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ABSTRACT 
 

Aim: To evaluate the effect of methanol extract of Solanum melongena on carbon tetrachloride- 
induced liver damage in albino rats.  
Methodology: The qualitative and quantitative phytochemicals screening of the plant extract were 
done using standard method. Liver function test such as alanine aminotransferase (ALT), aspartate 
aminotransferase (AST) and Alkaline phosphatase (ALP) were determined in the serum of the rats 
at the end of the experiment. Likewise, the level of malondialdehyde (MDA) and the liver 
antioxidant enzymes such as superoxide dismutase (SOD) and Catalase were also determined.  
Results: Phytochemical screening revealed the presence of bioactive compounds such as tannins 
(0.005±0.00 mg/g), saponins (0.64±0.03 mg/g), flavonoids (0.36±0.01mg/g) and alkaloids 
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(0.036±0.00 mg/g). The activities of ALT, AST and ALP significantly increased (p>0.05) in CCl4 
induced groups when compared to all treated groups. The administration of methanol extract of 
Solanum melongena at 500 mg/kg body weight (bw) and 1500 mg/kgbw decreased (p<0.05) the 
activity of ALT in the treated groups. The activity of SOD and CAT in the CCl4- induced group was 
decreased and this was significantly increased on treatment with the extracts at 500 mg/kg and 
1500 mg/kgbw. However, methanolic extract of Solanum melongena at 1500 mg/kgbw showed a 
more significant increase in the activity of these enzymes. Also, increase in the level of MDA in 
CCl4 treated group was observed when compared with the normal group and this was decreased 
(p<0.05) on administration with methanol extract of Solanum melongena at 500 mg/kg and 1500 
mg/kgbw.  
Conclusions: It can be concluded that methanol extract of S. melongena possess important 
phytoconstituents and hepatoprotective activity. Thus, the extract possess potent therapeutic agent 
for the management of liver damage.  
 

 
Keywords: Liver enzymes; Solanum melongena; hepatotoxic; phytochemical; liver damage. 
 
1. INTRODUCTION 
 
The liver is a vital organ which assumes an 
essential position in the body [1]. It plays a vital 
role in xenobiotics metabolism and responsible 
for protection of human body against adverse 
effects of drugs, chemicals toxin, bacteria, virus 
and parasite. While carrying out the 
aforementioned activities, the liver itself is under 
threat and obviously needs protection. If any 
damage occurred to the liver, it results into many 
disorders ranging from transient elevation in liver 
enzymes to life threatening cirrhosis and hepatic 
failure [2]. So far, no effective measures are 
available for the treatment of liver diseases. The 
different medical, surgical and therapeutic 
methods available for the treatment of liver 
diseases are inadequate with generally poor 
result. Also, some of the drugs may themselves 
cause liver damage, for example, several 
compounds such as paracetamol, carbon 
tetrachloride (CCl4), bromobenzene, ethanol and 
polycyclic aromatic hydrocarbon have been 
implicated in the aetiology of liver injury [3]. 
Hence, these chemicals have been widely 
employed in hepatotoxicity studies. It is therefore 
essential to search for alternative drugs for the 
treatment of liver disease to replace the existing 
drugs of doubtful efficacy and safety. 
 
Plants are important sources of potentially useful 
compounds for the development of new 
chemotherapeutic agent [4]. There is a growing 
interest in natural antioxidants of plants origins in 
recent years. Several studies have indicated that 
medicinal plants contain a wide variety of natural 
antioxidant such as phenolic acids, flavonoids 
and tannins which possess antioxidant activity 
[5]. An example of medicinal plant with 

hepatoprotective activity is Solanum melongena 
as it has been proven from this study. 
 
Solanum melongena belongs to the family 
solanaceae, a vegetable crop widely cultivated in 
many tropical, Asian, and some European 
countries [6]; it is popularly known as eggplant in 
English. It is known as Aubergine (UK) [7]. 
Melanzana, Garden egg, Brinjal (India). In 
Nigeria, it is traditionally called “Gauta” (Hausa) 
“Afufu” or “Anara” (Igbo) and Igba (Yoruba). The 
name eggplant derived from the shape of the fruit 
which are similar to chicken’s egg, the colour, 
size shape of the fruit vary significantly with the 
type of eggplant cultivar [8]. 
  
The Eggplant is widely used in traditional 
medicines, with various parts of the plant used in 
decoction as powder or ash for curing ailment 
such as diabetes, cholera, chronchitis, dysuria, 
dysentery, otitis, toothache, skin infection, 
haemorrhoid and asthma [9,10]. It has also been 
reported that this plant has various 
pharmacologic properties including anti-
hypelipidemic [11] and analgesic properties [12], 
Solanum melongena has also been shown to 
suppress the development of blood vessels 
required for tumor growth and metastasis [13]. 
Nasunin isolated from the skin of purple eggplant 
is one phenolic compound implicated in both 
inhibitions of hydroxyl radical generation and 
super oxide scavenging activities [14]. 
  
Studies have shown that S. melogena possess 
important phytochemicals such as phenolics and 
flavonoids that provide definite physiological 
effect, against tumour [13], inflammation [15] and 
oxidative stress [16]. However, to the best of our 
knowledge scientific information are lacking on 
the hepatoprotective potentials of this plant using 
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a carbon tetrachloride  induced hepatotoxic rats, 
hence the reason for this study. 
 
2. MATERIALS AND METHODS 
  
2.1 Sample Extraction 
 
Ripe fruits of Solanum melongena were 
purchased in June 2013 from Kure market, 
Minna, Niger State, Nigeria and were 
authenticated at the National Institute of 
Pharmaceutical Research and Development 
(NIPRD) Herbarium, Idu-Abuja. The Solanum 
melongena fruits were rinsed in clean water, cut 
into pieces and air dried at room temperature. 
The dried fruit were grounded into powder and 
stored at room temperature in air tight container 
prior to use. The powdered sample of Solanum 
melongena (100 g) was extracted with methanol 
(400 ml) for 2 hours at 64°C and the mixture was 
filtered using muslin cloth after which the filtrate 
was concentrated in water bath. Studies were 
carried out in the department of Biochemistry of 
Federal University of Technology Minna, Niger 
state. 
 

2.2 Methods 
 
2.2.1 Quantative phytochemical test 
  
2.2.1.1 Estimation of alkaloids 
  
Methanol extract (0.5 g) was dissolved in 96% 
ethanol and 20% H2SO4 (1:1) mixture. 1 ml of the 
filtrate was added to 5 ml of 60% 
tetraoxosulphate (VI) acid and allowed to stand 
for 5 minutes. Then, 5 ml of 0.5% formaldehyde 
was added and allowed to stand for 3 hours. The 
reading was taken at absorbance of 565 nm [17]. 
  
2.2.1.2 Total flavonoids determination 
 

Aluminium chloride colorimetric method was 
used for flavonoids determination [18]. Each 
plant extracts (0.5 ml) was separately mixed with 
1.5 ml of methanol, 0.1 ml of 10% aluminium 
chloride, 0.1 ml of 1 M sodium acetate and 2.8 ml 
of distilled water. lt remained at room 
temperature for 30 min, the absorbance of the 
reaction mixture was measured at 415 nm with a 
double beam spectrophotometer (USA). The 
calibration curve was prepared by preparing 
quercetin solutions at concentrations 12.5 to 100 
mg ml-l in methanol [17]. 
 

2.2.1.3 Estimation of saponins 
 
Methanol extract (0.5 g) was added to 20 ml of 1 
N HCl and boiled for 4 hours. After cooling, it was 

filtered and 50 ml of petroleum ether was added 
to the filtrate for ether layer and evaporated to 
dryness. Five millilitres (5 ml) of acetone ethanol 
was added to the residue. 0.4 ml of each was 
taken into 3 different test tubes. Six millilitres (6 
ml) of ferrous sulphate reagent was added into 
them followed by 2 ml of concentrated H2SO4 
which was thoroughly mixed after 10 minutes 
and the absorbance was taken at 490 nm [18]. 
 
2.2.1.4 Tannin determination 
  
Methanol extract (0.5 g) was weighed into a 50 
ml of distilled water and shaken for 1 hour using 
a mechanical shaker, it was then filtered into a 
50 ml volumetric flask and made up to the mark. 
Five millilitre of the filtrate was the pipetted into 
another test tube and mixed with 2 ml of 0.1 M 
FeCl3 in 0.1 M HCl solution and 0.008M 
potassium ferrocyanide. The absorbance was 
then taken at 395 nm [19]. 
 
2.2.2 Phytochemical analysis (qualitative) 
 
All the qualitative phytochemical analysis were 
done as reported by [17]. 
 
2.2.2.1 Alkaloids 
 
Methanol extract (2 ml) were mixed with 10 ml of 
dilute HCl and then filtered. The filtrate was 
treated with Mayer’s regent and dragendorff’s 
reagent respectively, the test was observed for 
colour changes. 
   
2.2.2.2 Tannin 
  
Methanol extract (0.25 g) was diluted with 10 ml 
of distilled water, few drops of ferric chloride was 
added to the mixture for the formation of blue-
black precipitate. 
  
2.2.2.3 Steroid 
  
Methanol extract (0.2 g) was added to minimum 
quantity of chloroform and then 3-4 drops of 
acetic anhydride and 3 drops of concentrated 
sulphuric acid were added and observed for 
redish brown colour formation. 
  
2.2.2.4 Saponin 
  
Methanol extract (0.2 g) was added to 10 ml of 
water and was well shaken. It was observed for 
presence of a froth which does not break readily 
upon standing. 
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2.2.2.5 Phenol 
  
Methanol extract (2 ml) was added to alcohol and 
then few drops of neutral ferric chlonde solution 
was added and observed for deep bluish green 
solution. 
 
2.2.2.6 Flavonoids 
 
Methanol extract (0.2 g) were added to dilute 
sodium hydroxide. Then few drops of 
concentrated H2SO4 acid was added and boiled 
and the result was observed for a yellow 
coloration. 
 
2.2.2.7 Anthraquinone 
 
Methanol extract (2 ml) was mixed with 2 ml of 
chloroform and 10% ammonium solution. The 
result was observed for the formation of brick red 
precipitate. 
  
2.2.2.8 Glycoside 
  
Methanol extract (0.5 g) was mixed with 2 ml of 
glacial acetate and 1 drop of ferric chloride 
solution and 1 ml of concentrated sulphuric acid 
were added. The reaction was observed for a 
brown ring formation. 
 
2.2.2.9 Phlobatannins 
  
Methanol extract (0.2 g) was boiled with 5 ml of 
1%HCl. The reaction was observed for the 
formation of red precipitate. 
 
2.3 Hepatoprotective Activity  
 
The hepatoprotective activity was studied using a 
modification of CCl4 induced hepatic damage 
model. Animals were divided into five groups of 5 
rats each. Group I served as control and 
received 2 ml/kgbw of liquid paraffin, group II, 
group III, group IV and group V received 2 
ml/kgbw of CCl4 in liquid paraffin 1:1 ratio (ip) on 
the 9th day and group II animals were maintained 
as CCl4 groups. Group III and IV were treated 
with methanol extract of S. melongena  at 500 
and 1500 mg/kg respectively for 9 days (P.O) 
and group V was treated with standard drug 
vitamin E at 100 mg/kg for the same 9 days. 
 
2.4 Blood Collection and Biochemical 

Analysis 
 
Collection of blood samples was done according 
to the method described previously by Yakubu in 

[20]. Rats were anaesthetized in slight 
chloroform and blood samples collected into a 
clean, dry centrifuge tubes. The blood samples 
were allowed to stand for 10 minutes at room 
temperature and then centrifuged at 3000rpm for 
10 minutes. The liver were excised, weighed and 
transferred into 0.25 M sucrose solution. One 
gram of the liver was homogenized in 4 ml of ice 
cold 0.25 M sucrose solution using ceramic 
mortar and pestle. Then transferred into clean 
centrifuge tube and centrifuged at 4000 rpm for 
10 minute and the supernatant were also stored 
in the fridge. 
  
2.5 Superoxide Dismutase  
 
Superoxide dismutase (SOD) activity was 
assessed using a Xanthine oxidase system to 
generate superoxide radicals (O2-) as described 
by [21]. Ten dilution of the tissue was prepared 
and 0.1ml of the diluted serum was added to 
1.25 ml of 0.05 M phosphate buffer PH 7.8 to 
equilibrate the spectrophotometer. The reaction 
started by the addition of 0.15 ml of freshly 
prepared 0.3 M adrenaline to the mixture which 
was quickly mixed by inversion. The reference 
cuvette contained 1.25 ml of phosphate buffer 
0.15 ml of adrenaline and 0.1 ml of distil water.  
The absorbance was then taken every 30 
seconds. 
 
Calculation: 
 

Increase in absorbance per minute = 
�� – ��

�.�
 

 
Where  

 
Ao = Absorbance after 30 s 
A3 = Absorbance after 150 s 
 
SOD = A/min x VT 

 
Where: 
 

A = Change in absorbance,  
VT=Total Volume,  
Vs = Sample Volume. 

 
2.6 Catalase Activity Determination 
         
Catalase activity was determined according to 
[22]. It was assayed colorimetrically at 620 mm 
and expressed as µmoles of H2O2 
consumed/min/mg protein at 25°C. The reaction 
mixture (1.5 ml contained 1.0 ml of 0.01 M 
phosphate buffer (pH 7.0), 0.1 ml of tissue 
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homogenate and 0.4 ml of 2 M H2O2. The 
reaction was stopped by the addition of 2.0 ml of 
dichromate-acetic acid reagent (5% potassium 
dichromate and glacial acetic acid were mixed in 
1:3 ratio). 
  

CAT = A/min x VT 
A   = Change in absorbance  
VT    = Total volume  
Vs    = Sample volume 

 
2.7 Lipid Peroxidation 
 
Malondialdehyde (MDA) an index of lipid 
peroxidation was determined using the method of 
of (23). The supernatant was added to 2 ml              
of (1:1:1 ratio) TCA-TBA, HCI reagent 
(thiobarbituric acid 0.37%, 0.24 N HCI and 15% 
TCA) tricarboxylic acid- thiobarbituric acid-
hydrochloric acid reagent boiled at 100°C for 15 
min, and allowed to cool. Flocculent materials 
were removed by centrifuging at 3000 rpm for 10 
min. The supernatant was removed and the 
absorbance read at 532 nm against a blank. 
MDA was calculated using the molar extinction 
coefficient for MDATBA – complex of 1.56 x 105 
M-1 CM-1. 
 

MDA = A x VT. 
 
2.8 Total Protein 
 
Total protein was determined using the Biuret 
method as described by [23]. Protein standards 
and the sample were prepared with saline 
solution (8.5 g/L).  Three millilitre (3 ml) of Biuret 
reagent was added to each standard and 
samples. The solution was mixed well and 
incubated at room temperature. 
 
3. RESULTS AND DISCUSSION 
 
This study revealed the presence of various 
important medicinal phytochemical including 
terpenes, saponins, alkaloids, steroids, 
flavonoids, phenols and anthraquinones in the 
methanolic fruit extract of Solanum melongena. 
Although, this finding is in agreement with the 
finding of Anushree [8] who worked on qualitative 
phytochemical screening of Solanum melongena 
but glycoside was not present in his finding. 
 
Quantitative screening revealed that Saponins           
is the most abundant (0.32±0.03 mg/g) 
phytoconstituents of the extract. This value is 
lower than the value (11.63±0.29 mg/g) reported 

for Solanum melongena by Agoreyo [24]. 
Saponins are used as adjuvant in the production 
of vaccines. They are known for their 
antihypentension potential and it accounts for the 
use of vegetable in meals by those that are 
recovering from stroke and other heart diseases 
[25]. Saponins and tannins also exhibit cytotoxic 
effects and growth inhibition making them 
suitable as tumour inhibiting agents [26]. The 
next abundant phytochemical in this plant was 
found to be flavonoids (0.18±0.11 mg/g). 
Flavonoids are strong antioxidant and are active 
in reducing high blood pressure [27]. It also 
possesses anti–carcinogenic, anti-mutagenic 
effect [28] and anti- inflammatory properties [29]. 
 
Table 1. Qualitative phytochemical screening 

of Solanum melongena 
 
Phytochemical Inference  
Phlobatanins _  
Saponins +  
Glycosides +  
Alkaloids +  
Steroids +  
Flavonoids +  
Phenols 
Anthraquinones 

+ 
+ 

Note: + = presence, - =absence 
 

Table 2. Quantitative phytochemical 
screening of Solanum melongena  

 
Phytochemicals Composition (mg/g)  
Tannins 0.005±0.05 
Saponins 0.64±0.03 
Alkaloids 0.036±0.00 
Flavonoids 0.36±0.01 
Values are expressed as mean of triplicate ± SEM 

 
Tannins have also shown to be a potential 
antiviral, antibacterial and antiparasitic agent due 
to their ability to react with protein to form stable 
water- soluble compound there by killing the 
microorganism by directly damaging it cell 
membrane [30]. Alkaloids have pharmacological 
effect and are used as local anaesthetic, 
stimulant cocaine and caffeine nicotine. The 
analgesic morphine, the antibacterial berberine 
and antimalarial drugs are all alkaloids [31]. 
Some bitter alkaloids in plant are metabolized in 
the liver into dimethyl xanthine and finally methyl 
uric acid by CytP450 oxygenase system [32]. 
Methyl uric acid in the liver stimulate the 
expression of tumour necrosis factors which 
modulate the immune system [32]. 
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Steroids according to [33] are used in growth and 
bone marrow stimulation and play a vital role in 
prevention of bone loss in elderly man [33]. 
Anthraquinones also have wide application as 
immunosuppressive, immune stimulant, anti-
ulcer and antioxidant [34]. 
 
Phenolics are known for their antihyperglycemic 
properties [35]. Phenolic also possess antiviral 

[30], antibacterial [36] and antiparasitic effect 
[37]. 
 

The presence of all this phytochemcials in the 
fruits of Solanum melongena  is an indication that 
this plant if properly screened could yield a drug 
of pharmacological significance. However, the 
absence of anthranoid, emodol and phlobatannin 
correspond with the fact that different part of the

 

 
 

Fig. 1. Specific activity of aspartate transaminase in hepatotoxic rat treated with methanolic 
extract of Solanum melongena 

Key; A: Normal, B: Normal +CCl4, C: CCl4 + Vitamin E, D: CCl4 +500 mg/kgbw S. melogena,  
D: CCl4 +1500 mg/kgbw S. Melogena. 
Values are expressed as Mean ±SEM 

 

 
 

Fig. 2. Specific activity of alanine transaminase in hepatotoxic rats treated with methanolic 
extract of Solanum melongena  

Key; A: Normal, B: Normal +CCl4, C:CCl4 + Vitamin E, D: CCl4 +500 mg/kgbw S. melogena,  
D: CCl4 +1500 mg/kgbw S. Melogena. 
Values are expressed as Mean ±SEM 
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Fig. 3. Specific activity of alkaline phosphatase in hepatotoxic rat treated with methanolic 
extract of Solanum melongena 

Key; A: Normal, B: Normal +CCl4, C:CCl4 + Vitamin E, D: CCl4 +500 mg/kgbw S. melogena,  
D: CCl4 +1500 mg/kgbw S. Melogena. 
Values are expressed as Mean ±SEM 

 

 
 

Fig. 4. Superoxide dismutase activity of hepatotoxic rat treated with methanolic extract of 
Solanum melongena  

Key; A: Normal, B: Normal +CCl4, C:CCl4 + Vitamin E, D: CCl4 +500 mg/kgbw S. melogena,  
D: CCl4 +1500 mg/kgbw S. Melogena. 
Values are expressed as Mean ±SEM 

 
plant have different ingredient profile and 
different extraction procedure and solvent used 
may yield different active component [38]. 
 

The activities of medicinal ingredient in this plant 
were further confirmed by hepatoprotective study 

in CCl4 induced hepatotoxic rats. The liver is one 
of the most important organs in our body that is 
responsible for detoxification of toxic drugs and 
chemicals. Thus, it is the target organs for all 
toxic chemicals [39].  
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Fig. 5. Liver catalase activity in hepatotoxic rat treated with methanolic extract of  
Solanum melongena  

Key; A: Normal, B: Normal +CCl4, C:CCl4 + Vitamin E, D: CCl4 +500 mg/kgbw S. melogena,  
D: CCl4 +1500 mg/kgbw S. Melogena. 
Values are expressed as Mean ±SEM 

 

 
 

Fig. 6. Level of MDA in hepatotoxic rats treated with methanolic extract of  
Solanum melongena 

Key; A: Normal, B: Normal +CCl4, C:CCl4 + Vitamin E, D: CCl4 +500 mg/kgbw S. melogena,  
D: CCl4 +1500 mg/kgbw S. Melogena. 
Values are expressed as Mean ±SEM 

  
In the evaluation of hepatic damage, 
determination of level of AST, ALT, ALP, is 
largely applied [40]. In this study, oral 
administration of CCl4. in rat caused liver damage 
as indicated by significant increase in serum 

ALT, AST, ALP as compared to the control 
group. 
   
AST and ALT are sensitive indicators of necrotic 
lesion within the liver [41]. Hence, the marked 
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release of transaminase into circulation is 
indicative of severe damage to hepatic tissue 
membrane during CCl4 intoxication [42]. 
However, administration of methanol extract of 
Solanum melongena   significantly lowered the 
elevated transaminase level towards their normal 
value thereby reflecting the hepatoprotective 
effect of the extract. 
 
Alkaline phosphatase is biomarker enzymes for 
assessing the integrity of plasma membrane [43]. 
Increase in the activities of alkaline phosphates 
is an indication that there was a leakage of this 
enzyme from the liver into the serum. Such 
increase in alkaline phosphates level can 
constitute threat to the life of cells that are 
dependent on a variety of phosphates esters for 
their vital process since there may be 
indiscriminate hydrolysis of phosphate esters      
of the tissue [44]. The methanol extract of 
Solanum melongena exhibited the ability to 
counter the CCl4 induced hepatotoxicity by 
decreasing the enzyme levels in the blood 
significantly. The serum activities of ALT, AST 
and ALP were almost brought to                 
normal indicating that the methanol extract of 
Solanum melongena may have hepatoprotective 
effect. The hepatoprotective effect demonstrated 
by this extract increased with concentration and 
comparable at 1500 mg/kg with the standard 
drug (vitamin E). This finding is an indication that 
Solanum melongena is a good source of agent 
that could be as promising as vitamin E in the 
maintenance of hepatic integrity. 
 
Free radicals have been implicated in the 
aetiology of many degenerative disorder 
including cancer, diabetes, arthrosclerosis 
neurodegenerative diseases malaria and aids 
[45]. In this study administration of CCl4   induced 
oxidative stress as manifested by significant 
increase in the level of MDA and significant 
decrease in the level of antioxidant enzyme 
(SOD and CAT) compared to the control group. 
Similar alteration in the level of antioxidant 
enzyme and MDA following CCl4 administration 
to experimental rat has been reported by [46,47]. 
 
The antioxidant activities and inhibition of free 
radicals generation are important in terms of 
protecting the liver from CCl4   induced damage. 
SOD reduces the concentration of highly reactive 
superoxide radical by converting it to H2O2 
whereas Catalase converts harmful hydrogen 
peroxide into water and oxygen and protects the 
tissues from highly reactive hydroxyl radicals 
[48]. The reduction in the activity of this enzyme 

may result in number of deleterious effect due to 
accumulation of highly toxic metabolites and 
hydrogen peroxide on CCl4 administration which 
can induce oxidative stress in the cells [49]. 
Administration of Solanum melongena increases 
the activity of catalase in animals to prevent the 
accumulation of excessive free radicals and 
protects the liver from CCl4   intoxication. 
 
Lipid peroxidation has been implicated in the 
pathogenesis of hepatic injury by compounds like 
CCl4 and is responsible for cell membrane 
alterations [50]. In the present study, significantly 
elevated level of MDA (P<0.05) observed in   
CCl4 administered rats indicated excessive     
formation of free radicals and activation of lipid 
peroxidation system resulting in hepatic damage. 
The significant decline in the MDA content in      
S. melongena treated groups (1500 and 500 
mg/kg) indicated antilipid peroxidative effect of              
S. melongena. 
 
4. CONCLUSION 
 
In conclusion, the results obtained from           
this study showed that methanol extract of 
Solanum melongena possess important 
phytoconstituents and hepatoprotective effect. 
Thus, the extract possess therapeutic agent for 
the management of liver damage. 
 
CONSENT 
 
It is not applicable. 
 
ETHICAL CLEARANCE 
 
Ethical clearance was given by Federal 
University of Technology, Minna/Nigerian Ethical 
Review Board (CUERB) in accordance with 
internationally accepted principles for laboratory 
animal use and care as contained in the 
Canadian Council on Animal Care Guidelines 
and Protocol Review. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Kupan N, Kwan Y, Lachimanan YL, Subra 

L, Ibrahim D, Yengi C. Hepato protective 
effective of methanolic extract of            
Clitoria Ternatea. Asian journal of 
Tropicalbiomediane. 2013;3(4):314–319. 



 
 
 
 

Hamzah et al.; EJMP, 13(3): 1-12, 2016; Article no.EJMP.23473 
 
 

 
10 

 

2. Bera E, Naidoo D, Williams M. Maternal 
deaths following nevirapine-based 
antiretroviral therapy. South Africa. Journal 
of HIV Medicine. 2012;13:196-197. 

3. Adesanoye OA, Farombi EO. 
Hepatoprotective effect of Vernonia 
amygdalina in rat. Topical Pathology. 
2010;62:197-206. 

4. Baskaran N, Manoharan S, Silvan S, et al. 
Protective effect of coumarin on cell 
surface glycoconjugates abnormalities 
during 7, 12-dimethylbenz(a) anthracene 
(DMBA) induced oral carcinogenesis. 
International Journal of Biological and 
Medical  Research. 2011;2:643-7. 

5. Akinpelu DA, Aiyegoro OA, Okoh IA. The 
in vitro antioxidant property of methanolic 
extract of Afzelia africana (Smith.). Journal 
of Medicinal Plants Research. 2010;4(19); 
2021-2027. 

6. Singh AK, Verma SS, Bansal KC. Plastid 
transformation in eggplant (Solanum 
melongena L.) Transgenic Res. 2009; 
19:113–119. 

7. Sifau MO, Akinpelu A, Ogunkanmi LA, 
Adekoya KO, Oboh BO, Ogundipe OT. 
Genetic diversity in Nigerian Brinjal 
eggplant (Solanum melongena L.) as 
revealed by random amplified polymorphic 
DNA (RAPD) markers. African Journal of 
Biotechnology. 2013;13(21):2119-2126. 

8. Anushree T, Rajesh SJP, Piyush T, Nayak 
S. Phytochemical investigations of crown 
of Solanum melongena fruit. International 
Journal of Phytomedicine. 2009;1:19-11. 

9. Gill LS. Ethnomedical uses of plants in 
Nigeria. University of Benin Press, Benin 
Nigeria. 1992;215. 

10. Bello SO, Muhammad BY, Gammaniel KS, 
Abdu-Ayugel KS, Ahmed H, Njoku CH, 
Pindiga UH, Salker AM. Pharmacological 
properties of aqueous crude extract of 
Solanum Melongena.  Research Journal of 
Agriculture and Biological Science. 2005; 
1:1-9. 

11. Sudheesh S, Presannakumar G, 
Vijayakumar S, Vijayalakshmi NR. 
Hypolipidemic effect of flavonoids from 
Solanum melongena. Plant Foods and 
Human Nutrition. 1997;51:321–330. 

12. Vohera SB, Kumar I, Khan MS. Effect of 
alkaloids of Solanum melongena on the 
central nervous system. J. 
Ethnopharmacol. 1984;11:331-6. 

13. Matsubara K, Kaneyuki T, Miyake T, Mori 
M. Antiangiogenic activity of nasunin; an 
antioxidant anthocyanin in eggplant peels. 

Agricultural Food Chemistry. 2005;53: 
6272-6275. 

14. Noda Y, Kneyuki T, Igarashi K, Mori A, 
Packer L. Antioxidant activity of nasunin: 
An anthocyanin in eggplant peel. 
Toxicology. 20007;148(2-3):119-223. 

15. Han SW, Tae J, Kim JA, Kim DK, Seo GS, 
Yun KJ, Choi SC, Kim TH, Nah YH, Lee 
YM. The aqueous extract of Solanum 
melongena inhibits paracetamol against 
induced inflammation. Clinical Chemistry. 
2003;328:39–44. 

16. Cao G, Sofic E, Prior RL. antioxidant 
capacity of tea and common vegetables. 
Journal of Agriculture and Food Chemistry. 
1996;3426–3431. 

17. Oloyed OI. Chemical profile of unripe pulp 
of Carica pagaya. Pakistan Journal of 
Nutrition. 2005;4:379-381. 

18. Obdoni BO, Ochuko PO. Phytochemical 
studies and comparative efficacy of the 
crude extracts of some homostatic plants 
in Edo and Delta States of Nigeria. Global 
J. Pure Appl. Sci. 2001;8:203-208. 

19. Association of Official Analytical Chemists 
(AOAC). Official methods of analysis of the 
association of official analytical chemistry. 
14th edition, Arlington, VA, USA. 1984; 
187-188. 

20. Yakubu MT, Akanji MA, Oladiji AT. 
Aphrodisiac potentials of aqueous extract 
of fadogia agretis (Scweinf. Ex Hein) stem 
in male Albino rats. Asian J. Androl. 2005; 
7(4):399-404. 

21. Ceneli O, Haznedar R, Ongun CO, Altan 
N. Evaluation of superoxide dismutase 
enzyme activity of polymorphonuclear 
leucocytes, erythrocytes and thrombocytes 
in patients with chronic myeloproliferative 
disorders. The Journal of International 
Medical Research. 2009;37:1365–1374. 

22. Sinha AK. Colorimetric assay of catalase. 
Anal. Biochem. 1972;47:389-394. 

23. Nicole K, Keppy Micheal WA. The biuret 
method for the determination of total 
protein using an evolution array. Thermo 
Fisher Scientific, Madison WI, USA; 2009.  

24. Agoreyo BO, Obansa ES, Obanfor EO. 
Comparative nurtrition and phytochemical 
analysis of two varities of Solanum 
melongena. Science World Journal. 2012; 
7(1):5-8. 

25. Asl MN, Hossein H. Review of 
pharmacological effects of Glycorhizza sp 
and its bioactive compounds. Phytotherapy 
Research. 2008;22:709-724. 



 
 
 
 

Hamzah et al.; EJMP, 13(3): 1-12, 2016; Article no.EJMP.23473 
 
 

 
11 

 

26. Akindahunsi AA, Salawu SO. Phyto-
chemical screening and nutrient 
composition of selected tropical green 
leafy vegetables. African Journal of 
Biotechnology. 2005;4:497-501. 

27. Ayinde BA, Omogbai EK, Amaechina FL. 
Pharmacogosny and hypotensive 
evaluation of Ficus exasperate Vahl 
(moraceae) leaf. Acta Pol Pharm. 2007; 
543-546. (Pubmed). 

28. Havsteen BH. The biochemistry and 
medical significance of the flavonoids 
pharmacol ther. 2002;96(2-3):67-202. 

29. Li-weber M. New therapeutic aspect of 
flavones. The anticancer property of 
Scuitelaria and it main active constituent. 
Cancer Treatment Research. 2009;35:   
37- 68. 

30. Lu AL, Li X, Gu Y, Wright PM, Chang DY. 
Repair of oxidative DNA damage. Cell 
Biochemistry and Biophysics. 2001;35: 
141-170. 

31. Manske RH. The alkaloid chemistry and 
physiology. New York Academic Press. 
1965;673. 

32. Yoshida Y. Immunomodulating activities of 
Chinese medical herbs and Oldenlandia 
diffusa in particular. International Journal of 
Immunophamacogy.1997;19:353-370. 

33. De-piccoli BI, Giada F, Benettin A, Sarton 
F, Piccoli E. Anabolic Steroid used in body 
builders an echocardiograhic study of left 
ventricle morphology and function. 
International Journal of Sport Medicine. 
1991;12:12-408. 

34. Sun M, Sakakibara H, Ashida H, Danno G, 
Kanazawa K. Cytochrome P4501A1-
inhibitory action of antimutagenic 
anthraquinones in medicinal plants and  
the structure-activity relationship. Biosci 
Biotechnol Biochem. 2000;64:1373–1378. 

35. Nikrote CK, Kathenya IJ, Michael O, Clare 
M, Konrad BH, Vellingiri V. Antioxidant and 
antidiabetic properties of condensed 
tannins in acetonic extract of selected raw 
and processed indigenous food ingredients 
from Kenya. Journal of Food Sciences. 
2011;76(4):560-567. 

36. Akiyma H, Fuji K, Yamasaki O, Oono T. 
Antibacterial action of several tannin 
against Staphlococos aureus. Journal of 
Antimicrobial Chemotherapy. 2007;48(4): 
487–91. 

37. Kiderlen AF, Kayser O, Ferreira D, 
Kolodziej H. Tannins and related 
compounds: Killing of amastigotes of 
Leishmania donovani and release of nitric 

oxide and tumour necrosis factor alpha in 
macrophages in vitro. Zeitschrift Für 
Naturforschung C. 2001;56:444-454. 

38. Shan B, Cai YZ, Brooks JD, Corke H. 
Antibacterial properties and major 
bioactive components of cinnamon stick 
Cinnamomum burmannii: Activity against 
food borne pathogenic bacteria. Journal of 
Agriculture and Food Chemistry. 2007;55: 
5484-90. 

39. Heethal J, Sarala N, Jaiprakash M. Drug 
induced hepatotoxicity in a tertiary care 
hospital in rural South India. North 
American Journal of Medical Sciences. 
2012;4(2):90-93. 

40. Lynch T, Price A. The effect of cytochrome 
P450 metabolism on drug response, 
interactions and adverse effects.  
American Family Physician. 2007;76(3): 
391-396. 

41. Nkosi CZ, Opoku AR, Terblanche SE. 
Effect of pumpkin seed (Cucurbita pepo) 
protein isolate on the activity levels of 
certain plasma enzymes in CCl4-induced 
liver injury in low-protein fed rats. 
Phytother. Res. Apr. 2005;19(4):341-345. 

42. Bairwa K, Srivastava A, Jachack SM. 
Quantitative analysis of boeravinones in 
the roots of Boerhaavia diffusa by iplc/pda 
phytochemical analysis. 2014;25:415-420. 

43. Akanji MA, Olagoke OA, Oloyede OB. 
Effect of chronic consumption of 
metabisulphite on the integrity of the rat 
kidney cellular system. Toxicol. 1993;81: 
173-17. 

44. Yakubu MT, Akanji MA, Oladiji AT. 
Evaluation of selected biochemical 
parameters of male albino rat liver 
following administration of aqueous extract 
of Fadogia agrestis.  Recent Progress in 
Medicinal Plants. 2006;12:393-402. 

45. Bahar G, Feinmesser R, Shpitzer T, 
Popovtzer A, Nagler RM. Salivary analysis 
in oral cancer patients: DNA and protein 
oxidation, reactive nitrogen species, and 
antioxidant profile. American Cancer 
Society. 2006:17099862. 

46. Shahjahan M, Sabitha KE, Mallika J, 
Shyamala CS. Effect of Solanum 
trilobatum against carbon tetrachloride 
induced hepatic damage in albino rats. 
Indian Journal of Medical Research. 2004; 
194-198. 

47. Ramesh K, Gupta T, Hussain G, Panigrahi 
AD, Gireesh N, Singh K, Sweety MD,   
Faiyazuddin C. Hepatoprotective effect of 
Solanum xanthocarpum extract against 



 
 
 
 

Hamzah et al.; EJMP, 13(3): 1-12, 2016; Article no.EJMP.23473 
 
 

 
12 

 

CCl4 induced acute liver toxicity in 
experimental animals. Asian Pacific 
Journal of Tropical Medicine. 2011;       
964-968. 

48. Chance B, Greenstein DS. The 
mechanism of catalase actions-steady 
state analysis. Arch Biochem Biophys. 
1992;37:301-339. 

49. Pauli-Magnus C, Stieger B, Meier Y, 
Kullak-Ublick GA,  Meier PJ. Hepatol. 
2005;43(2):342-357. 

50. Bandyopadhyay U, Das D, Banerjee RK. 
Reactive oxygen species: Oxidative 
damage and pathogenesis. Current 
Science. 1999;77:658-65. 

_________________________________________________________________________________ 
© 2016 Hamzah et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/13818 


