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The hepatocurative potential of ethanolic extract (ETO) and sesquiterpene lactones enriched fraction (SL) 
of Taraxacum officinale roots was evaluated against carbon tetrachloride (CCl4) induced hepatotoxicity 
in mice. The diagnostic markers such as alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), alkaline phosphatase (ALP) and total bilirubin contents were significantly elevated, whereas sig-
nificant reduction in the level of reduced glutathione (GSH) and enhanced hepatic lipid peroxidation, liver 
weight and liver protein were observed in CCl4 induced hepatotoxicity in mice. Post-treatment with ETO 
and SL significantly protected the hepatotoxicity as evident from the lower levels of hepatic enzyme 
markers, such as serum transaminase (ALT, AST), ALP and total bilirubin. Further, significant reduction 
in the liver weight and liver protein in drug-treated hepatotoxic mice and also reduced oxidative stress by 
increasing reduced glutathione content and decreasing lipid peroxidation level has been noticed. The 
histopathological evaluation of the liver also revealed that ETO and SL reduced the incidence of liver 
lesions induced by CCl4. The results indicate that sesquiterpene lactones have a protective effect against 
acute hepatotoxicity induced by the administration of CCl4 in mice. Furthermore, observed activity of SL 
may be due to the synergistic action of two sesquiterpene lactones identified from enriched ethyl acetate 
fraction by HPLC method.
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INTRODUCTION

The liver plays a crucial role in the hepatobiliary excretion of many endogenous and 
exogenous substances from the body. As might be expected, various liver diseases 
have an influence on this excretion [27]. The risk of liver intoxication has recently 
increased by the higher exposure to environmental toxins, pesticides and frequent use 
of chemotherapeutics. Many compounds including clinically useful drugs can cause 
cellular damage through metabolic activation of the compound to highly reactive 
substances such as free radicals. One such environmental toxicant is carbon tetrachlo-
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ride (CCl4) and is widely used in different animals to induce liver damage. Liver 
damage caused by CCl4 in early stages is the analogue of hepatotoxins in humans. In 
the principle of liver damage, CCl4 is reductively bioactivated by cytochrome P-450 
2E1 into a trichloromethyl radical (CCl3), which is subsequently converted into a 
peroxyl radical (OOCCl3) in presence of oxygen. These reactive free radical metabo-
lites can covalently bind to macromolecules and also initiate lipid peroxidation [12, 
17]. Various studies demonstrated that liver is not the only target organ of CCl4 and it 
causes free radical generation in other tissues also such as kidney, heart, lung, testis, 
brain and blood [31, 32]. More attention should be paid to the mechanisms involving 
drug or chemical induced liver injury. In addition, the search for effective therapeuti-
cal methods for the treatment of drug or chemical induced liver injury is also very 
important.

Herbal products have been used since the dawn of civilization on the earth to main-
tain human health and to get the remedies for various diseases. In recent years, a large 
proportion of the world population uses medicinal plants although the pharmaceutical 
and biotechnology sectors are only just beginning to show significant interest in them. 
These herbal plant extracts prepared from them are widely used for the treatment of 
various diseases [29]. Taraxacum officinale (Compositae) have long been used in folk 
medicine to treat hepatic disorders [25]. The plant is used internally in the treatment 
of gall bladder and urinary disorders, gallstones, jaundice, cirrhosis, dyspepsia with 
constipation, oedema associated with high blood pressure and heart weakness, chron-
ic joint and skin complaints, gout, eczema and acne [5]. A tea made from the leaves 
is laxative [11]. In the traditional system of medicine, the roots have been reported to 
be slightly aperient, cholagogue, depurative, strongly diuretic, hepatic, laxative, sto-
machic and tonic [6, 11, 21]. However, there is no systemic evaluation of T. offici-
nale roots for its hepatoprotective effects.

Plant derived natural products such as flavonoids, terpenoids and steroids have 
received considerable attention in recent years due to their diverse pharmacological 
properties including antioxidant and hepatoprotective activity [2, 7, 40]. There has 
been a growing interest in the analysis of secondary metabolites stimulated by intense 
research into their potential benefits to human health. Sesquiterpene lactones are 
naturally occurring compounds present in members of the Asteraceae family. They 
have been reported to be the active compounds of various medicinal plants used in 
traditional medicine and are known to possess a wide variety of biological and phar-
macological activities such as hepatoprotective, anticancer, cytotoxic, anti-inflamma-
tory, antimicrobial and antimalarial, effective on the central nervous and cardiovascu-
lar systems as well [23, 39].

Present study was focused on investigating the role of ethanolic extract (ETO) and 
enriched fraction containing sesquiterpene lactones (SL) of T. officinale roots against 
CCl4 induced hepatic injury and to find out its possible mode of action in hepatopro-
tection. The CCl4 intoxicated mice were pre- and post-treated with ETO and SL. 
Thereafter, serum levels of different marker enzymes related to hepatic integrity such 
as ALT, AST, ALP, total bilirubin and total protein were determined. To evaluate the 
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effect on the toxin-induced cellular levels of different antioxidant enzymes, lipid 
peroxidation (LPO), γ-glutamylcysteinylglycine (GSH) and total protein level in the 
liver were also determined. In addition, histopathological studies were done to prove 
effectiveness of ETO and SL in the preventive and curative role against CCl4 induced 
toxicity in vivo. Furthermore, HPLC analysis of enriched ethyl acetate fraction (SL) 
has been carried out.

MATERIALS AND METHODS

Chemicals

Carbon tetrachloride (CCl4) was purchased from Merck Ltd., Mumbai, India. Bovine 
serum albumin (BSA), trichloro acetic acid (TCA), thiobarbituric acid (TBA), 
reduced glutathione (GSH), 5,5′-dithio-bis-2-nitrobenzoic acid (DTNB) were obtained 
from Sigma Chemical (St. Louis, MO, USA). Diagnostic kits for measuring serum 
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phos-
phatase (ALP) and serum bilirubin were purchased from Randox Laboratories Co, 
UK. All the other chemicals and reagents were of analytical grade or highest purity 
commercially available, solvents for high-performance liquid chromatography 
(HPLC) were of HPLC grade procured from Qualigens Fine Chemicals, India. 
Nanopure water from Millipore Milli-Q system was used to prepare the solutions and 
all the solutions were prepared fresh. 

Animals

Male Swiss albino mice (25 ± 2 g) were used throughout the experimental study. The 
animals were housed in polypropylene cages with sterile inert husk materials as bed-
ding. The experimental animals were maintained under controlled environment con-
dition at 23 ± 2 °C and relative humidity of 55 ± 10% with a 12 h dark/light cycle. 
They were allowed to acclimatize for one week and were provided a free access to 
standard pellet diet and water ad libitum. The experimental protocols were approved 
by the Institutional Animal Care and Use Committee of Sri Krishnadevaraya 
University at Anantapur, India (Reg. No. 25/1/99/AWD).

Plant material

T. officinale roots were collected from Shervarayan hills (1300–1400 m) at the 
Eastern Ghats region of South India. Identity of the plant was verified with the 
voucher specimen (RHT 18827) at Rapinat Herbarium (RHT), St. Joseph’s College, 
Tiruchirappalli, India.
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Extraction and fractionation

The dried and powdered plant materials (100 g) were extracted with 600 ml of etha-
nol (1 : 6 w/v) by maceration at room temperature. The extract was filtered using 
Whatman No. 1 filter paper, concentrated in vacuum at 40 °C using a rotary evapora-
tor to yield 22 g of ethanol extract (ETO), then transferred to glass vials and kept at 
4 °C until use.

Sesquiterpene lactones were extracted according to the method followed by Kisiel 
and Michalska [19] with some modification. Briefly, the crude ETO (11 g) was defat-
ted using petroleum ether. The defatted extract was successively partitioned with 
chloroform (CHCl3) and ethyl acetate (EtOAc). Evaporation of the solvents yielded 
a CHCl3 fraction (2.1 g) and EtOAc fraction (3.8 g). The EtOAc fraction was further 
eluted with EtOAc solvent using vacuum liquid chromatography for removal of 
impurities and the eluted EtOAc fraction yield 3.4 g crude. The EtOAc fraction was 
subjected to silica gel thin layer chromatography using the solvent mixture of hexane: 
ethyl acetate (95 : 5). The separated sesquiterpene lactones were confirmed by the 
spraying reagent 4% trichloroacetic acid in chloroform (w/v) at room temperature. 
The enriched EtOAc fraction with sesquiterpene lactones were designated as SL.

Quantification of sesquiterpene lactones using HPLC method

Enriched EtOAc fraction (SL: 10 mg) was dissolved in minimum quantity of metha-
nol and made up to 10 ml with methanol to obtain stock 1 mg/ml. The sample solu-
tions (5 μl) were injected in triplicate into HPLC system for analysis (Waters model 
244; Milford, USA). The HPLC system consisted of M 510 pump, reverse-phase 
column (phenomene C18, 250 × 4.6 mm; particle size 5 m), isocratic elution using 
phosphate buffer:acetonitrile:methanol (40 : 40 : 20) mixture at a total flow rate of 1.0 
ml/min. The UV detector (SPD 10A, LC10 AT) was tuned to 254 nm, which corre-
sponds to the optical absorption maximum of sesquiterpene lactones.

Experimental design

The animals were divided into eight groups consisting of six animals each for differ-
ent experiments. Group I mice served as placebo control, received an injection of 
vehicle (olive oil 1 ml/kg i.p.) only. Group II (intoxicated group) were injected intra-
peritoneally with a single dose of CCl4 (20 μl/kg) dissolved in olive oil (1 : 1 ratio). 
Groups III and IV mice were pre-treated with ethanolic extract (150 mg/kg) and ses-
quiterpene lactones (20 mg/kg), respectively, for seven days, followed by mice were 
intoxicated with CCl4. Groups V and VI were post-treated with the ethanolic extract 
(150 mg/kg) and sesquiterpene lactones (20 mg/kg), respectively, for 7 days, after 



Hepatocurative potential of sesquiterpene lactones of  Taraxacum officinale 179

Acta Biologica Hungarica 61, 2010

CCl4 treatment. Groups VII and VIII mice were received, respectively, with the etha-
nolic extract (150 mg/kg) and sesquiterpene lactones (20 mg/kg) alone for 7 days.

Determination of serum enzyme levels

At the end of the treatment schedule, blood samples were collected by cardiac punc-
ture. The blood was allowed to clot and then centrifuged at 3000 g for 10 min. The 
haemolysis-free serum samples were kept at –70 °C before determination of the bio-
chemical parameters such as aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), alkaline phosphatase (ALP) and serum bilirubin levels using commer-
cially available kits according to manufacturer’s protocols (Randox Laboratories Co, 
UK). In addition, protein levels were determined by Lowry’s method [24] using 
bovine serum albumin as a standard.

Determination of biochemical parameters in liver

Animals were sacrificed by cervical dislocation, liver was perfused with ice-cold 
saline to remove the blood; whole liver was excised, washed and then gently blotted 
between the folds of a filter paper and weighed in an analytical balance. Total liver 
weight of mice from each group was also recorded before the tissue was processed 
for analyses. Ten percent of homogenate was prepared in 50 mM phosphate buffer 
(pH 7) using a polytron homogenizer at 20 °C and the homogenates were centrifuged 
at 12,000 g for 15 min at 4 °C to remove the cell debris, unbroken cells, nuclei, eryth-
rocytes and mitochondria. The supernatant was used for liver biochemical non-enzy-
matic (GSH) and lipid peroxidation assay. The liver total protein level was deter-
mined by the method of Lowry et al. [24] with bovine serum albumin as a standard. 
All liver parameters were expressed as activity per mg protein. 

Lipid peroxidation assay

The extent of lipid peroxidation was assayed in the form of thiobarbituric acid-react-
ing substances (TBARS) by the modified method of Esterbauer and Cheeseman [10]. 
In brief, liver homogenate were mixed with 1 ml of 20% TCA and 2 ml of 0.67% 
TBA. The reaction mixtures were placed in a boiling water bath for 30 min. Precipitate 
was removed by centrifugation at 1000 g for 10 min. The absorbance of the samples 
was measured at 520 nm against a blank that contains all the reagents except the 
sample. TBARS concentration of the samples was calculated using the extinction co-
efficient of MDA which is 1.56 × 105 mmol–1 cm–1 as 99% of TBARS is MDA. The 
results were expressed as μmol/mg protein.
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Estimation of reduced glutathione (GSH) level

Hepatic GSH level was determined by the method of Ellman [9] with slight modifica-
tion. In briefly, 720 μl of the liver homogenate in 200 mM tris buffer, pH 7.2, was 
diluted to 1440 μl with the same buffer. Five percent TCA (160 μl) was added, mixed 
thoroughly and centrifuged at 10,000 g for 5 min at 4 °C. Supernatant (330 μl) was 
taken in a tube and 660 μl of Ellman’s reagent (DTNB) was added. This mixture was 
incubated for 10 min and the absorbance was measured at 420 nm against appropriate 
blanks. The reduced glutathione content was determined using a standard curve gen-
erated from known concentrations of GSH under same experimental condition. The 
results were expressed as μmol/mg protein.

Histopathological examinations

A portion of the median lobe of the liver was dissected and fixed in 10% neutral 
buffered formalin solution for 24 h. The washed tissue was dehydrated in descending 
grades of isopropanol and finally cleared in xylene. The tissue was then embedded in 
molten paraffin wax. Sections were cut at 5 μm thickness, deparaffinized, rehydrated 
and stained with haematoxylin and eosin. The sections were then viewed under light 
microscope for histopathological changes. The extent of CC14 induced necrosis was 
evaluated by assessing morphological changes in liver sections using standard tech-
niques. 

Statistical analyses

The results are expressed as mean ± SD. The statistical differences among different 
groups were analyzed using one-way analysis of variance (ANOVA) and Tukey’s 
post-hoc test. Statistical analyses were carried out using SPSS version 13 software 

Fig. 1. Reversed-phase HPLC chromatogram of DVE-4 showing the presence of quercetin, separated on 
a RP-C18 column (phenomene C18: 250 × 4.6 mm; particle size, 5 μm), using HPLC system (Waters 
model 244; Milford, USA). Isocratic elution using phosphate buffer : acetonitrile : methanol (40 : 40 : 20) 
at a total flow rate of 1.0 ml/min and the chromatogram at 254 nm was analyzed using UV detector (SPD 

10A, LC10 AT)
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(SPSS Inc., Chicago, USA). The difference showing a level of P < 0.05 was consid-
ered to be statistically significant.

RESULTS

Quantification of sesquiterpene lactones using HPLC method

Various mobile phase systems were tried to resolve sesquiterpene lactones present in 
enriched fraction of EtOAc (SL). Isocratic elution using phosphate buffer : acetonit-
ile : methanol (40 : 40 : 20) mixture gave the resolution of compound I and compound 
II with retention time (RT) 2.703 min and 3.567 min, respectively (Fig. 1). The 
amount of compound I and compound II were found to be 53.1% and 43.7% w/w, 
respectively, as quantified by the proposed method. Furthermore, sesquiterpene lac-
tone enriched fraction (SL) was subjected to TLC on silica gel thin layer plates using 
the solvent mixture of hexane : ethyl acetate (95 : 5) also showed two compounds. The 
presence of two sesquiterpene lactones in EtOAc fraction were confirmed by 4% 
trichloroacetic acid in chloroform (w/v) as a spraying solution yielded an initial pink 
color at room temperature which turned to red.

Table 1
Effect of ETO and SL on serum total bilirubin and total protein level in CCl4 induced hepatotoxicity 

in mice
Treatments Total bilirubin (mg/dl) Total protein (mg/dl)

I Placebo control 0.58±0.020 68.82±3.31

II CCl4 treatment  1.01±0.040**  52.20±2.08**

III CCl4 + ETO pre-treatment 0.66±0.010* 63.01±1.78*

IV CCl4 + SL pre-treatment 0.62±0.008* 64.27±1.88*

V CCl4 + ETO post-treatment 0.64±0.007* 64.87±2.25*

VI CCl4 + SL post-treatment 0.60±0.008* 67.52±3.75*

VII ETO alone 0.59±0.020* 68.45±3.32*

VIII SL alone 0.57±0.030* 69.66±2.77*

Each value represents the mean ± SD of six mice; *Significant difference at P < 0.05 (Tukey’s test) 
compared with the CCl4 group; **Significant difference at P < 0.05 (Tukey’s test) compared with the 
placebo control; ETO – Ethanolic extract; SL – Sesquiterpene lactone enriched fraction.
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Fig. 2. Hepatoprotective effect of ETO and SL of T. officinale roots on serum (a) AST, (b) ALT and (c) 
ALP level in CCl4 induced hepatotoxicity in mice. Each bar represents the mean ± SD of six mice. 
**P < 0.05 (Tukey’s test) significant difference from placebo control. *P < 0.05 (Tukey’s test) significant 
difference from CCl4-treated group. I: Placebo control, II: CCl4 treatment, III: CCl4 + ETO pre-treatment, 
IV: CCl4 + SL pre-treatment, V: CCl4 + ETO post-treatment, VI: CCl4 + SL post-treatment, VII: ETO alone, 

VIII: SL alone
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Effect of ETO and SL on serum enzyme levels 
in CCl4 induced hepatotoxicity in mice

The effect of both pre- and post-treatment of ETO and SL of T. officinale roots for 
seven days on the CCl4 induced hepatotoxicity was evaluated in male Swiss albino 
mice. A significant increase in the activity of the serum enzymes, AST (166.53 ± 0.68 
IU/l), ALT (113.48 ± 0.85 IU/l) and ALP (137.73 ± 0.82 IU/l) were observed in mice 
receiving CCl4 (Group II) when compared to placebo control (Group I). Both the pre- 
and post- treatment of ETO and SL significantly (P < 0.05) protected the elevation of 
AST, ALT and ALP activities in CCl4 induced hepatotoxicity. Further, pre- and post- 
treatment with SL exhibited greater protection against CCl4 induced elevation in 
serum marker enzymes than ETO. The activities of AST and ALT in the post-treat-
ment of SL plus CCl4 group were 104.56 ± 0.86 and 53.67 ± 0.71 IU/l, respectively 
(Fig. 2a and 2b). Similarly, the activity of ALP was significantly decreased in CCl4 
intoxicated mice with SL pre- and post-treated group (79.85 ± 0.72 and 77.81 ± 0.79 
IU/l, respectively) (Fig. 2c). In conclusion, the activities of these serum enzymes 
were significantly (P < 0.05) lower in mice pre- and post-treated with SL (Group IV 
and VI) than in CCl4 alone (Group II mice). 

Effect of ETO and SL on serum total bilirubin and total protein 
in CCl4 induced hepatotoxicity in mice

Serum total bilirubin and total protein were measured to evaluate the effect of both 
ETO and SL on acute liver injury induced by CCl4. The CCl4 administrated group 
showed a significant increase in serum total bilirubin (1.01 ± 0.02 mg/dl) and decrease 
in total protein (52.20 ± 0.85 mg/dl) indicating the liver injury caused by CCl4 
(Table 1). Both the pre- and post-treatment with ETO and SL exhibited significant 
reduction in total bilirubin and increase in total protein levels. Moreover, the post-
treatment of intoxicated mice with ETO and SL exhibited a significant (P < 0.05) 
decrease in total bilirubin (0.64 ± 0.003 and 0.60 ± 0.003 mg/dl, respectively), along 
with a significant (P < 0.05) increase in total protein contents (64.87 ± 0.92 and 
67.52 ± 1.24 mg/dl, respectively).

Effect of ETO and SL on liver weight and total liver protein 
in CCl4 induced hepatotoxicity in mice

Table 2 shows the levels of liver weight and the total liver protein in mice for each 
group. Liver weight and liver protein was significantly increased in CCl4 intoxicated 
mice (2.99 ± 0.042 g and 87.53 ± 0.54 mg/g of tissue, respectively) compared with 
placebo control (1.72 ± 0.062 g and 73.43 ± 0.64 mg/g of tissue, respectively) at the 
level of P < 0.05. In all the drug treated groups, liver weight and the level of total 
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protein in liver were significantly decreased (Table 2). Post-treatment with SL 
restored the liver weight and total protein levels (1.80 ± 0.020 and 74.32 ± 0.52 mg/g, 
respectively) close to placebo control values.

Effect of ETO and SL on lipid peroxidation (LPO) in CCl4 induced  
hepatotoxicity mice

Lipid peroxidation, measured as malondialdehyde (MDA) in the liver homogenates of 
experimental mice has been shown in Table 2. The concentration of MDA, an end prod-
uct of lipid peroxidation, in the mice treated with CCl4 was increased (0.68 ± 0.007 
μmol/mg protein) compared to placebo control (0.34 ± 0.006 μmol/mg protein) mice. 
Both the pre- and post-treatment of ETO and SL significantly protected the CCl4 induced 
lipid peroxidation. Further, the significant decrease in the hepatic MDA concentration 
confirms that concomitant post-treatment of SL (0.37 ± 0.007 μmol/mg protein) could 
effectively protect the hepatic lipid peroxidation induced by CCl4 (Table 2).

Effect of ETO and SL on reduced glutathione (GSH) in CCl4 induced 
hepatotoxicity in mice

Reduced glutathione was measured in different liver homogenates of experimental 
mice (Table 2). The CCl4 treatment caused significant depletion of the GSH level 
(8.04 ± 0.42 μmol/mg protein) compared to the placebo group (15.83 ± 0.56 μmol/mg 

Table 2
Effect of ETO and SL on liver weight, liver total protein, GSH and LPO in CCl4 induced 

hepatotoxicity in mice

Treatments Liver weight 
(g)

Liver protein 
(mg/g of tissue)

GSH 
(μmol/mg 
protein)

LPO 
(μmol/mg 
protein)

I Placebo control 1.72±0.15 73.43±1.58 15.83±1.38 0.34±0.010

II CCl4 treatment 2.99±0.10**  87.53±1.33** 8.04±1.04** 0.68±0.020**

III CCl4 + ETO Pre-treatment 2.31±0.20* 81.32±1.92* 11.75±1.30* 0.45±0.020*

IV CCl4 + SL Pre-treatment 2.06±0.04* 78.26±1.24* 13.04±1.59* 0.40±0.010*

V CCl4 + ETO Post-treatment 2.03±0.05* 76.97±1.81* 12.96±1.32* 0.41±0.010*

VI CCl4 + SL Post-treatment 1.80±0.05* 74.32±1.27* 14.77±1.49* 0.37±0.020*

VII ETO alone 1.73±0.06* 73.71±1.50* 15.31±1.09* 0.35±0.020*

VIII SL alone 1.71±0.04* 72.01±1.84* 15.96±1.01* 0.34±0.021*

Each value represents the mean ± SD of six mice; *Significant difference at P < 0.05 (Tukey’s test) 
compared with the CCl4 group; **Significant difference at P < 0.05 (Tukey’s test) compared with the 
placebo control; ETO – Ethanolic extract; SL – Sesquiterpene lactone enriched fraction.
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protein). Both the pre- and post-treatment of ETO and SL significantly increased the 
level of GSH, compared to CCl4 intoxicated mice group at P < 0.05 level (Table 2). 
Interestingly, post-treatment of mice with SL after administration of CCl4 restored 
GSH levels (14.77 ± 0.61 μmol/mg protein) compared to placebo control. This obser-
vation is similar to the protective effects of several other antioxidants against CCl4 
induced liver damage [15, 16, 37].

Fig. 3. Effect of ETO and SL of T. officinale roots against CCl4 induced hepatotoxicity in mice. 
Haematoxylin and Eosin stain (H/E), scale bar = 100 m, magnification ×200. (a) Placebo control, (b) 
CCl4 induced hepatotoxicity, (c) CCl4 + ETO pre-treatment, (d) CCl4 + SL pre-treatment, (e) CCl4 + ETO 

post-treatment and (f) CCl4 + SL post-treatment
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Effect of ETO and SL on histopathological changes in CCl4 induced 
hepatotoxicity in mice

Histologically, placebo control animals showed normal hepatic architecture (Fig. 3a). 
Group II mice, exposed to CCl4 revealed extensive damage, characterized by the 
disruption of the lattice nature of the hepatocyte, damaged cell membranes, fatty 
degeneration, necrosis, degenerated nuclei, disintegrated central vein and damaged 
hepatic sinusoids (Fig. 3b). Moderate accumulation of fatty degeneration and necrosis 
were observed in Group III CCl4 intoxicated mice pre-treated with ETO (Fig. 3c). 
However, ETO post-treated mice (Group IV; Fig. 3e) and SL both the pre- and post-
treated mice (Groups V and VI, respectively; Figs 3d and 3f) exhibited significant 
liver protection against CCl4 induced liver damage, as evidenced by the presence of 
normal hepatic cells, absence of necrosis and fatty changes. Normal hepatic architec-
ture was observed in Groups VII and VIII mice treated with ETO and SL alone. These 
observations significantly prove the protective role of the ethanol extract (ETO) and 
enriched EtOAc fraction (SL) from T. officinale roots.

DISCUSSION

In the present study, the hepatoprotective activity of ETO and SL of T. officinale were 
evaluated using hepatotoxicity induced by CCl4 in mice model to find out the thera-
peutically better efficacious extract and bioactive components present in it. An 
attempt has been made to find out the hepatoprotective activity of SL and ETO with 
pre- and post-treatments. Carbon tetrachloride (CCl4) is a well-known hepatotoxic 
agent. CCl4 is being used extensively to investigate hepatoprotective activity on 
various experimental animals [15, 16, 37]. The basis of its hepatotoxicity lies in its 
biotransformation by the cytochrome P450 system to two free radicals. The first 
metabolite, a trichloromethyl free radical, forms covalent adducts with lipids and 
proteins; it can interact with O2 to form a second metabolite, a trichloromethylperoxy 
free radical or can remove hydrogen atoms to form chloroform. This sequence of 
events leads to lipid peroxidation of membranes and consequently causes liver inju-
ry [8].

Serum transaminase and alkaline phosphatase have long been considered as sensi-
tive indicators of hepatic injury [28]. Injury to the hepatocytes alters their transport 
function and membrane permeability leading to leakage of enzymes from the 
cells [45]. The increased serum levels of AST, ALT and ALP have been attributed to 
the damaged structural integrity of the liver, because these are cytoplasmic in location 
and are released into circulation after cellular damage [35]. The level of ALT is an 
indicator of the degree of cell membrane damage. The level of AST is an indicator of 
mitochondrial damage, because mitochondria contain 80% of this enzyme [41]. The 
results of the present study demonstrates that pre- and post-treatment of mice with 
ETO and SL of T. officinale effectively protected the mice against CCl4 induced hepa-
totoxicity, as evidenced by decreased serum aminotransferase (Figs 2a and 2b) and 
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alkaline phosphatase activity (Fig. 2c). The above observation was also confirmed by 
histopathological studies (Fig. 3).

Serum bilirubin, a chemical breakdown product of hemoglobin, is one of the most 
sensitive assays employed in the diagnosis of hepatic diseases, as it provides useful 
information on how well the liver is functioning [14]. Besides various normal func-
tions, liver excretes the breakdown product of hemoglobin, namely bilirubin into bile. 
It is well known that necrotizing agents like CCl4 produce sufficient injury to hepatic 
parenchyma to cause large increase in bilirubin content [34]. Both the pre- and post-
treatment of SL prevented severity of liver damage caused by CCl4 as evidenced by 
the low level of bilirubin in the serum (Table 1). Reduced level of serum total protein 
was observed in CCl4 induced hepatotoxic mice demonstrate the decreased func-
tional ability of intoxicated mice liver as reported earlier [1, 18]. Decrease in serum 
total protein reflects the reduction in albumin because serum globulin level remains 
normal. Significant decrease in serum total bilirubin and increased total protein level 
was observed in post-treated with ETO and SL on intoxicated mice with CCl4 
(Table 1). Stabilization of serum protein levels through the co-administration of ETO 
and SL is further a clear indication of the improvement of the functional status of the 
liver cells.

Liver has a great capacity to detoxicate toxic substances and synthesize useful 
metabolites [4]. Significant increase in liver weight in CCl4 intoxicated mice and also 
intoxicated mice with treated groups is in agreement with the work of Simmons et 
al. [38] who reported that increased organ weight is a sensitive indicator of the organ 
toxicity.

Lipid peroxidation, a reactive oxygen species-mediated mechanism, has been 
implicated in the pathogenesis of various liver injuries and subsequent liver fibrogen-
esis in experimental animals and humans [22, 33]. In view of this, it has been consid-
ered as one of the major characteristics of oxidative damage marker [26]. MDA is a 
major reactive aldehyde that appears during the peroxidation of biological membrane 
polyunsaturated fatty acids [42]. Therefore, the hepatic content of MDA is used as an 
indicator of liver tissue damage involving a series of chain reactions [30]. It has been 
accepted that lipid peroxidation of hepatocyte membranes is one of the principal 
causes of CCl4 induced hepatotoxicity and is mediated by the production of free 
radical derivatives of CCl4 [3, 43].

GSH (γ-glutamylcysteinylglycine) acts as a non-enzymatic antioxidant both intra-
cellularly and extracellularly in conjunction with various enzymatic processes that 
reduce hydrogen peroxide (H2O2) and hydroperoxides [17]. It is involved in the main-
tenance of the normal structure and function of cells, probably by its redox and 
detoxification reactions [13]. Reduced levels of GSH play a key role in the detoxifica-
tion of the reactive toxic metabolites of CCl4; liver necrosis is initiated when reserves 
of GSH are markedly depleted [36, 44]. Increase in hepatic GSH level in ETO and 
SL of T. officinale root treated mice could either be due to an effect on the de novo 
synthesis of GSH, its regeneration or both. As a consequence, hepatic GSH level 
could be sufficiently maintained to counteract the increased formation of free radicals 
as in the case of carbon tetrachloride toxicity [20].
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In conclusion, the results of the present study demonstrate that ETO and SL exhib-
ited hepatoprotective activity in CCl4 induced hepatic damage in mice. The mecha-
nisms of protection includes the inhibition of serum enzymes, liver protein and lipid 
peroxidation with increase in the content of GSH, all of which result in the recupera-
tion of biological parameters and the integrity of the tissue. The post-treatment as 
well as pre-treatment of SL exhibited beneficial effects in CCl4 induced liver injury 
and effect is better than ETO. Observed beneficial effects of SL may be due to the 
synergistic action of two sesquiterpene lactones identified from HPLC analysis and 
TLC with visualizing agent. Hence, SL can be considered as a bio-fraction of the 
T. officinale and useful as potential neutraceutical for treatment of liver diseases.
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