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This preliminary study was undertaken to investigate some biochemical and histological ef-
fects of consumption of Talinum triangulare (L.) Juss – supplemented diet in hepatotoxic 
rats in which liver damage was induced with paracetamol. Thirty female rats were divided 
into six groups of five rats per group for control, hepatotoxic and non-hepatotoxic groups 
and were fed 5% or 10% T. triangulare-supplemented diet. Biochemical and hematological 
indices measured included alanine transaminase, aspartate transaminase, total protein, glu-
cose, total triglycerides, total cholesterol, reduced glutathione, lipid peroxidation, packed 
cell volume, white blood cell and differentials count. Weight changes were also measured. 
Alanine transaminase and aspartate transaminase did not significantly change except for the 
hepatotoxic group fed 5% T. triangulare-supplemented diet. Cholesterol and triglycerides 
were significantly increased in non-hepatotoxic group fed 5% T. triangulare-supplemented 
diet. Glucose was significantly reduced in non-hepatotoxic groups fed T. triangulare-
supplemented diet and hepatotoxic group fed 10% T. triangulare-supplemented diet. Protein 
level was also reduced in group fed 10% T. triangulare-supplemented diet. Lipid peroxida-
tion and reduced glutathione were not significantly altered in all the groups. PCV and white 
blood cell counts were reduced in hepatotoxic group fed T. triangulare-supplemented diet. 
The consumption of T. triangulare-supplemented diet did not significantly change the weight 
of the animals. These findings were supplemented by histological observations of liver tis-
sues which showed necrosis in the liver of hepatotoxic rats but with varying regeneration in 
the rat group fed with T. triangulare-supplemented diet.  
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Introduction 
 

Plant foods especially tropical vegeta-
bles contain a large array of chemically 
diverse bioactive compounds with poten-
tial health promoting properties [1, 2]. 
Leafy vegetables contribute to meeting 
the nutritional and medicinal needs of 
sub-tropical local populations especially in 
Nigeria as staples, flavours, condiments, 
spices, drinks and beverages in most de-

veloping countries [3]. Talinum triangu-
lare (L.) Juss is one of vegetables widely 
cultivated and consumed in Africa espe-
cially Southern Nigeria [4]. T. triangulare 
is a cosmopolitan weed belonging to the 
Talinum genus, family Portulacaceae that 
grows best under humid conditions [5]. 
The leaves of T. triangulare is eaten as a 
vegetable and employed in the treatment 
of several disease conditions such as 
measles, sexually transmitted diseases 
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and internal heat and is associated with 
varying biochemical and physiological ef-
fects [6,7]. The varying uses of the leaves 
of T. triangulare underscore its importance 
as major dietary supplement as a result of 
its nutritional and phytochemical composi-
tion [8].  

Paracetamol (Acetaminophen) is a 
drug that is widely employed in relief of 
pain and feverish conditions. The over-
the-counter widespread procurement of 
paracetamol predisposes to excessive use 
and overdose which can cause liver toxic-
ity and damage [9]. In Nigeria, hepatic 
toxicity and other biochemical effects re-
sulting from the abuse of paracetamol 
may be masked due to its high tolerance 
and widespread consumption of plant 
based diets such as leaves of T. triangu-
lare. This is the basis of this preliminary 
study aimed at investigating the preven-
tive potentials and other associated ef-
fects of consumption of leaves of T. trian-
gulare against paracetamol-induced hepa-
totoxicity in rats.  

 
 

MATERIALS AND METHODS 
 

This study was carried out between 7th 
December, 2009 and 7th March, 2010 at 
the department of Biological Sciences, 
Covenant University, Ota, Ogun State, Ni-
geria. 
 
Processing of T. triangulare leaves. 
 

Fresh leaves of T. triangulare obtained 
from a market in Ota, Ogun state, South-
Western Nigeria were picked, air-dried 
and ground to a coarse powdered form 
with an Achting hammermill. The proxi-
mate composition of the T. triangulare leaf 
powder was determined according to the 
procedure outlined in AOAC [10] and ap-
plied in the formulation of experimental 
diets. 
 
Formulation of Experimental diets 
 

Three experimental diets namely con-
trol diet, 5% and 10% T. triangulare-
supplemented diets were formulated with 
commercially available feedstuffs which 
include maize, corn flour, fish meal, 
groundnut meal, bone meal and vitamin 
premix. The control diet was formulated 
without incorporation of T. triangulare leaf 
powder while the T. triangulare- supple-
mented diets were formulated with either 
5% and 10% of T. triangulare  leaf pow-
der. 
 
Study design  
 

Thirty female albino rats aged four to 
six weeks old and with an average weight 
of 40-80g were selected for the study. The 
animals were housed in well ventilated 
stainless steel cages and exposed to 
twelve hours light and dark cycles under 
tropical weather conditions. A set of five 
rats per group were each randomly dis-
tributed into six experimental groups in-
cluding non-hepatotoxic control, hepato-
toxic control, non-hepatotoxic I, non-
hepatotoxic II, hepatotoxic A and hepato-
toxic B. The animals in non-hepatotoxic 
control and hepatotoxic control groups 
were fed control diet while those in non-
hepatotoxic I and hepatotoxic A groups 
were fed 5% T. triangulare - supple-
mented diet. The animals in non-
hepatotoxic II and hepatotoxic B groups 
were fed 10% T. triangulare - supple-
mented diet. The groups and their diets 
are shown in table 1. All the animals were 
given their various feed and water ad libi-
tum for fifty-six (56) days. Seven days 
prior to the end of feeding, liver damage 
was induced in animals in the hepatotoxic 
experimental groups by daily oral admini-
stration with 3g/kg body weight of 
paracetamol while those in non-
hepatotoxic groups were administered 
with the vehicle (distilled water) only. The 
weight of animals in all the groups were 
measured weekly throughout the study 
period. The animal experiments were ap-
proved by the institutional animal ethics 
committee in accordance with the guide-
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lines of Committee for the Purpose of Su-
pervision and Control of Experiments on 
Animals (CPCSEA) [11].  
 
Table 1. Experimental groups and diets. 
Group Diet 
Non-hepatotoxic Control Control diet 
Hepatotoxic Control Control diet 

Non-hepatotoxic II 5% T. triangulare -
supplemented diet 

Non-hepatotoxic II 10% T. triangulare - 
supplemented diet 

Hepatotoxic A 5% T. triangulare - sup-
plemented diet 

Hepatotoxic B 10% T. triangulare - 
supplemented diet 

 
 
Collection of blood and tissue samples 
 

At the end of the study, the animals 
were anesthetized and blood samples col-
lected in heparinised bottles. Serum sam-
ples were collected in non-heparinised 
bottles and allowed to clot before being 
centrifuged at 5000 rpm for 10 minutes. 
The livers were quickly excised, washed 
and preserved in 10% formyl saline for 
histological studies. 
 
Determination of enzymes and bio-
molecules 
 

Serum levels of aspartate aminotrans-
ferase (AST) and alanine aminotrans-
ferase (ALT) and blood glucose levels 
were determined using GOT (HBE06) and 
GPT (HBE07) test kits supplied by Cypress 
diagnostics, Belgium. Triglycerides and 
cholesterol were determined using Cro-
matest test kits produced by Linear 
chemicals SL, Spain. Total protein was de-
termined by the Lowry method without 
modification [12]. Reduced glutathione 
was determined using the method de-
scribed by Ellman with modification [13]. 
Lipid peroxidation was determined by the 
method of Buege and Aust without modifi-
cation [14].  
 
Determination of haematological pa-
rameters 

 
Full blood and white blood cells (WBC) 
counts were done according to methods 
described by Dacie and Lewis without 
modifications [15]. 
 
Histological studies 
 

Thin sections (5-10 μ) of liver tissues 
were prepared by first dehydrating with 
different increasing concentrations of 
ethanol, staining with haematoxylin-eosin 
and finally mounted with molten paraffin 
wax in neutral medium (10% buffered 
formalin). Histological examinations were 
done on according to procedures de-
scribed by Disbery and Rack without 
modification [16]. 
 
Statistical analysis  
 

Data obtained are expressed as Mean 
± standard error of mean (SEM) for tripli-
cate determinations. One-way analysis of 
variance (ANOVA) for a completely ran-
domized design was used to analyse data. 
Values were considered significant at 
P<0.05. All the statistics were estimates 
using SPSS software (15.0, November, 
2006). 
 
RESULTS  
 

The effect of the various diets on 
weight before and after induction of he-
patic damage is shown in table 2. The ef-
fect of the various diets on biochemical 
parameters in the non-hepatotoxic and 
hepatotoxic groups are presented in table 
3. The result of the various feeds on hae-
matological parameters in hepatotoxic and 
non-hepatotoxic groups are presented in 
table 4. The histological features of the 
liver of the animals in all the groups are 
shown in Figures 1-6.  
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Table 2. Effect of Talinum triangulare - supplemented diet on weight changes in the animals.  

Group 
Weight change before induction 

of hepatotoxicity (%) 
Weight change after induction of 

hepatotoxicity (%) 
Non-hepatotoxic Control 30.6 7 

Hepatotoxic Control 28.6 12.7 
Non-hepatotoxic I 5.9 4.2 
Non-hepatotoxic II 15.5 5.4 
Hepatotoxic A 11.3 -0.64  b 
Hepatotoxic B 22.6 3.6 b 

a Represents values that are significant (p < 0.05) with respect to non-hepatotoxic control 
 bRepresents values that are significant (p < 0.05) with respect to hepatotoxic control 
 
 
 
 
 

Table 3.  Effect of Talinum triangulare - supplemented diet on biochemical parameters in the animals 

Measurement Non-hepatotoxic 
Control 

Hepatotoxic  
Control 

Non-hepatotoxic 
I 

Non-hepatotoxic 
II 

Hepatotoxic A Hepatotoxic B 

Glucose 
(mg/dl) 166.99±15.35 197.19±5.02 89.65±7.51a, b 93.63±7.59 a, b 181.38±31.11 101.41±24.26 a, b 

Protein 
(mg/ml) 5.53±0.09 5.40±0.42 5.30±0.58 4.20±0.30 a b 5.53±0.44 5.32±0.14 

Reduced glu-
tathione 
(mM/ml) 

0.01±0.001 0.01±0.001 0.01±0.001 0.01±0.001 0.01±0.001 0.01±0.003 

Cholesterol 
(mg/dl) 264.95±6.43 274.23±30.93 322.37±22.08a 259.99±13.08 293.75±12.95 287.11±6.98 

Triglyceride 
(mg/dl) 258.48±20.54b 575.70±162.53a 268.37±13.43 b 286.41±10.68 b 285.47±27.86 b 349.31±62.78 b 

Lipid peroxida-
tion 
(mol/mL) 

13.92±1.73 19.47±2.97 15.21±1.48 17.70±1.82 13.19±0.27 17.10±2.50 

Aspartate 
transaminase 
(IU/L) 

27.85±9.01 12.54±3.21 12.95±4.87 27.18±11.23 
 
12.40±2.99 
 

30.33±17.44 

Alanine 
transaminase 
(IU/L) 

7.20±0.74 16.33±4.75 9.80±1.96 14.70±1.61 25.08±7.91a 15.16±8.03 

a Represents values that are significant (p < 0.05) with respect to non-hepatotoxic control. 
b Represents values that are significant (p < 0.05) with respect to hepatotoxic control. 
ab Represents values that are significant (p < 0.05) with respect to hepatotoxic and non-hepatotoxic control. 
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Table 4. Effect of Talinum triangulare - supplemented diet on haematological parameters in the animals. 
 
Measurment Non-

hepatotoxic 
Control 

Hepatotoxic 
Control 

Non-
hepatotoxic I 

Non-
hepatotoxic II 

Hepatotoxic A Hepatotoxic B 

Packed cell volume 
(%) 

42.50±2.84 39.00±2.08 38.40±2.36 37.40±2.79 34.75±0.85 a 35.40±1.12 a 

White blood cells 
(103mm-3) 

7500±204.1 b 6625±239.36 a 6900±291.55 6800±200.00 a 7375±239.36 b 6600±187.08 a 

Lymphocytes (%) 80.00±0.71 78.75±0.85 78.00±1.00 80.40±0.68 78.25±0.25 79.60±1.17 
Neutrophils (%) 20.00±0.71 21.25±0.85 21.40±0.81 19.20±0.20 b 21.25±0.25 21.00±0.63 

a Represents values that are significant (p < 0.05) with respect to non-hepatotoxic control 
b Represents values that are significant (p < 0.05) with respect to hepatotoxic control 

 
DISCUSSION 
 

High doses of paracetamol is associ-
ated with hepatic damage in both animals 
and in humans [17].  The high dose of 
paracetamol generates a metabolite, N-
acetyl-p-benzoquinoneimine (NAPQI), 
which is highly reactive and causes hepa-
totoxicity [18]. NAPQI can rapidly react 
with reduced glutathione (GSH) and lead 
to its depletion resulting in hepatocellular 
death and mitochondrial dysfunction [19]. 
Several plant products including vegeta-
bles have been investigated for their 
hepatoprotective properties using 
Paracetamol as a control [20]. T. triangu-
lare is highly valued as a nutritious, me-
dicinal and therapeutic vegetable across 
Central Africa [21]. The purpose of this 
investigation was to study the effect of T. 
triangulare on paracetamol- induced 
hepatotoxicity and other associated pa-
rameters in rats. Liver toxicity is assessed 
by measuring the serum levels of aspar-
tate transaminase (AST) and alanine 
transaminase (ALT) [22]. Total proteins, 
triglycerides, cholesterol and glucose were 
used as supplementary tests for hepatic 
synthetic and other allied functions. Histo-
logical changes in the hepatocytes’ mor-
phology are the hallmarks of liver injury.  

The feeding of T. triangulare-
supplemented diet did not result in any 
significant (P < 0.05) increases in weight 
of animals. This is due to the low content 
of nutrients in the leaves of T. triangulare 
when compared with other tropical vege-
tables [23]. Thus, this vegetable cannot 

serve as a valuable source of nutrients for 
growth in animals.  
 

 
Figure 1. Photo micrograph of a cross section of 
liver of non-hepatotoxic rat fed with control diet. 
MAG. X40. 
 

Generally the consumption of T. trian-
gulare -supplemented diet did not signifi-
cantly (p < 0.05) change any of the liver 
enzymes in the animals indicating that it 
does not have any toxic effect on the 
liver. This study revealed a significant 
change (p < 0.05) in the protein levels of 
non-hepatotoxic animals fed 10% T. tri-
angulare-supplemented diet which is also 
related to the low nutrient content of the 
vegetable [23]. This finding agrees with 
the findings by Iweala et al. [24] showing 
reduction in the total protein levels of rats 
fed with leaves of G. Africanum,  another 
commonly consumed tropical vegetable. 
Reduction in total protein could have con-
sequences on the overall physiological 
function of the animals [25].  

Depletion of reduced glutathione, an 
important antioxidant enzyme is associ-
ated with increased lipid peroxidation dur-
ing paracetamol overdose and plays a role 

http://en.wikipedia.org/wiki/NAPQI�
http://en.wikipedia.org/wiki/NAPQI�
http://en.wikipedia.org/wiki/Hepatotoxicity�
http://en.wikipedia.org/wiki/Hepatotoxicity�
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in hepatotoxicity [26]. This study showed 
that there was stabilization in the level of 
lipid peroxidation and reduced glutathione 
in the animals. This could be attributed to 
the presence of antioxidant phytochemi-
cals including phenolic substances, flavon-
oids and anthocyanidins in the T. triangu-
lare [27].  

 

 
Figure 2. Photo micrograph of a cross section of 
liver of non-hepatotoxic rat fed with 5% T. triangu-
lare - supplemented diet. MAG. X40. 
 

The reduction (p < 0.05) in the levels 
of glucose in rats fed T. triangulare-
supplemented diet suggests that its con-
sumption could reduce the high glucose 
levels in diabetic conditions with associ-
ated liver damage. However this observa-
tion does not agree with the hypergly-
caemic properties of T. triangulare re-
ported by Ekpo et al [28]. 
 

 
Figure 3. Photo micrograph of a cross section of 
liver of non-hepatotoxic rat fed with 10% T. triangu-
lare - supplemented diet. MAG. X40. 
 

Generally, there were non-significant 
changes (p < 0.05) in the levels of choles-
terol in all of the groups and an increase 
in triglycerides of hepatotoxic control. T. 
triangulare generally have cholesterol sta-
bilizing properties [28] while the increase 
in triglycerides is due to liver dysfunction.  

PCV and WBC count are of diagnostic im-
portance in paracetamol-induced toxicity 
and are affected by most bioactive phyto-
chemicals [29, 30]. The reduced PCV (p < 
0.05) in animals fed T. triangulare-
supplemented diet supports the haemo-
lytic properties of the plant [28]. The non-
significant change in the level of white 
blood cells of the animals infers that T. 
triangulare did not elicit any adverse reac-
tion by the immune system of the animals 
[31]. An increase in the number of WBC is 
a normal reaction of rats to foreign sub-
stances, which alter their physiological 
processes [32].  
 

 
Figure 4. Photo micrograph of a cross section of 
liver of hepatotoxic rat fed with control diet. MAG. 
X40. 
 

The liver of non-hepatotoxic animals 
fed with T. triangulare-supplemented diet 
showed normal histological features which 
corroborates that it does not have any ap-
parent toxicity on the liver. In contrast, 
the hepatotoxic animals showed various 
levels of abnormal histological changes 
such as degeneration with some centri-
lobular necrosis and haemorrhages in the 
liver usually associated with the 
paracetamol challenge [33]. However, 
Figures 5 and 6 showed that the intensity 
of centrilobular necrosis was less in the 
liver sections of the hepatotoxic groups 
fed T. triangulare-supplemented diet. It is 
presumed that the consumption of T. tri-
angulare-supplemented diet ameliorated 
the histological distortions caused by 
paracetamol because tropical green leafy 
vegetables are usually associated with 
hepatoprotective properties [34]. 
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Figure 5. Photo micrograph of a cross section of 
liver of hepatotoxic rat fed with 5% T. triangulare - 
supplemented diet. MAG. X40. 
 
 

 
Figure 6. Photo micrograph of a cross section of 
liver of hepatotoxic rat fed with 10% T. triangulare - 
supplemented diet. MAG. X40. 
 

The results of this study suggest that 
T. triangulare may be used in the treat-
ment or prevention of paracetamol-
induced hepatotoxicity probably due to its 
ability to preserve the structural integrity 
of hepatocytes when challenged with 
hepatotoxicants. Further study is war-
ranted to unravel the precise mecha-
nism(s) for T. triangulare hepatoprotective 
effects in paracetamol-induced toxicity in 
rats.  Furthermore, a bioassay guided 
fractionation is needed to identify the spe-
cific constituents of T. triangulare involved 
in this hepatoprotection against hepatic-
induced toxicity.  
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