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Studies were conducted on the effect of 50mg/kg each of the aqueous fruit extract of Solanum 
macrocarpum, α-solanidine, (a steroidal glycoalkaloid found in the Solanaceae), three antihyperlipidaemic 
drugs nicotinic acid, simvastatin and cholestyramine) on forty two (42) rats made hyperlipidaemic by 
treating them with 400 mg/kg triton-X for 7 days. The rats were divided into 7 groups of 6 rats each. At 24h, 
48h and 72h respectively, the rats in each group were humanely sacrificed and blood samples collected for 
biochemical liver analysis. The liver function analyzed were total protein, albumin, total bilirubin and liver 
enzymes (ALP, ALT, and AST). The extract, α-solanidine and the three hypolipidaemic drugs all significantly 
increased (P<0.05 at 72h of study when compared to the positive control. There was no change (P>0.05) in 
albumin for the five substances tested. Bilirubin levels however decreased significantly (P<0.05) at 72h for 
both extract and cholestyramine and were lower than the values recorded for α-solanidine, simvastatin and 
nicotinic acid. The AST, ALT and ALP decreased significantly (P<0.05) at 72h for both the extract and 
cholestyramine while high levels of these serum enzymes were recorded for α-solanidine, nicotinic acid 
and simvastatin. The aqueous fruit extract of S. macrocarpum and cholestyramine probably had 
hepatoprotective effects on triton-induced hyperlipipidaemic rats when compared to α-solanidine, nicotinic 
acid and simvastatin under the condition of study.  

 
Key words: Solanum macrocarpum, aqueous extract, liver function, hyperlipidaemic rats, α-solanidine, 
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INTRODUCTION  
  
The use of medicinal plants in West Africa is probably 
as old as the duration of human settlement in the region 
(Abdulrahman et al., 2010). As an alternative medicine, 
people derived therapeutic materials from thousands of 
plants (Agrawal and Sharma, 2012). Since reactive 
oxygen radicals play an important role in the genesis of  
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numerous human disease processes, antioxidants 
derived from consumable fruits, vegetables, spices and 
beverages have received considerable attention. The 
antioxidants protect our body systems from free radicals 
mediated-damage at the cellular and molecular levels 
(Sharma et al., 2009; Mehta et al., 2010; Agrawal and 
Sharma, 2012). The pool of free radicals production in 
our body stems mainly from the mitochondrial activity, 
but environmental factors such as xenobiotics, 
pollutants  and  other  stressors  also   contribute   to   it  
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enormously. This phenomenon generates imbalance 
between the oxidants (free radical species, FRS) and 
the innate antioxidants; a condition referred to as 
oxidative stress. Oxidative stress leads to onset of 
numerous disease processes including cancer, heart, 
lung, brain and kidney associated diseases, cell death 
and aging (Agrawal and Sharma, 2012).  

The aqueous extract of Cynodon dactylon was found 
to reduce oxidative stress parameters such as lipid 
peroxidation in carbofuran-induced oxidative stress in 
brain of Wistar rats. The observed changes in oxidative 
parameters in C. dactylon treated rats were comparable 
to that observed with vitamin C, one of the best known 
antioxidants (Rai et al., 2011). Thus, C. dactylon may 
be important in the context of development of an 
antioxidant.Extensive lipid peroxidation in biological 
membranes causes alteration in fluidity such as a 
decrease in its membrane potential and an increase in 
its permeability to different ions followed by an eventual 
rupture (Melita et al., 2010). The determination of 
malondialdehyde, MDA (a product of lipid peroxidation) 
level in erythrocytes gives an estimate of the rate of 
lipid peroxidation in cell membrane. Peroxidation of 
lipids occurs when pro-oxidant substances react with 
unsaturated fatty acids of biological membranes. The 
aqueous extract of Emblica officinalis seed 
(Euphorbiceae) had the potential to normalize the 
oxidative stress in severely diabetic rats. Also different 
parts of the plant have been used as hepatoprotective, 
anti-ulcer, antimutagenic and antiulcer agent (Mehta et 
al., 2010). Researchers over the years have produced 
convincing evidence towards application of natural 
antioxidants in place of synthetic molecules, as the 
latter have associated toxicities (Moure et al., 2001; 
Tseng and Lee 2006; Sharma et al., 2009). Among the 
natural antioxidants, polyphenolic compounds such as 
flavonoids, flavonols and terpenoids, etc. from plant 
origin have appeared as favoured choice. By virtue of 
being electron rich, these molecules can donate 
electrons to reactive oxygen species (ROS) and 
neutralize these chemical species (Sharma et al., 
2009). The aqueous fruit extract of Moringa oleifera  
(drumstick), aqueous root extract of Ficus bengalensis  
and the aqueous seed extract of Emblica officinalis  
have been shown to contain high level of polyphenolics 
such as flavonoids, flavonols which are natural 
antioxidants that is free radical scavengers (Sharma et 
al., 2009).  

Over the past two decades, an expanding body of 
evidence from epidemiological and laboratory studies 
have demonstrated that some edible plants as a whole, 
or their identified ingredients with antioxidant properties 
have substantial protective effects on human 
carcinogenesis, cardiovascular, hepatic and renal 
disorder (Dixit and Ali, 2010).  
Inspite of tremendous advances in modern medicine, 
no effective drugs are available, which stimulate liver 

function and offer protection to the liver from damage of 
help to regenerate hepatic cells (Repetto and Llesuy, 
2002). In the absence of reliable liver-proctective drugs 
in modern medicine, a large number of medicinal 
preparations are recommended for treatment of liver 
disorders and quite often claimed to offer significant 
relief (Dixit and Ali, 2010). Attempts are being made 
globally to get scientific evidences for these traditionally 
reported herbal drugs.  

In 2002, at the international Aloe Science Council 
(IASC) Annual Conference, Vinson Joe presented 
evidence from a human chemical study, that the 
bioavailability of antioxidant supplement vitamin C and 
E was increased by over 200 percent when taking Aloe 
Vera gel. The Aloe barbadensis leaf extract may act by 
either directly scavenging the reactive oxygen 
metabolites, due to the presence of various antioxidant 
molecules (Nwanjo, 2006; Dixit and Ali, 2010).  
Solanum macrocarpum (“Gorongo” in Kanuri) is one of 
the plants used for folkloric medicinal purposes. 
Although the unripe fruit of the plant is used by 
traditional healers for the treatment of various ailments 
(Grubben and Denton, 2004), information on the 
hepatotoxicity of the extract in man and animals is not 
readily available except that by Sodipo et al., (2009; 
2011; 2012) that investigated the effect of the aqueous 
fruit extract of the plant on the liver function of diet-
induced hypercholesterolaemic rats, acute and chronic 
triton-induced hyperlipidaemic rats, respectively. The 
present study investigated the effect of the aqueous 
fruit extract of S. macrocarpum, α-solanidine [a 
glycoalkaloid found in Solanaceae and said to lower 
hyperlipidaemia, (Olaniyi, 1998; ANONa, 2007)] and 
three atihyperlipidaemic drugs namely simvastatin, 
nicotinic acid and cholestyramine (Hardaman and 
Limbird, 2001) in an attempt to find an alternative 
hypolipidaemic agent that is both therapeutically and 
cost effective but with fewer side effects (especially 
hepatic effects) than the existing ones which are 
expensive and at the same time have numerous side 
effects (Hardman and Limbird, 2001).  
 

 
MATERIALS AND METHODS  
 
Plant collection and identification  

 
 

The plant material (Solanum macrocapum Linn.) used 
in this study was obtained from Alau in Konduga Local 
Government, Borno State, Nigeria, between October 
and November, 2007. The plant was identified and 
authenticated by Prof. S.S. Sanusi of the Department of 
Biological Sciences, University of Maiduguri, Maiduguri, 
Nigeria. Specimen voucher No. 548 was deposited at 
the Research Laboratory of the Department of 
Chemistry.  
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Table1. Change in body weight of male albino rats after being administered orally with triton-X (400 mg/kg) for 7 days. 
  

 

Group 

Body Weight (g) 

Days of Treatment  

 0    7 

                       Mean ± S. D.  

One 
* 

148.00±009.38
a 

170.80±10.59
b 

Two 117.80±26.68
a
 128.00±23.93

a 

Three 148.80±5.26
a
 166.00±4.58

a
 

Four 117.80±26.6
a
 128.00±23.93

a
 

Five 165.40±41.71
a
 173.00±42.57

a
 

Six 164.80±38.75
a
 181.80±40.02

a
 

Seven 86.60±16.10
a
 100.00±18.56

a
 

  
Within rows, means with different superscripts are statistically significant                    (p < 0.05) when compared to day zero (0) using 
student t-test 
0 day  = Before triton-X administration 
n = 6 rats per group 
Group One* = Rats fed with normal diet and had free access to water, but were not administered triton-X 

 
 
Extraction  
 
The fruit of S. macrocarpum with the calyx removed 
was air dried and pulverized by using pestle and mortar. 
The 2.2kg of the ground fruit was subjected to 
exhaustive Soxhlet-extraction in distilled water at 100

o
C 

to give the extract yield 15.3% 
w
/w (Mittal et al., 1981, 

Fernado et al., 1991; Lin et al., 1999). The resultant 
solution was concentrated in vacuo  and it was stored in 
specimen bottle and kept in a desicator at room 
temperature until when required.  
 
 
Animals and treatment  
 
Forty two (42) Wistar strain male albino rats weighing 
160-200g were used in this study. The animals were 
obtained from the Animal House Unit of the Department 
of Veterinary Physiology and Pharmacology, University 
of Maiduguri. The animals were housed under standard 
laboratory condition in plastic cages. They were fed 
commercial grower’s mash feed (ECWA, Feeds, Jos, 
Nigeria) and water was provided ad libitum. All the 
animals were handled according to the International 
Guiding Principles for Biomedical Research Involving 
Animals (CIOMS, 1985) as certified by the Animal 
Ethics Committee of the Faculty of Veterinary Medicine, 
University of Maiduguri (Approved on October 15

th
, 

2008 at its 12
th
 Ethical Committee Meeting).  

A total of forty two (42) male albino rats weighing 
between 160 and 200g were used for the work. They 
were randomly distributed into seven groups of 6 rats 
per group.  
After administration of the extract, α-solanidine and the 
three hypolipidaemic drugs to the rats in groups three-  
seven respectively, every 24hrs for 3 consecutive days,  

 
 
2 rats from each group (Groups one-seven) were 
humanely sacrificed and blood samples were collected 
for biochemical liver analysis. (Adapted from Williamson 
et al., 1996).  
   All the rats in the 7 groups were weighed at day zero 
(i.e. before administration of triton-X) and 1 week after 
before they were sacrificed.  (See Appendix I) 
 
 
Biochemical Liver Function tests  
 
The liver function parameters estimated from the serum 
were protein, albumin total bilirubin and liver enzymes 
which included aspartate amino transferase (AST), 
alanine amino transferase (ALT) and alkaline 
phosphatase (ALT). AST and ALT were assayed using 
commercial Randox kits (UK) and by Quinica Clinical 
Applicanda, JA kits (Moss et al., 1986). The total protein 
in the serum was estimated using direct Biuret method 
(Peters et al., 1982; Afonja, 1997). Serum albumin and 
bilirubin were determined by the dye bromocresol-green 
method by Dounmas et al., (1971); Spencer and Price 
(1977); Teitz (1994).  
 
 
Determination of total Cholesterol  
 
Two rats in each group were humanly sacrificed by 
cutting the throat with a sterile blade. Blood was 
collected from the vena cava into clean, labelled 
centrifuge rubes without anticoagulant after the extract 
had been allowed to act for 24, 48 and 72hrs 
respectively. The blood was centrifuged at a rate of 
12,000 revolution per minute (rpm) for 10 minutes. The 
clear, yellow serum was then separated from settled 
cellular elements. Cholesterol was assayed by Tindar’s  
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Table 2. Effect of Aqueous Fruit Extract of S. macrocarpum, α-solanidine, nicotinic acid, cholestyramine and simvastatin on protein, 
albumin and total bilirubin of Hyperlipidaemic rats administered Triton-X for 7 days. 

 

Hours after extract/drug administration Dosage  

mg/kg 

Extract/Dug   

Protein (g/L) 

 

Albumin (g/L) 

Total bilirubin  

(μmol/L) 

 Mean ±S.D.  

 50 +ve control  89.00 ± 1.41
a
 48.00 ± 0.00

a
 59.50±0.71

a
 

 50 -ve control  66.50 ± 2.12
a
 32.00 ± 0.00

a
 5.50 ± 2.12

a
 

 50 Aqueous extract  78.00 ± 4.24
a
 40.00 ± 1.41

a
 2.50 ± 1.71

a
 

24 50 α-solanidine 66.50 ± 0.71
a
 36.00 ± 2.83

a
 3.00 ± 0.00

a
 

 50 Nicotinic acid  70.50 ± 0.71
a
 39.50 ± 0.71

a
 3.00 ± 0.00

a
 

 50 Cholestyramine  76.00 ± 4.24
a
 41.50 ± 2.12

a
 4.50 ± 1.41

a
 

 50 Simvastatin  70.50± 4.95
a
 38.50± 0.71

a
 4.00± 0.00

a
 

 50 +ve control  88.50 ± 0.71
a
 49.00 ± 1.41

a 
 3.50 ± 1.71

a 
 

 50 -ve control  61.00 ± 14.14
a
 32.00 ± 4.95

a
 5.00 ± 4.49

a
 

 50 Aqueous extract  73.50 ± 2.12
a
 41.50 ± 1.41

a
 2.50 ± 1.71

a
 

48 50 α-solanidine 65.00 ± 5.66
a
 37.00 ± 1.41

a
 4.00 ± 1.41

a
 

 50 Nicotinic acid  66.50 ± 4.95
a
 38.50 ± 0.71

a
 3.50 ± 1.41

a
 

 50 Cholestyramine  73.00 ± 7.07
a
 41.00 ± 4.24

a
 2.50 ± 1.41

a
 

 50 Simvastatin  71.50 ± 10.61
a
 44.50 ± 6.36

a
 4.00 ± 2.83

a
 

 50 +ve control  82.00 ± 1.41
a
 48.50 ± 0.71

a
 3.50 ± 0.71

a
 

 50 -ve control  58.50 ± 3.54
b
 32.00 ± 0.71

a
 4.80 ± 0.71

a
 

 50 Aqueous extract  70.50 ± 3.54
b
 40.50 ± 0.71

a
 2.50 ± 0.71

a
 

72 50 α-solanidine 60.00 ± 1.41
b
 37.50 ± 0.71

a
 3.50 ± 0.71

a
 

 50 Nicotinic acid  69.00 ± 1.41
b
 38.50 ± 0.71

a
 2.50 ± 0.71

a
 

 50 Cholestyramine  70.00 ± 2.83
b
 38.50 ± 0.71

a
 2.50 ± 0.71

a
 

 50 Simvastatin  69.00 ± 1.41
 b
 38.50 ± 0.71

a
 4.50 ± 0.71

a
 

 

-ve control    = Rats fed with normal feed diet and had free access to water  
+ve control  = Rats fed with normal feed diet and triton-X  
Within columns, means with different superscripts are statistically significant (P<0.05) 
reaction (Evans and Stein, 1986; NIH, 1990) using commercial 
kits, from Fortress Diagnostic Ltd, Antrim.  

 
Statistical Analysis  
 
Data were expressed as the mean ± S.D. The results 
obtained were subjected to Analysis of Variance 
(ANOVA) and Student t-test using Graph Pad Software 
(1998). 
 

 
RESULTS  
 
Change in Mean Body Weight of Male Albino Rats 
(Wistar strain) after being administered orally with 
Triton-X for 7 Days  
 
The effect of triton-X on mean body weight of albino 
rats feds orally with triton-X is show in Table 1. There 
was increase in body weight of the rats in groups one, 
two and five (P<0.05) when compared to day zero (i.e. 
when no triton-X was administered).  
 
 

Effect on Liver Enzymes 
 
The effect of the aqueous fruit extract of S. 

 

 
macrocarpum, α-solanidine, nicotinic acid, 
cholestyramine and simvastatin on some liver enzymes 
are shown in Table 3. The changes in AST values were 
significant (p <0.05) throughout the study whilst that of 
ALT and ALP were significant at 72h. At 24h, the AST 
value for α-solanidine was very high, 89.00 ± 0.00 U/L, 
even higher than that of the positive control, 82.50 ± 
9.19 U/L. The AST value for simvastatin was also high, 
80.50 ± 12.02 U/L. The AST value for the aqueous 
extract and cholestyramine were the same, 46.50 ± 
7.78 U/L. The AST value recorded for nicotinic acid was 
59.00 ± 0.00 U/L. At 48h, the AST value for the 
aqueous extract was 45.00 ± 0.00 U/L, that of α-
solanidine, though still high had reduced a bit to 71.50 ± 
6.36 U/L. The AST value for cholestyramine was low, 
42.00 ± 0.00 U/L, but those for nicotinic acid and 
simvastatin still remained high, 63.00 + 5.66 U/L and 
78.00 ± 15.56 U/L respectively. At 72h, the AST values 
for the aqueous extract still remained low, and the value 
was 40.50 ± 0.71 U/L. The ALT values and ALP values 
followed a similar pattern for the aqueous extract, α-
solanidine and the three hypolipidaemic drugs at 72 hrs 
(p < 0.05). The  values  for  the  negative  values  were  
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Table 3. Effect of aqueous fruit extract of S. macrocarpum, α-solanidine, nicotinic acid, cholestyramine and simvastatin on serum enzymes of 
Hyperlipidaemic rats administered Triton-X for 7 days. 
 
 

Hours after 
extract/drug 
administration 

Dosage  

mg/kg 

Extract/Dug   

Serum enzymes (U/L) 

   AST  ALT  ALP  

   Mean ±S.D. 

 50 +ve control  59.50 ± 10.61
a
 25.00 ± 12.02

a
 171.50±41.72

a
 

 50 -ve control  82.50 ± 9.19
a
 35.00 ± 12.73

a
 221.00 ± 14.14

a
 

 50 Aqueous extract  46.50 ± 7.78
a
 25.50 ± 1.66

a
 198.00 ± 0.00

a
 

24 50 α-solanidine 89.00 ± 0.00
a
 29.50 ± 5.36

a
 200.50 ± 17.68

a
 

 50 Nicotinic acid  59.00 ± 0.00
a
 27.00 ± 6.83

a
 165.00 ± 35.36

a
 

 50 Cholestyramine  46.50 ± 7.78
a
 19.00 ± 2.83

a
 141.00 ± 1.41

a
 

 50 Simvastatin  80.50± 12.02
a
 23.00± 8.49

a
 179.00± 5.66

a
 

 50 +ve control  41.00 ± 0.00
a
 19.00 ± 2.83

a 
 203.50 ± 4.95

a 
 

 50 -ve control  82.50 ± 9.19
a
 35.00 ± 0.71

a
 232.00 ± 2.88

a
 

 50 Aqueous extract  45.00 ± 0.00
a
 19.00 ± 2.83

a
 187.50 ± 12.83

a
 

48 50 α-solanidine 71.50 ± 6.36
a
 29.50 ± 6.36

a
 202.00 ± 14.14

a
 

 50 Nicotinic acid  63.00 ± 5.66
a
 25.00 ± 5.66

a
 175.50 ± 13.44

a
 

 50 Cholestyramine  42.00 ± 0.00
a
 29.00 ± 0.00

a
 169.00 ± 43.84

a
 

 50 Simvastatin  78.00 ± 15.56
a
 27.50 ± 9.19

a
 199.00 ± 1.41

a
 

 50 +ve control  41.00 ± 1.41
a
 22.00 ± 1.41

a
 209.00 ±1.41

a
 

 50 -ve control  84.50 ± 7.07
b
 35.50 ± 2.12

a
 225.00 ± 7.07

a
 

 50 Aqueous extract  40.50 ± 0.71
b
 18.00 ± 1.41

a
 196.50 ± 0.71

a
 

72 50 α-solanidine 65.00 ± 2.83
b
 28.00 ± 1.41

a
 200.00 ± 1.41

a
 

 50 Nicotinic acid  65.00 ± 2.12
b
 20.50 ± 0.71

a
 179.00 ± 1.41

a
 

 50 Cholestyramine  40.50 ± 0.71
b
 17.50 ± 0.71

a
 142.50 ± 3.54

a
 

 50 Simvastatin  68.00 ± 1.41
 b
 20.50 ± 0.71

a
 191.00 ± 1.41

a
 

 

-ve control    = Rats fed with normal feed diet and had free access to water  

+ve control  = Rats fed with normal feed diet and triton-X  

Within columns, means with different superscripts are not statistically significant (P<0.05) 

 
 
 
lower than those of the positive control. α-solanidine 
recorded the highest level of ALT among the 
substances tested, 29.00 ± 6.36 U/L at 24 his. The ALP 
values for α-solanidine were the highest throughout the 
period of study when compared to the other 
compounds. At 24h, the value recorded for ALP with α-
solanidine was 200.50 ± 17.68 U/L whilst 
cholestyramine had the least, 141.00 ± 1.41 U/L. 
 
 
Effect on Protein, Albumin and Total Bilirubin  
 
The effect of the aqueous fruit extract of S. 
macrocalpum, α-solanidine, and the three 
hypolipidaemic drugs are shown in Table 2. The protein 
values were significantly higher (p < 0.05) than those of 
the positive control at 72h. However, they were not as 
high as those of the negative controls. At 24h of study, 
the protein value for the negative control was 89.00g/l. 

 
 
 
Effect of the Aqueous Fruit Extract of S. 
macrocarpum α-solanidine, nicotinic acid, 
cholestyramine and simvastatin on total cholesterol 
of hyperlipidaemic rats administered triton-X orally 
for 7 days 
 
The effect of the aqueous fruit extract of S. 
macrocarpum, α-solanidine and the three hypolipidemic 
drugs on total cholesterol of hyperlipidaemic rats are 
shown in Table 4. There was a non-significant (P>0.05) 
decrease in total cholesterol when compared to the 
negative control that was administered triton-X at 24, 
48, and 72h respectively. 
 
 
DISCUSSION 
 
The increase in mean body weight of rats after Triton-X 
administration for 7 days (Table 1) was statistically  
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Table 4. Effect of Aqueous fruit extract of S. macrocarpum, α-solanidine, nicotinic acid, cholestyramine and simvastatin on total 

cholesterol of hyperlipidaemic rats administered Triton-X for 7 days. 

 

Hours after 

extract/drug 

administration 

Dosage  

mg/kg 

Extract/Dug  Total cholesterol      Mean 

±S.D. (mmol/L) 

 50 +ve control  2.75 ± 0.07
a 

 50 -ve control  3.50 ± 0.28
a
 

 50 Aqueous extract  2.95 ± 0.07
a
 

24 50 α-solanidine 2.80 ± 0.28
a
 

 50 Nicotinic acid  2.75 ± 0.07
a
 

 50 Cholestyramine  3.00 ± 0.00
a
 

 50 Simvastatin  2.80 ± 0.00
a
 

 50 +ve control   2.70± 0.14
a
 

 50 -ve control  4.10 ± 0.14
a
 

 50 Aqueous extract  2.85 ± 0.21
a
 

48 50 α-solanidine 2.50 ± 0.14
a
 

 50 Nicotinic acid  2.70 ± 0.00
a
 

 50 Cholestyramine  2.80 ± 0.14
a
 

 50 Simvastatin  2.60 ± 0.57
a
 

 50 +ve control  2.65 ± 0.07
a
 

 50 -ve control  3.50 ± 0.07
a
 

 50 Aqueous extract  2.65 ± 0.07
a
 

72 50 α-solanidine 2.55 ± 0.07
a
 

 50 Nicotinic acid  2.95 ± 0.07
a
 

 50 Cholestyramine  2.90 ± 0.00
a
 

 50 Simvastatin  3.00 ± 0.00
a
 

 
 
 
significant (p < 0.05) in Groups one, two and five when 
compared to day zero (i.e. before Triton-X 
administration). This probably implies that Triton-X at 
the dosage employed, 400 mg/kg or for the length of 
time given, induced hyperlipidaemia, even though 
differences in the rats’ metabolism may account for the 
differences in the statistics exhibited in their 
significance. 
There was a significant increase (p < 0.05) in protein 
levels at 72h, when 50mg/kg of the aqueous fruit extract 
of S. macrocarpum was administered to the 
hyperlipidaemic rats when compared with the positive 
control (Table 1). The α-solanidine, nicotinic acid, 
cholestyramine and simvastatin also had higher protein 
levels when compared to the positive control. There 
was no change in the albumin (p> 0.05) throughout the 
study. This higher values of protein in the extract than in 
the positive control probably supports the 
hepatoprotective ability of the aqueous f 

 
 
ruit extract of S. macrocarpum. Cholestyramine is not 
systematically absorbed, so it is quite safe (Hardrnan 
and Limbird, 2001). The same hepatoprotective effect 
cannot be said of α-solanidine because it is a single 
chemical and there is a possible increase of toxicity for 
single chemicals (Brevoort, 1998). Simvastatin 
according to literature can lead to increased 
transaminases activity three times the upper limit of 
normal (ULN) soon after initiation of therapy and 
hepatitis can also occur (ANONb, 2007), whilst 
biochemical function indices should be measured 2-4 
weeks after initiation of therapy with nicotinic acid 
(Hardrnan and Limbird, 2001). Thus, hepatoprotective 
ability of simvastatin and probably nicotinic acid are not 
guaranteed after long period of use. 

The total bilirubin for the hyperlipidaemic rats were 
significantly lower (p <0.05) when the extract and 
cholestyramine were administered when compared to 
the values recorded for α-solanidine, nicotinic acid and  



052         Int. J. Pharm.Pharmcol. 
 
 
 
simvastatin throughout the period of study. Increase in 
bilirubin values may be caused by liver damage, 
excessive haemolysis/destruction of RBC, obstruction 
of the biliary tract (obstructive jaundice) and in drug-
induced reactions (Mukherjee, 1988; Odutola, 1992; 
Sood, 2006). In the present study, the 50 mg/kg each of 
aqueous fruit extract of S. macrocarpum and 
cholestyramine are probably not toxic. The same thing 
cannot be said of α-solanidine, nicotinic acid and 
simvastatin. Also the bilirubin values in the positive 
control (rats that received only Triton-X), were the 
highest throughout the period of study. This implies that 
the Triton had caused excessive destruction of the 
RBCs (Hall et al., 2000). 

From Table 3, the result of the liver enzymes showed 
that the extract and cholestyramine had significantly low 
(p <0.05) values of AST throughout the study period 
whilst ALT and ALP, decreased at 72h when compared 
to α-solanidine, nicotinic acid and simvastatin. In fact, α-
solanidine and simvastatin had very high levels of these 
liver enzymes. Decrease in liver enzymes indicates 
hepatoprotective effect (Iweala and Okeke, 2005; Kim 
et al., 2006; Atangwho et al., 2007) whilst an increase in 
the liver enzymes is an indication of liver damage 
(Odutola, 1992; Atangwho et al., 2007). Apart from the 
best known antioxidants such as vitamin A, C and E 
and the mineral selenium, some flavonoids (secondary 
metabolites) and vitamin precursors synthesized by 
plants are required to be taken from outside to establish 
the balance by quenching the excess free radical 
species (FRS) (Sharma et al., 2009; Agrawal and 
Sharma, 2012). The extract of S. macrocarpum from 
elemental analysis and phytochemistry has been shown 
to contain selenium and flavonoids (Sodipo et al., 2008) 
which are good antioxidants which can decrease lipid 
peroxidation. The elemental analysis also revealed high 
concentrations of Ca, Mg and Fe, which are said to be 
responsible for antioxidant potentials as found in 
Emblica officinalis (Melita et al., 2010). Mg and Ca are 
essential for the activity of antioxidant enzymes such as 
superoxide dismutase and catalase (Mehta et al., 
2010).  Also, according to Harbone et al., 1999, 
flavonoids and flavonols constitute the bulk of phenolic 
compounds and are known to be the most diverse and 
potent classes of phytochemical antioxidants. As 
antioxidants, flavonoids have been reported to be able 
to interfere with the biochemical pathways involved in 
the generation of reactive oxygen species (ROS), 
quenching free radicals, chelating transition metals and 
rendering them redox inactive in the Fenton reaction 
(Heim, 2002; Sharma et al., 2009). Therefore, the 
presence of flavonoids other polyphenololic and their 
multifaceted activities makes S. macrocarpum extract a 
good candidate for exploration of antioxidants. 
Terpenoids as found S. macrocarpum  (Sodipo et al., 
2008) are also potent antioxidants (Sharma et al., 
2009).  

Therefore, from the result obtained in this study, the 
aqueous fruit extract of S. macrocarpum and 
cholestyramine probably had protective effects on the 
liver of Triton-X-induced hyperlipidaemic rats, but the 
same thing could not be said of α-solanidine, nicotinic 
acid and simvastatin. 
 
 
CONCLUSION  
 
The aqueous fruit extract of S. macrocarpum and 
cholestyramine probably had hepatoprotective effects 
on triton-X induced hyperlipidaemic rats when 
compared to α-solanidine, nicotinic acid and simvastatin 
which may be toxic under the condition of study.  
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           Appendix I: Animal group and treatment.  

Group one:  Rats in this group served as the negative control. They were fed with 
normal feed diet and given water ad libitum 

Group two:  Rats in this group served as the positive control. They were fed with 
normal diet and given water ad libitum. They were also administered 
400mg/kg triton-X orally (p.o) for 1 week to make them hyperlipidaemic.    

Group three: 
 
  

Rats in this group were fed with normal feed diet and given water ad 
libitum; administered 400mg/kg triton-X p.o. for 1 week and then given 
50mg/kg aqueous fruit extract of S. macrocarpum i.p. from a stock 
concentration of 200mg/ml (2g extract dissolved in 10ml distilled water) 

Group four:  Rats in this group were fed with normal feed diet and given water al 
libitum, administered 400mg/kg triton-X p.o. for 1 week and then given 
50mg/kg α-solanidine i.p. – a steroidal glycoalkaloid that is found in the 
Solanaceae and is said to lower hyperlipidaemia (by dissolving 50mg of 
approximately 95% α-solanine while powder, Sigma, USA in 1ml 
distilled water H2O to give a stock concentration of 50mg/ml) 

Group five:  In  this group rats were fed with normal feed diet, given water ad libitum, 
400mg/kg triton-X p.o. for 1 week and then given 50mg/kg nicotinic acid 
B.P. orally – hypolipidaemic drug, from a stock concentration of 
50mg/ml (by dissolving 50mg white round tablet in 1ml distilled water).  

Group six:  Rats in this group were fed with normal feed diet, given water ad 
libitum, 400mg/kg triton-X p.o. for 1 week and then given 50mg/kg 
cholestyramine – a hypolipdaemic drug, (Questran, Bristol-Meyers 
Squibb) p.o. from a  stock concentration of 100mg/ml (dissolving 1g 
powder in 10ml distilled water) 

Group seven: Rats in this group were fed with normal feed diet, given water ad 
libitum, 400mg/kg triton-X p.o. for 1 week and then given 50mg/kg 
simvastatine – hypolipidaemic drug (Gimvastat-10, Stallion Lab, PVT 
Ltd, India, NAFDAC Reg. No. A4-0010 with sole agent as Pharmabase 
Nig. Ltd) p.o. from a stock concentration of 10mg/ml (by dissolving 
20mg light yellow film-coated tablets in 1ml distilled water). 

 


