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Abstract

Background: The use of potassium bromate (KBrOs) as food additive is still widespread and there is need to search
for agents with protective effect against KBrOs-induced toxicity.

Objective: In this study, the protective effects of L-arginine, ascorbic acid, and their combined regimen on KBrOs-
induced renal and hepatic toxicity were investigated in Wistar rats.

Methods: Five groups of male rats were used for the study. Group A was given distilled water (control), and group B
was treated with KBrOz only. In addition to KBrOgs, groups C, D, and E were given L-arginine, ascorbic acid, and
combined L-arginine and ascorbic acid respectively. After 28-day treatment, blood samples were taken for
biochemical analysis; liver and kidney were harvested for histological examination.

Results: KBrOs significantly (p < 0.05) raised serum levels of creatinine, urea, ALT, and AST compared to distilled
water-treated control. Levels of SOD, CAT, and GPx were also significantly reduced. No significant changes in these
parameters were observed with ascorbic acid and L-arginine given separately. Treatment with combined regimen of
L-arginine and ascorbic acid resulted in significant (p < 0.05) reduction in the serum levels of creatinine, AST and
ALT, and significant increase in the serum levels of SOD, CAT and GPx compared to the control. The distortions
induced by KBrOs in the structural architecture of renal and hepatic tissues were largely reduced in rats treated with
combined ascorbic acid and L-arginine.

Conclusion: The study showed that L-arginine and ascorbic acid synergistically attenuate KBrOs-induced renal and
hepatic toxicity.
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INTRODUCTION

Quality and enjoyable food is essential for humans to
keep living. In the absence of good food, the body
ceases to function properly, growth is retarded, and the
ability of the body to fight infections and diseases is
greatly compromised. There are various kinds of food
that people enjoy, but one of the most popular foods
consumed by young and old around the world is bread
(Mode et al., 2023). Bread is produced from wheat
flour. In order to improve the texture of bread and

maximize profit, baking industry uses potassium
bromate (KBrOs) as an additive (Magomya et al.,
2013). However, many studies have reported the
negative impact of KBrOs; on human health. Some
manifestations of acute toxicity of KBrOs are diarrhea,
vomiting, and abdominal discomfort. Multiple organ
damage including liver, kidney, and the central
nervous system have been reported. It has also been
shown that KBrOs; is carcinogenic in human and
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experimental animals (Kurokawa et al., 1990;
Ncheuveu ef al., 2023). In view of these toxic effects,
many countries including Canada, Nigeria, and India
have banned the use of potassium bromate as food
additive. Other countries like United States of America
still allow its use in permissible limit. In spite of the
negative effects of KBrOs; on human health, bakers
continue to use it. They believe that with the very high
temperature of the baking oven, potassium bromate is
converted to harmless potassium bromide. However,
the possibility of some residue of KBrO; remaining in
the final product cannot be ruled out (Oyekunle ef al.,
2014). For example, recent analysis of a number of
Tunisian breads revealed that bromate concentrations
ranged from 5.95 to 49.31ug/g (El Ati-Hellal et al.,
2018). Even in countries where its use has been
banned, bakers illegally continue to use KBrOs to
attract more profit. In Nigeria for instance, despite the
ban, the use of KBrOs in bread is still common. A study
carried out in Ibadan, Oyo State, reported that all thirty
samples of bread analyzed contain KBrO; with conce
ntrations ranging between 1.24pg/g and 9.31pg/g.

These concentrations are above the safe level for
human consumption (Airaodion et al., 2019). Bread
consumers are thus at risk of all the aforementioned
toxic and long-term health implications of the
chemical. In view of the high probability of exposure

METHODOLOGY
Materials and methods

Experimental animals

Thirty male Wistar rats with an average weight of 180
g were used for the experiment. The rats were obtained
from Animal House of College of Health Sciences,
Ladoke Akintola University of Technology,
Ogbomoso. The animals were maintained in a well-
ventilated environment with the temperature ranging
between 22-25 °C and 12/12 light and dark cycle. They
were fed with animal pellets (Ladokun Feeds Ltd.
Ibadan) and allowed free access to pure drinkable
water.

Drugs

L-arginine (LA), Ascorbic Acid (AA) and potassium
bromate (PB) were obtained from Sigma-Aldich
company, UK.

Experimental procedure

Rats were assigned to five groups (n = 6 per group)
and treated as follows: Group A (control) was treated
with distilled water. Rats in group B were given KBrO;
(200 mg/kg bw) only. After administering KBrOs,
groups C, D, and F were treated with ascorbic acid

to KBrOs, there is need to find ways of minimizing its
damaging effects in consumers. Since KBrOs is an
oxidizing agent, antioxidants such as ascorbic acid and
drugs that induce antioxidant response such as L-
arginine might have protective effect against
potassium bromate-induced toxicity. L-arginine is the
precursor for the synthesis of nitric oxide (NO). Both
L-arginine and its product NO regulate cellular redox
status and play essential role against oxidative stress
(Ranjbar et al., 2016; Abu-Serie et al., 2015).
Pathogenesis of many physiologic disorders has been
linked to oxidative stress, and NO has been reported to
be an effective antioxidant, capable of preventing the
development or arresting the progression of many
oxidative stress-induced disorders (Rolo et al., 2012).
Administration of exogenous L-arginine has been
demonstrated to enhance nitric oxide bioavailability
which is a critical factor in the suppression of oxidative
stress and induction of endogenous antioxidant
response (Moreira et al., 2019). Ascorbic acid is a
water-soluble vitamin and its role as antioxidant is also
well documented. It has the ability to react with and
scavenge superoxide and hydroxyl radicals (Shen et
al., 2021). In this study, we investigated the effects of
L-arginine and ascorbic acid on potassium bromate-
induced renal and hepatic toxicity.

(500 mg/kg bw), L-arginine (500 mg/kg bw), and
combined regimen of ascorbic acid (500 mg/kg bw)
and L-arginine (500mg/kg bw) respectively. The drugs
were administered by means of an intragastric cannula
daily for 28 days. Rats were made to fast overnight and
then euthanized on the 29" day. Blood samples
collected from retro-orbital sinus were centrifuged at
3000 rpm for 10 minutes. Liver and kidney were
harvested for histological study. Serum samples
obtained were used for biochemical assays.

Biochemical analysis

Serum creatinine, urea, aspartate aminotransferase
(AST) and alanine aminotransferase (ALT)
were analyzed using an automatic analyzer, TBA 120
FR (Toshiba Medical Systems, Co., Ltd. Japan). Seru
m glutathione peroxidase (GPx) was determined by t
he method previously described by Rotruck et al.
(1973). Superoxide dismutase (SOD) was analyzed by
the method of Kakkar et al. (1984). Serum catalase
(CAT) was also determined by the method previously
described (Sinha, 1972).
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Histological analysis

Liver and kidney tissues were prepared for histological
examination by the method described by Krause
(2001). Sections (5 um thick) were cut with
microtome and stained with H/E. The stained sections
were observed under a photomicroscope (Model N-
400ME (CEL-TECH  Diagnostics, = Hamburg,
Germany), and photomicrographs were taken and
interpreted by a pathologist.

RESULTS

Potassium bromate significantly raised serum levels of
creatinine, urea, ALT, and AST compared to distilled
water-treated control. AST was raised from 41.23 +
3.73 to 58.52 +4.90 U/L, while ALT was raised from
32.60 £+ 3.81 to 44.64 = 4.15 U/L. On the other hand,
potassium bromate significantly reduced the levels of
SOD, CAT, and GPx. Administration of ascorbic acid
in KBrOs-treated rats caused slight reduction in the
serum levels of urea, creatinine, AST, and ALT. Non-
significant increase in the serum levels of SOD, CAT,
and GPx was also observed in rats treated with
ascorbic acid. L-arginine similarly caused non-

Statistical analysis

Data obtained were analyzed and presented as mean +
standard error of mean (SEM). Differences between
groups were analyzed by one way Analysis of Variance
(ANOVA) followed by Student’s t-test, and p < 0.05
was considered significant. GraphPad Prism version
6.1 for Windows (GraphPad software, San Diego
California, USA) was used for the analysis.

significant changes in all these parameters except AST.
Treatment with combined regimen of L-arginine and
ascorbic acid resulted in significant reduction in the
serum levels of creatinine (Figure 1), AST and ALT
(Table 1), and significant increase in the serum levels
of SOD, CAT and GPx (Table 2) compared to the
control. SOD was increased from 1.61 + 0.11 to 3.71
+ 0.33 units/ml, CAT was raised from 13.52 +2.50 to
21.80 £+ 2.01 units/ml, and GPx was increased from
2.60 + 1.30 to 4.46 + 0.51 units/ml. No significant
alteration was observed in urea level (Figure 2).
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Figure 1. Effects of L-arginine and ascorbic acid on serum creatinine in KBrOs-treated rats. PB = potassium
bromate, LA = L-arginine, AA = ascorbic acid. Values represent mean = SEM (n = 6); *p < 0.05 compared with
normal control, **p < 0.05 compared with potassium bromate control
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Figure 2. Effects of L-arginine and ascorbic acid on serum urea in KBrOs-treated rats. PB = potassium
bromate, LA = L-arginine, AA = ascorbic acid. Values represent mean = SEM (n = 6); *p < 0.05 compared with
normal control, **p < 0.05 compared with potassium bromate control

Table 1. Effects of L-arginine and ascorbic acid on AST and ALT in potassium bromate- treated rats

Group AST (U/L) ALT (U/L)
Control 41.23+3.73 32.60+3.81
PB 58.52 £ 4.90* 44.64 + 4.15*
PB+ LA 48.86 + 3.50** 39.51+3.14
PB +AA 51.25+4.66 40.30+4.32
PB+LA+AA 44.66 + 3,40%** 32.10 £ 3.22%*

PB = potassium bromate, LA = L-arginine, AA = ascorbic acid. Values represent mean + SEM (n = 6); *p < 0.05
compared with normal control, **p < 0.05 compared with potassium bromate control

Table 2. Effects of L-arginine and ascorbic acid on SOD, CAT, and GPx in potassium bromate- treated rats

Group SOD (units/ml) CAT (units/ml) GPx (units/ml)
Control 4.04+0.12 25.41+4.55 5.62+1.08
PB 1.61 £0.11* 13.52 £2.50* 2.60 £ 1.30%*
PB + LA 2.14£0.13 18.22+2.10 3.15+1.08
PB + AA 2.07+0.20 18.30+2.21 2.32+1.02
PB+LA+AA 3.71 £0.33** 21.80 £2.01** 446+ 0.51%*

PB = potassium bromate, LA = L-arginine, AA = ascorbic acid. Values represent mean + SEM (n = 6); *p < 0.05
compared with normal control, **p < 0.05 compared with potassium bromate control

Histological = examination showed  noticeable
distortions in the architecture of renal and hepatic
tissues of rats treated with KBrO; compared to the
control. Hemorrhage and dilation of blood vessels
were seen in tissues of KBrOs-treated rats. These

distortions were ameliorated and were not clearly
noticed in renal and hepatic tissues of rats treated with
combined ascorbic acid and L-arginine. The histology
of both renal and hepatic tissues in this group appeared
almost normal compared with the control (Figure 3).
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Figure 3. Effects of combined L-arginine and ascorbic acid on the liver and kidney of potassium bromate-
treated rats. a = kidney section of rats in the distilled water-treated control group showing normal architecture of
renal glomerulus (NG) with normal proximal tubules (m) and distal renal tubule (Q); b =kidney section of rats in the
potassium bromate-treated control group showing some distorted glomerular cells (G) closely packed together, normal
parietal cell (Pt), shrunk proximal (m) and distal (Q) tubules, some ruptured renal tubules (RT) with leakage of red
blood cells into the surrounding renal tissues (*); c = liver section of rats in the distilled water-treated control group
showing preserved liver architecture with closely packed hepatocytes (H), central vein (CV), and sinusoid (S) which
appear normal and free of inflammatory cells; d = liver section of rats in the potassium bromate-treated control group
showing hepatocytes (H) with distorted architecture. The tissue appears edematous and the sinusoids (s) are more
prominent. Central vein (CV) and bile duct (BD) appear more pronounced and distorted. There are inflammatory cells
seen around portal arterial membrane (A); e = kidney section of rats treated with combined L-arginine and ascorbic
acid showing near normal glomerulus (NG), proximal (m) and distal (Q) tubules; f = liver section of rats treated with
combined L-arginine and ascorbic acid showing tissue with normal architecture. Central vein, hepatocytes (H), bile
duct (B) and portal artery (A) all appear normal (x 200 magnification).
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DISCUSSION

Despite the ban placed on its use by many countries
around the world, potassium bromate is widely used
by baking industry. Since bread is consumed regularly
by almost everyone, the risk of acute and long-term
effects of potassium bromate is high among a large
population of consumers. Chronic effects of KBrOs;
include cancer, liver damage, and kidney injury
(Shanmugavel et al., 2020). There is need to search for
remedies against the toxic effects of KBrOj3 apart from
prohibiting its use. Since KBrOs is an oxidizing agent,
antioxidants may be useful in mitigating its toxic
effects. In this study, potassium bromate was used to
induce renal and hepatic damage in rats. KBrOs is an
oxidizing agent that increases hydrogen peroxide
levels, lipid peroxidation, and protein oxidation,
thereby inducing oxidative stress. It has also been
shown to alter the cellular antioxidant defense system
by decreasing the activities of catalase, glutathione
peroxidase, glucose 6-phosphate dehydrogenase
(Ahmad et al., 2014). Reduced glutathione (GSH) is
an antioxidant which protects many organs, including
liver and kidney, against oxidative stress. KBrOs has
been reported to decrease the tissue content of this
important molecule (Parsons and Chipman, 2000). In
another study, 200 mg/kg body weight of KBrO3
decreased GSH in both renal and hepatic tissues in
rodents, and plasma creatinine level was significantly
raised (Altoom et al., 2018). Previous studies have
also demonstrated that KBrOs is hepatotoxic (Ambali
et al., 2011; Oyewo et al., 2013). The oxidizing effect
of KBrOj is likely responsible for the renal and hepatic
damage in rats observed in this study. Tissue damage
following administration of potassium bromate is also
evidenced from the increase in the levels of aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT). These biochemical parameters are indicators of
tissue injury, especially hepatic damage (Satpal and
Punia, 2010). After administration of potassium
bromate, serum levels of creatinine significantly
(P<0.05) increased. This is an indication of renal
damage, though there was no significant alteration in
the serum level of urea (Levey er al, 198S;
Bartholomae et al., 2022). In addition, antioxidant
defense system was compromised as indicated by the
significant reduction in the levels of superoxide
dismutase, catalase and gluthathione peroxidase. The
alterations induced by KBrOs in the levels of these

CONCLUSION

From the findings in this study, we conclude that L-
arginine and ascorbic acid work synergistically to

parameters were significantly attenuated when the rats
were treated with combined ascorbic acid and L-
arginine. Several experimental studies have shown that
administration of L-arginine improves cardiovascular,
pulmonary, immune and digestive functions, and
protects against the early stages of carcinogenesis. It is
beneficial in the treatment of hepatic injury (Saad,
2012), hepatic cirrhosis, fatty liver degeneration
(Amin, et al., 2018) and diabetic nephropathy (Huang
etal, 2010, Hu et al., 2012). Studies have also shown
that exogenous L-arginine is able to protect the kidney
against toxic injury. (Cherla and Jaimes, 2004, Shaki
et al., 2021). The present study has demonstrated that
administration of exogenous L-arginine in
combination with ascorbic acid is beneficial in
potassium bromate-induced organ damage in rats. Our
results agree with those of previous studies which
reported that doses of ascorbic acid or L-arginine
between 500 and 1000 mg/kg body weight restored
induced alterations in biochemical indices of kidney
function in rodents, and that histological aberrations
induced in renal tissues were also ameliorated
(Kandhare et al., 2015; Shaki et al., 2021). The
probable mechanism of action of L-arginine is its
antioxidative effect elicited by direct chemical
interaction with superoxide anion (Liang et al., 2018,
Li et al, 2022). In line with this, L-arginine in
combination with ascorbic acid, which is also an
antioxidant, significantly increased the levels of
superoxide dismutase, catalase and gluthathione
peroxidase thus ameliorating the oxidative effects of
potassium bromate in rats. When administered
separately, L-arginine and ascorbic acid did not cause
significant alterations in most of the parameters
analyzed. However, administration of the two drugs
combined significantly attenuated KBrOs-induced
changes in these parameters, suggesting a synergy
between them. The appearance of kidney and liver
tissues in various experimental groups during
histological examination is consistent with the results
obtained for biochemical analysis. Liver and kidney
sections of rats treated with KBrO3 showed prominent
distortions of structural architecture. These distortions
were virtually absent in tissue sections of rats treated
with combined L-arginine and ascorbic acid after
pretreatment with KBrO;s,

protect Wistar rats against KBrOs-induced renal and
hepatic toxicity.
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