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ABSTRACT

Introduction: Liver diseases are responsible for 3.5% of mortality in Africa. Despite incredible advances in modern 
medicine, drugs for liver diseases are not effective. This work evaluates the hepatoprotective and antioxidant effects 
of stem bark fractions of Mimosa pigra in Carbon tetrachloride-induced liver toxicity in albino rats. Materials and 
Methods: Lethal Dose (LD

50
) was determined according to Organization for Economic Co-operation and Develop-

ment. Liver function tests were employed to evaluate hepatoprotective activity, and antioxidant assays were used to 
elucidate the mechanisms of action. Results: The LD

50 
was greater than 5000 mg/kg. Group treated CCl

4
 only (group 

2) showed significant increase (p< 0.05) in liver enzymes and non-enzyme serum activities, while serum albumin 
and total protein levels decreased (p < 0.05) compared to control group (group 1). Vitamins (C and E), glutathione 
and antioxidant enzymes were decreased in group 2. Dosages of CCl

4
 and stem bark methanol extract of Mimosa 

pigra and its fraction suppressed the raised serum liver enzymes and Malondialdehyde (groups 4 to 6).  Raised total 
protein, albumin and antioxidant enzymes occurred in the treatment groups (3 to 6). Butanol fraction was the most 
active, exhibiting same effect as silymarin (conventional drug). Reduced activities of microsomal aniline hydroxylase 
and malondialdehyde were observed in group administered butanol fraction compared to group 2 (p<0.05). Con-
clusion: Butanol fraction of M. pigra exerts hepatoprotective activity comparable to silymarin as natural antioxidant 
and detoxifying enzymes. 
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INTRODUCTION

Mimosa pigra is a giant tree, also known in Hausa 
language as Farin gumbi in Northern Nigeria. It is of 
the genus Mimosa and family of fabaceae. It has thorny 
impassable spinney, majorly in wetlands. The plant is 
utilized in sub-Saharan Africa as a stimulant, relieving 
toothaches and swelling, as antidiarrheal and for 
management of liver diseases [1, 2].

Liver disease is a global health problem where nearly 
2 million deaths occur annually globally due to 
complications including cirrhosis, viral hepatitis and 
hepatocellular carcinoma [3, 4]. Liver injury occurs 
due to frequent exposure to various agents, such as 
chemicals, alcoholic beverages, viruses and immune-

mediated disorders [5]. Reports indicate over 2 billion 
people consume alcohol worldwide with about 75% 
diagnosed with alcohol related disorders including 
cirrhosis classified as the twelfth leading cause of death 
worldwide. The range of alcoholic liver toxicity could 
be fatty liver to acute hepatitis, fibrosis, cirrhosis and 
chronic liver failure. Liver cancer is listed as the third 
deadliest cancer in the world [6, 7]. Hepatocellular 
carcinoma is spreading worldwide and constitutes 75% 
of all liver cancers [8].

Plants and their compounds have been used several 
years for liver diseases [9]. Medicinal plants and their 
formulations, singly and in combination, were found 
to have hepato-protective effects and accelerate 
healing of damaged liver cells [10, 11]. ‘‘Many natural 
medications exist whose main goal is to protect the 
liver against attacks’’ [5 p. 2].  ‘‘Milk thistle extracts 
were used as early as the 4th century B.C., became a 
favored medicine for hepatobiliary diseases in the 16th 
century and experienced a revival in central Europe 
in the late 1960s’’ [12  p. 1101]. Conventional drugs 
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such as amiodarone, sulfasalazine etc. employed to 
cure liver diseases possess several limitations including 
adverse side effects, complications and impairment of 
other functions of the liver [5, 13]. Therefore, search 
for new drugs with minimum side effects from different 
sources must continue to be pursued. Stem bark of M. 
pigra has been used for treatment of liver diseases in 
North Western Nigeria for decades. It is important to 
scientifically validate its hepatoprotective activity and 
postulates its biochemical mechanism of actions as 
a basis for future drug development. Therefore, this 
research was aimed at evaluating hepato-protective 
activities and antioxidant profiles of stem bark extract 
of M. pigra. 

MATERIALS AND METHODS

Materials, chemicals and reagents 
The solvents for the extraction included methanol, 
n-hexane, ethylacetate and n-butanol saturated with 
water (BDH Chemicals, Poole, England). The solvents 
employed were of analytical grade.

Experimental animals 
A total of thirty [30] male and female albino rats weighing 
150-200g were utilized for this research. The rats were 
acquired from the animal house of Biological Sciences 
Department, Faculty of Chemical and Life Sciences, 
Usmanu Danfodiyo University, Sokoto, Nigeria. The 
animals were accommodated in hygienic polymer 
cages and maintained on rat chow (2500kcal/kg) and 
tap water ad libitum to acclimatize for at least seven 
[7] days before the experiment. Animals care was done 
according to WHO guidelines [14]. Ethical clearance 
for the study was obtained from the Usmanu Danfodiyo 
University, Sokoto, Nigeria, Health and Biomedical 
Research Ethics Committee (HBREC/23/051).  

Plant collection and identification
The stem bark of M. pigra was gathered from Kalgo 
town, Kebbi State, Nigeria. The plant was authenticated 
by a taxonomist at Botany Unit, Department of 
Biological Sciences, Usmanu Danfodiyo University, 
Sokoto, Nigeria. A voucher specimen number (UDUH/
ANS/0275) was obtained.

Preparation of plant extracts
The stem bark of M. pigra was cleaned, air dried inside 
laboratory and cut into tiny pieces and pulverized. A 
500g portion was extracted with 1L of methanol (95%) 
for 2,880 minutes (twice) and filtered using Whatman 
filter paper 1. The filtrate was evaporated in a rotary 
evaporator at 45oC and residue obtained was screened 
for hepato-protective activity in CCl

4
-intoxicated rats. 

Further fractionations with solvents of decreasing 
polarity were conducted.

Fractionation of the methanol extract
 A 100g portion of the methanol residue was subjected to 

fractionation in water and serial partition with solvents 
such as hexane (3x400 mL), ethyl acetate (3x400 mL) 
and butanol (saturated with water 3x400 mL). Fractions 
obtained were evaporated to dryness and screened for 
hepatoprotective activity. 	

Lethal Dose (LD50)
The acute oral toxicity study was conducted using the 
procedure of Organization for Economic  Co-operation 
and Development for testing of chemicals [15].  A total 
of five (5) rats were selected randomly and used for 
the experiment. The extract was administered to each 
animal orally using limit test dose (5000 mg/kg body 
weight).  Feed was withheld after dosing for 3-4hrs. 
The rats were checked at first 30 minutes after dosing, 
then periodically at 8, 14, 24 and 48 hours intervals.  
Symptoms observed included hair loss, refusal to 
eat food, drowsiness, hyper-salivation, tremors and 
convulsion. The rats were examined for up to 14 days 
for possible signs of late toxicity. The LD

50
 was less than 

5000mg/kg if three (3) or more animals died within 48 
hours. However, the LD

50
 was greater than 5000mg/kg if 

one, two or none died within 48 hours. 

Animal grouping and sample collection
Hepatotoxicity induction was conducted by the method 
of Guntupalli et al. [16] with few modifications.  Albino 
rats (wister strains) were divided in to Six (6) groups of 
six (6) animals each. Group one (1) received 1ml of 
liquid paraffin orally (per os), once daily for fourteen 
days (control). Group two (2) were injected 1ml/kg body 
weight of Carbon tetrachloride (CCl

4
) intraperitoneally. 

Group three (3) received   Silymarin per os (100mg/kg 
body weight) once daily for 14 days and simultaneously 
with CCl

4
. Group four (4), five (5) and six (6) were 

administered 80, 160 and 240 mg/kg body weight of 
the respective  M. pigra (per os), extracts, once daily 
for fourteen (14) days and simultaneously with CCl

4
. 

The dosage of CCl
4
 (30%) was administered in liquid 

paraffin to induce toxicity for every seventy (72) hours 
in groups 2,3,4,5 and 6. The rats were fasted overnight 
and killed 48 hours after the last administration of CCl

4
 

. Blood samples were allowed to clot and centrifuged, 
sera obtained were utilized for the estimations of 
Aspartate Transaminase (AST), Alanine Transaminase 
(ALT), Alkaline Phosphatase (ALP), Total Protein (TP), 
Total Cholesterol (TC),  γ-Glutamyl Transferase (γ-GT), 
Albumin (ALB), Direct Bilirubin (DB) and Total Bilirubin 
(TB). A portion of rat liver was perfused using cold 1.15% 
KCl, homogenized and centrifuged at 9000g for 30mins 
to get post mitochondrial supernatant for the analyses of 
enzymatic and non-enzymatic antioxidants. Induction 
of hepatotoxicity and treatment were also done for the 
hexane, ethylacetate and butanol fractions using same 
procedure [16].

Measurement of hepatic function markers
Serum AST and ALT were estimated by Reitman and 
Frankel method [17]. Serum ALP, ALB, TP, TB and 
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Acute oral toxicity of methanol stem bark extract of 
Mimosa pigra
Oral dosing of 5000 mg/kg body weight of stem bark 
extract (methanol) of M. pigra in the rats did not produce 
behavioral signs and symptoms of severe pain or death 
in the treated animals. Behavioural changes such as 
diarrhea, fatigue, salivation, refusal to eat and drink and 
respiratory distress were not observed over a period of 
fourteen days. 

Liver function indices of methanol stem bark extract
Rats administered CCl

4
 and methanol stem bark extract 

of M. pigra have shown significant increases (p<0.05) 
in the levels ALP, ALT, AST, TB and DB, while the level 
of ALB was reduced in the negative control (group 2, 
administered only CCl

4
)   as compared to control group 

(group 1). Rats treated methanol stem bark extract of 
M. pigra significantly (p<0.05) reduced the activities of 
ALP, AST, ALT and the concentration of TB compared 
to group 2. The silymarin cured group also indicated 
reduced elevated levels of TB, ALP, AST, ALT but 
increased ALB was observed in group 3 (Table I).

Antioxidants of methanol stem bark extract
Antioxidant Vitamins and Enzymes of Rats administered 
methanol stem bark extract of M. pigra and CCl

4
 have 

indicated Group 1 to have the highest concentration 
of the antioxidant vitamins followed by group 3 and 
6. Catalase (CAT) levels remained almost the same in 
all the groups but increases in activity of Superoxide 
Dismutase (SOD) were observed in groups 1, 3 and 
6. The Glutathione concentration showed greater 
variations between the groups with Group 1 showing 
highest and group 2 the lowest concentrations (Table II).

Liver function indices of hexane stem bark fraction
ALP and AST showed significant increases in activity 
(p<0.05) in group 2 and 4 but decrease drastically in 
groups 2, 3 and 6 with lower activity of ALT when 

γ-Glutamyl Transferase were determined by standard 
methods [18, 19, 20, 21, 22] respectively. Estimation 
of oxidative stress biomarkers such as catalase [23], 
reduced glutathione [24], superoxide dismutase [25], 
ascorbic acid [26, 27] and vitamin E [27, 28] were done 
according to standard methods.

Qualitative phytochemical screening
The tests for the existence of alkaloids, anthraquinones, 
anthraquinone glycosides, cardiac glycosides, 
flavonoids, glycosides, phenols, saponins, saponin 
glycosides, steroids, tannins, terpenoids and volatile oils 
were conducted employing normal methods [29, 30, 
31, 32]

Antioxidant properties of the most potent fraction 
(butanol)
 Induction of hepatotoxicity was done using same method 
[16]. The livers of the rats were removed and rinsed in 
ice-cold 1.15% potassium chloride, dried, homogenized 
in phosphate buffer PH 7.4 and centrifuged at 9000g for 
30mins to get post mitochondrial supernatant fraction. 
The supernatant was frozen to ice. The microsomes 
were re-suspended in 0.2M Sucrose. The microsomes 
were used for estimations of glucose-6-phosphatase 
[33,34], proteins [35, 36],  aniline hydroxylase [37], 
malondialdehyde[38]  and cholesterol [39]. 

Statistical analysis
All data of this work were analyzed by SPSS version 17, 
one way Analysis of Variance (ANOVA) and the data 
presented as mean ± standard deviation.  P values of 
≤0.05 were regarded as significant. 

RESULTS

Phytochemical screening of the methanol stem bark 
extract and its fractions showed presence of tannins, 
saponins, flavonoids, saponin glycosides and alkaloids. 

Table I: Liver function indices of Rats administered Carbon tetrachloride and Methanol Stem bark extract of Mimosa pigra

Groups ALP (U/L) AST (U/L) ALT (U/L) ALB (g/dL) TB (mg/dL) DB (mg/dL)

1 52.53±2.79 51.58±1.93 14.67±1.09 2.51±0.02 15.83±0.46 5.98±0.83

2 235.25±14.45a 250.59±9.17a 78.72±2.49a 0.11±0.00a 50.38±2.36a 12.62±0.48a

3 74.52±5.93b 70.99±1.38b 27.07±0.93b 2.47±0.18b 17.89±0.31b 6.28±0.17b

4 169.09±6.48abc 179.83±2.83abc 67.00±1.74abc 1.52±0.12abc 37.96±2.29abc 10.76±0.44abc

5 119.99±6.43bc 129.06±4.77bc 39.92±2.06bc 1.99±0.02bc 27.79±1.05bc 8.15±0.26bc

6 86.85±4.30ab 89.49±1.39 ab 31.30±1.68b 2.18±0.03b 19.75±0.12 b 6.58±0.23b

Values are expressed as mean ± standard error of five (5) replicates. a= significantly different vs group 1: p<0.05; b= significantly different vs group 2; c= signifi-
cantly different vs group 3: p<0.05; using analysis of variance (ANOVA), Duncan Bonferroni multiple comparison, Instat Graph Pad Software (San Diego, USA).. 
ALB: Albumin, ALP:Alkaline phosphatase, AST: Aspartate amino transferase, ALT: Alanine amino transferase, TB: Total bilirubin, DB:Direct bilirubin.

	 Group 1; (normal control) liquid paraffin treated group

	 Group 2; (negative control) 30% CCl
4
 in liquid paraffin treated group

	 Group 3; Silymarin  100mg/kg + CCl
4
 treated group

	 Group 4; 80mg/kg body weight of methanol extract + CCl
4

	 Group 5; 160mg/kg body weight of methanol extract + CCl
4

	 Group 6; 240 mg/kg body weight of methanol extract + CCl
4.
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compared to ALP and AST. TB has higher concentration 
in group 1 while ALB and DB showed little increase only 
in group 2 (Table III).

Liver function indices of ethylacetate stem bark fraction
Increased levels (p<0.05) of ALT ALP and AST, T B and 
DB were observed in group 2 treated with only CCl

4
 but 

the levels were suppressed in groups administered stem 
bark extract of the plant and CCl

4
 in a dose - dependent 

fashion. The decreased levels of ALB in group 2 were 
restored in groups 3, 4, 5 and 6 (Table IV).

Liver function indices of butanol fraction of stem bark 
of M. pigra 
Increased levels (p<0.05) of ALT ALP and AST, TB and 
DB were seen in group 2 treated with only CCl

4
 but the 

levels were depressed in groups treated simultaneously 
with stem bark extract of the plant and CCl

4
 in a dose 

dependent mode. The decreased levels of ALB in group 
2 were restored in groups 3, 4, 5 and 6. The butanol 

Table II: Antioxidant Vitamins and Enzymes of Rats administered Methanol Stem bark Extract of Mimosa pigra

Groups Vit A (IU) Vit C (mg/dL) Vit E (mg/dL) GSH (mg/dL) SOD (U/mg tissue)   Cat (U/mg tissue)

1 83.32±5.72 81.44±3.62 62.83±1.94 160.62±2.10 27.26±1.99 11.32±0.21

2 32.51±1.32a 25.99±1.28a 15.99±2.65a 82.02±1.84a 3.48±0.29a 0.60±0.13a

3 71.72±0.82b 69.26±0.78b 57.48±1.80b 144.72±1.69b 28.60±1.91b 10.64±0.14b

4 46.22±136abc 44.08±1.49abc 27.86±0.53abc 106.20±2.38abc 5.24±0.35abc 4.00±0.25abc

5 54.97±1.54bc 52.28±0.71bc 34.51±1.07bc 144.08±13.11b 12.38±0.88bc 6.56±0.21bc

6 66.65±2.08ab 67.60±1.03b 47.48±1.22ab 138.27±0.89b 19.50±0.29ab 8.58±1.14b

Values are expressed as mean ± standard error of five (5) replicates. a= significantly different vs group 1: p<0.05; b= significantly different vs group 2 ;c = 
significantly different vs group 3: p<0.05; using analysis of variance (ANOVA), Duncan Bonferroni multiple comparison, Instat Graph Pad Software (San 
Diego, USA). Vit A: Vitamin A, VitC: Vitamin C, VitE: Vitamin E, CAT: Catalase, GSH: Reduced glutathione, SOD: Superoxide dismutase.

	 Group 1; (normal control) liquid paraffin treated group

	 Group 2; (negative control) 30% CCl
4
 in liquid paraffin treated group

	 Group 3; Silymarin 100mg/kg + CCl
4
 treated group

	 Group 4; 80mg/kg body weight of methanol extract +  CCl
4
 

	 Group 5;160mg/kg body weight of methanol extract+  CCl
4
 

	 Group 6; 240 mg/kg body weight of methanol extract + CCl
4
 

Table III: Liver function indices of Rats administered Carbon tetrachloride and Hexane fraction of Stem bark of Mimosa pigra

Groups  ALP(U/L) AST(U/L) ALT(U/L) ALB (g/dL) TB (mg/dL) DB (mg/dL)

1 79.2±1.34 136.3±1.46 25.3±1.86 4.8±0.34 15.8±0.84 2.38±0.15

2 207.6±1.97a 238.1±2.12a 104.5±5.15a 1.0±0.03a 49.7±2.52a 13.5±1.13a

3 79.1±5.90b 148.9±3.11b 28.0±2.36b 4.1±0.01b 18.6±1.33b 2.4±0.09b

4 202.1±1.28a 222.4±2.91abc 80.6±5.05abc 2.6±0.16abc 35.7±1.64abc 7.5±0.27abc

5 138.7±1.69bc 189.9±2.54bc 58.2±3.42bc 3.5±0.10b 30.3±2.73bc 5.3±0.35bc

6 92.9±5.41abc 154.5±1.98b 47.7±2.68abc 4.0±0.03b 23.3±0.87ab 3.3±0.20ab

Values are expressed as mean ± standard error of five (5) replicates. a= significantly different vs group 1: p<0.05; b= significantly different vs group 2; c= 
significantly different vs group 3: p<0.05; using analysis of variance (ANOVA), Duncan Bonferroni multiple comparison, Instat Graph Pad Software (San 
Diego, USA).. ALB: Albumin, ALP:Alkaline phosphatase, AST: Aspartate amino transferase, ALT: Alanine amino transferase, TB: Total bilirubin, DB:Direct 
bilirubin.

	 Group 1; (normal control) liquid paraffin treated group, 

	 Group 2; (negative control) 30% CCl
4
 in liquid paraffin treated group

	 Group 3; Silymarin 100mg/kg + CCl
4
 treated group

	 Group 4; 80mg/kg body weight of hexane fraction +  CCl
4
 

	 Group 5; 160mg/kg body weight of hexane fraction +  CCl
4
 

	 Group 6; 240 mg/kg body weight of hexane fraction +  CCl
4
 

fraction of the plant has demonstrated to be the most 
active fraction as indicated from the results (Table V). 

Liver function indices of last aqueous fraction of stem 
bark of M. pigra
Significantly (p<0.05) increased levels of activities of 
ALT, ALP and AST, levels of TB and DB  were observed 
in group 2 treated with only CCl

4
 but the levels were 

decreased in groups simultaneously administered stem 
bark extract of the plant and CCl

4
 in a dose-dependent 

fashion. The decreased levels of ALB in group 2 were 
reduced in groups 3, 4, 5 and 6 but not as in hexane, 
ethylacetate and butanol fractions. The last remaining 
aqueous fraction of the plant demonstrated to be the 
lowest active fraction as indicated from the results 
(Table VI). 

Antioxidant properties of the most potent fraction 
(butanol)
Marked significant increases (p<0.05) in levels of 
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body weight. The stem bark extract of the plant may be 
relatively safe. This finding is similar to the report that 
no death was recorded in rats administered 5000 mg/kg 
dose of Mimosa pudica (44), a relative of M. pigra.

CCl
4
 -induced hepatic damage is used as a model for 

hepato-protective study of drugs, medicinal plants 
and their phytochemicals [45]. CCl

4
 is converted to 

trichloromethyl radical (CCl
3
) by cytochrome P-450 

enzyme. CCl
3
 reacts with molecular oxygen to form 

reactive trichloromethyl peroxy radical [46]. The poly 
unsaturated fatty acids of membranes are vulnerable to 
oxidative attack causing membrane lesions and loss of 
cellular homeostasis [47]. Peroxy radicals form covalent 
bonds with Glutathione causing its depletion and lipid 
peroxidation. Formation of hydroperoxides is one of the 
main causes of hepatotoxicity of CCl

4
. This is supported 

by a rise (p<0.05) in the levels of ALT, AST, ALP, TB 
and DB compared to control rats.  Rats administered 
Silymarin, methanol stem bark of M. pigra and CCl

4
 in 

a dose - dependent manner had significantly (p<0.05) 
reduced the levels of ALP, AST, ALT and TB. 

malondialdehyde and cholesterol were observed in 
group 2 but decreased levels of glucose 6-phosphatase, 
aniline hydroxylase and TP were observed as compared 
to control group (group 1). However, they were restored 
in groups 3, 4, 5 and 6 when compared to groups 1 and 
2 (Table VII).

DISCUSSION

Phytocompounds are found in plants and account for their 
pharmacological activities [40]. In this study, methanol 
extract and its fractions showed presence of glycosides 
(0.28%), steroids (0.23%) tannins (0.001%), saponins 
(1.73%), flavonoids (1.53%) and alkaloids (3.06%). 
Alkaloids and other phytocompounds, also detected 
in the extracts of the present work, were reported to 
have antibacterial, hepato-protective and anti-diabetic 
properties [41, 42]. Flavonoids also detected in the 
extract of M. pigra, were known to combat free radical-
induced oxidative stress [43]. The LD

50
 (5000mg/kg) of 

methanol extract of M. pigra did not produce any signs 
of toxicity or mortality within 48 hours and 14 days 
observation periods. Hence, the LD

50
 is ≥ 5000mg/kg 

Table IV: Liver function indices of Rats administered Carbon tetrachloride and Ethyl acetate fraction of Stem bark of Mimosa pigra

Groups ALP(U/L) AST(U/L) ALT(U/L) ALB (g/dL) TB (mg/dL) DB (mg/dL)

1 128.1±2.78 108.3±1.71 12.7±0.82 4.0±0.06 15.5±1.51 3.0±0.24

2 290.1±1.48a 254.3±2.17a 82.2±2.42a 1.0±0.01a 59.7±3.58a 16.7±0.81a

3 127.2±1.82b 111.30±2.14b 15.2±1.42b 1.3±0.01a 20.4±0.68b 3.9±0.05b

4 254.8±3.19abc 230.4±2.41abc 70.3±2.02abc 1.9±0.03b 46.7±1.55abc 12.3±0.46abc

5 192.2±1.69bc 156.1±3.07bc 46.4±1.56bc 1.9±0.13b 32.3±1.43bc 6.8±0.35bc

6 152.1±0.85ab 114.3±2.84b 24.5±2.20ab 3.1±0.05ab 20.4±0.77b 3.3±0.17b

Values are expressed as mean ± standard error of five (5) replicates. a= significantly different vs group 1: p<0.05; b= significantly different vs group 2; c= signifi-
cantly different vs group 3: p<0.05; using analysis of variance (ANOVA), Duncan Bonferroni multiple comparison, Instat Graph Pad Software (San Diego, USA). 
ALB: Albumin, ALP: Alkaline phosphatase, AST: Aspartate amino transferase, ALT: Alanine amino transferase, TB: Total DB: Direct bilirubin

             Group 1; (normal control) liquid paraffin treated group

             Group 2; (negative control) 30%  CCl
4
  in liquid paraffin treated group

             Group 3; Silymarin100mg/kg + CCl
4
 treated group

             Group 4; 80mg/kg body weight of ethyl acetate fraction +   CCl
4
 

             Group 5; 160mg/kg body weight of ethyl acetate fraction +  CCl
4
 

             Group 6; 240 mg/kg body weight of ethyl acetate fraction +  CCl
4
 

Table V: Liver function Indices of Rats administered Carbon tetrachloride and Butanol fraction of Stem bark of Mimosa pigra

Groups ALP(U/L) AST(U/L) ALT(U/L) ALB (g/dL) TB (mg/dL) DB (mg/dL)

1 103.8±1.51 64.2±1.72 34.5±1.71 2.6±0.14 25.1±1.94 5.9±0.23

2 322.0±7.50a 239.1±3.45a 83.1±3.54a 0.1±0.001a 71.3±3.87a 17.9±0.51a

3 122.3±2.95b 81.6±2.41b 43.8±1.69b 2.2±0.01b 34.7±1.97b 7.2±0.42b

4 301.5±8.53abc 202.5±5.11abc 71.3±1.91abc 0.5±0.05abc 62.8±2.67abc 14.7±0.93abc

5 266.2±3.80bc 149.7±2.44bc 59.3±2.94bc 1.2±0.09bc 54.0±4.74bc 12.6±0.69bc

6 131.5±1.48ab 92.0±3.96ab 45.9±1.89b 2.0±0.14b 32.3±2.53b 7.9±0.75b

Values are expressed as mean ± standard error of five (5) replicates. a= significantly different vs group 1: p<0.05; b= significantly different vs group 2; c= signifi-
cantly different vs group 3: p<0.05; using analysis of variance (ANOVA), Duncan Bonferroni multiple comparison, Instat Graph Pad Software (San Diego, USA).. 
ALB: Albumin, ALP: Alkaline phosphatase, AST: Aspartate amino transferase, ALT: Alanine amino transferase, TB: Total bilirubin, DB: Direct bilirubin.

	 Group 1; (normal control) liquid paraffin treated group, 

	 Group 2; (negative control) 30%  CCl
4
  in liquid paraffin treated group

	 Group 3; Silymarin 100mg/kg +  CCl
4
  treated group

	 Group 4; 80mg/kg body weight of butanol fraction +  CCl
4
 

	 Group 5; 160mg/kg body weight of butanol fraction+  CCl
4
 

	 Group 6; 240 mg/kg body weight of butanol fraction +  CCl
4
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Inhibitions of the generation of free radicals are 
necessary for protection against CCl

4
 hepatotoxicity [48]. 

The body system has an effective defense mechanism 
that neutralizes free radical-induced damage. This is 
accomplished by antioxidant enzymes such as CAT, 
SOD and Glutathione Peroxidase as a defense [49]. 
In CCl

4
 -induced hepatotoxicity, the balance between 

reactive oxygen species production and antioxidant 
defenses may be lost hence leading to oxidative stress. 
This stress affects cellular functions leading to hepatic 
necrosis.
	
The quest to unravel the mechanism of action on the 
most active fraction (butanol) relies on probing the 
antioxidant activities. In this study,  significant decreases 
(p<0.05) in the levels of vitamins A, C, and E, Reduced 
Glutathione, Superoxide Dismutase and Catalase 
in  group administered CCl

4
  only were observed as 

compared to control rats. Nevertheless, groups of rats 
treated stem bark extract (methanol) of M. pigra and 
silymarin with CCl

4
 had significantly (p<0.05) increased 

levels of vitamins, Superoxide Dismutase, Catalase and 

reduced Glutathione. This is similar with the reported 
severe oxidative stress and massive production of reactive 
oxygen species, leading to depletion of Glutathione, 
vitamins C and E [50]. The hepatoprotective activity of 
M. pigra may be due to molecular mechanisms such as 
inhibitions of free radicals and reactive oxygen species, 
reduction of inflammation and increased production 
of growth factors that are important for replacement of 
damaged liver cells.

Observed increases in levels of antioxidants and 
vitamins by the butanol fraction, clearly demonstrate 
that M. pigra has antioxidant activities. 

CONCLUSION

The results have indicated that administration of butanol 
fraction of M. pigra simultaneously with CCl

4
 to be 

the most potent hepatoprotective fraction of the plant 
comparable to silymarin followed by ethyl acetate. 
The results suggest that the action of butanol fraction 
of M. pigra stem bark may be modulated via natural 

Table VI: Liver function indices of Rats administered Carbon tetrachloride and Last remaining aqueous fraction of Stem bark of Mimosa pigra

Groups ALP(U/L) AST(U/L) ALT(U/L) ALB (g/dL) TB (mg/dL) DB (mg/dL)

1 118.1±1.89 58.9±1.13 61.8±2.82 3.8±0.14 12.1±1.25 3.5±0.34

2 317.3±1.75a 222.3±3.06a 155.3±1.45a 1.1±0.02a 45.4±1.39a 11.3±0.70a

3 121.7±1.96b 74.4±1.53b 79.7±2.88b 3.2±0.08b 11.8±0.73b 4.5±0.23b

4 257.3±2.56abc 189.5±3.04abc 126.9±2.18abc 1.4±0.07a 35.9±1.97c 9.9±0.37c

5 180.9±2.55bc 144.9±1.65bc 98.9±0.65bc 1.7±0.16a 25.9±1.68d 8.3±0.30c

6 125.9±2.28b 100.9±1.44ab 70.3±2.97b 2.8±0.15b 16.0±1.11b 4.8±0.30
b

Values are expressed as mean ± standard error of five (5) replicates. a= significantly different vs group 1: p<0.05; b= significantly different vs group 2; c= significantly 
different vs group 3: p<0.05; using analysis of variance (ANOVA), Duncan Bonferroni multiple comparison, Instat Graph Pad Software (San Diego, USA). ALB: Albu-
min, ALP: Alkaline phosphatase, AST: Aspartate amino transferase, ALT: Alanine amino transferase, TB: Total bilirubin, DB: Direct bilirubin,

	 Group 1; (normal control) liquid paraffin treated group,

	 Group 2; (negative control) 30% CCl
4
 in liquid paraffin treated group,

	 Group 3; Silymarin 100mg/kg + CCl
4
 treated group, 

	 Group 4; 80mg/kg body weight of the last remaining aqueous fraction + CCl
4

	 Group 5; 160mg/kg body weight of the last remaining aqueous fraction + CCl
4

	 Group 6; 240 mg/kg body weight of the last remaining aqueous fraction + CCl
4

Table VII:  Effects of Saturated butanol extract of stem bark of Mimosa pigra on the activities of microsomal Malondialdehyde, Aniline 
hydroxylase, Total Protein and Cholesterol in CCl4 treated rats.

Groups Malondialdehyde

(nmol/mg protein)       

Glu-6-Phosphatase

 (U/mg protein)

Aniline Hydroxylase

(U/mg protein)

Cholesterol

(µg/mg protein)

Total Protein

(mg/g liver)

1                                                                                 69.51±0.95 9.86±3.65 3.91±0.05 2.99±0.06 4.51±0.45

2 126±5.15a 1.55±0.23a 0.99±0.25a 7.65±0.20a 1.01±0.33a

3 76.98±1.62b 8.36±1.25b 3.53±1.46b 3.11±0.80b 3.91±0.03b

4 100.01±2.81abc 3.92±1.25abc 1.23±0.93abc 5.81±0.32ab 1.90±0.72ab

5

6

86.28±0.93bc

76.59±1.80 bc

5.11±1.01c

7.98±0.93bc

2.01±1.01ab

2.95±0.86c

4.11±0.41abc

3.73±0.40ab

2.72±0.11abc

3.33±0.52ab

Values are expressed as mean ± standard error of five (5) replicates. a= significantly different vs group 1: p<0.05; b= significantly different vs group 2; c= significantly 
different vs group 3: p<0.05; using analysis of variance (ANOVA), Duncan Bonferroni multiple comparison, Instat Graph Pad Software (San Diego, USA).

	 Group 1; (normal control) liquid paraffin treated group

	 Group 2; (negative control) 30% CCl
4
 in liquid paraffin treated group

	 Group 3; Silymarin 100mg/kg + CCl
4
 treated group

	 Group 4; 80mg/kg body weight of butanol fraction + CCl
4

	 Group 5; 160mg/kg body weight of butanol fraction + CCl
4

	 Group 6; 240 mg/kg body weight of butanol fraction + CCl
4
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antioxidant, hepatoprotective and detoxifying enzymes 
due to the biological activity of the compounds in the 
plant.
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