218++ 0.0531±0.00218++ 25.3±0.47++ 3.333±0.494++ 5.17±0.17++

200 mg/kg LPCE alone 5.56±0.0760++ 0.0526±0.00076++ 25.9±0.42++ 2.10±0.601++ 4.90±0.67++

Mean ±SE (n=6 number).
** indicate significance from the control group at P<0.01 probability level.
++ indicate significance from the CCl4 group at P<0.01 probability level.
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Effect of LP on cholesterol profile
The effect of LPCE on cholesterol profile is shown
in Figure 2 a–d. Administration of CCl4 significantly
(P< 0.01) increased the concentration of TGs, TC and
LDL-C but decreased the HDL-C level as compared with
the control group. Decrease in the HDL-C level was sig-
nificantly (P< 0.01) restored with LPCE along with CCl4
treatment at both doses of LPCE (100 mg/kg b.w. and 200
mg/kg b.w.) whereas levels of TGs, TC and HDL-C were
significantly (P< 0.01) increased only with LPCE at the
administration of 200 mg/kg b.w. to offset the CCl4 insult.
Figure 2 Effect of Launaea procumbens on triglycerides (a), total chol
II (CCl4), III (100 mg/kg Silymarin +CCl4), IV (100 mg/kg b.w., LPCE+C
LPCE alone).
Silymarin significantly restored the cholesterol profile
similar to that seen with the higher dose of LPCE. Treat-
ment of LPCE alone to rats did not cause a significant al-
teration in the biochemical parameters stated above as
compared with the control group.

Indices of hepatotoxicity: liver marker enzymes
Administration of CCl4 markedly increased (P< 0.01)
the activity of liver serum marker enzymes such as AST,
ALT, ALP, LDH and γ-GT as compared with the control
group (Table 4). Elevation in the secretion of these
esterol (b), HDL-cholesterol (c) and LDL-cholesterol (d); I (Control),
Cl4), V (200 mg/kg b.w., LPCE+CCl4) and VI (200 mg/kg b.w.,



Table 4 Effect of LPCE on liver marker enzymes

Treatment ALT
(U/L)

AST
(U/L)

ALP
(U/L)

γ-GT
(U/L)

LDH
(nM/min/
mg protein)

Control 32.17±2.12++ 83.83±2.74++ 248.00±3.93++ 70.50±2.23++ 48.3±2.38++

3 ml/kg CCl4 91.33±3.42** 228.00±4.27** 505.33±6.49** 119.33±3.12** 77.6±2.46**

100 mg/kg Silymarin+ CCl4 32.50±2.05++ 84.67±2.75++ 249.67±3.68++ 71.33±2.04++ 49±2.03++

100 mg/kg LPCE+CCl4 79.17±3.19*++ 135.83±6.10**++ 378.8±10.5**++ 100.67±3.12**++ 57±3.7**++

200 mg/kgLPCE+CCl4 40.17±2.09++ 101.00±3.33++ 260.33±3.61++ 77.00±3.59++ 50±2.96++

200 mg/kg LPCE alone 31.17±1.82++ 82.33±3.77++ 247.00±3.99++ 71.17±2.41++ 45±1.88++

Mean ±SE (n=6 number).
*, ** indicate significance from the control group at P<0.05 and P<0.01 probability level.
++ indicate significance from the CCl4 group at P<0.01 probability level.
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enzymes was significantly decreased (P< 0.01) by 200
mg/kg b.w. of LPCE and silymarin as compared with the
CCl4 group. However, non-significant (P> 0.05) vari-
ation was observed by administration of 200 mg/kg b.w.
of LPCE alone as compared with the control group.

Effect of the plant extract on parameters of oxidative
stress in the liver
Antioxidant polyphenolic compounds have a key role in
the detoxification of reactive oxygen species (ROS) and
help to maintain cellular balance. Administration of CCl4
significantly decreased (P< 0.01) the activity of catalase,
SOD, GST, GSH-Px, GSR and QR. Treatment of rats with
200 mg/kg b.w., of LPCE or silymarin (100 mg/kg b.w.) in
combination with CCl4 significantly (P< 0.01) normalized
the level of the antioxidant enzymes stated above. Non-
significant changes (P> 0.05) were found by only feeding
LPCE (Table 5).

Effects of LPCE on levels of TBARS, GSH and nitrite
Free radicals combine with polyunsaturated fatty acids
(PUFAs) to cause lipid peroxidation and increase TBARS
contents in hepatic samples. The protective effects of
LPCE on TBARS, GSH and nitrite levels among the hep-
atic samples of various groups of rats are shown in Table 6.
Administration of CCl4 significantly reduced (P< 0.01)
Table 5 Effect of LPCE on hepatic oxidative stress parameters

Treatment CAT
(U/min)

SOD
(U/mg protein)

GST (n
min/m

Control 4.397±0.275++ 24.0±2.27++ 128.50±

3 ml/kg CCl4 2.590±0.240** 13.50±1.34** 68.83±4

100 mg/kg Silymarin+ CCl4 4.242±0.407++ 23.0±2.34++ 126.67±

100 mg/kg LPCE+CCl4 3.407±0.276**++ 18.83±1.49**++ 100.83±

200 mg/kgLPCE+CCl4 3.8567±0.07++ 21.97±1.67++ 123.83±

200 mg/kg LPCE alone 4.40±0.105++ 25.17±2.24++ 132.67±

Mean ±SE (n=6 number).
** indicate significance from the control group at P<0.01 probability level.
++ indicate significance from the CCl4 group at P<0.01 probability level.
the concentration of GSH but increased (P< 0.01) TBARS
contents and nitrite levels in hepatic samples as compared
with the control group. Levels of TBARS and nitrite were
significantly (P< 0.01) restored by the administration of
200 mg/kg b.w. of LPCE if administered with CCl4. Simi-
larly, GSH contents were significantly (P< 0.01) increased
by treatment with LPCE and silymarin as compared with
the CCl4-treated group. However, non-significant
(P> 0.05) changes were found with LPCE alone as com-
pared with the control group.

Effect of LPCE on DNA damage
The effects of LPCE and silymarin against CCl4-induced
toxicities on qualitative DNA damage are shown in
Figure 3 whereas those on quantitative damage are pro-
vided in Table 3. DNA damage was not observed in the
control group. However, the CCl4 group showed exten-
sive DNA damage which was significantly (P< 0.01)
reduced by LPCE depending on the dose as shown by a
band pattern and quantification of different groups when
compared with the CCl4 group.

Effect of LPCE on hepatic histoarchitecture
Sections of liver stained with H&E were examined for
hepatic damage such as necrotic cells, inflammation,
neutrophil infiltration, cellular hypertrophy, fibrosis and
mol/
g protein)

GSH-Px (nmol/
min/mg protein)

GSR (nmol/
min/mgprotein)

QR (nmol/
min/mg protein)

4.62++ 77.50±3.38++ 147.33±6.01++ 163.0±7.47++

.57** 51.83±2.89** 88.00±3.61** 89.0±3.69**

4.21++ 77.0±3.10++ 145.33±6.23++ 160.0±6.97++

5.47**++ 69.0±3.4*++ 112.1±4.1**++ 116.6±4.3**++

1.96++ 72.0±2.27++ 135.17±3.39++ 141.5±4.9++

4.45++ 79.8±3.03++ 149.33±6.27++ 165.50±5.02++



Table 6 LPCE effects on TBARS, GSH and nitrite concentration of rat

Treatment GSH (mol/g tissue) TBARS (nmol/min/mg protein) Nitrite (mol/ml)

Control 0.738±0.0201++ 78.67±6.56++ 56.33±2.46++

3 ml/kg CCl4 0.236±0.0066** 158.83±8.57** 79.0±3.88**

100 mg/kg Silymarin+ CCl4 0.708±0.0105++ 79.00±7.45++ 57.0±2.73++

100 mg/kg LPCE+CCl4 0.417±0.0135**++ 108.67±4.29**++ 60.67±1.48**++

200 mg/kgLPCE+CCl4 0.560±0.0181*++ 91.33±6.77++ 56.17±2.48++

200 mg/kg LPCE alone 0.743±0.0108++ 77.83±3.86++ 53.67±2.39++

Mean ±SE (n=6 number).
*, ** indicate significance from the control group at P<0.05 and P<0.01 probability level.
++ indicate significance from the CCl4 group at P<0.01 probability level.

Figure 3 Agarose gel showing DNA damage by CCl4 and
preventive effect of chloroform extract of Launaea procumbens
showing that Lanes (from left) DNA marker (M), control (1-4),
CCl4 (5, 8), 200 mg/kg b.w., LPCE+CCl4 (9, 10).

Khan et al. BMC Complementary and Alternative Medicine 2012, 12:114 Page 8 of 11
http://www.biomedcentral.com/1472-6882/12/114
fatty infiltration (Table 7). Figure 4a depicts the typical
normal histology of a liver of untreated control rats. In
rats administered CCl4, hepatic injury was marked and
widespread, and included fatty changes, cellular hyper-
trophy, necrotic foci, neutrophil infiltration, and fibrosis
(Figures 4b and c). Conversely, LPCE and silymarin
treatment in combination with CCl4 to rats attenuated
the hepatic injuries with considerably less or no fatty
changes or dilation of blood vessels as well as uniform
morphology of hepatocytes similar to those seen in the
control group (Figure 4d).

Discussion
Dietary polyphenols and phenolic compounds are
considered to have health-promoting effects in
humans. The biological properties of these plant con-
stituents are dependent upon their absorption in the
intestine [29,30] and have been reviewed recently
[31]. The HPLC data of the present study revealed
that LPCE possesses five important polyphenolic com-
pounds (myricetin, kaempherol, rutin, hyperoside, cat-
echin) which have a unique role in detoxification
[32]. Studies have revealed the presence of the same
phytochemicals during HPLC characterization of me-
dicinal plants [33,34]. Studies have also indicated that
flavonoids are potent antioxidant agents [35]. Hence,
natural antioxidants such as polyphenols are often
added to foods to stabilize them, and there is consid-
erable interest in their potential role as functional
foods or “nutraceuticals” [36].
Analyses of liver damage in the present study

revealed that CCl4 is a potent hepatotoxin and is used
extensively for the characterization of hepatoprotec-
tive drugs [37]. Poisoning by CCl4 causes multisystem
disorders involving the liver, kidneys, brain, lungs, ad-
renal glands, and myocardium [38]. Single exposure
of CCl4 can rapidly lead to severe centrizonal necrosis
and steatosis, and affects the activity of biochemical
enzymes, causes breakage of DNA strands, and
increases telomerase activity [39]. The results of the
present study revealed that CCl4 administration
caused hepatic injury which caused an elevation of
levels of serum marker enzymes such as ALT, AST,
ALP, γ-GT and LDH. CCl4 administration was shown
to cause severe acute liver damage in rats as demon-
strated by significant elevation of serum levels of AST
and ALT [40,41]. These enzymes were significantly
restored by treatment with LPCE, thereby revealing
its hepatoprotective ability. High levels of LDL-C and
a lower concentration of HDL-C were strongly asso-
ciated with hepatotoxicity and cardiovascular disease
because these biomolecules promote atheroma devel-
opment in arteries. Presence of significantly higher
serum concentrations of LDH, TGs, TC and LDL and
decreased levels of HDL-C upon co-treatment with
various doses of LPCE demonstrated the hepatopro-
tective effect of LP. Similar results were reported by
Sreelatha et al. [42] while working on the hepatopro-
tective effects of bioactive compounds of plants
against CCl4-induced hepatic injury in rats.



Table 7 Effect of LPCE on histology of liver

Treatment Fatty changes Cellular hypertrophy
and necrosis

Blood vessel
congestion

Degeneration
of lobules

Fibrosis Inflammatory cell
infiltrations

Control - - - - - -

3 ml/kg CCl4 +++ +++ +++ +++ +++ +++

100 mg/kg Silymarin+ CCl4 + - - - - -

100 mg/kg LPCE+CCl4 -/+ - - - - -

200 mg/kgLPCE+CCl4 -/+ - - - -/+ -

200 mg/k g LPCE alone - - - - - -

-, normal; +/-, mild; ++, medium; +++, severe disruption.
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SOD, catalase and GSH-Px constitute a “mutually
supportive team” of antioxidant defense against ROS
[43]. Administration of CCl4 into rat livers increased
lipid peroxidation, resulting in accumulation of super-
oxide radicals and consequently decreased their activ-
ities in the liver [44]. Our data revealed that CCl4
treatment significantly decreased the activities of cata-
lase, SOD, GSH-Px, GSR and QR in liver tissues. Co-
administration of various doses of LPCE markedly
decreased the toxicity of CCl4 and enzymatic activ-
ities. The ameliorating effects of different plant meta-
bolites on these enzymes against the toxicity of CCl4
have also been documented [45]. It has been accepted
that the injuries induced by CCl4 are attributed to its
conversion into the highly toxic CCl3• and •OOCCl3
by the phase-I cytochrome P450 system in tissues.
Figure 4 Histopathological changes caused by CCl4 and preventive ef
groups. Control (a), CCl4 (b, c), 200 mg/kg b.w., LPCE+ CCl4 (d).
These free radicals can bind with PUFAs to produce
alkoxy (R•) and peroxy (ROO•) radicals that, in turn,
generate lipid peroxide and hydroperoxide, which
cause damage to cell membranes and various liver
diseases [46]. Elevation of TBARS the end and main
oxidative degradation product of lipid peroxidation,
functions as a marker of oxidative injury of cellular
membranes resulting during the peroxidation of
PUFA while a reduction of GSH is an important pro-
tein thiol is an important indicator of oxidative stress
[47]. GSH acts as a non-enzymatic antioxidant that
reduces the toxicity due to H2O2, hydroperoxides
(ROOH) and xenobiotics [48,49]. The data of the
present study showed that CCl4 significantly
decreased GSH contents and increased TBARS con-
tents as compared with the control. Administration of
fect of chloroform extract of Launaea procumbens in different
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LPCE significantly increased GSH contents and
reduced TBARS contents, and this could be due to
the presence of various flavonoids in LPCE. Similar
results have been reported after the co-administration
of propolis against oxidative stress caused by CCl4
[50]. Lipid peroxidation induced by the free radicals
of CCl4 combine with DNA to form adducts [17,51].
Our results showed that the DNA of rats in the CCl4
group had more damage (as assessed by quantitative
means) as compared with the control group. Adminis-
tration of LPCE significantly reduced the % DNA
fragmentation as revealed by the banding pattern of
the DNA ladder assay. Similar results have been
reported by Khan et al. [39] while studying the pro-
tective effects of Digera muricata against CCl4-
induced nephrotoxicity in rats. Histopathological stud-
ies revealed that CCl4 induces: extensive fatty
changes; congestion in blood vessels; cellular hyper-
trophy; necrotic foci; destruction of lobular architec-
ture; fibrosis; and nuclear degeneration in certain
areas. These were markedly diminished by administra-
tion of LPCE. These data are in good agreement with
the activities of serum aminotransferases and hepatic
lipid peroxidation levels. Other authors have revealed
findings which are in agreement with our findings
[52] while evaluating the protective effect of medi-
cinal plants against CCl4-induced hepatotoxicity in
rats.

Conclusion
The present study revealed that LPCE recovered en-
zyme activities in the liver, improved DNA fragmenta-
tion, and improved cellular injuries. This study
provided evidence in favor of the pharmacological use
of LPCE as herbal medicine in the treatment of liver
disorders. The presence of antioxidant compounds
(catechin, kaempferol, rutin, hyperoside, myricetin)
may be responsible for the effectiveness of LPCE
against liver disorders.

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

Authors’ contributions
RAK made a significant contribution to acquisition of and analyses of data
and drafting of the manuscript. MRK made a substantial contribution to the
conception and design of the study, interpretation of data, as well as
drafting and revising of the manuscript. SS participated in the study design
as well as the collection and analyses of data. All authors read and approved
the final manuscript.

Author details
1Department of Biotechnology, Faculty of Biological Sciences, University of
Science and Technology Bannu KPK, Bannu, Pakistan. 2Department of
Biochemistry, Faculty of Biological Sciences, Quaid-i-Azam University
Islamabad, Islamabad, Pakistan. 3Botanical Sciences Division, Pakistan
Museum of Natural History, Garden Avenue, Shakarparian, Islamabad,
Pakistan.
Received: 11 July 2011 Accepted: 21 March 2012
Published: 3 August 2012
References
1. Alcolado R, Arthur MJ, Iredale JP: Pathogenesis of liver fibrosis.

Clin Sci 1997, 19:103–112.
2. Lee WM: Drug-induced hepatotoxicity. N Engl J Med 2003, 349:474–481.
3. Gebhardt R: Inhibition of cholesterol biosynthesis in HepG2 cells by

artichoke extracts is reinforced by glucosidase pretreatment.
Phytother Res 2002, 16:368–72.

4. Slater TF, Sawyer BC: The stimulatory effects of carbon tetrachloride and
other halogenoalkanes on peroxidative reactions in rat liver fractions
in vitro. Inhibitory effects of freeradical scavengers and other agents.
Biochem J 1971, 123:823–828.

5. 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.

6. De Pomerai DI, Pritchard DJ, Clayton RM: Biochemical and immunological
studies of lentoid formation in cultures of embryonic chick neural retina
and day-old chick lens epithelium. Develop Biol 1977, 60:416–427.

7. Adewole SO, Salako AA, Doherty OW, Naicker T: Effect of melatonin on
carbon tetrachloride-induced kidney injury in Wistar rats.
African J Biomed Res 2007, 10:153–164.

8. Castilla A, Prieto J, Fausto N: Transforming growth factors β1 and alpha in
chronic liver disease. Effects of interferon alpha therapy. National England
J Med 1991, 324:933–940.

9. Toklu HZ, Tunali AT, Velioglu-Ogunc A, Ercan F, Gedik N, Keyer-Uysal M,
Sener G: Silymarin, the Antioxidant Component of Silybum marianum,
Prevents Sepsis-Induced Acute Lung and Brain Injury. J Surg Res 2008,
145:214–222.

10. Rice-Evans CA, Miller NJ, Paganga G : Structure antioxidant activity
relationship of flavonoids and phenolic acids, In: Rice- Evans C., Packer L.
(Eds), Flavonoids in health and disease, Marcel Dekker, New York.
1998,34:199-209.

11. Bingham M, Gibson G, Gottstein N, Pascual-Teresa SD, Minihane AM,
Rimbach G: Gut metabolism and cardio protective effects of dietary
isoflavones. Current Topics on Nutrit. Res. 2003, 1:31–48.

12. Silva BM, Andrade PB, Valentaoo P, Ferreres F, Seabra RM, Ferreira MA:
Quince (Cydonia oblonga Miller) fruit (pulp, peel, and seed) and jam:
antioxidant activity. J Agric Food Chem 2004, 52:4705–4712.

13. Nardini M, Ghiselli A: Determination of free and bound phenolic acids in
beer. Annals Nutrit Clin Methods 2004, 84:137–143.

14. Wazir SM, Saima S, Dasti AA, Subhan S: Ethanobotnical importance of salt
range species of district karak. Pakistan Pakistan J Plant Sci 2007, 3:29–31.

15. Ahmad M, Khan MA, Manzoor S, Zafar M, Sultana S: Check list of medicinal
flora of Tehsil Isakhel. District Mianwali Pakistan Ethnobot Leaflets 2006,
10:41–48.

16. Shaukat SS, Siddiqui IA, Nasim AI: Nematocidal, Allelopatic and antifugal
potential of Launaea procumbens. Pakistan J Plant Pathol 2003,
2003(2):181–193.

17. Khan RA, Khan MR, Sahreen S: Evaluation of Launaea procumbens use in
renal disorders: A rat model. J. Ethnopharmacol. 2010, 128:452–461.

18. Singh R, Singh S, Kumar S, Arora S: Evaluation of antioxidant potential of
ethyl acetate extract/fractions of Acacia auriculiformis. Food Chem Toxicol
2007, 5:1216–1223.

19. Chance B, Maehly AC: Assay of catalase and peroxidases. Methods in
Enzymol 1955, 11:764–775.

20. Kakkar P, Das B, Viswanathan PN: A modified spectrophotomateric assay
of supperoxide dimutase. Indian J Biochem Biophy 1984, 21:130–132.

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

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

23. 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.

24. Benson AM, Hunkeler MJ, Talalay P: Increase of NADPH, quinone reductase
activity by dietary antioxidant: Possible role in protection against



Khan et al. BMC Complementary and Alternative Medicine 2012, 12:114 Page 11 of 11
http://www.biomedcentral.com/1472-6882/12/114
carcinogenesis and toxicity. Proceedings of the National Acadamy of
Sciences of the United State of America 1980, 77:5216–5220.

25. 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, 11:151–169.

26. 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.

27. Wu B, Ootani A, Iwakiri R, Sakata Y, Fujise T, Amemori S, Yokoyama F,
Tsunada S, Fujimoto K: T cell deficiency leads to liver carcinogenesis in
Azoxymethane-treated rats. Exp Biol Med 2005, 231:91–98.

28. Trere D, Zilbering A, Dittus D, Kim P, Ginsberg PC, Daskal I: AgNOR quantity
in needle biopsy specimens of prostatic adenocarcinomas: correlation
with proliferation state, Gleason score, clinical stage, and DNA content.
Clin Mol Pathol 1996, 49:209-213.

29. Scalbert A, Williamson G: Dietary intake and bioavailability of
polyphenols. J Nutrition 2000, 130:2073–2077.

30. Konishi Y, Hitomi Y, Yoshioka E: Intestinal absorption of p-coumaric and
gallic acids in rats after oral administration. J Agric Food Chem 2004,
52:2527–2532.

31. Karakaya S: Bioavailability of phenolic compounds. Crit Rev Food Sci Nutrit
2004, 2004(44):453–456.

32. Ksouri R, Falleh H, Megdiche W, Trabelsi N, Mhamdi B, Chaieb K, Bakrouf A,
Magne C, Abdelly C: Antioxidant and antimicrobial activities of the edible
medicinal halophyte Tamarix gallica L. and related polyphenolic
constituents Food Chem Toxicol 2009, 47:2083–2091.

33. Ye M, Li Y, Yan Y, Liu H, Ji X: Determination of flavonoids in Semen
Cuscutae by RP-HPLC. J Pharm Biomed Analys 2002, 28:621–628.

34. Zu Y, Fu Y, Liu W, Hou C, Kong Y: Simultaneous determination of four
flavonoids in Pigeonpea [Cajanus cajan (L.) Millsp.] leaves using RP-LC-DAD.
Chromatographia 2006, 63:9–10.

35. Bourgou S, Ksouri R, Bellila A, Skandrani I, Falleh H, Marzouk B: Phenolic
composition and biological activities of Tunisian Nigella sativa L. shoots
and roots. Comptes Rendus Biol 2008, 331:48–55.

36. Espin JC, Garcia-Conesa MT, Tomas-Barberan FA: Nutraceuricals: facts and
fiction. Phytochemistry 2007, 68:2986–3008.

37. Williams AT, Burk RF: Carbon tetrachloride hepatotoxicity: an example of
free radical-mediated injury. Seminar on Liver Diseases 2002, 10:279–284.

38. Gitlin N: Clinical aspects of liver disease caused by industrial and
environmental disease: where are we now? J Lab Clin Med 1996, 119:598–603.

39. 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.

40. Biswas SJ, Bhattacharjee N, Khuda-Bukhsh AR: Efficacy of a plant extract
(Chelidonium majus L.) in combating induced hepatocarcinogenesis in
mice. Food Chem Toxicol 2008, 46:1474–1487.

41. Singh N, Kamath V, Narasimhamurthy K, Rajini PS: Protective effects of
potato peel extract against carbon tetrachloride-induced liver injury in
rats. J Environ Toxicol Pharmacol 2008, 26:242–246.

42. Sreelatha S, Padma PR, umadevi M: Protective effects of Coriandrum
sativum extracts on CCl4-induced hepatotoxicity in rats. J. Food Chem.
Toxicol. 2009, 47:702–708.

43. 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.

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

45. Manna P, Sinha M, Sil PC: Aqueous extract of Terminalia arjuna prevents
carbon tetrachloride induced hepatic and renal disorders. BMC Comp Altr
Med 2007, 6:33–37.

46. Halliwell B, Gutteridge JMC: Free radicals in biology and medicine. Oxford:
Oxford University Press; 1999:617–783.

47. Naik SR, Panda VS: Antioxidant and hepatoprotective effects of Ginkgo
biloba phytosomes in carbon tetrachloride-induced liver injury in
rodents. Liver Intl 2007, 27:393–399.

48. Kadiska MB, Gladen BC, Baird DD, Dikalov AE, Sohal RS, Hatch GB, Jones DP,
Mason RP, Barret JC: Biomarkers of oxidative stress study: areplasma
antioxidants markers of CCl4 poisoning? J Free Rad Biol Med 2000,
28:838–845.
49. Cantin AM, White TB, Cross CE, Forman HJ, Sokol RJ, Borowitz D:
Antioxidants in cystic fibrosis. Conclusions from the CF Antioxidant
Workshop, Bethesda, MD, November 11–12, 2003. J Free Rad Biol Med
2007, 42:15–31.

50. Bhadauria M, Nirala SK: Reversal of acetaminophen induced subchronic
hepatorenal injury by propolis extract in rats. Environ Toxicol Pharmacol
2009, 27:17–25.

51. Marnett JL: Oxyridicals and DNA damage. Carcinogenesis 2000, 21:61–70.
52. Singh N: Studies on the biological activity of potatowaste (peel)

components for their possible applications. University of Mysore, Mysore,
India: Ph.D. Thesis; 2002:258.

doi:10.1186/1472-6882-12-114
Cite this article as: Khan et al.: Hepatoprotection with a chloroform
extract of Launaea procumbens against CCl4-induced injuries in rats.
BMC Complementary and Alternative Medicine 2012 12:114.
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


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Ethical approval of the study protocol
	Plant collection
	Preparation of plant extract
	HPLC of LPCE
	Animals
	Experimental design
	Assessment of levels of liver marker enzymes and biochemical parameters
	Assessment of levels of antioxidant enzymes
	Catalase assay
	Superoxide dismutase (SOD) assay
	Glutathione-S-transferase (GST) assay
	Glutathione Reductase (GSR) assay
	Glutathione peroxidase (GSH-px) assay
	Quinone Reductase (QR) assay
	GSH assay
	Estimation of lipid peroxidation using levels of thiobarbituric acid reactive substances (TBARS)
	Nitrite assay
	DNA fragmentation assay
	DNA ladder assay

	link_Tab1
	Argyrophilic nucleolar organizer regions (AgNORs) counts
	Histopathological studies
	Statistical analyses

	Results
	HPLC quantification of flavonoids
	Effect of LPCE on body weight, liver w ight and AgNORs

	link_Fig1
	link_Tab2
	Effect of LP on cholesterol profile
	Indices of hepatotoxicity: liver marker enzymes

	link_Tab3
	link_Fig2
	Effect of the plant extract on parameters of oxidative stress in the liver
	Effects of LPCE on levels of TBARS, GSH and nitrite
	Effect of LPCE on DNA damage
	Effect of LPCE on hepatic histoarchitecture

	link_Tab4
	link_Tab5
	Discussion
	link_Tab6
	link_Fig3
	link_Tab7
	link_Fig4
	Conclusion
	Competing interests
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32
	link_CR33
	link_CR34
	link_CR35
	link_CR36
	link_CR37
	link_CR38
	link_CR39
	link_CR40
	link_CR41
	link_CR42
	link_CR43
	link_CR44
	link_CR45
	link_CR46
	link_CR47
	link_CR48
	link_CR49
	link_CR50
	link_CR51
	link_CR52

