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ABSTRACT
The continued use of potassium bromate in some food and cosmetic products in Nigeria against regulatory provision
has continually exposed Nigerians to its deleterious effect. The mechanism of bromate induced damage in the liver
and kidney is through oxidative stress. Phytochemicals have antioxidant capacity and have gained research interest in
the management of oxidative stress. In this study, the effect of the ethanol extract of Aframomum angustifolium seed
on kidney and liver damage induced by exposure to an acute dose of potassium bromate was measured using
appropriate biomarkers. Eighteen male Wistar rats, randomly divided into 3 groups were used for the study. Group I
(normal control) received distilled H2O; Group II (positive control) received 400 mg/kgbw bromate once while Group III
(test) received same acute dose as Group II but thereafter treated with an oral dose of ethanol extract (750 mg/kgbw)
for 10days. Half the populations of each group were sacrificed on day 3 while the remaining was sacrificed on day 10
of treatment. Liver and kidney tissues as well as blood samples were collected for analysis. Biochemical parameters;
+
+
malondialdehyde, creatinine, electrolytes (Na and K ) concentration as well as catalase, alanine aminotransferase
and alkaline phosphatase activities were measured using standard spectrophotometric procedures. In the kidney
tissue, malondialdehyde concentration increased significantly in all groups from day 3 to day 10 but was highest in
Group II. A similar trend was observed in the liver tissue but only group III increased significantly. Catalase activity
+
was inhibited in Group II in both kidney and liver tissues and was significantly lower than test group. Serum Na
+
decreased and K increased respectively but Group III were comparable to the Group I. Creatinine concentration
increased in all groups but was highest in Group II though it was not significant. ALP activity was significantly higher
(p<0.05) in Group III on day 3 compared to Group I but was not significantly different (p>0.05) on day 10. The results
of this study suggests that ethanol extract of Aframomum angustifolium seeds can accelerate the in vivo repair of
bromate induced hepato- and reno- toxicity in Wistar rats.
KEYWORDS: Aframomum angustifolium, bromate toxicity, malondialdehyde, antioxidant, phytochemicals.
INTRODUCTION

qualitative and quantitative screening of these products
from different parts of the country indicate continued use
(Okolie and Osarenren, 2003; Okolie et al., 2005,
Emeje, et al., 2010; Oyekunle et al., 2014; Dada et al.,
2017).Reports on KBrO3 dose on induction on renal
oxidative stress vary. The oral lethal dose (LD50) of
potassium bromate has been established in wistar rat as
160-190 mg/kgbw (Oyewo et al., 2013). Higher doses
have been used in some studies with no lethality (Wolf
et al., 1998). The mechanism of action is the induction of
oxidative stress mediated by several enzyme systems
(Halliwell and Gutteridge, 1999). This suggests that the
supply of safe and effective natural free radicalscavengers

The oxidative property of potassium bromate (KBrO3) is
the chemical basis for its use in cosmetic production
such as in permanent hair weaving solutions as well as
flour maturation and dough conditioning in bread and
other confectionery products. It has been reported as a
nephrotoxin. Studies support this tumorigenic and
carcinogenic property of bromate in rats and its activity
as a nephrotoxin in humans and experimental animals
(Kurokawa et al., 1986). Its use in bread and
confectionery production has been banned in Nigeria by
the Federal Government since 1993 based on its
may reduce the toxic effect as well as support the treatment of
reported toxicity (Ekop et al., 2008; Oloyede and
Sunmonu, 2009). However, decades after the ban,
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damage induced by exposure to bromate. Single doses
of KBrO3 have been reported to induce toxicity and the
deleterious effect can be ameliorated by natural
antioxidants (Ahmad et al., 2012). The use of synthetic
antioxidants is discouraged due to uncertainty about
their toxicity (Kang, 2016). Natural antioxidants have
gained relevance in combating oxidative stress. Some
compounds such as rutin and taurine have been
reported to demonstrate protective effects against
KBrO3 induced toxicity (Ahmad et al., 2013; Khan and
Sultana, 2005; Khan et al., 2012).
Aframomum angustifolium was selected for this study
based on the fact that it is not a threatened species
(Crook, 2013), cheap and is consumed as a spice in
many local delicacies. A previous study revealed that
the antioxidant property of the extract is not lost after
heat processing like cooking (Ebhohimen et al., 2017b).
This study explored the effect of ethanol extract of
Aframomum angustifolium seeds in the management of
toxicity induced by bromate exposure.
Methods
SAMPLE PREAPARATION
Dry Aframomum angustifolium seeds were purchased
from a local merchant in Ebelle Market, Igueben Local
Government Area, Edo state, Nigeria and were
authenticated in the Department of Biological Sciences,
Samuel Adegboyega University, Ogwa, Edo State.
0
The seeds were air dried for five (5) days at (30 C), and
thereafter pulverized using a mechanical blender into
fine powder. Extraction was done by cold maceration in
ethanol for 72 hours as described by Prajapati and Patel
(2015). The extract was concentrated using a rotatory
evaporator. The concentrates were dried to powder
using silica gel in a desiccator. The dry powder was
stored in air-tight bottles at room temperature and was
used subsequently for the study.

MDA x 10-3 (ng/mg
prot)

EXPERIMENTAL ANIMALS
Eighteen male Wistar rats weighing 140-200 g obtained
from animal house, Department of Biochemistry,
University of Benin, Edo state, Nigeria, were used for
the study. They were acclimatized for one week with
free access to food and water. The animals were
maintained at room temperature with 12 hours light/dark
cycles.
The animals were randomly divided into three groups of
six rats each. Group I served as normal control and
received distilled water orally with the aid of a gavage.
Group II served as positive control and received an

acute dose of potassium bromate (400 mg/kgbw) once
while Group III served as test and received same single
acute dose of bromate and thereafter 750 mg/kgbw of
ethanol extract of Aframomum angustifolium seeds for
10days after administration of bromate. On day 3, half
the animals in each group were sacrificed while the
remaining half was sacrificed on day 10. The animals
were sacrificed under light ether anaesthesia.
COLLECTION OF BLOOD AND TISSUE SAMPLES
Blood samples were collected from each animal by
cardiac puncture into sample tubes. Serum used for
analysis was obtained by centrifuging the blood after
clotting. The liver and kidney were isolated, blotted free
of blood, rinsed in ice-cold physiological saline and
homogenized in ice-cold 0.01M potassium phosphate
buffer (0.1M, pH 7.4) to give a 10% homogenate.
Aliquots of the tissue homogenate were suitably
processed for the assessment of the following
biochemical
parameters
(Devendran
and
Balasubramanian, 2011).
CHEMICALS AND REAGENTS
Chemicals and reagents used in this research work
were of analytical grade. Reagent kits for creatinine,
ALT, ALP, BIL (Randox, UK), potassium and sodium
ions (Teco Diagnostics, USA) were purchased from
Pyrex Scientific, Benin City, Edo State.
METHODS
All parameters were measured by spectrophotometry
using assay procedures described in the assay kits.
Catalase activity and MDA concentration were
measured as described by Cohen et al. (1970) and
Buege and Aust (1978) respectively.
STATISTICAL ANALYSIS
The experimental results obtained are presented as
means. Statistical analysis was done using IBM SPPS
Statistics 23. p <0.05 was considered statistically
significant.
RESULTS
The effect of ethanol extract of Aframomum
angustifolium seeds on hepato- and renal toxicity
induced by single dose of KBrO3 was examined. The
dose of KBrO3 used in this study was toxic but not lethal.
The effect of the extract on KBrO3-induced
hepatotoxicity and nephrotoxicity was evaluated from
the concentration of MDA and catalase activity in liver
and kidney tissues, serum levels of creatinine, sodium,
potassium and bilirubin as well as activity of ALT and
ALP.
The results are presented in Figures 1-10.
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Fig 1: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on MDA concentration in kidney
tissue
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Fig. 2: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on MDA concentration in liver
tissue.
25

CAT (U/L)

20
15
Day 3

10

Day 10

5
0
Group I

Group II

Group III

Fig. 3: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on CAT activity in kidney tissue.
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Fig. 4: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on CAT activity in liver tissue.
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Fig. 5: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on serum creatinine concentration.

4

EBHOHIMEN, I. E., EBHOMIELEN, J. O., EDEMHANRIA, L. OSAGIE, A. O., AND OMORUYI, J. I.

Na+ (mg/dl)

200
150
100

Day 3

50

Day 10

0
Group I

Group II

Group III

Fig. 6: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on serum Na+ concentration.
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Fig. 7: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on serum K concentration.
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Fig. 8: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on serum ALT activity.
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Fig. 9: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on serum ALP activity
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Fig. 10: Effect of KBrO3 and the ethanol extract of Aframomum angustifolium seeds on serum bilirubin concentration
DISCUSSION
Supplementation with dietary antioxidants is a promising
means to strengthen antioxidant defense and oxidative
damage repair systems. Currently, phytochemicals are
playing lead roles due to their potency in the reduction of
oxidative stress in vivo (Amadi et al., 2016; Ebhohimen
et al., 2017a).
In this study, the antioxidant effect of the ethanol extract
of Aframomum angustifolium seeds was used as a
potential repair agent against toxicity induced by KBrO3,
a known hepato- and nephrotoxic agent. Aframomum
angustifolium was selected based on factors such as
availability, common use as a dietary spice and reported
non-toxicity (Anywar and Kirimuhuzya, 2015). A study by
Ebhohimen et al. (2017b) revealed that the antioxidant
property of the ethanol extract is not completely
destroyed by heat treatment such as cooking.
Several protective agents against KBrO3-induced toxicity
have been reported. Rutin and taurine, reported to have
antioxidant capacities have been studied (Khan et al.,
2012; Ahmad et al., 2013; Ben et al., 2016). Their effect
on bromate toxicity can be easily explained since the
mechanism of KBrO3 induced toxicity is the production
of ROS (Nishioka et al., 2006; Spassova et al., 2015).
Lipid peroxidation is a complex process that damages
the cell structure and function. Peroxidation of lipids of
cell membrane initiates a loss of membrane integrity,
membrane bound enzyme activity and causes cell lysis
(Pryor and Squadrito, 1995). Malondialdehyde is a
product of lipid peroxidation and is commonly used as a
biomarker (Ayala et al., 2014).
Results for MDA concentration obtained in this study are
presented in Figures 1 and 2. In kidney tissue, MDA
concentration increased after day 3 to day 10 in all study
groups. It was significant (p < 0.05) in Groups I and II
and was highest in Group II. Similar observations were
reported by Kurokawa et al., (1990), Khan and Sultana
2004 as well as Naglaa et al., (2016). In the liver tissue,
concentrations of MDA in all study groups though lower
than that observed in the kidney tissues, increased in all
study groups from day 3 to day 10 but were not
significant. The observed difference in MDA
concentration in liver and kidney tissue may be
attributed to differences in lipid composition or action of
antioxidants. Jurczuk et al., (2004) reported the
administration of ethanol, increased the activity of
superoxide dismutase in the kidney while the activity
decreased in the liver. MDA concentration increased in
the liver and was unchanged in the kidney.
Catalase catalyzes the decomposition of hydrogen
peroxide into less-reactive gaseous oxygen and water

1999). It is a common enzyme found in nearly all living
organisms exposed to oxygen. In this study, catalase
activity in the kidney was not altered in the normal
control group (Fig. 3). Positive control exposed to an
acute dose of bromate had the lowest catalase activity
on day 3 and was significantly lower (p < 0.05)
compared to Groups I and III. On day 10, catalase
activity in Group II increased but was still lower than the
other groups though not significant. High doses of prooxidants have been reported to interfere with the activity
of antioxidant enzymes (Altoom et al., 2018). Observed
catalase activity in the test group treated with extracts
was significantly higher (p < 0.05) than the other groups
on day 3 but was at the same level as the normal control
on day 10. The administration of extract may have
contributed to the activity surge on day 3. A similar trend
was observed in the liver tissue (Fig. 4). Catalase
activity in the treated group was significantly higher after
day III compared to Groups I and II. After day 10,
catalase activity across the study groups reduced and
were not significantly different. Like MDA, catalase
activity was higher in the kidney suggesting higher
oxidative activity in the kidney. This supports previously
published reports that bromate is a specific nephrotoxin
(Ahmad et al., 2013; Oseni et al, 2015).
Serum creatinine concentration is a reliable indicator of
kidney function. Bromate treated group had higher
serum creatinine concentration on day 3. It was not
significantly different from Groups I and III. On day 10,
creatinine concentration increased in all groups (p >
0.05) but was highest in Group II. Significant alterations
in serum creatinine concentration after bromate
exposure was reported by Ahmad et al. (2013). In that
study, taurine was used as the chemo-protectant against
bromate nephrotoxicity and significant alterations were
seen after administration of KBrO3 alone compared to
the control group. Altoom et al. (2018) also reported a
dose dependent increase in serum creatinine
concentration after oral administration of bromate. The
elevated creatinine level may signify impaired kidney
function or kidney disease. In this study, creatinine
concentration in Group III decreased from day 3 to day
10 of oral administration of the extract.
Sodium, one of the body’s important extracellular
electrolytes have various functions especially in the
kidney where it regulates blood pressure and blood
volume and also regulates the acid-base balance of
blood and body fluids (Polychronopoulou et al., 2019).
Sodium concentration across the groups were not
significantly different on day 3. Serum concentration
dropped in all groups but was not significant in the
positive control group. Sodium and fluid buildup in the
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pressure. This results in reduction of kidney function and
the accumulation of waste in the body. Sodium
concentration in the normal control and test groups were
not significantly different on day 10.
Potassium is an important electrolyte necessary for the
normal functioning of all cells, tissues and organs in
biological systems. The kidneys control the level of
potassium in the body excreting excess amounts
through urine. There is a dearth of information on
bromate induced toxicity on potassium concentration in
serum. In this study, potassium concentration in serum
increased significantly in all groups.
Alanine aminotransferase (ALT) is found in plasma and
in various body tissues but is most common in the liver.
It catalyzes the two parts of the alanine cycle. Serum
ALT level and the ratio is commonly measured as
biomarkers for liver health. Elevated levels of ALT often
suggest the existence of other medical problems such
as viral hepatitis, diabetes and liver damage. In this
study, ALT activity was not significantly different across
the study groups after day 3. The activity of the enzyme
decreased across all groups on day 10 but was lowest in
the treated group. Alkaline phosphate (ALP) is also
found in several tissues throughout the body. The
highest concentrations of ALP are present in the bone
and liver. Elevated levels of ALP in the blood are most
commonly caused by liver disease or bone disorders. In
this study, ALP activity was significantly higher in the
positive control group on day 3. After day 10, activity
was still higher but was significantly lower compared to
day 3 and was in the same range with the other groups.
Oseni et al., (2015) also reported increased activity of
ALT and ALP following administration of 30 mg/kgbw
bromate for two weeks. However, Ahmad et al., (2013)
reported decreased ALP after exposure to bromate
alone. In that study, the control and the extract treated
group had significantly higher ALP activity.
Bilirubin is a yellow compound that occurs in normal
catabolic pathway that breaks down haem. This
catabolism is a necessary process in the clearance of
waste products that arise from the destruction of aged
red blood cells. The red blood cells have a lifespan of
about 120 days and are continually renewed. Red blood
cells contain haemoglobin and it is this that gets broken
down into bilirubin and other substances. The bilirubin is
carried to the liver by albumin. The levels of bilirubin in
the blood can indicate the health of liver. The bromate
treated groups had lower bilirubin concentration on day
3. Positive control group was significantly lower than
normal control group. Although bilirubin concentration
was still lower in this group on day 10, it was not
significantly different from the normal control and treated
groups.
CONCLUSION
The observed results obtained for biochemical
parameters in this study suggests that ethanol extracts
of Aframomum angustifolium seeds support the in vivo
repair of potassium bromate induced toxicity in Wistar
rats. This may be due to the established antioxidant
capacity of its phytochemical components.
The enforcement of ban should be reinvigorated.
Adequate awareness on the toxicity as well as
qualitative tests procedure should be created by relevant
agencies regulating food and cosmetics production.
It is therefore suggested that natural phytochemical
sources be consumed regularly to ameliorate the

deleterious effect of pro-oxidants man is continually
exposed to.
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