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ABSTRACT: The liver is a vital organ in the body that performs many functions. Many of these functions generate free 

radicals, which degenerate to loss of liver function. The antioxidants in the body neutralize the effect of the free radicals 

generated. The body is healthy when the antioxidants adequately neutralize free radicals. Carbon tetrachloride is usually used 

to model experimental liver damage in animals. This research investigated the possible protective and curative effect of the 

aqueous and ethanol extracts of Andrographis paniculata leaf on CCl4-induced liver damage in male rats. Liver damage was 

induced by intraperitoneal injection of 1.25 ml CCl4 in olive oil (1:1 v/v) per kilogram body weight of animals. The animals 

were treated with 300 mg of the aqueous and ethanol extracts of A. paniculata per kg body weight of animals, pre-and post-

CCl4 administration. The levels of total protein, albumin and reduced glutathione were reduced. Also, the activities of SOD, 

CAT and GPx were reduced, while the levels of MDA and total bilirubin were elevated. These alterations were reversed in 

the animals administered with the extracts of A. paniculata. This study suggested the protective and curative potential of A. 

paniculata extracts in CCl4-induced liver damage. 
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Introduction 

 
The liver is a crucial organ that functions in many life processes, including digestion, excretion, immunity, 

synthesis of plasma proteins, metabolism of xenobiotics, and vitamin storage (Allameh et al., 2023). Many 

processes in the liver lead to the generation of free radicals that damage the anatomy and physiology of the liver 

(Upadhyay et al., 2022). Due to its multiple functions, the liver is an object of toxicity as a result of the 

unchecked production of free radicals (Upadhyay et al., 2022). Liver diseases are common causes of death 

worldwide, and medicinal plants with protective and curative potential on the liver have been sourced 

(Ouassou et al., 2021). 

Carbon tetrachloride (CCl4) is a synthetic, colourless, nonflammable liquid with a pleasant smell. It has been 

used as a solvent, pesticide, cleaning agent, degreasing agent, and in refrigerant production, propellant for 

aerosol cans, fire extinguishers and spot removals. Carbon tetrachloride was phased out due to its toxic effects 

(NCBI, 2024). It is highly toxic to the liver, kidney and other body organs. Hence, it is employed in the 

induction of experimental liver and kidney damage (El-Haskoury et al., 2021). Dehalogenation of CCl4 by 

Cytochrome P450 to reactive trichloromethyl and trichloromethyl peroxyl radicals triggers the peroxidation of 

membrane lipids, which initiates organ damage (El-Haskoury et al., 2021). 

Andrographis paniculata is an invasive plant in the Acanthaceae family found throughout Asia, some parts of 

America and Africa (Phuong et al., 2023). The plant is found in various locations: beaches, plains, hills, 
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cultivated and disturbed regions, growing up to a height of over one metre, leaf length between two and twelve 

centimetres, and flowering between December and April (Hossain et al., 2021). A. paniculata has been used in 

the various systems of folk medicine as a treatment for malaria, cold, cough, vitiligo, scabies, liver problems, 

hypertension, diabetes, diarrhoea, anorexia, indigestion, splenomegaly, helminthiasis, pelvic inflammation, 

cervical erosion, chicken pox, hepatitis, leprosy, gonorrhoea, herpes zoster, peptic and neonatal subcutaneous 

annular ulcer (Boopathi, 2000; Sheeja et al., 2007; Jarukamjorn et al., 2008; Akbar, 2011; Kabir et al., 2014). 

The extracts of A. paniculata have been reported to possess antidiabetic, antioxidant, in vitro α-amylase 

inhibitory, and in vitro and in vivo anti-plasmodial activities (Owoade et al., 2021; Nonso et al., 2023; Isunu et 

al., 2023). Some compounds isolated from A. paniculata have been reported to possess pharmacological 

activities: neoandrographolide (hepatoprotective, antioxidant, antiparasitic, anti-herpes simplex virus) 

(Batkhuu et al., 2002); andrographolide (analgesic, antipyretic, antiulcerogenic, antiretroviral, anticancer, 

antidiabetic, antiinflammatory, immunomodulatory, cardioprotective and hepatoprotective) (Cheung et al., 

2005; Lin et al., 2008); and 14-deoxyandrographolide (vasorelaxant, uterine smooth muscle relaxant, 

hypotensive, hepatoprotective, platelet activating factor antagonist) (Burgos et al., 2005).  

The present study is aimed at the assessment of hepato-protective and curative effects of leaf extracts of 

Andrographis paniculata in carbon tetrachloride-induced damage in male rats. 

 

 

 

Materials and methods 
 
Collection of plant: The leaves of A. paniculate were collected from a farm in Ekosodin village, Benin City, Edo 

State, Nigeria. The plant was identified and authenticated by Prof. Emmanuel I. Aigbokan in the Department of 

Plant Biology & Biotechnology, University of Benin, Benin City. For future reference, a herbarium sample with 

voucher number UBH-A599 was deposited in the Herbarium of the University of Benin, Nigeria. 

Preparation of aqueous extract: Fresh leaves of Andrographis paniculate were air-dried for two weeks and 

milled into fine powder. The aqueous extract was prepared by boiling 1000 g of the powdered leaves in 5000 ml 

of distilled water on medium heat for 15 minutes. The extract was filtered out using a clean muslin cloth and 

concentrated under low heat until a sticky sample was recovered, which was further air-dried. The ethanol 

extract was prepared by macerating 1000 g of the milled leaves in 5000 ml of local gin for 72 hours (3 days) 

with consistent stirring for 30 minutes daily. The mixture was then filtered using a clean muslin cloth and 

evaporated to dryness under low heat to get the extract. 

Animal study: Forty male rats were obtained from the Animal house of the Department of Anatomy, University 

of Benin, Nigeria. The animals were allowed to acclimatize for seven days in the animal house of the 

Department of Biochemistry, University of Benin. The animals were allowed free access to food and water ad 

libitum. Good hygiene was maintained by constantly cleaning and removing faeces and spilt feeds from cages 

daily. The animals were handled following the European Convention for the Protection of Vertebrate Animals 

guidelines and other scientific purposes (ETS-123, 2005).  

Induction of liver damage: After acclimatization, liver damage was induced in the experimental animals by 

intraperitoneal injection of carbon tetrachloride in olive oil (1:1 v/v) at a dose of 1.25 ml/kg rat body weight. 

Experimental design: The forty male rats were divided into eight groups of five animals each and administered 

as shown below:  

 
S/N Group Treatment 

1 (Normal control) - 

2 (CCl4 control) 1.25 ml/kg body weight of carbon tetrachloride once on day 1 

3 (Aqueous extract) 300 mg/kg body weight of the aqueous extract of Andrographis paniculate once 

daily for 7 days orally 

4 (Ethanol extract) 300 mg/kg body weight of the ethanol extract of Andrographis paniculate once 

daily for 7 days orally 

5 (Post-treatment) 

(CCl4+Aqueous. Extract) 

1.25 ml/kg body weight of carbon tetrachloride once on day 1 and 300 mg/kg body 

weight of the aqueous extract of A. paniculate once daily for 7 days orally 

6 (Post-treatment) (CCl4 

+Ethanol Extract) 

1.25 ml/kg body weight of carbon tetrachloride once on day 1 and 300 mg/kg body 

weight of the ethanol extract of A. paniculate once daily for 7 days orally 

7 (Pre-treatment) (Aqueous 

extract A. paniculate + CCl4) 

300 mg/kg body weight of the aqueous extract of Andrographis paniculate once 

daily for 7 days orally 

+ 1.25 ml/kg body weight of carbon tetrachloride once 

8 (Pre-treatment) (Ethanol 

extract A. paniculate + CCl4) 

300 mg/kg body weight of the ethanol extract of Andrographis paniculate once 

daily for 7 days orally + 1.25 ml/kg body weight of Carbon tetrachloride once 
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At the end of the administration, the animals were fasted overnight and sacrificed under chloroform anaesthesia. 

Blood was withdrawn through venous puncture into plain bottles and centrifuged at 3000rpm for 15 minutes to 

obtain the serum. The liver of each animal was excised, blot-dried, weighed and homogenized in Tris-HCl 

buffer (pH 6.8). 

Biochemical assays: The serum levels of total cholesterol, total protein, albumin, total bilirubin, conjugated 

bilirubin, and the serum activities of alanine aminotransferase, aspartate aminotransferase, alkaline phosphatase 

and gamma-glutamyl transferase were determined by using diagnostic reagent kits. The activities of glutathione 

peroxidase, glutathione–s-transferase, catalase, and superoxide dismutase were assessed by the methods 

described by Nyman (1959), Habig et al. (1974), Cohen et al. (1970) and Fridovich (1989) respectively. The 

levels of MDA and GSH were determined according to the methods of Buege and Aust (1978) and Ellman 

(1959), respectively. 

Data analysis: The data obtained in this study were expressed as Mean ± SEM. Duncan's Multiple Range Test 

separated the homogeneity of the mean, and the significance level was set at P<0.05. All statistical analyses 

used Statistical Package for Social Sciences (SPSS) version 21. 

 

 

 

Results  
 
There was a significant (P<0.05) reduction in the body weights of animals pre-administered with CCl4 before 

the extracts of A. paniculata. In contrast, there was a significant (P<0.05) increase in the body weights of 

animals pre-administered with the extracts of A. paniculata when the initial and final body weights were 

compared (Table 1). The CCl4 group had reduced liver weight when compared with the control group. 

Total cholesterol and bilirubin levels were elevated in the serum of animals administered with CCl4. In contrast, 

the total protein and albumin levels were reduced when compared with the control. The animals administered 

with the extracts of A. paniculata and those pre-administered with A. paniculata had reduced cholesterol levels 

compared to the CCl4 group (Table 2).   

 

Table 1: Effects of the extracts of A. paniculata on the body weight and weight of liver 

Groups Initial weight (g) Final weight (g) % difference in weight Weight of liver (g) 

Control 188.95 ± 12.53d 196.29 ± 13.63d 3.84 ± 1.70b 6.17 ± 0.57c 

CCl4 145.70 ± 1.55a 146.71 ± 2.77a 0.70 ± 1.80b 5.31 ± 0.14a 

Aqueous extract A. paniculata 164.88 ± 1.68c 159.90 ± 3.30b -2.95 ± 2.67a 6.48 ± 0.15d 

Ethanol extract A. paniculata 155.34 ± 0.98b 163.25 ± 3.32b 5.11 ± 2.28b 5.18 ± 0.13a 

CCl4 + Aqueous extract A. paniculata 185.83 ± 1.90d 168.09 ± 6.23c -9.49 ± 3.74a 7.36 ± 0.36e 

CCl4 + Ethanol extract A. paniculata 174.01 ± 1.28d 169.72 ± 7.01c -2.42 ± 4.29a 6.20 ± 0.31c 

Aqueous extract A. paniculata + CCl4 166.14 ± 1.94c 169.25 ± 4.87c 1.89 ± 2.88b 5.74 ± 0.29b 

Ethanol extract A. paniculata + CCl4 174.66 ± 0.98d 186.60 ± 3.50d 6.86 ± 2.19b 6.41 ± 0.16d 

Values are expressed as Mean ± SEM, n=5. Values with different superscripts in the same column are significantly different from one 
another. 

 

Table 2: Effects of the Extracts of Andrographis paniculata on the levels of total cholesterol, total protein, 

albumin and bilirubin 
Groups Total 

cholesterol 
(mg/dl) 

Total protein 
(g/dl)  

Albumin 
(g/dl) 

Total bilirubin 
(mg/dl) 

Direct 
bilirubin 
(mg/dl) 

Unconjugated 
bilirubin (mg/dl) 

Control 69.18 ± 6.03c 9.25 ± 0.25b 3.36 ± 0.10c 1.33 ± 0.02b 1.29 ± 0.02c 0.04 ± 0.03a 

CCl4 76.62 ± 1.44c 7.57 ± 0.81a  2.53 ± 0.01a 1.59 ± 0.22d 1.18 ± 0.14c 0.42 ± 0.08b 

Aqueous extract A. paniculata 41.25 ± 2.46a 11.19 ± 0.97c  2.65 ± 0.10b 1.48 ± 0.22c 0.30 ± 0.05a 1.18 ± 0.26d 

Ethanol extract A. paniculata 54.56 ± 3.90b 11.84 ± 0.08c  2.68 ± 0.20b 1.54 ± 0.29d 0.60 ± 0.15b 0.95 ± 0.39c 

CCl4 + Aqueous extract A. 
paniculata 

85.82 ± 2.87d 

6.98 ± 0.29a 2.88 ± 0.49b 1.17 ± 0.02a 0.20 ± 0.00a 0.97 ± 0.03c 

CCl4 + Ethanol extract A. 
paniculata 

71.51 ± 2.72c 

9.14 ± 1.54b 2.79 ± 0.14b 1.56 ± 0.29d 0.83 ± 0.04b 0.72 ± 0.25c 

Aqueous extract A. paniculata + 
CCl4 

53.60 ± 4.79b 

15.15 ± 0.04d 3.12 ± 0.20c 
1.67 ± 0.08d 1.10 ± 0.15c 0.57 ± 0.13b 

Ethanol extract A. paniculata + 
CCl4 

71.10 ± 3.01c 

9.06 ± 1.37b 2.54 ± 0.29a 1.20 ± 0.06a 0.74 ± 0.02b 0.45 ± 0.07b 

Values are expressed as Mean ± SEM (n=3). 
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Elevated ALT, AST, ALP, and GGT activities were observed in the CCl4 group compared to the control group 

(Table 3). The groups pre- and post-treated with the extracts of A. paniculata had reduced activity of ALT, 

except for the group pre-treated with the ethanol extract, which had a slightly higher activity of ALT than the 

CCl4 group. There was a reduction in the activity of AST in the groups pre-treated with the extracts of A. 

paniculata. Except for the aqueous extract pre-treated group, the activity of ALP was reduced in the pre-treated 

groups. The activity of GGT was elevated in the CCl4 group when compared with the control. The extracts 

reduced the activity of GGT in the pre-and post-treatments compared with the CCl4 group. 

 

Table 3: Effects of the extracts of A. paniculata on the activities of ALT, AST, ALP and GGT in the serum  
Groups ALT (u/l) AST (u/l) ALP (u/l) GGT (u/l) 

Control  21.09 ± 2.89a 90.26 ± 2.28b  53.56 ± 0.34b 19.69 ± 0.00a 

CCl4 
42.72 ± 4.36c 

149.74 ± 9.27d 59.39 ± 2.61b 64.85 ± 0.00e 

Aqueous extract A. paniculata  22.03 ± 0.38a 106.32 ± 2.11c 55.79 ± 2.53b 50.95 ± 2.91d 

Ethanol extract A. paniculata 28.70 ± 5.66b 107.37 ± 1.82c 49.07 ± 2.10a 48.25 ± 6.35d 

CCl4 + Aqueous extract A. paniculata 30.96 ± 0.00b 170.70 ± 9.30e 49.69 ± 2.30a 28.18 ± 1.68b 

CCl4 + Ethanol extract A. paniculata 39.39 ± 2.02c 185.26 ± 8.20e 56.80 ± 2.41b 56.16 ± 0.00c 

Aqueous extract A. paniculata + 
CCl4 

17.75 ± 0.98a 81.75 ± 6.03a 64.46 ± 0.28c 37.06 ± 2.01c 

Ethanol extract A. paniculata + CCl4 50.65 ± 0.06d 84.04 ± 0.46a 57.94 ± 1.48b 47.09 ± 6.21d 

Values are expressed as Mean ± SEM. Values with different superscripts in a column are significantly different 

from one another at p < 0.05 significance level. 

 

There was an increase in the level of MDA in the liver of the CCl4 group compared with the control (Table 4). 

Except for the group pre-treated with the aqueous extract, the level of MDA was reduced in the groups pre- and 

post-treated with the extracts of A. paniculata. A significant (P<0.05) reduction in the level of reduced 

glutathione and activities of SOD, CAT and GPx in the liver of the CCl4 group was observed when compared 

with the control. Both extracts ameliorated the impact of CCl4 on the level of GSH in the pre-and post-

treatments, with a more significant effect noticed in the groups pre-treated with extracts. The post-treatment 

with both extracts ameliorated the impact of CCl4 on the activity of SOD and CAT (Table 4). The pre-and post-

treatment with both extracts alleviated the impact of CCl4 on the activity of GPx, though the effect is significant 

(p<0.05) in the pre-treatment with both extracts only. The activity of GST in the liver of the groups was not 

significantly different from one another. 

 

Table 4: Effects of the extracts of A. paniculata on the levels of GSH and MDA, and the activities of SOD, 

CAT, GPx and GST in the liver  

Groups 
MDA 10-2 (u/mg 
protein) 

GSH (u/mg 
protein) 

SOD 10-4 

(u/mg 
protein) 

CAT 10-2  

(u/mg 
protein)) 

GPx 10-2 

(u/mg 
protein) 

GST 10-2 (u/mg 
protein) 

Control 1.06 ± 0.01a 11.48 ± 0.66d 7.70 ± 0.86b 3.58 ± 0.21c  3.17 ± 0.72b 5.92 ± 0.19a 

CCl4 1.16 ± 0.04a 2.83 ± 0.06a 1.46 ± 0.02a 2.39 ± 0.13b  1.62 ± 0.25a 5.41± 0.02a 
Aqueous extract A. 
paniculata 

1.05 ± 0.08a 8.79 ± 0.89c 8.44 ± 0.85b 3.33 ± 0.32c 3.77 ± 0.03b 5.79 ± 0.10a 

Ethanol extract A. 
paniculata 

1.11 ± 0.03a 9.19 ± 0.42c 6.93 ± 0.58b 2.35 ± 0.25b 3.73 ± 0.08b 5.85 ± 0.07a 

CCl4 + Aqueous extract A. 
paniculata 

1.10  ± 0.05a 4.64 ± 0.50b 7.91 ± 0.30b 3.33 ± 0.13c 1.67 ± 0.54a 5.88 ± 0.07a 

CCl4 + Ethanol extract A. 
paniculata 

1.11 ± 0.12a 4.59 ± 0.66b 7.83 ± 0.88b 4.38 ± 0.34d 1.85 ± 0.19a 5.84 ± 0.01a 

Aqueous extract A. 
paniculata + CCl4 

1.20 ± 0.07a 10.30 ± 0.46d 1.49 ± 0.01a 0.30 ± 0.08a 3.59 ± 0.05b 5.22 ± 0.11a 

Ethanol extract A. 
paniculata + CCl4 

1.11 ± 0.02a 8.17 ± 0.56c 1.32 ± 0.08a 3.16 ± 0.10c 3.57 ± 0.05b 5.36 ± 0.04a 

Values are expressed as Mean ± SEM. Values with different superscripts in a column are significantly different from one 

another at p < 0.05 significance level. 

 

CCl4 reduced the level of GSH, and the activities of SOD, CAT, GPx and GST, whereas it increased the level of 

MDA (Table 5). The concentration of MDA in the serum of the CCl4 group was significantly elevated compared 

to the control. The pre-treatment with both extracts better ameliorated the impact of CCl4 on the level of MDA 

in the serum than the post-treatment. Only the pre-treatment with the aqueous extract of A. paniculata restored 

the level of GSH in the serum of experimental animals. The post-treatment with both extracts significantly 
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(p<0.05) restored the activities of SOD and CAT in the serum. The pre-treatment with both extracts 

significantly (p<0.05) raised the activity of GPx than that of the CCl4. Except for the pre-treatment with the 

ethanol extract of A. paniculata, the pre-and post-treatment with both extracts significantly elevated the GST 

activity in the experimental animals' serum. 

 

Table 5: Effects of the extracts of A. paniculata on the levels of GSH and MDA, and the activities of SOD, 

CAT, GPx and GST in the serum 
 Groups MDA (u/ml) GSH (u/ml) SOD (u/ml) CAT 10-3  (u/ml) GPx 10-2 (u/ml) GST 10-2 (u/ml) 

Control 51.65 ± 3.15c 10.17 ± 0.80c 6.07 ± 0.12d 2.37 ± 0.73c 7.59 ± 2.36ab 10.23 ± 0.06c 

CCl4 74.94 ± 10.28d 8.36 ± 0.32b 4.71 ± 0.40b 0.73 ± 0.18a 6.25 ± 1.18a 7.45 ± 0.15a 
Aqueous extract A. 
paniculata 

41.06 ± 2.88b 21.52 ± 0.04e  6.76 ± 0.05d 2.91 ± 0.66c 8.93 ± 1.18b 8.17 ± 0.38b 

Ethanol extract A. 
paniculata 

35.40 ± 0.94a 18.18 ± 0.25d 6.91 ± 0.04d 1.09 ± 0.00b 8.93 ± 0.89b 11.13 ± 0.17d 

CCl4 + Aqueous 
extract A. paniculata 

60.98 ± 4.16d 5.45 ± 0.46a 6.93 ± 0.18d 3.28 ± 0.63c 6.25 ± 0.44a 8.61 ± 0.46b 

CCl4 + Ethanol 
extract A. paniculata 

74.85 ± 1.91d 5.10 ± 0.04a 6.70 ± 0.14d 2.55 ± 0.66c 8.04 ± 0.00b 10.89 ± 0.05c 

Aqueous extract A. 
paniculata + CCl4 

53.62 ± 1.84c 17.69 ± 0.52d 5.00 ± 0.26c 1.09 ± 0.00b 14.29 ± 0.45c 13.15 ± 0.29e 

Ethanol extract A. 
paniculata + CCl4 

51.24 ± 0.97c 7.69 ± 0.09b 3.17 ± 0.18a 0.73 ± 0.18a 12.06 ± 2.05c 7.01 ± 0.12a 

Values are expressed as Mean ± SEM. Values with different superscripts in a column are significantly different from one 

another at p < 0.05 significance level. 

 

 

 

 

Discussion 
  

In the current study, the administration of carbon tetrachloride did not significantly impact the body weight of 

the experimental animals, which could be because CCl4 (1.25 ml/kg b.wt i.p) was administered once. Dutta et 

al. (2018) reported a reduction in the body weights of experimental mice administered CCl4 only. The liver 

weight of the group administered with only CCl4 was lower than that of the control group. However, Ouassou et 

al. (2021) reported an increase in the liver weight of the CCl4 group compared to the control. 

The total cholesterol and bilirubin levels significantly (P < 0.05) increased in the CCl4 group compared to the 

control group. This suggested that CCl4 could be responsible for the increase. Aqueous and ethanol extracts 

of Andrographis paniculata in the pre-treatment groups reversed the increment in the cholesterol level. The total 

protein and albumin levels were reduced in the CCl4 group compared to the control. However, both extracts 

of A. paniculata increased total protein and albumin levels pre- and post-treatment. This observation indicates 

that both extracts of A. paniculata possess curative and prophylactic activities. Ouassou et al. (2021) reported 

increased concentration of total and direct bilirubin and reduced concentration of total protein, while the 

concentration of total cholesterol was unaffected in the CCl4 group compared with the control group. The 

administration of the extract of Caralluma europaea reversed the changes (Ouassou et al., 2021). The hot 

aqueous leaf extract of Justicia secunda, a plant in the same family as A. paniculata, significantly reduced the 

elevated total bilirubin levels after CCl4 administration (Anyasor et al., 2020). 

ALT, AST, ALP and GGT activities are used to assess liver damage. ALT, AST, ALP, and GGT activities were 

significantly (P < 0.05) elevated in the CCl4 group compared to the control group in this study. The extracts 

of A. paniculata reduced the activities of these enzymes in the pre- and post-treatments to varying degrees, 

suggesting hepato-protective and curative activities of the aqueous and ethanol extracts of A. paniculata. 

Anyasor et al. (2020) reported that the hot aqueous extract of Justicia secunda leaf reduced the elevated 

activities of ALT and ALT in CCl4-administered experimental animals (Anyasor et al., 2020). Dutta et 

al. (2018) also reported significant elevations in ALT, AST, ALP, and GGT activities in the CCl4 group 

compared to the control group. The extract of Croton bonplandianus reduced the activities of these enzymes in 

the experimental animals (Dutta et al., 2018).  

In the study under consideration, the levels of MDA in the liver and the serum were elevated in the CCl4 group 

compared with the control. In contrast, the level of GSH was decreased, and the activities of SOD, CAT, GPx 

and GST were decreased. Aqueous and ethanol extracts of A. paniculata ameliorated the changes in varying 

degrees in the experimental animals, thus suggesting curative and prophylactic activities of the aqueous and 

ethanol extracts of A. paniculata. GPx is an essential enzyme crucial in detoxifying harmful reactive oxygen 

species (ROS) within cells (Gills and Tuteja, 2010). Catalase catalyzes the disintegration of hydrogen peroxide 
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into water and oxygen, thereby, protecting tissues from oxidative damage (Chelikani et al., 2004). Thus, a 

reduction in the activities of these antioxidant enzymes indicates oxidative stress. Khan et al. (2012) reported 

reduced activities of CAT, SOD, GPx and GST the in the CCl4 group when compared with the control. 

However, the methanol extract of Oxalis corniculata reversed these changes (Khan et al., 2012). 

 

 

Conclusion 
 
The liver is prone to oxidative damage due to free radicals generated by many processes it houses. Following 

CCl4 administration, the antioxidant (reduced glutathione) in the animals was depleted, and the activities of the 

antioxidant enzymes, SOD, CAT, GPx and GST, were reduced. Thus, regeneration or re-energizing of these 

antioxidants is necessary. The aqueous and ethanol extracts of Andrographis paniculata elevated the activities 

of antioxidant enzymes and the level of reduced glutathione to varying degrees. This study, therefore, suggests 

the protective and curative potential of A. paniculata extracts in CCl4-induced damage. 
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