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ABSTRACT

Nutrition constitutes an essential aspect of health 
care in both humans and other animals. Despite the nu-
merous studies conducted on Lablab purpureus seeds, 
there is a paucity of information on its effects on hepatic 
and renal antioxidant status. The present study investi-
gated the influence of three varieties of Lablab purpu-
reus seeds (Rongai Brown, Rongai White and Highworth 
Black) on hepatorenal antioxidant status in male Wistar 
rats. Group I (control) rats were fed with the standard 
rat chow for 14 days while Groups II, III and IV rats were 
separately fed with feed containing the Rongai Brown, 
Rongai White and Highworth Black for 14 days, respec-
tively. Lablab purpureus caused a significant decrease in 
renal superoxide dismutase (SOD) but increased hepatic 
SOD activity along with increased catalase, glutathione-
S-transferase and glutathione peroxidase activities in 
both liver and renal tissues when compared with the 
control. Moreover, there was a significant decrease in 
the hepatic glutathione (GSH) level with concomitant 
elevation in hepatic and renal hydrogen peroxide and 

lipid peroxidation levels in all Lablab purpureus-fed 
rats. Lablab purpureus-fed rats demonstrated significant 
elevations in serum marker enzymes, aspartate amino-
transferase and alkaline phosphatase along with increas-
es in urea and creatinine levels. Histopathologically, kid-
ney sections revealed normal renal architecture, whereas 
treatment-related lesions were identified in the liver of 
Lablab purpureus-fed rats. This study concluded that 
consumption of raw Lablab purpureus seeds induced 
hepatorenal toxicity in rats via the induction of oxidative 
stress.

Key words: antioxidant; hepatorenal toxicity; Lablab 
purpureus; oxidative stress; rats

INTRODUCTION

Legumes are a vital component of the diet for both 
human and other animals because they contain differ-
ent bioactive compounds that may have beneficial effects 
[29]. Lablab purpureus is a drought-resistant legume which 
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remain green during the dry season. It is a domesticated 
legume specie widely cultivated to provide adequate nour-
ishment for animal production and it constitutes the main 
leguminous fodder crop in several developing countries in-
cluding Sudan and India [4], [19]. It is used in combination 
with natural pastures and crop residues to reduce weight 
losses in livestock during the dry season. The herbage is 
also applied to control erosion, used for green manure and 
feed supplement for cattle grazing in the dry season [12]. 
The seed and immature pods are used as human food and 
herbal medicines [6], [21]. 

The nutritive value of Lablab purpureus seeds has been 
reported [1], [13], [23], [32]. However, the concomitant 
occurrence of toxic anti-nutritional factors such as hae-
magglutinins, saponins, phytic acids, amylase inhibitors, 
trypsin inhibitors, tannis, lectins, alkaloids and cyanogens 
in lablab beans has been reported [1], [14], [30], [33]. The 
antioxidant status shows the dynamic balance between the 
cellular reactive oxygen species (ROS) production and the 
antioxidant defense capacity and it has been demonstrated 
to be a useful tool in estimating the risk of oxidative dam-
age [22], [34]. Previous investigations from our laboratory 
have implicated Lablab purpureus in the impairment of 
testicular function of spermatogenesis in laboratory ani-
mals through the generation of elevated reactive oxygen 
species [31]. In spite of the several studies conducted on 
this important legume, there is a dearth of information in 
the literature on the effects of Lablab purpureus varieties 
namely the Rongai White, Rongai Brown and Highworth 
Black on the antioxidant statuses of the liver and kidney. 
The present investigation assessed the hepatic and renal an-
tioxidant enzymes activities, lipid peroxidation levels along 
with the histology of the liver and kidney in rats following 
the consumption of the three varieties of Lablab purpureus 
for fourteen days.

MATERIALS AND METHODS

Chemicals
Thiobarbituric acid (TBA), hydrogen peroxide (H2O2), 

glutathione (GSH), 1-chloro-2,4-dinitrobenzene (CDNB), 
epinephrine, and 5,5’-dithiobis-2-nitrobenzoic acid (DTNB) 
were purchased from Sigma Chemical Co. (St Louis, MO, 
USA). All other reagents were of analytical grades and were 
obtained from the British Drug Houses (Poole, Dorset, UK).

Percentage feed composition
Three varieties of Lablab purpureus, namely Rongai 

Brown (P1 509114), Rongai White (NAPRI 4) and High-
worth Black (GRIF 12293) obtained from the International 
Institute of Tropical Agriculture (IITA) Ibadan, Nigeria 
were used in this study. Three types of feed containing the 
three varieties of raw Lablab purpureus were separately 
prepared. All of the feeds were calculated and prepared 
to contain 20 % crude protein and 3 kilocalories of energy 
(iso-proteinous and iso-caloric diet). The percentage feed 
composition of the control and test diets are presented in 
Table 1. The proximate analysis of the three varieties of raw 
Lablab purpureus seeds has been previously reported [32].

Table 1. Percentage feed composition 
of the control and test diets

Ingredients Control 
Rongai 
Brown

Rongai
White

Highworth 
Black

Casein 20 – – –

Lablab bean meal – 82.8 86.6 87.7

Corn starch 15 3.6 1.7 1.15 

Sucrose 50 – – –

Corn oil 5.0 3.6 1.7 1.15

Cellulose 5.0 5.0 5.0 5.0

Methionine 0.3 0.3 0.3 0.3

Mineral mix 3.5 3.5 3.5 3.5

Vitamin mix 1.0 1.0 1.0 1.0

Choline chloride 0.2 0.2 0.2 0.2

Vitamin A 10 000 000 IU.2.5 kg–1; Vitamin D3 2 000 000 IU.  
2.5 kg–1; Vitamin E 12 000 mg.2.5 kg–1; Vitamin K3 2000 mg. 
2.5 kg–1; Vitamin B1 1 500 mg.2.5 kg–1; Vitamin B2 5 000 mg. 
2.5 kg–1; Vitamin B6  500 mg.2.5 kg–1; Vitamin B12 10 mg. 
2.5 kg–1; niacin 15 000 mg. 2.5 kg–1; Calpan 5 000 mg.2.5 kg–1; 
folic acid 600 mg.2.5 kg–1; biotin 20 mg.2.5 kg–1; choline chlo-
ride 150 000 mg.2.5 kg–1; manganese 80 000 mg.2.5 kg–1; iron 
40 000 mg.2.5 kg–1; zinc 60 000 mg.2.5 kg–1; copper 8 000 mg. 
2.5 kg–1; iodine 1 000 mg.2.5 kg–1; cobalt 25 mg.2.5 kg–1. 
Source: [31]. 

Experimental protocol
Thirty-two adult male Wistar rats (195 ± 3 g) obtained 

from the animal house of the Faculty of Veterinary Medi-
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cine, University of Ibadan, Ibadan, were used for this study. 
The animals were housed in plastic cages placed in a well-
ventilated rat house, provided rat chow and water ad libi-
tum and subjected to natural photoperiod of 12-hr light : 
12-hr dark. All the animals received human care according 
to the criteria outlined in the Guide for the Care and Use of 
Laboratory Animals prepared by the National Academy of 
Science and published by the National Institute of Health. 
The ethic regulations have been followed in accordance 
with National and institutional guidelines for the protec-
tion of animal welfare during experiments [24]. 

The rats were randomly assigned into four groups of 
eight rats per group. Group I rats were fed with the stan-
dard rat chow for 14 consecutive days and served as the 
control. Rats in groups II, III and IV were fed with feed 
containing Rongai Brown, Rongai White and Highworth 
Black respectively for 14 consecutive days. Twenty-four 
hours after the 14th day, all the animals were killed by cer-
vical dislocation under light ether anaesthesia. The livers 
and kidneys were quickly removed, weighed, and placed on 
an ice bath. The blood was allowed to clot and centrifuged 
at low speed 3000 g at room temperature for 15 minutes. 

This study is in agreement with the standard on the use 
of laboratory animals as reported by the [35].

Plasma biochemistry 
The biomarkers of liver and kidney function were as-

sessed using commercially available kits from Randox 
Laboratory Limited (UK). Serum activities of aspartate 
aminotransferases (AST) and alkaline phosphatase (ALP) 
were measured according to the method described by [27]. 
Serum urea and creatinine levels were estimated according 
to the method of [15].

Determination of liver and kidney antioxidant statuses
The post-mitochondrial fraction of the liver and kid-

ney of the rats were prepared by homogenizing in 50 mM 
Tris-HCl buffer (pH 7.4) containing 1.15 % potassium 
chloride. The homogenate was subsequently centrifuged 
at 12000 g for 15 min at 4 °C and the supernatant was col-
lected for biochemical parameters. Protein concentration 
was determined according to the method of [18]. Super-
oxide dismutase (SOD) activity was assayed according to 
the method described by [20]. Catalase (CAT) activity was 
assayed using hydrogen peroxide as a substrate according 
to the method described by [7]. Glutathione peroxidase 

(GPx) activity was determined according to the method of 
[28]. Glutathione-S-transferase (GST) was assayed by the 
method of [11]. Reduced glutathione (GSH) level was de-
termined at 412 nm using the method described by [16]. 
Hydrogen peroxide (H2O2) generation was determined 
according to the method described by [36]. Lipid peroxi-
dation (LPO) was quantified as malondialdehyde (MDA) 
according to the established method [9] and the result ex-
pressed as micromoles of MDA per milligram protein.

Microscopic examination of the liver and kidney 
Samples of liver and kidney from rats in each group 

were fixed in 10 % formalin and processed for histology 
according to [5]. Briefly, liver and kidney specimens were 
fixed in 10 % neutral-buffered formaldehyde solution. Af-
ter dehydration procedures, the samples were embedded 
in paraffin. Sections of 4—5 µm were cut by a microtome 
and stained with hematoxylin and eosin (H & E). All slides 
were coded before examination under a light microscope 
(Olympus CH; Olympus, Tokyo, Japan) by pathologists 
who were blinded to control and treatment groups. Photo-
micrographs were taken with a Sony DSC-W 30 Cyber-shot 
(Sony, Tokyo, Japan).

Statistical Analysis
Statistical analysis was carried out using one-way anal-

ysis of variance (ANOVA) to compare the experimental 
groups followed by Bonferroni’s test to identify significant-
ly different groups (SPSS for Windows, version 17). P < 0.05 
was considered to be statistically significance.

RESULTS

Hepatic and renal antioxidant statuses
Figures 1—3 show the effects of the consumption 

of  Rongai Brown, Rongai White and Highworth Black 
on antioxidant systems and lipid peroxidation in the liver 
and kidney of the rats. The three varieties of Lablab pur-
pureus significantly increased the activity of hepatic SOD 
whereas Rongai White and Highworth Black significantly 
decreased the renal SOD. The activities of CAT, GST and 
GPx were significantly increased in all the Lablab purpure-
us-fed rats when compared with the control. Hepatic GSH 
level was significantly decreased, whereas renal GSH lev-
els remain unaffected in all the Lablab purpureus-fed rats 
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Fig. 1. Activities of SOD and CAT in the liver and kidney of rats following consumption of Rongai brown, Rongai white 
and Highworth black for 14 consecutive days. Values are expressed as mean ± SD of eight rats. a — P < 0.05 versus control

Fig. 2. Activities of GPx and GST in the liver and kidney of rats following consumption of Rongai brown, Rongai white 
and Highworth black for 14 consecutive days. Values are expressed as mean ± SD of eight rats. a — P < 0.05 versus control
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Fig. 3. Levels of GSH, H2O2 and LPO in the liver and kidney of rats following consumption of Rongai brown, Rongai white 
and Highworth black for 14 consecutive days. Values are expressed as mean ± SD of eight rats. a — P < 0.05 versus control

Fig. 4. Biomarkers of liver function enzymes (AST and ALP) and kidney function indices (urea and creatinine level) 
in rats following the consumption of the Rongai brown, Rongai white and Highworth black for 14 consecutive days. 

Values are expressed as mean ± SD of eight rats. a — P < 0.05 versus control
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Fig. 5. Photomicrographs of the liver. Control rat showing normal liver architecture (A). Liver of rats fed with Rongai brown diet showed central 
venous and portal congestion with mild mononuclear cell infiltration (B). Mild periportal cellular infiltration was identified in the liver of Rongai 

white-fed rats (C). Few foci of cellular infiltration with hepatic necrosis were identified in the liver of Highworth black fed rats (D). 
Original magn. ×240

Fig. 6. Photomicrographs of the kidney showing normal renal architecture of control and Lablab purpureus-fed rats. Control rat (A). 
Rats fed with Rongai brown diet (B). Rats fed with Rongai white diet (C). Rats fed with Highworth black diet (D). Original magn. ×240



17

when compared with the control. Moreover, the levels of 
malondialdehyde (MDA) which is an index of lipid peroxi-
dation and H2O2 generation were significantly increased in 
the liver and kidney of animals fed with the three varieties 
of Lablab purpureus when compared with the control.

Hepatic and renal function indices
To investigate the integrity of the liver and kidney in 

the experimental rats, the levels of biomarkers of hepatic 
and renal damage were determined. Fig. 4 shows that the 
serum levels of hepatic dysfunction, namely AST and ALP, 
as well as renal functional indices, namely urea and creati-
nine were significantly increased following the consump-
tion of the three varieties of Lablab purpureus. AST activity 
significantly (P < 0.05) increased by 24.10 %, 18.90 % and 
15.62 % in Rongai Brown, Rongai White and Highworth 
Black, respectively, compared with the control. ALP activ-
ity significantly (P < 0.05) increased by 81.70 %, 58.05 % 
and 61.85 % in Rongai Brown, Rongai White and High-
worth Black, respectively, compared with the control. The 
serum creatinine level was elevated by 1.22 %, 11.59 % and 
16.4 %, whereas the urea level increased by 0.71 %, 7.04 %, 
and 19.92 % in the Rongai Brown, Rongai White and High-
worth Black, respectively, compared with the control.

Histology
Histopathological examinations of the kidney sections 

with the light microscope showed that the control and the 
Lablab purpureus-fed rats had normal renal architecture 
(Fig. 6). However, while the control liver appeared structur-
ally normal, there were treatment-related lesions identified 
in the liver of Lablab purpureus-fed rats. Histopathological 
changes observed in the liver of rats fed with Rongai Brown 
diet include central venous and portal congestion with mild 
mononuclear cell infiltration. The liver of animals fed with 
Rongai White diet showed mild periportal cellular infiltra-
tion whereas rats fed with Highworth Black diet showed 
few foci of cellular infiltration with hepatic necrosis when 
compared with the control (Fig. 5). 

DISCUSSION

This study demonstrated that the consumption of un-
processed Lablab purpureus caused liver and kidney dam-
age in rats as evidenced by the increases in serum marker 

enzymes AST and ALP, along with increases in urea and 
creatinine levels. Serum levels of liver enzymes including 
AST and ALP are generally used in the assessment of he-
patic damage. Transaminases are used as specific indicators 
for liver damage because they play a vital role in the amino 
acid metabolism and biosynthesis of energetic macromol-
ecules for different important cellular functions [17]. The 
increase in AST activity may be due to liver dysfunction 
and disruption in the integrity of the liver cell membrane 
[17], [3]. Alkaline phosphatase (ALP) is a biomarker for 
evaluating the integrity of the hepatobiliary system and bile 
flow into the small intestine [3]. The increase in hepatic 
ALP activity observed in this study indicated obstructive 
events or cholestatic effects in Lablab purpureus-fed rats. 
Serum urea and creatinine levels were significantly elevated 
in rats fed with the Lablab purpureus seeds. The increase in 
urea may be due to the insufficiency in renal excretion pro-
cesses, whereas an increase in serum creatinine level may 
indicate an impaired kidney function [2]. 

Lablab purpureus increased the oxidative stress by dis-
rupting the antioxidant defense mechanisms in the liver 
and kidney of rats. The superoxide radical is converted to 
H2O2 by the SOD, whereas CAT and glutathione peroxi-
dase (GPx) are responsible for the detoxification of H2O2. 
Moreover, GST is directly involved in the elimination of 
electrophilic oxidants by conjugating them with GSH [20]. 
In this study, the consumption of unprocessed Lablab pur-
pureus seeds caused a significant decrease in renal SOD but 
increased hepatic SOD activity along with augmentation in 
the CAT, GPx and GST activities in both liver and renal 
tissues, thus suggesting their induction possibly to combat 
reactive oxygen species (ROS) generation during Lablab 
purpureus metabolism in these tissues. Indeed, increased 
production of singlet oxygen and peroxyl radicals has been 
demonstrated to directly inhibit SOD activity [8]. Thus, the 
decrease in the SOD activity is indicative of enzyme in-
hibition possibly due to excessive ROS production in the 
treated rats. The observed decrease in the hepatic GSH level 
in the present study may indicate an increased demand of 
GSH to detoxify ROS generation in the tissue.

Furthermore, the present investigation revealed that the 
consumption of Lablab purpureus caused oxidative stress 
in the liver and kidney of rats. The significantly elevated 
level of H2O2 observed in the liver and kidney shows that 
the increase in antioxidant defense enzymes (CAT, GPx and 
GST) in rats fed with the three varieties of Lablab purpureus 
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was insufficient to eliminate this noxious substance from 
the hepatic and renal tissues. Previous studies have shown 
that CAT is the most adaptive antioxidant enzyme that plays 
a key role in cell protection during oxidative stress [10], [25], 
[26], [34]. The observed increases in CAT activity therefore, 
suggests an adaptive response to high concentrations of 
H2O2 during the treatment with lablab purpureus seeds.

Lipid peroxidation (LPO) is known to disrupt the in-
tegrity of cellular membranes and consequently results in 
the tissue injury. The increase in levels of malondialdehyde 
(MDA), a biomarker of LPO in the liver and kidney of Lablab 
purpureus-fed rats, may be attributed to the increased pro-
duction of the reactive oxygen species and an altered antiox-
idant defense system. A previous study indicated that Lablab 
purpureus increased LPO in the testes of rats [31]. 

Light microscopy showed no treatment-related kid-
ney histopathology in rats fed with the three varieties of 
Lablab purpureus, whereas liver damage was evident within 
the time course of this investigation. The lack of obvious 
kidney histopathology may be due to the short duration 
of the consumption of the feed. The histological changes 
observed in the liver of rats fed with the Rongai Brown 
diet include the central venous and portal congestion with 
mild mononuclear cell infiltration. The liver of rats fed with 
Rongai White diet showed mild periportal cellular infiltra-
tion whereas rats fed with Highworth Black diet showed 
few foci of cellular infiltration with hepatic necrosis. The 
alteration in the hepatic architecture in the present study 
may be attributed to the direct or indirect effects of in-
creased ROS and consequently induced lipid peroxidation 
which is capable of disrupting its structure and function.

Based on the data presented, it can be concluded that 
the consumption of raw Lablab purpureus seed induced 
hepatorenal toxicity via a mechanism involving alteration 
of antioxidant defense systems, elevation in H2O2 genera-
tion and lipid peroxidation in the liver and kidney of the 
treated rats. 
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