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Abstract: The mitigating effects (biochemical and histological) of Annona muricata (Soursop) ethanol leaf extract in melamine-

induced nephrotoxicity were evaluated in male albino rats. Forty Wistar rats aged 8-10 weeks old were randomly distributed into 

Groups A to E (n=8). Group A (vehicle control) received 7 ml/kg body weight (b.w) of 10% Tween-80, Groups B to E were 

administered 1000 mg/kg b.w of melamine for 10 days. After 10 days of melamine induction, Group C was administered the 

reference drug, allopurinol (100 mg/kg b.w), Groups D and E were treated with 300 and 500 mg/kg b.w of ethanol extract 

respectively. Groups C to E were sacrificed on day 22. Secondary metabolite analysis of the ethanol extract gave flavonoids (120 

mg/g) as the highest. The oral acute toxicity test gave zero mortality up to 5000 mg/kg b.w of ethanol extract. Treatment with 

ethanol leaf extracts (300 mg/kg b.w) caused a significant (P<0.05) decrease in serum creatinine, urea, calcium and magnesium 

whereas the extract at 500 mg/kg b.w only resulted in significant (P<0.05) decrease in creatinine when compared to the animals 

that received melamine only. The histology of the kidneys of melamine-induced nephrotoxic rats administered 300 mg/kg b.w of 

ethanol extract were characterized by moderate tubular dilation, increased secretions in the tubules and few collapsed vessels 

compared with persistent dilations and occlusion in those induced with melamine only. The findings from this study suggest that 

at low dose, leaf extract of A. muricata could be effective for the treatment of melamine-induced nephrotoxicity in rats. 
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1.0 Introduction 

 

     Melamine (1,3,5-Triazine-2,4,6-Triamine, 

also called cyanurotriamide, cyanuramide) is a 

white solid organic nitrogenous compound used 

in the production of plastics, dyes, fertilizers, 

and fabrics. Nephrotoxicity of melamine in dogs 

and cats have been reported in North America 

(Burns, 2007). In China, however, melamine 

contamination scandal led to the outbreak of 

urinary stones in children that consumed 

melamine-tainted milk (Bhalla et al., 2009; 

WHO, 2009). A variety of toxic effects could 

arise from unwitting level of melamine exposure 

in food and other home used products. Such 

toxic effects are nephrolithiasis, chronic kidney 

inflammation, bladder carcinoma and urinary 

bladder stone, which have been studied in 

animals (Hau et al., 2009). These toxicities have 

prompted the increasing quest for remedy and 
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the rising tendency for individuals to result to 

self-help with the aim of averting or mitigating 

the untoward consequences of the diseases.  

     Annona muricata may have been reported to 

have antiarthritic, antinociceptive, anti-

hyperglycemic, and anticancer activities in 

laboratory experiments (Jaramillo et al., 2000; 

De Sousa et al., 2010). Since A. muricata has 

been reported from various studies to possess 

different medicinal values, therefore, there is 

need to investigate its renoprotective effects on 

the challenged kidneys of adult Wistar rats. 

 

2.0 Materials and Methods 

 
2.1 Materials 

 

2.1.1 Plant material 

 
     Fresh leaf of A. muricata was collected 

randomly from Afikpo, Afikpo-North LGA of 

Ebonyi State, Nigeria. The leaf was 

authenticated by Mr. K.K Ibe, a plant 

http://www.nsbmb.com.ng/
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taxonomist in the Forestry Department of 

Michael Okpara University of Agriculture, 

Umudike, Abia State, Nigeria, with voucher 

number Jones FHI6337. The specimen was kept 

for future references in the herbarium of 

Forestry Department. 

 

2.1.2 Experimental animals 

 
     Forty Wistar rats used in this study were 

obtained from University of Nigeria, Nsukka, 

Nigeria.  

 2.1.3 Chemicals 

 
     All chemicals and reagents used were of 

analytical grade. 

 

2.2 Methods 

 

2.2.1 Plant preparation 

     A known amount (60 g) of the powdered leaf 

sample was macerated in a stoppered container 

with 800 ml of ethanol added and left at 25
0
C 

for 72 hours with frequent agitation. The 

mixture was then strained using cheese cloth, the 

marc (the damp solid material) was pressed, and 

the mixture was then filtered using Whatmann 

filter paper No. 42 (125 mm). The filtrate was 

left on laboratory bench to evaporate to dryness. 

The percentage yield of crude extract was 

calculated according to Cowan (1999). 
 

2.2.2 Animal Studies 

     The animals used for the study were healthy 

albino rats aged 8-10 weeks old, housed at 25-

28
0
C and 12 hours light and dark cycle, 

maintained on rat feed ad libitum and 

acclimatized for two weeks. The study was 

conducted in line with internationally acceptable 

principles for laboratory animal use and care of 

OECD (2000). 

 

2.2.3 Induction of melamine nephrotoxicity and 

treatments 

 

     Forty Wistar rats were randomly distributed 

into Groups A to E (n=8). Group A (vehicle 

control) received 7 ml/kg b.w of 10% Tween-80, 

Groups B to E were administered 1000 mg/kg 

b.w of melamine for 10 days. Treatments with 

extract and reference drug were done 

sequentially after confirmation of toxicity. 

Group C was administered 100 mg/kg b.w of 

allopurinol (reference drug). Animals in Groups 

A and B were sacrificed on day 11 while those 

in groups C, D and E were sacrificed on day 22.  

 

2.2.4 Determination of Secondary metabolite 

studies 

 

     Determination of secondary metabolites was 

carried out on the extract; flavonoids and 

alkaloids were determined as described by 

Harborne (1973). Determination of reducing 

sugars was carried out by the method of Miller 

(1972), saponins and cyanogenic glycosides 

were estimated by the method outlined in AOAC 

(2010). Determination of tannin was done using 

colorimetric method of van-Buren and 

Robinson, (1981). Phytates were determined by 

the procedure of Lucas and Markakas (1975) 

while oxalate content was determined using the 

method of Sanchez-Alonso and Lachia (1987). 

 

2.2.5 Acute toxicity studies 

 

     Acute toxicity study was carried out 

according to the method of Lorke (1983). The 

test was conducted in two phases with 12 rats in 

each phase. In phase I, three groups of three rats 

per group were administered the extract at 10, 

100 and 1000mg/kg b.w. The fourth group was 

used as control and administered 10% Tween-80 

(the solvent used to dissolve the extracts). The 

rats were closely monitored for behavioural 

changes and mortality within 24 hours. Phase II 

consisted of rats grouped as in phase I but 

groups 1, 2 and 3 were respectively administered 

doses of 1600, 2900 and 5000 mg/kg body 

weight of the extract. The animals were closely 

observed for 24, 48, 72 hours and 2 weeks for 

possible behavioural changes and mortality.  

 

2.2.6 Analysis of non-protein nitrogenous (NPN) 

substances and electrolytes 

 

     Blood samples were obtained from the rats 

and the serum were used to assay for NPN 

(creatinine, uric acid, urea) and electrolytes 
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(calcium, sodium, potassium, magnesium) 

colorimetrically using Randox kits (Randox 

Laboratories Ltd, UK) and TECO kits (TECO 

diagnostics Lakeview, Avenue, USA). 

 
2.2.7 Renal histology 

 
     The left and right kidneys were excised from 

the animals. The kidneys were placed in sample 

bottles containing absolute ethanol (Stine et al., 

2014) and prepared for histological examination. 

The photomicrographs capturing of the kidneys 

was done within 72 hours of removal. Wet-

mount procedure was carried out according to 

the method of Clayden, (1967) and John and 

Alan, (1977). Slices of the kidney were fixed in 

absolute alcohol for 48 hours. The specimens 

were processed by placing them in ascending 

grades of alcohol to dehydrate the tissues. 

Mixture of alcohol and xylene were also used 

overnight on the slices and infiltrated with 

paraffin wax before sectioning. Excess wax was 

removed with xylene and slides stained by 

infiltrated haematoxylin, washed in water and 

then alcohol. Slides were countered stained with 

eosin and removed with grades of alcohol and 

xylene. The slides were viewed under a light 

microscope at x400 and selected images were 

captured using Moticam 2.0 digital camera 

attached to a computer. 

 

2.2.8 Statistical analysis 

 

     The data on phytochemical analysis were 

obtained in duplicate and presented as mean ± 

SEM. SPSS software (version 17.0; 

International Business Machines Corporation, 

IBM) was used to analyze data from 

biochemical analyses using one way ANOVA. 

LSD (Post hoc Test) was used to obtain the 

descriptive and multiple comparisons. The 

differences between means were taken to be 

significant at P<0.05. 

 

3.0 Results 

 
     The ethanol extract contained in the order 

flavonoids > alkaloids > saponins > cyanogenic 

glycosides > tannins > phytate > oxalate > 

reducing sugars as shown in Table 1. 

     The extract when administered for 24 hours, 

48 hours and 2 weeks showed no obvious sign 

of toxicity, since no behavioural changes or 

death were recorded. 

     Administration of 300 and 500 mg/kg b.w of 

the extract to melamine-induced nephrotoxic rats 

in groups D and E resulted in a significant (p< 

0.05) decrease in creatinine concentration 

compared with the negative control that received 

1000mg/kg b.w only (Figure 1). Treatments of 

the animals in groups D and E with 300 and 500 

mg/kg b.w of extract showed a non-significant 

(p>0.05) decrease and increase respectively in 

the concentration of uric acid when compared 

with melamine-induced nephrotoxic rats that 

were administered 1000 mg/kg b.w of melamine 

(Figure 2). The concentration of urea in 

melamine-induced nephrotoxic animals of 

groups D and E were significantly (p<0.05) 

reduced when compared with the negative 

control. The concentration of calcium (Figure 4) 

and magnesium ions (Figure 7) for animals in 

group D that received 300 mg/kg b.w of extract 

were significantly (p<0.05) decreased when 

compared with the negative control. 

Administration of the extract to animals in 

groups  D  and  E   caused  a      non-significant 

(p<0.05) decrease in sodium ion concentration 

when compared with the negative control while 

a non-significant increase was observed in the 

concentration of potassium ion after the 

administration of the extract to animals in 

groups D and E. 

     The results of histology carried out on kidney 

of selected rats in groups A-E at different doses 

of administrations of the extract and drugs is 

shown in Plates 1a-e indicating features such as 

mesangium (M), glomerulus (G), and tubule (T). 

Photomicrograph of the kidneys of the rats gave 

different degrees of clinical presentation ranging 

from no significant pathology, crystals/ stone 

formations, dilated tubules, secretions to 

collapse vessels etc. Animals in group A (Plate 

1a) showed normal viable tubular epithelium 

and no clinical pathology when compared with 

those in group B (Plate 1b) which showed 

dilated tubules and increased luminal 

eosinophilic secretions in the tubules. The 

dilation of tubules were compatible with distal 

obstruction due to crystals or renal stone as a 

result following the administration of 
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Table 1: Secondary metabolite constituents of ethanol leaf extracts of A. muricata (mg/g dry weight) 

 

Phytochemical   Concentration (mg/g)   

Flavonoids   120.0 ± 30.0 

Alkaloids   90.0 ± 10.0 

Saponins  5.10 ± 0.30 

Tannins  1.36 ± 0.17 

Reducing sugars   0.025 ± 0.13 

Cyanogenic glycosides   1.62 ± 0.32 

Phytates  0.99 ± 0.29 

Oxalates  0.77 ±0.11 

Data obtained were determined in duplicate and presented as Mean ± SEM on dry weight basis 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Effects of Annona muricata ethanol leaf extract on serum creatinine concentration of 

melamine-induced nephrotoxic rats  
*P<0.05 compared with Group A,  ** P< 0.05 compared with Group B  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 2: Effects of Annona muricata ethanol leaf extract on serum uric acid concentration of 

melamine-induced nephrotoxic rats 

*P<0.05 compared with Group A 
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Figure 3: Effects of Annona muricata ethanol leaf extract on serum urea concentration of melamine-

induced nephrotoxic rats 
*P<0.05 compared with Group A,    ** P< 0.05 compared with Group B  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4: Effects of Annona muricata ethanol leaf extract on serum calcium ion concentration of 

melamine-induced nephrotoxic rats 

*P<0.05 compared with Group A,  ** P< 0.05 compared with Group B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Effects of Annona muricata ethanol leaf extract on serum sodium ion concentration of 

melamine-induced nephrotoxic rats 

*P<0.05 compared with Group A 
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Figure 6: Effects of Annona muricata ethanol leaf extract on serum potassium ion concentration of 

melamine-induced nephrotoxic rats 
*P<0.05 compared with Group A, ** P< 0.05 compared with Group B  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Effects of Annona muricata ethanol leaf extract on serum magnesium ion concentration of 

melamine induced albino rats 
*P<0.05 compared with Group A, ** P< 0.05 compared with Group B  

3.08

3.39
3.8

4.01
3.68

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

se
ru

m
 p

ot
as

si
um

 io
n 

co
nc

en
tr

at
io

n 

7ml/kgbw of 10% tween 80

1000mg/kgbw MEL

MEL induced + 100mg/kgbw Allopurinol

MEL induced + 300mg/kgbw A.muricata 
ETOH leaf extract

MEL induced + 500mg/kgbw A.muricata 
ETOH leaf extract

A            B C             D              E      
GROUPS

2.66

3.27

2.13 2.14

3.17

0

0.5

1

1.5

2

2.5

3

3.5

4

se
ru

m
 M

ag
ne

si
um

 i
on

 c
on

ce
nt

ra
ti

on
 (

m
Eq

/L
)

7ml/kgbw of 10% tween 80

1000mg/kgbw MEL

MEL induced + 100mg/kgbw 
Allopurinol

MEL induced + 300mg/kgbw 
A.muricata ETOH leaf extract

MEL induced + 500mg/kgbw 
A.muricata ETOH leaf extract

A             B C             D               E      
GROUPS



13 
 

1000 mg/kg b.w of melamine. Animals in group 

C (Plate 1c) treated with reference drug caused a 

progression from persistent tubular dilation and 

few collapse vessels to a state free of clinical 

pathology after treatments when compared with 

the negative control. Group D (Plate 1d) rats 

administered 300 mg/kg b.w of extract resulted 

in moderate dilation of the tubules with 

increased tubular secretion of eosinophilic 

material and glomeruli having few collapsed 

vessels while those in Group E (Plate 1e) 

resulted in persistent dilation of the tubules with 

the glomeruli having many collapsed vessels 

after 11days treatment when compared with 

those of Group B (Plate 1b). 

 

 

 

 

 

 

 

 

 

 
 

 

 Plate 1a: Cross section of rat kidney administered 10% Tween 80 (H & E;  x400) 

 

 

 

 

 

 

 

 

 

 

 
Plate 1b: Cross section of rat kidney administered melanine (H & E; x400)    

   

 

 

 

 

 

 

 

 

 

 

 
Plate 1c: Cross section of kidney of rat treated with melanine and administered allopurinol (H & E;  x400) 
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Plate 1d: Cross section of kidney of rat treated with melanine and administered 300 mg/kgbw of ethanol 

extract of A. muricata leaf (H & E; x400) 
 

 

 

 

 

 

 

 

 
 

 

 

 

Plate 1e: Cross section of kidney of rat treated with melanine and administered 500 mg/kg  b.w of ethanol 

extract of A. muricata leaf (H & E; x 400)          

  

Discussion 

    

     The secondary metabolite analysis of ethanol 

extract of A. muricata leaf showed that 

flavonoids were the highest (120 mg/g) of all the 

compounds determined. This value is higher 

than that reported by Akinseye et al., (2016) for 

water leaf extract of the same plant. The most  

prevalent phenol from plants are flavonoids 

(Balasundram et al., 2006) exhibiting effects on 

allergy, oxidative stress and inflammation. They 

are useful as antimicrobials, antitumour, 

antitoxins (Benavente-Garcia and Castillo, 

2008). 

     Alkaloids contents was 90 mg/g and higher 

than that reported by Shibula and Velavan, 

(2016) for 70% methanol extract of A. muricata. 

Alkaloids are responsible for analgesic 

properties found in medicinal plants (Ojezele et 

al., 2016). Saponin content obtained was lower 

than that reported by Akinseye et al., (2016) for 

water leaf extract of A. muricata. Saponins are 

capable of inhibiting histamine release in vitro, 

possess membrane permeability properties and 

lead to vacuolization and disintegration of 

teguments (Prashant et al., 2011). Tannins have 

exhibited antimicrobial properties interfering 

with endogenous microbial protein synthesis 

depriving microbes of protein utilization (Ncube 

et al., 2008; Adeosun et al., 2016). The anti-

nutrients determined were cyanogenic 

glycosides, phytate, and oxalate. Phytate content 

was higher than that reported by Fasakin et al 

(2008) for the seed of A. muricata and oxalate 

have the tendencies to complex with some 

minerals (calcium, magnesium, iron etc) making 

them unavailable for the body system 

metabolisms and utilization (Golam, et al., 

2011). Therefore, phytate could be inadvertently 

useful in the treatment of kidney stone. 
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      The acute toxicity test showed that the dose 

capable of causing mortality or morbidity to the 

rats is > 5000mg/kg b.w. Therefore, the extracts 

may be considered safe at less than 5000mg/kg 

b.w. This finding agrees with study reported by 

Larbie et al., (2011) for A. muricata. This forms 

the basis for the selected doses because the 

highest treatment dose was not greater than one-

tenth of 5000 mg/kg b.w. in accordance with 

OECD (2000). 

     Administration of 1000 mg/kg b.w of 

melamine to rats resulted in elevated serum NPN 

and selected electrolytes level compared to those 

administered 10% Tween-80, those induced but 

treated with allopurinol and A. muricata 

extracts. These outcomes agree with increase in 

NPN reported by Stine et al. (2014) due to 

melamine induction in rats. Melamine induction 

form crystals and cause pathological effects as 

shown in the kidney histology with dilated 

tubules compatibles with occluded crystals or 

stone formation in the kidneys, preventing 

normal excretion and accumulation of NPN and 

electrolytes.  

     The administration of the extracts to 

melamine treated rats resulted in a dose-

dependent increase in creatinine, urea and uric 

acid concentrations. A significant decrease was 

observed in creatinine and urea at the 300 mg/kg 

bw of ethanol extract. The reductions in urea and 

creatinine levels corroborate the study reported 

by Syahida et al. (2012). It could also have 

diuretic activity which enhances the elimination 

of urea and creatinine through increase in urine 

production via the renal tubule (Yadav et al., 

2011). However, the effect on uric acid 

reduction was low which may explain why it is 

the mediator of kidney stone formation in 

melamine ingestion (Zhang et al., 2015). The 

occlusion of the renal tubules could have 

occurred at the site of secretion of uric acid in 

the tubules preventing its elimination. This is 

further evident from histological examination of 

the kidney that showed tubular dilations 

resulting from crystal depositions.  

     The finding with respect to elevated 

electrolytes arising from melamine 

administration agrees with the study reported by 

ElRabey et al. (2013) on the effects of melamine 

ingestion. However, the administration of 300 

mg/kg b.w of extract caused a significant 

reduction in calcium and magnesium ion 

concentrations. The reduction in electrolytes 

agree with the study reported by Gumaih et al. 

(2007) who reported significant decrease in 

electrolytes in ethylene glycol- induced rats 

treated with parsley extract. These reductions in 

the levels of calcium and magnesium ion may be 

due to the presence of phytates in the extract. 

Phytates have the tendency to complex excess 

calcium and magnesium ions in the blood 

preventing its accumulation in the body (Akande 

et al., 2010; Agbaire and Emoyan, 2012). But 

sodium and potassium ion concentrations 

slightly decreased and increased respectively 

compared to animals that were administered 

melamine only. This outcome was in line with 

the study reported by Akpanabiatu et al., (2005) 

on effects of Nauclea latifolia extract on sodium 

and potassium levels in rats. The extracts, in the 

present study, could not restore the elevated 

level of these ions possibly because occlusion 

occurred at the sites of secretion/elimination of 

ions. This could create an imbalance and an 

increase in reabsorption of sodium and 

potassium ions in the distal tubules and proximal 

convoluted tubules respectively (Vasudevan et 

al., 2011; Palmer, 2014). 

     The histological examination of the kidneys 

revealed that the administration of 300 mg/kg 

bw extract used to treat melamine toxicity gave 

moderate dilations with few collapsed vessels 

but at 500 mg/kg bw., the dilations were 

persistent with many collapsed vessels. These 

outcomes agreed with the study reported by 

Ezejindu et al. (2014) on A. muricata, that at 

high dose, the extract caused adverse effects on 

kidney cells but at low dose enhances the 

elimination of accumulated substances.  

     Furhtermore, the selected renal function 

parameters and histological examinations 

revealed various pathological presentations due 

to melamine administration in rats which can be 

used as a basis for treatments for melamine 

toxicity. Also, this study has shed light and 

created more awareness on the inherent 

bioactive constituents and possible medicinal 

importance of A. muricata.  

     However, the present study suffers some 

limitations. The inability to capture the crystals 

from the renal examination is a constraint due to 

the use of light microscope, whereas an electron 
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microscope would have been suitable for that 

purpose. Another limitation of this study is that 

hormones that regulate electrolytes were not 

assayed for and could have been useful in 

providing a better insight into the study. The 

glomerular filtration rate and renal clearance test 

involving both male and female rats could be 

done to further extend the study. 

 

Conclusion 

 

     The study concluded that the leaf extract 

ameliorated the toxic effects of melamine on 

renal tissues thus restoring normal renal 

functions.  
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