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ABSTRACT

Objective: The intention of this study is to explore the hepatoprotective potential of hepatoprotective potential of ethanol extract of Hedyotis 
leschenaultiana whole plant in carbon tetrachloride (CCl4) induced hepatoprotective rats.

Methods: Hepatotoxicity was induced in male wistar rats by intraperitoneal infection of CCl4 (2.5  ml/kg body weight for 14  days). The ethanol 
extract of H. leschenaultiana whole plant was administered to the experimental rats (100, 200, and 300 mg/kg body weight for 14 days). Silymarin 
(100 mg/kg) was given as a reference standard drug. In hepatotoxic rats, liver damage was studied by assessing parameters such as serum glutamate 
oxaloacetate transaminase (SGOT), serum glutamate pyruvate transaminase (SGPT), serum alkaline phosphatase (ALP), total, conjugated and 
unconjugated bilirubin, gamma-glutamyl transferase, concentration of proteins, and antioxidants in serum.

Results: Administration of hepatotoxins (CCl4) showed significant elevation of SGOT, SGPT, serum ALP, total bilirubin, conjugated, unconjugated, and 
lipid peroxidation. Treatment with H. leschenaultiana (100, 200 and 300 mg/kg) significantly reduced the above-mentioned parameters. Regarding 
antioxidant activity, the ethanol extract of H. leschenaultiana exhibited a significant effect showing increasing levels of superoxide dismutase, catalase, 
glutathione peroxidase, reduced and glutathione, and glutathione reductase by reducing malondialdehyde levels.

Conclusion: The ethanol extract of H. leschenaultiana have a significant effect on the CCl4 induced hepatotoxic animal models. Moreover, it is suggested 
that H. leschenaultiana can be used as a safe, cheap and effective alternative chemopreventive and protective against in the management of liver 
diseases.
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INTRODUCTION

The liver is one of the major organs in the body responsible for 
maintaining the homeostasis of body. It is having a significant role 
in growth, fight against disease, nutrient supply, energy provision, 
reproduction and it gives protection against the hazards of harmful 
drugs and chemicals. Because of the complex nature, it is susceptible 
to many adverse effects from a wide variety of things such as alcohol, 
infections from hepatitis viruses, cancer, and other metabolic 
disorders [1]. The liver plays a major role in detoxification and excretion 
of many endogenous and exogenous compounds, any injury to it or 
impairment of its functions may lead to many implications on one’s 
health. Liver disease is still a worldwide health problem. Unfortunately, 
conventional or synthetic drugs used in the treatment of liver diseases 
are inadequate and sometimes can have serious side effects, whereas 
herbs play a role in the management of various liver diseases. Many fold 
remedies from plant origin have been long used for the treatment of 
liver diseases. This is one of the reasons for many people in worldwide 
including those in developed countries turning complementary and 
alternative medicine. Many traditional remedies employ herbal drugs 
for the treatment of liver ailments [2]. Herbs play a major role in 
the management of various liver disorders along with other system 
associated diseases. 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 [2,3]. Hence, people are 
looking at the traditional systems of medicine for remedies to treat 
hepatic disorders.

However, no scientific investigation is available regarding the 
hepatoprotective effect of Hedyotis leschenaultiana whole plant. Since 

antioxidants are known to reduce the development of chemically 
induced liver damage, the effect of ethanol extract of the whole plant 
of H. leschenaultiana has been evaluated for hepatoprotective activity 
against carbon tetrachloride (CCl4) induced liver damage using rat as 
an experimental animal.

METHODS

Collection of plant sample
The whole plant of H. leschenaultiana DC was collected from Kothagiri, 
Nilgiri Biosphere Reserve, Western Ghats, Tamil Nadu, India. The plant 
was identified and authenticated in Botanical Survey of India, Southern 
Circle, Coimbatore, Tamil Nadu, India. A  voucher specimen was 
deposited in Ethnopharmacology Unit, Research Department of Botany, 
V.O. Chidambaram College, Tuticorin, Tamil Nadu, India.

Preparation of plant extract for phytochemical screening and 
hepatoprotective studies
The whole plant of H. leschenaultiana was shade dried at room 
temperature, and the dried leaves were powdered in a Wiley mill. 100 
g of powdered H. leschenaultiana whole plant was packed in a soxhlet 
apparatus and extracted with ethanol. The extracts were subjected 
to qualitative test for the identification of various phytochemical 
constituents as per the standard procedures [4-6]. The ethanol extracts 
were concentrated in a rotary evaporator. The concentrated ethanol 
extracts were used for hepatoprotective studies.

Animals
Normal healthy male wistar albino rats (180-240  g) were used for 
the present investigation. Animals were housed under standard 
environmental conditions at room temperature (25°C±2°C) and 
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light and dark (12:12 hrs). Rats were fed with standard pellet diet 
(Goldmohur brand, MS Hindustan Lever Ltd., Mumbai, Maharashtra, 
India) and water ad-libitum. The experimental protocol was approved 
by the Institutional Animal Ethical Committee of Kongunadu Arts and 
Science College (Reg. No: 659/02/a CPCESEA) Coimbatore, India.

Acute toxicity studies
An acute oral toxicity study was performed as per OECD-423 guidelines 
(acute toxic class method), albino rats (n=6) of either sex selected by 
random sampling were used for acute toxicity study [7]. The animals 
were kept fasting for overnight and provided only with water, after 
which the extracts were administered orally at 5 mg/kg body weight by 
gastric intubations and observed for 14 days. If mortality was observed 
in two out of three animals, then the dose administered was assigned 
as a toxic dose. If mortality was observed in one animal, then the same 
dose was repeated again to confirm the toxic dose. If mortality was not 
observed, the procedure was repeated for higher doses such as 50, 100 
up to 2000 mg/kg body weight.

Experimental design
In this investigation, a total of 30 rats (25 CCl4 hepatic toxicity induced 
rats and 5 normal rats) were taken and divided into six groups of 5 rats 
each. Group  I: Rats received normal saline was served as a normal 
control. Group  II: CCl4 hepatic toxicity induced control: Rats received 
2.5 ml/kg body weight of CCl4 for 14 days. Group III: Liver injured rats 
received ethanol extract of the whole plant of H. leschenaultiana at the 
dose of 100  mg/kg body weight for 14  days. Group  IV: Liver injured 
rats received ethanol extract of whole plant of H. leschenaultiana at the 
dose of 200 mg/kg body weight for 14 days. Group V: Liver injured rats 
received ethanol extract of the whole plant of H. leschenaultiana at the 
dose of 300 mg/kg body weight for 14 days. Group VI: Liver injured rats 
received standard drug silymarin at the dose of 100 mg/kg body weight 
for 14 days.

Biochemical analysis
The animals were sacrificed at the end of the experimental period 
of 7-days by decapitation. Blood was collected, sera separated by 
centrifugation at 3000 g for 10 minutes. Serum protein [8] and serum 
albumins were determined quantitatively by colorimetric method 
using bromocresol green. The total protein minus the albumin 
gives the globulin. Serum glutamate pyruvate transaminase (SGPT) 
and serum glutamate oxaloacetate transaminase (SGOT) were 
measured spectrophotometrically using the method of Reitman and 
Frankel [9]. Serum alkaline phosphatase (ALP) was measured by the 
method of King and Armstrong [10]. Total bilirubin and conjugated 
bilirubin were determined as described by Balistrei and Shaw [11]. 
The unconjugated bilirubin concentrations were calculated as the 
difference between total and conjugated bilirubin concentrations. 
Gamma-glutamyl transferase (GGT) was estimated by the method 
of Szasz [12]. Quantitative estimation of melondialdehyde (MDA) 
formation was done by determining the concentration of thiobarbituric 
acid reactive substances in plasma by the method of Satoh [13]. 
Enzymatic antioxidants, superoxide dismutase (SOD) [14], catalase 
(CAT) [15], glutathione reductase (GRD) [16], reduced and glutathione 
(GSH) [17], and glutathione peroxidase (GPx) [18] were also assayed in 
erythrocytes.

Statistical analysis
The data were expressed as the mean±standard error of mean. The 
difference among the means has been analyzed by one-way ANOVA. 
p<0.01 and p<0.05 were considered as a statistical significance using 
SPSS Software.

RESULTS

Preliminary phytochemical screening
The phytochemical screening of ethanol extract of the whole plant of 
H. leschenaultiana revealed the presence of alkaloid, catechin, coumarin, 
flavonoid, tannin, saponin, steroid, phenol, glycoside, terpenoid, and 

xanthoprotein. Acute toxicity study revealed the non-toxic nature of the 
ethanol extract of whole plant of H. leschenaultiana.

Body weight
The effect of ethanol extract of H. leschenaultiana on body weight of the 
normal, CCl4 intoxicated and drug treated rats are shown in Table 1. The 
administration of CCl4 caused a significant (p<0.05) decrease in the body 
weight of rats as compared with the control rats. The animals treated 
with whole plant extracts of H. leschenaultiana (200 and 300 mg/kg) 
also gained weight during the experimental period.

Biochemical parameters
Table  2 shows the effect of ethanol extract of H. leschenaultiana 
on serum total protein, albumin, globulin, A/G ratio, serum 
transaminases, and ALPs in CCl4 intoxicated rats. There was a 
significant (p<0.01) increase in SGOT, SGPT, and serum ALP levels 
in CCl4 intoxicated group (Group  II) compared to the normal 
control group (Group  I). The total protein and albumin levels 
were significantly (p<0.01) decreased to 6.29 and 3.76  g/dl in CCl4 
intoxicated rats from the levels of 8.65 and 4.85  g/dl, respectively, 
in the normal group. The ethanol extract of H. leschenaultiana at the 
dose of 300 mg/kg orally significantly decreased the elevated serum 
marker enzymes and reversed the altered total protein and albumin 
to almost normal level.

Total, conjugated, unconjugated and GGT levels
The effect of ethanol extract of H. leschenaultiana on total, conjugated 
and unconjugated bilirubin are shown in Table 3. A significant elevation 
of total, conjugated, unconjugated bilirubin, and GGT in the serum of 
CCl4 intoxicated group (Group  II) when compared to normal control 
(Group  I) were observed. The ethanol extract of H. leschenaultiana 
at the dose 300  mg/kg reduced the levels of total, conjugated and 
unconjugated bilirubin (Group V). The decreases in the concentration 
of total bilirubin, conjugated bilirubin, unconjugated bilirubin and GGT 
were found to be greater in 300 mg/kg (Group V) followed by Group VI 
and Group IV and Group V.

Antioxidant activity
The effect of ethanol extract of H. leschenaultiana on lipid peroxidation 
(LPO), GPx, GRD, SOD, CAT, and GSH activity are shown in Table 4. LPO 
level was significantly (p<0.01) increased and GPx, GRD, SOD, and CAT 
activity were significantly (p<0.01) decreased in CCl4 intoxicated rats 
when compared with those of the animals in normal control group. 
Rats treated with ethanol extract of H. leschenaultiana at the doses 
of 300  mg/kg significantly decreased the elevated LPO levels and 
restored the altered GPx, GRD, SOD, CAT and reduced glutathione 
levels toward the normal levels in a dose-dependent manner. The 
results are well comparable with silymarin (standard drug) treated 
group.

Table 1: Effect of H. leschenaultiana whole plant extract on the 
body weight of in the normal, liver damaged 

and drug treated rats

Treatment Initial body 
weight (g)

Final body 
weight (g)

Mean weight
Gain (G↑)/
loss (L↓) (g)

% 
Difference

Group I 216.32±6.45 224.93±5.86 8.61↑ 3.98
Group II 206.54±5.94 184.39±6.21 22.15↓** 10.72
Group III 198.51±6.23 206.11±5.94 7.60↑ns, a 3.8
Group IV 209.33±5.14 214.66±6.13 5.33↑ns, aa 2.6
Group V 191.56±4.88 199.26±5.64 7.70↑ns, a 4.0
Group VI 201.93±7.22 211.45±6.29 9.52↑ns, a 4.7
Values are mean±SD of 6 animals in each group. Statistical analysis ANOVA 
followed by Dunnett t‑test. ** p<0.01 as compared with normal control to 
liver damaged control: ap<0.05; aap<0.01 as compared with liver damaged 
control to drug treated animal. ns: Not significant. SD: Standard deviation, 
H.  leschenaultiana: Hedyotis leschenaultiana
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DISCUSSION

The liver is one of the largest organs in the human body and the chief site 
for internal metabolism and excretion. Hence, it has a surprising role in 
the maintenance, performance and regulating homeostasis of the body. 
It is involved with almost all the biochemical pathways to growth, fight 
against disease, nutrient supply, and energy provision [19]. The major 
functions of the liver are carbohydrate, protein, and fat metabolism, 
detoxification, secretion of bile and storage of vitamin. Thus, liver 
ailments remain one of the serious health problems.

Liver damage induced by CCl4 is commonly used model for the screening 
of hepatoprotective drugs [20]. The rise in serum levels of SGOT, SGPT, 
and ALP has been attributed to the damaged structural integrity of 
the liver, because they are cytoplasmic in location and released into 
circulation after cellular damages [21]. When rats were treated with CCl4, 
it induces hepatotoxicity by metabolic activation; therefore, it selectively 
causes toxicity in liver cells maintaining semi-normal metabolic function. 
Carbon tetrachloride is metabolically activated by the cytochrome 
P-450 dependent mixed oxidase in the endoplasmic reticulum to form 
trichloromethyl free radical (CCl3) which combined with cellular lipids 
and proteins in the presence of oxygen to induce LPO [22].

Ethanol extract of H. leschenaultiana whole plant at the doses 200 and 
300 mg/kg significantly restored the elevated levels of serum marker 
enzymes. The normalization of serum markers by H. leschenaultiana 
whole plant suggests that they are able to condition the hepatocytes 
so as to protect the membrane integrity against CCl4 induced leakages 
of marker enzymes into the circulation. The above changes can 
be considered as an expression of the functional improvement of 
hepatocytes.

The administration of CCl4 alone may adversely interfere with protein 
metabolism probably by inhibiting the synthesis of proteins. The 
administration of whole plant ethanol extract of H. leschenaultiana 
significantly (p<0.05) reversed these changes may be increasing protein 
synthesis. This indicates the hepatoprotective activity of ethanol extract 
H. leschenaultiana whole plant against damaged by CCl4. Increase in 
serum bilirubin levels may be found in hepatocellular damage, hemolytic 
jaundice or hepatitis. CCl4 injury causes significant degeneration of 
hepatocytes and blockade of the bile ducts which results into significant 
increase in the serum total bilirubin [23]. The significant reduction of 
total, conjugated and unconjugated bilirubin levels in the serum when 
administrated with the ethanol extract of H. leschenaultiana whole plant, 
which indicates that the conjugating function of the liver was improved. 
The reduction of the bilirubins level by the extracts suggest that the 
extract may activate the constitutive androstane receptor which is a key 
regulator in bilirubin clearance in the liver [24].

GGT is a microsomal enzyme, which is widely distributed in tissue 
including liver. The activity of serum GGT is generally elevated as a 
result of liver disease since GGT is a hepatic microsomal enzyme. Serum 
GGT is most useful in the diagnosis of liver diseases. Changes in GGT 
is parallel to those of amino transferases. The acute damage caused 
by CCl4 increased the GGT level, but the same attains the normal after 
H. leschenaultiana treatment due to its antioxidant activity.

The body has an effective mechanism to prevent and neutralize the free 
radical induced damage. This is accomplished by a set of antioxidant 
enzymes such as GPx, GRD, SOD, and CAT. When the balance between 
ROS production and antioxidant defense is lost, oxidative stress results, 
which through a series of events deregulates the cellular functions 
leading to various pathological conditions [25]. Any compound, natural 
or synthetic, with antioxidant properties might contribute toward the 
partial or total alleviation of this type of damage.

LPO has been postulated to the destructive process of liver injury due 
to CCl4 administration. In this study, the elevations in the levels of end 
products of LPO in the liver of the rat treated with CCl4 were observed. The 
increase in MDA levels in liver suggests enhanced LPO leading to tissue 
damage and failure of antioxidant defense mechanisms to prevent the 
formation of excessive free radicals. Treatment with H. leschenaultiana 
whole plant significantly reversed these changes. Hence, it may be 
possible that the mechanism of hepatoprotection by ethanol extract of 
H. leschenaultiana whole plant due to its antioxidant effects.

GSH, extensively found in cells, protects cells against electrophilic 
attacks provided by xenobiotics such as free radicals and peroxides 
GSH deficiency leads to cellular damage in kidney, muscle, lung, 
jejunum, colon, liver, lymphocytes, and brain [26]. The elevation of MDA 
level, which is one of the end products of LPO in the liver tissue, and 
the reduction in hepatic GSH levels are important indicators in CCl4 
intoxicated rats. In this study, it was ascertained that MAD levels have 
been suppressed compared to CCl4 intoxicated group and CCl4 induced 
depletion of GSH was prevented.

Table 2: Effect of H. leschenaultiana whole plant extract on the serum protein, albumin, globulin concentration and SGOT, SGPT and 
serum ALP enzyme activity in the normal, liver damaged and drug treated rats

Groups Parameters

Total protein (g/dl) Albumin (g/dl) Globulin (g/dl) A/G Ratio SGOT (U/L) SGPT (U/L) ALP (U/L)
Group I 8.65±0.14 4.85±0.16 3.80±0.21 1.27:1 18.11±1.96 21.56±0.91 146.33±2.54
Group II 6.29±0.11* 3.76±0.16 2.53±0.16* 1.48:1 116.41±3.95** 143.59±4.54** 227.16±5.13**
Group III 8.18±0.19 4.26±0.61 3.92±0.27 1.08:1 73.54±2.33*a 68.29±4.15*aa 174.14±2.93*a

Group IV 8.29±0.31 4.93±0.29 3.36±0.71 1.46:1 34.16±2.65*aa 31.59±3.68ns 163.22±3.63*a

Group V 7.93±0.26a 4.28±0.17 3.65±0.39 1.17:1 24.63±1.84ns 20.51±1.08aa 154.56±2.81ns, aa

Group VI 8.41±0.19a 4.84±0.27 3.57±0.43 1.35:1 19.85±0.98ns 21.33±1.96aa 139.46±1.86ns, aa

Values are mean±SD of 6 animals in each group. Statistical analysis ANOVA followed by Dunnett t‑test. *p<0.05; ** p<0.01 as compared with normal control to 
liver damaged control: ap<0.05; aap<0.01; aaap<0.001 as compared with liver damaged control to drug treated animal. ns: Not significant. SD: Standard deviation, 
H. leschenaultiana: Hedyotis leschenaultiana, ALP: Alkaline phosphatase, SGOT: Serum glutamate oxalo acetate transaminase, SGPT: Serum glutamate pyruvate 
transaminase

Table 3: Effect of H. leschenaultiana whole plant extract on the 
serum total, conjugated, unconjugated bilirubin and GGTP levels 

in the normal control, liver injured and drug treated rats

Groups Parameters

Total 
bilirubin
(mg/dl)

Conjugated
(mg/dl)

Unconjugated
(mg/dl)

GGTP
(U/L)

Group I 0.87±0.04 0.25±0.07 0.62±0.05 8.75±0.59
Group II 3.92±0.24** 2.24±0.34** 1.68±0.13* 30.16±0.98**
Group III 1.89±0.03* 1.24±0.04* 0.65±0.03ns 21.63±0.35*
Group IV 0.98±0.01ns, a 0.39±0.01a 0.59±0.06a 10.55±0.94a

Group V 0.75±0.07ns, aa 0.21±0.03aa 0.44±0.03aa 7.69±0.33aa

Group VI 0.89±0.04a 0.28±0.07aa 0.61±0.08a 9.31±0.74a

Values are mean±SD of 6 animals in each group. Statistical analysis ANOVA 
followed by Dunnett t‑test. *p<0.05; ** p<0.01 as compared with normal 
control to liver damaged control: ap<0.05; aap<0.01 as compared with liver 
damaged control to drug treated animal. ns: Not significant. SD: Standard 
deviation, GGPT:  Gamma‑glutamictranspeptidase, H. leschenaultiana: Hedyotis 
leschenaultiana
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SOD, a metalloprotein is the most sensitive enzyme index in liver injury 
and one of the most important enzymes in the enzymatic antioxidant 
defense system. It scavenges the superoxide anion to from hydrogen 
peroxide and oxygen, hence diminishing the toxic effect caused by this 
radical [27]. In this study, it was observed that the ethanol extract of 
H. leschenaultiana whole plant significantly increased the SOD activity 
in CCl4 intoxicated rats thereby diminished CCl4 induced oxidative 
damage.

CAT is an enzymatic antioxidant widely distributed in all animal tissues, 
and the highest activity is found to the red cells and in the liver. CAT 
decomposes hydrogen peroxide and protects the tissue from highly 
reactive hydroxyl radicals [28]. Therefore, the reduction in the activity 
of these enzymes may result in the number of deleterious effects due to 
the accumulation of superoxide radicals and hydrogen peroxide.

Administration of ethanol extract of H. leschenaultiana increased the 
activities of CAT in CCl4 induced liver damage in rats to prevent the 
accumulation of excessive free radical and protected the liver from 
CCl4 intoxication. GPx is a selenoenzyme and it protects the cells from 
damage due to free radicals like hydrogen and lipid peroxides [29]. It 
catalyzes the reaction of hydroperoxidases with reduced glutathione to 
form glutathione disulfide and reduction.

CONCLUSION

In conclusion, the results of this study suggest that H. leschenaultiana 
whole plant has a potent hepatoprotective action on CCl4 induced 
oxidative stress and liver toxicity in rats. The hepatoprotective effect of 
H. leschenaultiana can be correlated directly with its ability to reduce 
the activity of serum enzymes and enhance antioxidant defense status. 
The findings of this study suggest that H. leschenaultiana can be used as 
a safe, cheap and effective alternative chemopreventive and protective 
against in the management of liver diseases.

REFERENCES

1.	 Chang CY, Schiano TD. Review article: Drug hepatotoxicity. Aliment 
Pharmacol Ther 2007;25(10):1135-51.

2.	 Kala SM, Tresina PS, Mohan VR. Hepatoprotective effect of Eugenia 
singampattiana Bedd leaf extract on carbon tetrachloride induced 
jaundice. Int J Pharm Sci Rev Res 2013;21(1):41-5.

3.	 Paulpriya K, Tresina PS, Mohan VR. Hepatoprotective effect of 
Crotalaria longipes Wight & Arn, ethanol extract in CCl4 induced 
hepatotoxicity in wistar rats. Int J Toxicol Pharmacol Res 2016;8(1):45-
52.

4.	 Saraf A. Phytochemical and antibacterial studies of medicinal plant 
Costus specious Koer. Eur J Chem 2010;7:S405-13.

5.	 Shajeela PS, Kalpanadevi V, Mohan VR. Potential antidiabetic, 
hyperlipidaemic and antioxidant effects of Nymphaea pubescens 
extract in alloxan induced diabetic rats. J Appl Pharm Sci 2012;2:83-8.

6.	 Murugan M, Mohan VR. Evaluation of phytochemical 
analysis and antibacterial activity of Bauhinia purpurea L. and 
Hiptage bengalensis (L.) Kurz. J Appl Pharm Sci 2011;1(9):157-60.

7.	 OECD, (Organisation for Economic Co-Operation and Development). 
OECD Guidelines for the Testing of Chemicals/Section 4, Health 

Effects Test No: 423. Acute Oral Toxicity – Acute Toxic Class Method. 
Paris: OECD; 2002.

8.	 Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement 
with the Folin phenol reagent. J Biol Chem 1951;193(1):265-75.

9.	 Reitman S, Frankel SA. Colorimetric method for the determination of 
serum glutamic oxaloacetic and glutamic pyruvic transaminases. Am J 
Clin Pathol 1957;28(1):56-63.

10.	 King EJ, Armstrong AR. A Convenient method for determining serum 
and bile phosphatase activity. Can Med Assoc J 1934;31(4):376-81.

11.	 Balistrei WR, Shaw LM. Liver function. In: Tietz NW, editor. In: 
Fundamental of Clinical Chemistry. 3rd  ed. Philadelphia, PA: W.B. 
Saunders Company; 1987. p. 729-61.

12.	 Szasz G. A  kinetic photometric method for serum gamma-glutamyl 
transpeptidase. Clin Chem 1969;15(2):124-36.

13.	 Satoh K. Serum Lipid Peroxide in cerebrovascular disorders determined 
by a new colorimetric method. Clin Chem Acta 1978;90(1):37-43.

14.	 Sun Y, Oberley LW, Li Y. A  simple method for clinical assay of 
superoxide dismutase. Clin Chem 1988;34(3):497-500.

15.	 Aebi H. In: Bergmayer HU, editor. Catalase, in Methods of Enzymatic 
Analysis. 2nd ed. Weinheim: FRG; 1974. p. 673-84.

16.	 Goldberg DM, Spooner RJ. Glutathione reductase. In: Methods in 
Enzymatic Analysis. Germany: VCH Weinhem; 1983. p. 258-65.

17.	 Prins HK, Loos JA. Glutathione. In: Yunis JJ, editor. In: Biochemical 
Methods in Red Cell Genetics. New  York: Academic Press; 1969. 
p. 127-9.

18.	 Pagila DE, Valentine WN. Studies on the quantitative and qualitative 
characterization of erythrocyte glutathione peroxidase. J Lab Clin Med 
1967;70(1):158-69.

19.	 Ward FM, Daly MJ. Hepatic disease. In: Walker R, Edwards C, 
editors. In: Clinical Pharmacy and Therapeutics. New York: Churchill 
Livingstone; 1999. p. 3346-47.

20.	 Slater TF. Biochemical Mechanism of Liver Injury. London: Academic 
Press; 1965.

21.	 Sallie R, Tredger JM, Williams R. Drugs and the liver. Part 1: Testing 
liver function. Biopharm Drug Dispos 1991;12(4):251-9.

22.	 Recknagel RO. A  new direction in the study of carbon tetrachloride 
hepatotoxicity. Life Sci 1983;33(5):401-8.

23.	 Saraswat B, Visen PK, Patnaik GK, Dhawan BN. Anticholestatic effect 
of picroliv, active hepatoprotective principle of Picrorhiza kurrooa, 
against carbon tetrachloride induced cholestasis. Indian J Exp Biol 
1993;31(4):316-8.

24.	 Moore D, Jun Z, Werdorg H. Induction of bilirubin clearance by 
xenobiotic receptor CAR. J Clin Invert 2004;113(1):137-43.

25.	 Castro JA, De Ferreyra EC, De Castro CR, De Fenos OM, Sasame H, 
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(2):295-302.

26.	 Orhan DD, Orhan N, Ergun E, Ergun F. Hepatoprotective effect of Vitis 
vinifera L. leaves on carbon tetrachloride-induced acute liver damage 
in rats. J Ethnopharmacol 2007;112(1):145-51.

27.	 Curtis SJ, Moritz M, Snodgrass PJ. Serum enzymes derived from liver 
cell fractions. I. The response to carbon tetrachloride intoxication in 
rats. Gastroenterology 1972;62(1):84-92.

28.	 Chance B, Greenstein DS, Roughton FJ. The mechanism of 
catalase action. I. Steady-state analysis. Arch Biochem Biophys 
1952;37(2):301-21.

29.	 Zaltzberg H, Kanter Y, Aviram M, Levy Y. Increased plasma 
oxidizability and decreased erythrocyte and plasma antioxidative 
capacity in patients with NIDDM. Isr Med Assoc J 1999;1(4):228-31.

Table 4: Effect of H. leschenaultiana whole plant extract on serum LPO, GPx, GRD, SOD, CAT and GSH
activity in the normal control, liver injured and drug treated rats

Groups Parameters

LPO (n mole of MDA/mg protein) GPX (u/mg protein) GRD (u/mg) SOD (u/mg) CAT (u/mg) GSH (u/mg)
Group I 2.114±0.089 3.988±0.114 0.504±0.39 0.294±0.019 4.102±0.029 29.94±0.63
Group II 6.169±0.054** 1.956±0.118** 0.311±0.059** 0.093±0.033** 1.845±0.055** 13.63±0.14**
Group III 4.121±0.076* 2.684±0.016ns 0.387±0.031ns 0.188±0.017* 2.261±0.067ns 19.56±0.17ns

Group IV 2.124±0.068a 3.154±0.023 0.451±0.046a 0.219±0.065a 3.541±0.081a 30.63±0.27
Group V 1.948±0.029aa 4.222±0.084a 0.497±0.061a 0.289±0.036aa 4.331±0.094aa 36.59±0.36a

Group VI 2.001±0.014a 4.019±0.079a 0.487±0.059a 0.297±0.014a 4.188±0.076aa 33.91±0.41a

Values are mean±SD of 6 animals in each group. Statistical analysis ANOVA followed by Dunnett t‑test. *p<0.05; **p<0.01 as compared with normal control 
to liver damaged control: ap<0.05; aap<0.01 as compared with liver damaged control to drug treated animal. ns: Not significant. SD: Standard deviation, 
H.  leschenaultiana:  Hedyotis leschenaultiana, LPO: Lipid peroxidation, GPx: Glutathione peroxidase, GRD: Glutathione reductase, SOD: Superoxide dismutase, 
CAT:  Catalase, GSH: Reduced and glutathione, MDA: Melondialdehyde


