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Abstract 

This study was carried out to determine the accumulations and alterations in some tissues 

of albino rats treated with lead metal and its eliminations using Cocus nucifera water. 

Forty-eight healthy albino rats of approximately 154g were distributed into 4 groups of 3 

replicates with 4 rats each. 4g/kg bwt of lead nitrate dissolved in 1litre of distilled water 

were administered orally to rats in Group A. Group B takes 4g/kg bwt of lead salt and 

15mg/kg bwt of C. nucifera water while Group C takes only 15mg/kg bwt of C. nucifera 

water twice weekly and Group D is the Healthy Control. The results show that the tissues 

concentration mean value of 0.23 ± 0.02 g/l (heart), 0.22 ± 0.04 g/l (kidney), 0.33 ± 0.02 

g/l (liver) and 0.21 ± 0.04 g/l (lower gut) were recorded in the Groups A while there were 

significant reductions in these values when compared with the tissues concentration mean 

value of Group B (0.093 ± 0.01 g/l (heart), 0.011 ± 0.01 g/l (kidney), 0.065 ± 0.01g/l (liver) 

and 0.08 ± 0.01 g/l (low gut)). The tissue concentration mean values of 0 g/l were 

recorded in groups C and D respectively. Histopathological examination shows that 

alterations occur across all tissues of rats in Group A while tissues of the rats in Group B, C 

and D demonstrated normal architectural appearance. This study therefore suggest that 

C. nucifera water has the potency of eliminating lead metal and repairing altered tissues 

of albino rats. 
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Introduction  

Lead is regarded as a potent 

occupational toxin and their non-

biodegradable nature, is the reason for 

their prolonged persistence in the 

environment (Nariya et al., 2018). In 

animal tissues, lesions caused by low 

concentrations of heavy metals could lead 

to functional alterations and interference 

with fundamental processes such as 

osmoregulation, gas exchange and 

metabolism (Prashanth et al., 2015). 

Accumulation levels of lead metal vary 

considerably among species and may 

become toxic when accumulation reaches 

a substantial level (Kalay and Canli, 
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2000). Toxic effects occur when 

excretory, metabolic, storage and 

detoxification mechanisms are no longer 

able to counter uptake (Kalay and Canli, 

2000). This affects many biological 

activities at the molecular, cellular and 

intercellular levels, which may result in 

morphological alterations that can remain 

even after lead level has fallen(Ibrahim et 

al., 2012). Autopsy studies on animals 

exposed to lead indicated that liver tissue 

is the largest repository (33%) of lead 

among soft tissues followed by kidney 

cortex and medulla (Abd, 2016). 

There are chemical substances like 

calcium disodium 

ethylenediaminetetraacetic acid 

(CaNa2EDTA) and meso-2, 3-

dimercaptosuccinic acid (DMSA) that 

can mitigate lead associated with 

nephrotoxicity, hepatotoxicity and 

neurotoxicity in experimental studies 

(Arnold and Morgan, 2015) however, 

they are reported to cause renal toxicity 

especially during repeated treatments 

with high doses (Diamond, 2005). 

Numerous plant products have 

antioxidant activity as they scavenger 

free radicals and inhibit lipid 

peroxidation (Nimse and Pal, 2015). The 

daily oral use of Curcuma longa at 500 

mg/kg for a period of 28 days, has shown 

that Curcuma longa has a 

hepatoprotective effect against lead 

induced hepatotoxicity (Wood and 

Bradford, 2018). Supplementation with 

ginger slightly attenuates the 

developmental toxicity of fenitrothion or 

lead (Farag et al., 2010). C. nucifera 

water is one of the natural products that is 

used for medicinal purpose and support 

healthy growth (Ajibogun and Oboma, 

2013; Enagbonma et al., 2016). Hence, 

this study investigated the ability of C. 

nucifera water to reduce the alterations 

induced by lead toxicity in wistar albino 

rats.   

 

Materials and Method 

Albino Rat (Rattus norvegicus) of 

approximately body weight of 154 ± 5g 

were purchased from the breeding unit of 

the Department of Animal and 

Environmental Biology, Faculty of Life 

Sciences, University of Benin, Benin 

City. They were kept in wooden cages 

(45 by 30 by 20cm) with wire mesh 

covers on the cages and were fed 

regularly with rat pellet obtained from 

Ewu, Edo State, Nigeria and water ad 

libitum for a period of 2 weeks for proper  

acclimatization. Animal care was 

performed according to the guidelines of 

the National Research Council and the 

American Association of Accreditation 

for Lab Animal Care (Council, 2010). 

The choice of using Albino Rats for this 

study is that albino rats are considered to 

have some degree of similarity in organic 

constitution with human and they serve 

as model for understanding the entry, 

distribution, transportation, 

biotransformation, toxicology, abatement 

and elimination of heavy metals in man. 

Lead nitrate (Pb(NO3)2) with a 

laboratory reagent grade was procured 

from Paten Chemicals in Benin, Nigeria. 

Lead nitrate is selected for this work 

because it is one of the few common 

soluble lead compounds that readily 

dissolve in water to give a clear, 

colourless solution. This can make the 

rats drink lead solution whole heartedly 

(Patnaik, 2003). 

C. nucifera L. water is the selected 

dietary protocol for this work and it is 

obtained from traditional coconut 

harvested from a non-industrialized area 
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in Evbuotubu village, Benin City. C. 

nucifera L. water has numerous 

medicinal properties laden with 

antioxidant properties hence chosen for 

this work (Reddy et al., 2018). 

Experimental Procedure 
Forty-eight (48) healthy albino rats 

(Rattus norvegicus) of average weight of 

approximately 154g (The rats were 

weighed alive using an ohaus scale crop 

weighing balance with a sensitivity of 

0.1g) were distributed randomly in to 4 

groups of 3 replicates with 4 rats each. 

Group A, B, C, D. 4g/kg bwt of lead 

nitrate dissolved in 1litre of distilled 

water were administered orally as vehicle 

to rats in Group A, while Group B takes 

both 4g/kg bwt of lead salt and 15mg/kg 

bwt of C. nucifera water, while group C 

takes only 15mg/kg bwt of C. nucifera 

water twice weekly respectively using 

gavage needle and Group D serve as the 

healthy control and this lasted for a 

period of 12weeks. At the end of each 

3weeks period, three (3) rats from each 

group were sacrificed for the needed 

tissues to be collected and subsequently 

analyzed for tissue concentrations and 

any possible alterations. 

Experimental Design 
Group A- Received 2 ml of 4g/kg bwt of 

lead nitrate dissolved in 1litre of distilled 

water alone   

Group B -Received 2 ml of 15mg/kg bwt 

of C. nucifera water alone 

Group C- Received 2 ml of 4g/kg bwt of 

lead nitrate + 2 ml of 15mg/kg bwt of C. 

nucifera water 

Group D- Receives distilled water. 

Collection of Samples for Histological 

Examination 
Tissues of the heart, liver, kidney and 

lower gut of the experimental animal 

were obtained and divided into two. The 

first group were stored in sterile 

containers containing saline water and 

were transferred to the Chemistry 

Department Laboratory Unit of the 

University of Benin, where they were 

digested and analyzed while the second 

group were stored in sterile containers 

containing formalin and send to 

histopathology laboratory unit of the 

University of Benin Teaching Hospital 

where they were analyzed using standard 

method. 

Tissue Concentration Parameters 

Analyzed 
Tissue concentration of the heart, 

liver, kidney and lower gut were digested 

using 1g of the dried sample (that is fresh 

sample dried in the oven at 100
O
C) and 

placed into a Kjeldal flask and 10 ml of a 

mixed acid at 3:1 ratio nitric acid (HNO3) 

and perchloric acid (HCLO4) were added 

and heated for some time at about 45-

60minutes until the brown fume 

gradually vanished. It was left in the 

fume chamber until all the organic and 

coloured component went off. The 

digested sample was filtered using a 

Whatman No 1 filter paper and the 

filtrate was made up to 100 ml with 

distilled water. A liquid of these were 

used to estimate the metals concentration 

in the tissues by atomic absorption 

spectrophotometer in the Chemistry 

Laboratory of the University of Benin. 

Statistical Analysis 

Data collected from the study were 

analyzed using general descriptive 

statistics, one way analysis of variance 

(ANOVA) at 95% probability level of 

significant. If significant differences were 

found, Duncan’s multiple range tests was 

used to compare the different 

experimental groups. Computer software 

Statistical Package for Social Scientists 
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(SPSS) and Microsoft Excel were used 

for the statistical analyses. 

 

Results 

Heart 
The highest tissue concentration 

mean value of 0.23 ± 0.02 g/l was 

recorded in the group of rats administered 

with lead. While the lowest tissue 

concentration mean value of 0 g/l were 

recorded in the group of rat fed with C. 

nucifera water only and control. The 

mean value for the group treated with 

lead salt and C. nucifera water was 0.093 

± 0.01 g/l (fig.1). The tissues of the heart 

in group exposed to only lead metal show 

transmural oedoma, interstitial 

haemorrhage and myocardial 

degeneration while other groups of rats 

exposed to both lead salt and C. nucifera 

water, C. nucifera water only and Control 

show normal tissues of heart with cardiac 

myocytes with spindle shaped nuclei (fig 

2). 

 
Fig 1: Mean values of tissue concentration of heart of albino rats fed Pb and C. nucifera 

water. 
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Fig 2: Tissues of the heart of various groups. Pb = lead only, Pb + CN = lead salt and C. 

nucifera water, CN = C. nucifera water only. 

 

Kidney 
 The highest tissue concentration 

mean value of 0.22 ±0.04 g/l was 

recorded in the group of rats administered 

with lead. While the lowest tissue 

concentration mean value of 0 g/l were 

recorded in the group of rat fed with C. 

nucifera water only and control. The 

tissue concentration mean value for the 

group treated with lead salt and C. 

nucifera water was 0.011 ± 0.01 g/l 

(fig.3). The tissues of the kidney in group 

exposed to only lead metal show focal 

proximal tubular necrosis, transmural 

oedema, interstitial haemorrhage, and 

chronic inflammatory cell infiltration 

while other groups of rats exposed to 

both lead salt and C. nucifera water, C. 

nucifera water only and control show 

normal tissues of kidney with glomeruli 

and renal tubules (fig 4).
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Fig 3: Mean values of tissue concentration of kidney of albino rats fed Pb and C. nucifera 

water. 

 
Fig 4: Tissues of the kidney of various groups. Pb = lead only, Pb + CN = lead salt and C. 

nucifera water, CN = C. nucifera water only. 

 

Liver 
The highest tissue concentration 

mean value of 0.33 ±0.02 g/l was 

recorded in the group of rats administered 

with lead. While the lowest tissue 

concentration mean value of 0 g/l were 

recorded in the group of rat fed with C. 

nucifera water only and control. The 

tissue concentration mean value for the 

group treated with lead salt and C. 

nucifera water was 0.065 ± 0.01 g/l 

(fig.5). The tissues of the liver in group 

exposed to only lead metal show 

hepatocytes with focal periportal vascular 

congestion and hypertrophy, moderate 

chronic inflammatory cell infiltration and 

interstitial oedema while other groups of 

rats exposed to both lead salt and C. 

nucifera water, C. nucifera water only 

and control show normal tissues of liver 

with abundant cytoplasm and round 

nuclei (fig 6). 
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Fig. 5: Mean values of tissue concentration of liver of albino rats fed Pb and C. nucifera 

water. 

 
Fig. 6: Tissues of the liver of various groups. Pb = lead only, Pb + CN = lead salt and C. 

nucifera water, CN = C. nucifera water only. 

 

Lower Gut 
The highest tissue concentration 

mean value of 0.21 ±0.04 g/l was 

recorded in the group of rats administered 

with lead. While the lowest tissue 

concentration mean value of 0 g/l were 

recorded in the group of rat fed with C. 

nucifera water only and control. The 

tissue concentration mean value for the 

group treated with lead salt and C. 

nucifera water was 0.08 ± 0.01 g/l (fig.7). 

The tissues of the lower gut in group 

exposed to only lead metal show fibrosis 

and calcifications and a complete absence 

of glands and muscular wall while other 

groups of rats exposed to both lead salt 

and C. nucifera water, C. nucifera water 

only and control show normal tissues of 

lower gut with mucosa lined by tall 

columnar epithelial cells interspersed 

with goblets cells and a lamina propia 

which contain glands lined by columnar 

epithelial cells and infiltrates 

lymphocytes and  plasma cells (fig 8).
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Fig 7: Mean values of tissue concentration of lower gut of albino rats fed Pb and C. 

nucifera water 

 
Fig 8: Tissues of the lower gut of various groups. Pb = lead only, Pb + CN = lead salt and 

C. nucifera water, CN = C. nucifera water only 

 

Discussion 

The results of the tissue concentration 

in this study showed that there was 

significant difference between the 

different feeding regime and the lead 

metal administered (p<0.05). This study 

recorded an increase in tissues 

concentration of lead in heart, kidney, 

liver and lower gut when the rats were 

exposed to 4mg/kg bwt lead salt in Group 

A when compared with that of the Group 

B were lead at 4mg/kg bwt + 15mg/kg 

bwt C. nucifera (Coconut) water were 

administered. Josthna et al., (2012) have 

that any amount of lead metal more than 

0.05 is a big concern as the guideline 

values recommended for lead is 0.05 

mg/L. Heavy metals composition of soft 
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tissues sample varied with the type of 

soft tissues (Ajayi et al., 2012). The mean 

values showed that lead metal 

accumulated most in the liver followed 

by the heart, kidney, and lower gut. This 

was not in line with the study carried out 

by Aksu et al. (2017) where they reported 

that the highest value of lead occurred in 

the kidney. However, it corresponded 

with Farag et al. (2010) finding who also 

reported that liver had the highest 

accumulated value in their research. 

Autopsy studies revealed that liver had 

highest repository (33%) of lead metal 

among other soft tissues. Lead acetate 

causes oxidative and toxic damage in the 

liver (Ozkaya et al., 2018). Exposure to 

lead mainly occurs through the 

respiratory and gastrointestinal systems 

and the absorbed lead is conjugated in the 

liver and passed to the kidney, where a 

small quantity is excreted in urine and the 

rest accumulates in various body organs 

which affects many biological activities 

at the molecular, cellular and intercellular 

levels, which may result in 

morphological alterations that can remain 

even after lead level has fallen (Zhai et 

al., 2015). 

Histopathological examination of the 

control and different experimental groups 

show that, the tissues of the control 

group, Group A and C demonstrated 

normal architectural appearance however, 

there were histopathological changes in 

tissues across all tissues where only lead 

metal were administered. Focal periportal 

vascular congestion and hypertrophy, 

moderate chronic inflammatory cell 

infiltration and interstitial oedema were 

observed in tissues of the liver. Pb 

disturbed the liver leading to necrosis and 

fatty degenerative changes, and a loss of 

normal architecture of the hepatocytes 

(Tomaszewska et al., 2015). The liver is 

considered as one of the target organs 

affected by lead toxicity owing to its 

site of storage after exposure. Also, the 

liver is being one of the major organs 

involved in the biotransformation and 

detoxification of toxic substances 

(Nabil, 2015). In kidney, focal proximal 

tubular necrosis, transmural oedema, 

interstitial haemorrhage, and chronic 

inflammatory cell infiltration were 

observed. This was in line with the 

observation made by Offor et al., (2017) 

in their work when they reported the 

presence of degeneration and necrosis of 

the renal cortical parenchymal cells with 

massive lymphocytic cellular infiltration, 

with vacuolaton/vacuolar degeneration of 

the peripheral interstitial cells of the 

cortex in albino rats exposed to lead 

metal. Tissues of the heart in this study 

had transmural oedoma, interstitial 

haemorrhage and myocardial 

degeneration in the group of rats exposed 

to lead metal. This was not the case in the 

research of Kareem, (2014) who reported 

that there were no changes in heart tissue 

of albino rats when exposed to lead 

metals. In lower gut, fibrosis, 

calcifications and a complete absence of 

glands and muscular wall were observed 

in the Group where lead metal only were 

given. All this alterations are possible 

with lead metal because lead is toxic in 

nature (Suradkar et al., 2010).  

The reduction of the concentration of 

lead metal in the tissues of the heart, 

kidney, liver and lower gut in Group B 

when compared with the tissues in Group 

A suggested that C. nucifera water could 

have prevented the accumulation of lead 

in tissues of the heart, kidney, liver and 

lower gut. Researches have shown that 

lead toxicity could be associated with 
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oxidative stress via the generation of 

reactive oxygen species and can be 

mitigated by antioxidants (Dey et al., 

2016).Coconut Water (C. nucifera) has 

been reported to have a good antioxidant 

properties laden with ascorbic acid and 

Caffeic acid (Bispo et al., 2017; Santos et 

al., 2013). In the Group C where only C. 

nucifera water and Group D which is the 

control recorded no concentration values 

of lead metal in their tissues of heart, 

kidney, liver and lower gut. This could be 

as a result of the fact that the C. nucifera 

water used were obtained from a non-

industrialized area where activities that 

release lead into the environment is 

minimal or not existing and the feed is 

free of lead metal.  

 

Conclusion 

It could be concluded form this study 

that, C. nucifera water can eliminate and 

lessen the effect of lead toxicity in the 

tissues of albino rats supporting the role 

of C. nucifera water in health and 

medicinal application. 
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