
 © 2023 . All Rights Reserved.Acta	Biology	ForumVolume 2, Issue 2, 2023

INTRODUCTION

Over the years, food additives have been used to optimize food 
quality, increase shelf-life, and possibly increase the yield of 
certain commercial products. Potassium bromate is used in the 
baking industry as a dough improver in bread production, and 
in commercial products such as hair dyes. It acts at the late 
phase of the dough-making process by enhancing the 
viscoelastic property of the dough during the baking process, 
thereby increasing the volume of bread following the oxidation 
of sul�hydryl groups present in the gluten of �lour. In addition, it 
is used in beauty care products (cold wave hair solutions) for 
oxidation of sulfur and vat dyes, and for addition to cleaning of 
boilers in pharmaceutical industries [1]. Moreover, it is used in 
cheddar making and malting, and as a component of Japanese 
�ish paste [2, 3, 4] Oloyede and Sunmonu, 2009). Classi�ied 
under group 2B probable human carcinogen, potassium 
bromate has been banned in many countries, including Nigeria. 
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The	present	study	investigated	the	protective	effect	of	methanol	leaf	extract	of	Annona	muricata	(soursop)	against	bromate-induced	
kidney	and	liver	damage	in	male	albino	Wistar	rats.	After	acclimatization	to	laboratory	conditions	for	7	days,	36	rats	were	randomly	
and	equally	assigned	to	6	groups.	Five	groups	received	bromate	ion	at	a	dose	of	60	mg/kg	body	weight	(bwt)	via	gavage.	Bromate-
exposed	rats	 in	 the	negative	control	 (group	 II)	were	untreated,	while	3	groups	of	bromate-exposed	rats	 (III,	 IV,	and	V)	were	co-
administered	graded	doses	of	Annona	muricata	extract	(200,	300,	and	500	mg/kg	bwt,	respectively).	Rats	in	the	normal	control	(group	
I)	received	saline	only,	while	rats	in	group	VI	were	given	the	standard	liver-protective	drug	silymarin	at	a	dose	of	100	mg/kg	bwt.	All	
treatments	were	given	via	orogastric	tube,	and	all	groups	were	permitted	ad	libitum	access	to	standard	rat	chow	and	water.	At	the	end	
of	21	days,	the	rats	were	sacri�iced	under	chloroform	anesthesia,	and	blood	samples	were	collected	through	cardiothoracic	puncture,	
after	which	the	liver	and	kidneys	were	excised.	Sections	for	histology	were	preserved	in	formol	saline,	while	the	remaining	sections	were	
kept	deep-frozen	before	analysis.	Serum	levels	of	alanine	transaminase	(ALT),	aspartate	transaminase	(AST),	total	and	direct	bilirubin	
(Tbil	and	Dbil),	lactate	dehydrogenase	(LDH),	creatinine,	blood	urea	nitrogen	(BUN)	and	electrolytes,	were	determined	using	standard	
biochemical	procedures.	Glutathione	peroxidase	and	catalase	were	assayed	in	liver	and	kidney	tissue	homogenates.	Histopathological	
examinations	were	also	carried	out	on	the	liver	and	kidney.	
The	results	obtained	showed	that	bromate	ion	induced	toxicity	in	the	experimental	animals,	as	indicated	by	signi�icant	(p	<	0.05)	
elevations	in	serum	levels	of	ALT,	AST,	Tbil	and	Dbil.,	LDH,	creatinine,	and	BUN,	especially	in	the	negative	control	group	(II)	which	
received	only	bromate	ion.	Moreover,	bromate	induced	signi�icant	decreases	in	tissue	GPx	activities.	However,	these	changes	were	
reversed	by	the	leaf	extract	of	Annona	muricata	to	levels	largely	comparable	with	those	of	the	standard	drug	silymarin,	although	there	
were	no	signi�icant	changes	in	serum	electrolyte	levels.	
These	results	indicate	that	the	methanol	extract	of	Annona	muricata	exerted	a	protective	effect	against	bromate-induced	kidney	and	
liver	lesions	in	albino	rats,	most	likely	through	its	antioxidant	potential.	

However, recent studies [5, 6] reveal that it is still being applied 
in the bakery industry at concentrations above the Food and 
Drug Agency (FDA) recommended level of 0.02 mg/kg. Indeed, 
samples of bread from Nigeria have been reported to contain as 
much as 0.62515 mg/kg potassium bromate. 
Several studies have shown that various species of the soursop 
plant Annona muricata, a member of the Annonaceae family, 
exert various pharmacological effects i.e.,  cytotoxic, 
antimicrobial, and wound-healing properties [7]; antidiabetic 
and hypolipidemic effects [8]; hepatoprotective and bilirubin-
lowering potential [9]; anticarcinogenic effects [10, 11]; 
gastroprotective effect [12]; and anticonvulsant effects [13]. 
Annona muricata L. is commonly known as soursop due to the 
sweet and sour taste of its fruit. The plant is known by other 
names such as Graviola (Portuguese) or guanabana (Latin 
American Spanish). It is an erect, terrestrial, evergreen tree that 
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Experimental	Rats	
Sixty healthy adult male albino Wistar rats weighing between 
100 and 150g were obtained from a breeder in the Department 
of Biochemistry, University of Benin, Benin City.  The rats were 
housed in the Animal House of the department, and were 
acclimatized for 7 days before the commencement of the 
experiment. The rats were permitted ad libitum access to rat 
chow and water.

Chemicals	and	Kits	
Potassium bromate (KBrO3), standard hepatoprotective drug 
(silymarin), and kits for ALT, AST, total and direct bilirubin, 
urea nitrogen, creatinine, and LDH (products of RANDOX, UK) 
were purchased from Pyrex Scienti�ic, Benin City, Edo State. 
Methanol was purchased from O.G. Medicals, Warri, Delta State.

Preparation	of	Extract	and	Reagents	
Preparation	of	Crude	extract	of	A.	Muricata	
Large quantities of fresh leaves of the plant were collected from 
trees in household gardens in Benin City and around the 
University of Benin, Edo State, Nigeria. The leaves were washed 
and air-dried for four (4) weeks. Thereafter, the leaves were 
pulverized, and the resultant material (840g) was macerated in 
99.5% methanol for 24 h, followed by �iltration using 
cheesecloth. The extract obtained was concentrated in vacuo in 
a rotary evaporator, resulting in a viscous gel that was air-dried. 
The rats were weighed after acclimatization, and the gel-like 
crude methanolic extract obtained was weighed. A 10% Tween-
80 in normal saline served as a vehicle for the extract. The 
weighed crude extract of the different groups was reconstituted 
in the Tween-80-saline solution and kept in small-capped 
plastic containers in a refrigerator at -4oC until used. 
The rats were exposed to bromate in drinking water containing 
the toxin at a concentration of 0.014 g/mL in physiological 
saline.

Administration	of	extract
Six groups of rats (groups I to VI) were used in this study, with 6 
rats per group. Rats in groups II to VI were given bromate at a 
dose of 60 mg/kg daily via oral gavage, while rats in group I 
served as normal controls. At the same time, groups III. IV and V 
were given the extract at doses of 200, 300, and 500 mg/kg via 
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MATERIALS	AND	METHODS

grows to a height of 5-8 meters. Its open, roundish canopy is 
covered in huge, glossy, dark green leaves that produce fruit 
with spiky hearts [13, 14]. 
The leaves of soursop contain different groups of bioactive 
compounds called annonaceous acetogenins [15]. These 
substances comprise murihexocin and annocuricin [16]; 
annopentocin A, B and C, (2,4-cis)-annomuricin-D-one, 
murihexoocin A and B (2,4-trans)- annomuricin-D-one, 4- 
acetyl gigantetrionin, cis-gigantrionin [17]; muricatocin A, B 
and C [18], and annohexocin [19]. Phytochemical studies have 
also  shown the presence of  a lkaloids ,  � lavonoids , 
carbohydrates, proteins, tannins, saponins, phytosterols, 
terpenoids, and essential oils [20]. Studies have shown that 
extracts of the leaves are gastroprotective [21], antidiabetic and 
hepatoprotective [22], and antibacterial [23]. This study was 
carried out to investigate the protective effect of the leaf extract 
of the soursop plant against bromate-induced toxicity in Wistar 
rats. 

oral gavage, respectively, while rats in group VI were given 
silymarin via the same route. Rats in group II received bromate 
only, while rats in group I were untreated and served as normal 
controls. The treatment lasted for 21 days, and rats in each 
group were weighed weekly.

Biochemical	Assays	
At the end of treatment, the rats were sacri�iced through 
cervical dislocation, and blood samples were collected through 
the retro-orbital axis. Serum total and direct bilirubin, serum 
transaminases (ALT and AST), serum lactate dehydrogenase, 
serum urea nitrogen, and serum creatinine were determined 
using RANDOX Kits in line with the manufacturers' 
instructions. Catalase activity was determined as described in 
[24]. Glutathione peroxidase (GPx) was determined as 
described in [25].

Histopathological	Examinations
After the rats were sacri�iced, liver and kidney tissues were 
excised. The fresh tissue samples were �ixed in 8% 
formaldehyde solution in phosphate-buffered saline (PBS). 
After washing in PBS and dehydration in a series of alcohol 
dilutions and embedding in paraf�in, microtome sections were 
cut and subjected to routine histological analysis using 
hematoxylin and eosin staining. The stained slides were 
examined under a light microscope, and photomicrographs 
were obtained using a Nikon research microscope (Novex, 
Holland) connected to the microscope. 

Statistical	Analysis
Data are expressed as mean ± standard deviation. Differences 
amongst multiple groups were analyzed using one-way 
analysis of variance (ANOVA). Post-hoc comparative analysis 
was performed using multiple comparison tests. Statistical 
signi�icance was set at p <0.05. All statistics were done using 
SPSS for Windows (version 28).

RESULTS

Effect	of	selected	doses	of	AME	on	weight	of	Wistar	rats	given	
bromate	
In rats given bromate only, there was a signi�icant decrease in 
body weight, when compared to control rats given saline only. 
However, the body weights of rats given AME and bromate at 
doses of 300 and 500 mg/kg, and rats given silymarin were 
comparable to that of the control rats (p ˂ 0.05). These results 
are shown in Table 1. 

Table	1:	Effect	of	bromate	and	AME	on	body	weights	of	rats

Results are mean ± SD of 6 independent measurements. Values 
with different superscripts differ from the normal control (p ˂ 
0.05).



Victor	Okomayin	and	N.	P.		Okolie.,	Acta	Biology	Forum.	(2023)

 © 2023 . All Rights Reserved.Acta	Biology	Forum12.

Effect	of	graded	doses	of	AME	on	liver	function	parameters
The results on effect of Annona muricata on some liver parameters are shown in 2 below, with signi�icant increases seen in rats 
given only bromate ion (II), when compared to the normal control. Rats that received the toxin as well as the extract (III-V) had 
signi�icantly reduced (p<0.05) values, when compared to the bromate-only group, thereby
indicating the protective effect of the extract against the toxin. Rats given the bromate ion as well as silymarin (VI) had results in 
close-range with the groups administered AME.

Table	2:	Effect	of	methanol	extract	of	Annona	muricata	on	liver	function	parameters

Results	are	mean	±	SD	of	six	 independent	measurements.	Values	with	different	superscripts	differ	signi�icantly	(p<0.05)	from	the	
normal	control.

Effect	of	graded	doses	of	AME	on	kidney	parameters
The results shown in Table 3 are indicative of the protective effect of Annona muricata on some kidney function panel, with 
signi�icant increases observed in rats administered bromate ion only (II), relative to the normal control. Rats that received the toxin 
along with the extract (III-V) had signi�icantly reduced (p<0.05) values when compared to the bromate-only group. 

Table	3:	Effect	of	methanol	extract	of	Annona	muricata	on	kidney	parameters

Results	are	mean	±	SD	of	six	 independent	measurements.	Values	with	different	superscripts	differ	signi�icantly	(p<0.05)	from	the	
normal	control.

Effect	of	graded	doses	of	AME	on	antioxidant	parameters	of	Wistar	rats	given	bromate	
Decreased activity of glutathione peroxidase (GPx) was seen in rats given bromate only (II). However, in rats administered bromate 
as well as the extract, the activities of GPx in liver and kidney homogenates were comparable to control values. There were no 
signi�icant differences in catalase activities in liver homogenate between the bromate-treated groups and control. However, 
bromate caused signi�icant decreases in kidney tissue homogenate, when compared to the control group. These results are shown 
in Table 4.
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Table	4:	Effect	of	methanol	extract	of	Annona	muricata	on	antioxidant	parameters

Results	are	mean	±	SD	of	six	different	groups	(p	<	0.05).	
Values with different superscripts differ signi�icantly (p<0.05) 
from the normal control.

Results	of	histopathology
Figure 1 shows photomicrographs of liver sections in all six 
groups (I-VI). The bromate exposure caused kidney and liver 
lesions. In the liver, there was evidence of congestion, 
in�lammation, and fatty changes. The kidney tissue (Figure 2) 
had atrophied renal corpuscle and reactive glomerulus. 
However, these lesions were reversed dose-dependently by the 
Annona	muricata extract

Figure 1: Photomicrographs of liver sections from all groups. 
(A) Liver section from control showing normal architecture, 
with visible centriole (long arrow) and well-fenestrated 
sinusoids and hepatocytes (short arrow). (B) Liver section from 
rats given bromate only, revealing centriole with thickened wall 
surrounded by mononuclear and in�lammatory cells (long 
arrow), as well as sinusoids and hepatocytes with mild fatty 
changes (short arrow). (C) Liver section from rats given 200 
mg/kg extract plus bromate, showing visible centriole (long 
arrow) and mldly dilated sinusoids. The hepatocytes reveal 
pyknotic nucleus (short arrow). (D) Liver section from rats 
given 300 mg/kg extract plus bromate showing visible 
centriole (long arrow) and well-fenestrated sinusoids and 
hepatocytes with vacuolated nucleus (short arrow). (E) Liver 

section from rats given 500 mg/kg extract plus bromate. There 
are visibly congested centrioles surrounded with in�lammatory 
and mononuclear cells (long arrow), as well as sinusoids and 
hepatocytes with (short arrow) with vacuolated nucleus. (F) 
Liver section from rats given silymarin plus bromate. There are 
visible centrioles (long arrow) and well-fenestrated sinusoids 
and hepatocytes with vacuolated nucleus and mild fatty 
changes (short arrow). H & E; x400).

A B C

D E F

A B C

D E F

Figure 2: Photomicrographs of kidney sections from rats in all 
groups. (A) Kidney section from control rats showing normal 
features, with prominent renal corpuscle with glomerulus 
(long arrow) with tubules (short arrow) and interstitial. (B) 
Kidney section from bromate-only group revealing visible 
atrophied renal corpuscle and reactive glomerulus (long 
arrow) with dilated tubules (short arrow) and distorted 
interstitial cells. (C) Kidney section from rats given extract at a 
dose of 200 mg/kg plus bromate revealing visible renal 
corpuscle with mildly reactive glomerulus (long arrow) tubules 
(short arrow) and interstitial. (D) Kidney section from rats 
exposed to 300 mg extract along with bromate. There are 
visible renal corpuscles with mildly reactive glomerulus (long 
arrow) tubules (short arrow) and interstitial cells. (E) Kidney 
section from rats given 500 mg/kg extract plus bromate 
revealed visible renal corpuscle and mildly reactive glomerulus 
(long arrow) with tubules (short arrow) and interstitial cells. 



Victor	Okomayin	and	N.	P.		Okolie.,	Acta	Biology	Forum.	(2023)

 © 2023 . All Rights Reserved.Acta	Biology	Forum14.

(F) Kidney sections from rats given silymarin plus bromate 
showed visible renal corpuscle with glomerulus (long arrow) 
tubules (short arrow) and interstitial cells (H & E; x400).

DISCUSSION
The present study showed signi�icant differences in body 
weight gain among the experimental groups I-VI. The rats in the 
normal control group (I) administered only saline increased in 
weight during the twenty-one (21) days of treatment. However, 
all other groups (II-VI) which received 60 mg/kg body weight 
bromate ion had signi�icant weight losses; most especially the 
negative control group. However, simultaneous administration 
of the extract to three groups (III-V) triggered a quick recovery 
from the deleterious effect of bromate as a result of lipid 
peroxidation and membrane damage due to the generation of 
ROS. Group VI which was also exposed to the same amount of 
the bromate ion but treated with silymarin, a standard liver 
protection drug, was comparable with the normal control 
group. This indicates that silymarin protected the liver from 
bromate-induced damage. The bromate administration 
induced a signi�icant decrease in body weight as seen in group 
II, when compared to the normal control group. However, 
following the administration of graded doses of the Annona	
muricata leaf extract, there was a marked increase in body 
weight, which is a demonstration of the antioxidant properties 
of the plant. In a similar study, [26] reported decreased body 
weight for the DMN-administered rats when compared with 
the control group, but a signi�icant increase in the body weight 
of the rats was seen when treated with 400mg/kg of methanolic 
leaf extract of Annona	muricata. In essence, it can be inferred 
that the methanolic leaf extract of Annona	muricata	reversed 
the toxic effect of bromate, with respect to weight loss in the 
rats. This is in agreement with the hepato-protective activity of 
Annona	muricata	leaf extract which was re�lected in signi�icant 
reductions in bromate-induced increases in serum 
transaminases (ALT and AST). Thus, the bromate-induced 
hepatocyte damage was mitigated which was evident from 
histology, was mitigated by the extract. Relative to the negative 
control rats which received only bromate ion, the simultaneous 
administration of graded doses of AME signi�icantly reduced 
levels of ALT and AST in groups III, IV, and V. The reversal of 
increased serum enzymes in KBrO -induced hepatic injury by 3 

the extract may be due to the halting of leakage of intracellular 
enzymes by the membrane-stabilizing anti-oxidant property of 
the extract. The hepato-protective activity of Annona	muricata	
may be attributed to the presence of phytochemicals such 
�lavonoids, saponins, ascorbic acid, alkaloids, triterpenoids, 
tannins as well as other bioactive agents called annonaceous 
acetogenins which are peculiar to Annona	muricata. Thus, the 
effect of the extract is made obvious as there was a restoration 
of membrane integrity and regeneration of hepatocytes [27]. 
The presence of �lavonoids in the extract may be responsible for 
the antioxidant effects and its hepatoprotective activity. 
Increased serum levels of aspartate aminotransferase (AST) 
are seen in disorders such as viral hepatitis and cardiac 
infarction as well as in myocyte damage. The side-by-side 
administration of the plant extract at three graded- doses (200, 
300 and 500 mg/kg) along with bromate resulted in the 
protection of hepatocytes against bromate-induced damage. 
The decreases in serum transaminase levels were higher in 
group IV treated with 300 mg/kg body weight of the extract 
than in groups III and V which received 200 and 500 mg/kg 

body weight AME, respectively, indicating a partly dose-
dependent effect of the extract. An earlier study by [28] showed 
bromate-induced increases in serum transaminases were 
reduced by administration of methanolic extract of Portulaca	
oleracea.	Decreased levels of serum transaminases suggests 
stabilization of plasma membrane integrity and protection of 
hepatocytes against damage caused by the hepatotoxin. Raised 
levels of serum enzymes are indicative of cellular damage and 
loss of the functional integrity of the hepatocyte membrane. 
Moreover, a study [29] revealed that Annona	 muricata	
ameliorated toxicity induced by carboplatin in male albino 
Wistar rats. The present study also investigated the bilirubin 
clearance levels of the extract.  The results showed that 
bromate induced signi�icant increases in bilirubin levels, 
relative to the normal control group. However, the extract, 
brought about dose-dependent decreases in bilirubin levels. 
Moreover, group VI treated with silymarin recorded low 
bilirubin levels, thereby con�irming its ef�icacy as a 
hepatoprotective agent. The dose-dependent decrease in 
bilirubin is in agreement with the decreases in activities of 
serum transaminases, as well as liver histology. These changes 
could be ascribed to the antioxidant activity of the plant. 
Previous studies have reported that Annona muricata lowered 
bilirubin levels in carboplatin-induced oxidative damage in 
DMN-treated rats [26, 29], and in bromate-exposed rats treated 
with Portula oleracea [29]. Thus, the antioxidants and other 
components present in the leaf extract neutralized the ROS 
generated by the bromate toxin, but not as much as the 
standard drug. Signi�icant increases were observed in the 
serum levels of lactate dehydrogenase in the groups (II-VI) 
administered bromate ion, when compared to the normal 
control group. This is a consequence of the oxidative stress 
induced by bromate ion. However, side-by-side treatment with 
the extract signi�icantly reduced the hitherto elevated levels of 
lactate dehydrogenase in a dose-dependent pattern thus, 
bringing the levels of lactate dehydrogenase to near normal. 
Increased activity of lactate dehydrogenase is indicative of 
conditions such as kidney damage and liver in�lammation 
which were seen in the results from histology.
Serum levels of blood urea nitrogen (BUN) were signi�icantly 
elevated in bromate-treated groups, when compared to the 
normal control group. This is consistent with the �indings of an 
earlier study which  showed that bromate induced signi�icant 
increases in BUN [30]. In this study, treatment with graded 
doses of the extract effectively protected the rats against BrO -3

induced nephrotoxicity as seen by the signi�icant decreases in 
BUN levels, when compared to rats treated with KBrO  alone. 3

This corroborates the report in a previous investigation which 
showed that the signi�icant rise in serum urea may be a sign of 
renal impairment since the kidneys are unable to eliminate 
them [31]. Thus, treatment with the extract drastically reduced 
serum urea, thereby improving renal function. This opens up 
the possibility that A.	muricata	extracts might offer tissues a 
form of protection, consistent with a previous �inding [32]. 
Moreover, administration of KBrO  resulted in a signi�icant 3

increase in serum levels of creatinine (Cr) when compared to 
the normal control group. A similar result was also obtained in a 
previous study which reported the combined toxic effects of 
potassium bromate and sodium nitrite in some key renal 
markers in male Wistar rats [33]. However, side-by-side 
treatment with extract produced no signi�icant differences in 
levels of serum creatinine among the treatment groups (II-VI), 
when compared to the negative control group. This could most 
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probably be a consequence of irreversible damage on the 
nephrons of the kidney.  Moreover, blood electrolyte (Cl and K) 
levels were signi�icantly elevated in treatment groups when 
compared to the normal control group. In contrast, sodium and 
bicarbonate levels were decreased in the group administered 
bromate alone, when compared to the normal control group. 
Administration of graded doses of Annona	muricata had no 

+signi�icant effect on the levels of Cl, HCO , and Na . These results 3

are in agreement with the lesions seen in the kidney sections of 
the bromate-treated rats, and their mitigation by extract. 
There was a signi�icant decrease in GPx activity in group II 
which received only bromate. This was probably a re�lection of 
increased levels of ROS and oxidative stress induced by 
bromate. However, following the administration of the extract 
in graded doses, GPx levels increased signi�icantly in the 
treatment groups in a dose-dependent pattern, indicating that 
the extract increased levels of antioxidants in the treated 
groups. No signi�icant change was observed in catalase activity.
Histopathological examinations of the liver revealed that the 
administration of potassium bromate caused intense damage 
to liver tissue architecture, as seen in the photomicrograph of 
the sections. Distortion in tissue architecture, congestion of the 
central vein, and sinusoidal dilatation as well as cell necrosis 
were recorded in the treatment groups (II-VI) These �indings 
are in agreement with reports of congestion, hemorrhage, and 
degenerative changes in liver of Wistar rats exposed to 
potassium bromate [34], as well as potassium bromate-
induced congestion of the central vein in the hepatocytes and 
in�iltration of the interstitial cells [35]. In the present study, the 
lower degree of liver damage seen in the photomicrograph of 
the sections from groups III-V may be related to the protective 
effect of the extract against bromate-induced free radical 
damage due to its antioxidant- properties. This agrees with the 
earlier report in which it was demonstrated that Annona	
muricata	 leaf and fruit extracts exerted hepatic and renal 
protective effects on Ehrlich Ascites carcinoma in mice [36]. In 
the present investigation, the results of histological 
examination of the liver tissue were consistent with the pattern 
of changes in serum levels of liver marker enzymes.
In kidney photomicrographs, the extract-treated groups (III-V) 
showed mildly reactive glomerulus, when compared to the 
negative control group (II) which received bromate only. This 
result is consistent with the levels of kidney damage markers 
such as creatinine and urea nitrogen which were observed to be 
signi�icantly elevated in the negative control group, when 
compared to the normal control group (1). This indicates that 
the Annona	muricata leaf extract protected the kidney from 
bromate-induced damage, due probably to the presence of 
tannins, saponins, �lavonoids, and glycosides which have been 
shown to aid in the treatment of kidney diseases [36].

CONCLUSION
The results obtained from this investigation indicate that 
methanolic leaf extract of Annona muricata exerted a fairly 
dose-dependent protective effect against bromate-induced 
kidney and liver damage in Wistar rats through its antioxidant 
properties. In some cases, the protective effect was comparable 
to that produced by the standard hepatoprotective drug, 
silymarin. These �indings underscore the potential bene�its of 
Annona muricata in protecting the kidney and liver from the 
toxic effects of bromate. 

REFERENCES

Ahmad, M.K and Mahmood, R. (2012). Oral administration 
of potassium bromate, a major water disinfection by-
product, induces oxidative stress and impairs the 
antioxidant power of rat blood. Chemosphere, 87(7): 
750–756.

Starek,  A. ,  and Starek-Swiechowicz,  B.  (2016). 
Toxicological properties of potassium bromate. J. Pharma 
Reports, 1, 1–9.

Ahmad, M. K., Amani, S., and Mahmood, R. (2014). 
Potassium bromate causes cell lysis and induces oxidative 
stress in human erythrocytes. Environmental toxicology, 
29(2), 138–145. https://DOI.org/10.1002/tox.20780

Oloyede, O. B., and Sunmonu, T. O. (2009). Potassium 
bromate content of selected bread samples in Ilorin, 
Central Nigeria and its effect on some enzymes of rat liver 
and kidney. Food and chemical toxicology: an international 
journal published for the British Industrial Biological 
R e s e a r c h  A s s o c i a t i o n ,  4 7 ( 8 ) ,  2 0 6 7 – 2 0 7 0 . 
https://DOI.org/10.1016/j.fct.2009.05.026

Lateefat, H. M., Akenuwa, F., Adiama, Y. B., and Raimi, M. O. 
(2022). Food for the Stomach Nourishing our Future: 
Assessment of Potassium Bromate in Local and Packaged 
Bread Sold in Ilorin Metropolis. Public Health Open 
Access.6(1).

Magomya, A. M., Yebpella, G. G., Okpaegbe, U. C., and 
Nwunuji, P. C. (2020). Analysis of potassium bromate in 
bread and �lour samples sold in jalingo metropolis, 
northern Nigeria. Journal of Environmental Science, 14(2), 
1-5.

Sovia, E., Ratwita, W., Wijayanti, D., and Novianty, D. R. 
(2017). Hypoglycemic and hypolipidemic effects of 
Annona muricata L. leaf ethanol extract. Int. J. Pharm. 
Pharm. Sci, 9(3), 170-174. 

Aderibigbe, K., Komolafe, O. A., Adewole, O. S., Obuotor, E. 
M., and Adenowo, T. K. (2009). Antihyperglycemic 
activities of Annona muricata (Linn). African Journal of 
Traditional, Complementary and Alternative Medicines, 
6(1).

Riza; Arthur, F.K.; Woode, E.; Terlabi, E.O.; and Larbie, C. 
(2012). Bilirubin lowering potential of Annona muricata 
(Linn.) in temporary jaundiced rats. Am. J. Pharmacol. 
Toxicol., 7, 33–40.

Mishra, S., Ahmad, S., Kumar, N., and Sharma, B.K. (2013). 
Annona muricata (the cancer killer): A review. Glob. J. 
Pharm. Res. 2:1613-1618. 

Ezirim, A. U., Okochi, V. I., James, A. B., Adebeshi, O. A., 
Ogunnowo, S., and Odeghe, O. B. (2013). Induction of 
Apoptosis in Myelogenous Leukemic k562 Cells by 
Ethanolic Leaf Extract of Annona muricata L. Global 
Journal of Research on Medicinal Plants and Indigenous 
Medicine, 2(3), 142.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.



Victor	Okomayin	and	N.	P.		Okolie.,	Acta	Biology	Forum.	(2023)

 © 2023 . All Rights Reserved.Acta	Biology	Forum16.

Moghadamtousi, S. Z., Rouhollahi, E., Karimian, H., 
Fadaeinasab, M., Abdulla, M. A., and Kadir, H. A. (2014). 
Gastroprotective activity of Annona muricata leaves 
against ethanol-induced gastric injury in rats via 
Hsp70/Bax involvement. Drug design, development and 
therapy, 2099-2111.

Moghadamtousi, Soheil Zorofchian, Mehran Fadaeinasab, 
Sonia Nikzad, Gokula Mohan, Hapipah Mohd Ali, and 
Habsah Abdul Kadir.  (2015).  "Annona muricata 
(Annonaceae): A Review of Its Traditional Uses, Isolated 
Acetogenins and Biological Activities" International 
Journal of Molecular Sciences 16, no. 7: 15625-15658. 
https://DOI.org/10.3390/ijms160715625

Chan, W. J. J., McLachlan, A. J., Hanrahan, J. R., and Harnett, J. 
E. (2020). The safety and tolerability of Annona muricata 
leaf extract: a systematic review. Journal of Pharmacy and 
Pharmacology, 72(1), 1-16.

Bitar, R., Fakhoury, R., Fahmi, R., and Borjac, J. (2017). 
Histopathological effects of the Annona muricata aqueous 
leaves extract on the liver and kidneys of albino mice. 
Transl.  med, 7(194), 2161-1025.

Kim, G.H., L. Zeng, F. Alali, L.L. Rogers and F.E. Wu
et al., 1998. Muricoreacin and murihexocin C, mono-
tetrahydrofuran acetogenins, from the leaves of Annona 
muricata in honour of Professor G.H. Neil Towers 75th 
b i r t h d ay.  P hy t o c h e m i s t r y,  4 9 :  5 6 5 - 5 7 1 .  D O I : 
10.1016/S0031-9422(98)00172-1

Wu, F. E., Gu, Z. M., Zeng, L. U., Zhao, G. X., Zhang, Y., 
McLaughlin, J. L., and Sastrodihardjo, S. (1995). Two new 
c y t o t ox i c  m o n o t e t ra hyd ro f u ra n  A n n o n a c e o u s 
acetogenins, annomuricins A and B, from the leaves of 
Annona muricata. Journal of natural products, 58(6), 830-
836.

Zeng, L., Wu, F. E., Oberlies, N. H., McLaughlin, J. L., and 
Sastrodihadjo, S. (1996). Five new monotetrahydrofuran 
ring acetogenins from the leaves of Annona muricata. 
Journal of Natural Products, 59(11), 1035-1042.

Alali, F. Q., Liu, X.-X., and McLaughlin, J. L. (1999). 
Annonaceous Acetogenins: Recent Progress. Journal of 
N a t u r a l  P r o d u c t s ,  6 2 ( 3 ) ,  5 0 4 –  5 4 0 . 
https://DOI.org/10.1021/np980406d.

Agu, K.C., Okolie, N.P., Eze, I.G., Anionye, J. C. and Abiodun, F. 
(2017). Phytochemical analysis, toxicity pro�ile, and 
hemo-modulatory properties of Annona muricata 
(soursop).  Egypt J. Haematol. 42:36–44.

Adewole, S., and Ojewole, J. (2009). Protective effects of 
Annona muricata Linn. (Annonaceae) leaf aqueous extract 
on serum lipid pro�iles and oxidative stress in hepatocytes 
of streptozotocin-treated diabetic rats. African journal of 
traditional, complementary and alternative medicines, 
6(1).

Haro, G., Utami, N.P., and Sitompul, E. (2014). Study of the 
antibacterial activities of Soursop (Annona muricata L.) 
leaves. International Journal of PharmTech Research 
6(2):575-581.

Fareed, K.N., Arthur, E., Woode, E., Terlabi, O., Larbie, C., 
(2013). Evaluation of hepatoprotective effect of aqueous 
extract of Annona muricate (linn.) leaf against carbon 
tetrachloride and acetaminophen-induced liver damage. J. 
Nat Pharm. 3:25-30

Cohen, G. Dembiec, D. and Marcus, J (1970). Measurement 
Of Catalase Activity In Tissue Extract. Analytical 
Biochemistry 34: 30-38. 

Flohe, L. and Gunzler, W. A. (1994) Assays of Glutathione 
Peroxidase In Methods In Enzymology. Academic Press, 
New York.

Usunobun, U., and Okolie, P. N. (2016). Effect of Annona 
muricata pre-treatment on liver synthetic ability, kidney 
f u n c t i o n  a n d  h e m a t o l o g i c a l  p a r a m e t e r s  i n 
dimethylnitrosamine (DMN)-administered rats. Int. J. of 
Med. 4 (1): 1-5

Bayomy, N.A., Soliman, G. M., and Abdlaziz, E.Z. (2016). 
Effects of Potassium bromate on the Liver of Adult Male 
Albino Rat and A possible Protective role of Vitamin C: 
Histological, Immunohistochemical, and Biochemical 
Study. The Anatomical Record. 299(9):1256-1269.

Ikhajiangbe Happy, I.N., Ezejindu D.N., and Akingboye, A.J. 
(2014). Hepatoprotective Effects of Portulaca oleracea on 
Liver  Enzymes of  Potassium Bromate Induced 
Hepatotoxicity in Adult Wistar Rats. Int. J. of Med. and Med. 
Sciences. 1(3): 26-31.

Naglaa, R. and Kaseem, A. (2019). Ameliorative Effects of 
Annona muricata (Graviola) and Fullerene C60 Against 
Toxicity Induced by Carboplatin in Male Albino Rats. 
Egyptian Academic Journal of Biological Sciences. C, 
P h y s i o l o g y  a n d  M o l e c u l a r  B i o l o g y .  1 1 . 
10.21608/eajbsc.2019.71752.

Khan, R.A., Khan, M.R. and Sahreen, S. (2012). Protective 
effects of rutin against potassium bromate induced 
nephrotoxicity in rats. BMC Complementary and 
Alternative Medicine, 12(1). doi:10.1186/1472-6882-12-
204.

George, V., Naveen Kumar, D., Suresh, P. and Kumar, R. 
(2015). In Vitro Protective Potentials of Annona muricata 
Leaf Extracts Against Sodium Arsenite-induced Toxicity. 
Current Drug Discovery Technologies, 12(1), pp.59–63. 
doi:10.2174/1570163812666150602144154.

Ojowu, J.O, Onwuchukwu C.N, Daramola, M.E. and 
Ebhohon, S.O. (2020). Annona muricata (L.): Investigating 
the Ameliorative Effect of Leaves Extract on Liver and 
Kidney Function in Carbon Tetrachloride (CCl4) Induced 
Rats. Journal of Biomedical Science and Research 2(2): 
125.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.



Victor	Okomayin	and	N.	P.		Okolie.,	Acta	Biology	Forum.	(2023)

 © 2023 . All Rights Reserved.Acta	Biology	Forum17.

Adewale, O.O., Aremu, O.O., and Adeyemo, A.T., (2020). 
Assessment of combined toxic effects of potassium 
bromate and sodium nitrite in some key renal markers in 
male Wistar rats. Research Journal of Health Sciences, 
8(1).

Oyewo, O., Onyije, F.M., and Awoniran, P. (2013). 
Hepatotoxic effect of potassium bromate on Liver of 
Wistar rats. Journal of Morphological Sciences, 30(2):107-
114

Altoom, N.G., Ajarem, J, Allam, A. A., Maodaa, S. N.,and 
Abdel-Maksoud, M.A., 2018. Deleterious effects of 
potassium bromate administration on renal and hepatic 
tissues of Swiss mice. Saudi Journal of Biological Sciences, 
25, 278–284.

Hassan, A., Osman, L., Abd ElMoneim, M., and Atef, A. E. 
(2019). Hepatic and Renal Protective Effects of Annona 
Muricata Leaf and Fruits Extracts on Ehrlich Ascites 
Carcinoma in mice. Zagazig Vertinary Journal .47(3):234--
247

33.

34.

35.

36.


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8

