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ABSTRACT

Potassium bromate is a white crystalline salt of bromate ion and is soluble in water. Bromate is not an inherent
component of water but traces of bromate can be found in drinking water. It is found in groundwater due to cross
penetration of salt water when water source is close to sea or industrial effluent facilities. It is generated due to the
conversion of bromide into bromate, containing raw waters that undergo ozonization and chlorination. The main
aim of this study is to evaluate the toxic effects of Potassium bromate on the highly palatable freshwater fish Labeo
rohita. LC50 for 96 hrs was determined by Probit analysis method. Sub-chronic doses of KBrO; such as 100mg/l,
130mg/l, 160mg/l, 190mg/l was taken for study. The experimental set up was maintained for 30 days. Enzymes
such as Alkaline phosphatase, Lactate dehydrogenase, Serum Glutamate Oxaloacetate Transaminase and Serum
Glutamate Pyruvate Transaminase were estimated and the histopathology of the liver was studied. It is evident
from the present study that fishes exposed to potassium bromate are found to have damaged liver tissues and also
increased serum enzyme levels.

KEYWORDS: Potassium bromate, Alkaline phosphotase, Lactate dehydrogenase, Serum Glutamate Oxaloacetate

Transaminase, Serum Glutamate Pyruvate Transaminase, Probit analysis.

INTRODUCTION

Potassium bromate [KBrO3, CAS No: 7758-01-2,
molecular weight: 167.01; density: 3.27] is a white
crystalline salt of bromate ion and is soluble in water. It
decomposes at about 370°C and has a melting point of
350°C. Bromate is not an inherent component of water
but traces of bromate can be found in drinking water. It
is found in groundwater due to cross penetration of salt
water when water source is close to sea or industrial
effluent facilities. It is generated due to the conversion of
bromide into bromate, containing raw waters that
undergo ozonization and chlorination and is frequently
detected in tap water and bottled water. The rate of
formation of bromate ion may increase with temperature
(Siddiqui and Amy, 1993).

Bromate is currently regulated in treated drinking water
at a maximum containment level of 10ug/l in the U.S.A.
and Europe. Potassium salt of bromate is classified as a
category | group 2B carcinogen (possibly carcinogenic to
humans) by the International Agency for Research on
Cancer. The Government of India on June 21%, 2016
banned the use of Potassium bromate as a food additive
following a Centre for Science and Environment (CSE)
study that found its presence in the bread caused cancer.

Laba, (2003) studied that Potassium bromate has harmful
effects on the nutritional qualities of bread by lowering
vitamins Al, B1, B2, E and niacin, the main vitamins in
bread. Ueno et al., (2000) and K.C., (2006) found
bromate in some drinking water samples as by-product
of ozone disinfection. Norris (1965), Paul (1966) and
Stewat (1969) observed degeneration of kidney tubules
and liver parenchymal cells and acute myocarditis due to
acute human intoxication by accidental ingestion. Okolie
and Ikewuchi (2004) indicated that Potassium bromate
induced oxidative stress on some cataractogenic indices
in lens, cornea and retina of white rabbits.

The subchronic effects of bromate were evaluated by
Kurokawa et al., (1990) who observed significant
inhibition of body weight in males. Significant increase
of serum  parameters glutamate  oxaloacetate
transaminase, glutamate pyruvate transaminase, alanine
transaminase, lactate  dehydrogenase, alkaline
phosphatase, blood urea nitrogen, Na+ and
cholinesterase was observed in both sexes. Khan et al.,
(2003) studied that intake of Potassium bromate or
exposure to it causes production of oxygen free species
in living cells. Robert William (1996), corroborated that
Potassium bromate is extremely irritating and injurious
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to tissues especially those of the central nervous system
and kidney.

Aguatic pollution, through discharge of agricultural
pesticides, domestic wastes, trade effluents and oil spills
has very adversely affected aquaculture. The
environmental chemical toxins are many, and can exert
their effects indiscriminately on both man and animals.
There is an every chance of accumulation of these toxic
substances in the cultured fishes which is going to affect
the human health on consumption.

Thus the main aim of this study is to evaluate the toxic
effects of Potassium bromate on the highly palatable
freshwater fish Labeo rohita, on the enzymes and liver of
the experimental animal. Extensive study has been made
on mammals and limited literature is available on the
impacts of bromate on the fresh water organisms.

MATERIALS AND METHODS

The fish was collected from Aliyar dam, near Pollachi,
Coimbatore District, Tamil Nadu. They were transported
in polythene bags which were oxygenated. The
fingerling ranged from 10 to 12cm and weighed about
10-12g. They were acclimatized in cement tanks in the
laboratory for 2 weeks. They were fed with the normal
fish farm food consisting of oil cake and wheat flour.
The tanks were maintained clean and neat to avoid
contamination.

LC50

The fishes were stocked in five plastic tubs, containing
14 liters of water. Each tub was provided with different
concentrations of Potassium bromate viz., 700mg/l,
900mg/l, 1000mg/l, 1300mg/l, and 1500mg/l for 96
hours. Ten fishes were stocked in each tub and mortality
was recorded after 24 hours, 48 hours, 72 hours and 96
hours, 50% mortality was observed in 1000mg/I
concentration of KBrOs. The LC 50 value was found by
Probit Analysis Method (Finney, 1971).

Sub-Chronic Toxicity Test

Sub-chronic doses of KBrO; such as 100mg/I, 130mg/l,
160mg/l, 190mg/l was taken in four tubs. Each tub was
stocked with 12 fishes and one tub served as control. The
fishes were fed twice a day with the common fish farm
food. The water was changed daily in order to prevent
contamination and occurrence of pathogens. The
experimental set up was maintained for 30 days.

Enzyme Study

After 30 days of treatment, blood was drawn using a
syringe by direct heart puncture for enzyme studies. The
blood was collected in vials containing anti coagulant.

Alkaline phosphatase

The procedure described by Bassey et al., (1946),
modified by Wright et al., (1972), using Randox Kits was
used for the assay. In a cuvette, 10 pl of sample was
mixed with 500 pl of the reagent. The initial absorbance

was read at 405 nm and subsequently over 3 minutes.
The mean absorbance per minute was used in the
calculation:

ALP activity (IU/1) = 2742 x AA 405 nm/min.

Where: 2742 = Extinction coefficient;
AA 405 nm/min = change in absorbance per minute for
the homogenate sample.

Lactate dehydrogenase

The quantitative analysis of lactate dehydrogenase was
assayed according to the method described by King
(1965b). One ml of buffered substrate and 0.1 ml of
enzyme extract was added and the tubes were incubated
at 37°C for 5 minutes. After the incubation period, 0.2 ml
of NAD+ solution was added to the test and 0.2 ml of
distilled water to the control and the incubation was
continued for another 15 minutes. The reaction was then
arrested by the addition of 1 ml of DNPH reagent and the
tubes were incubated for a further period of 15 minutes
at 37°C. After the last incubation period, 7 ml of 0.4 N
NaOH solution was added and the colour development
was measured at 420 nm in a UV spectrophotometer.

SGOT (AST)

SGOT activity was estimated by 2,4-DNPH method
(Reitman and Francle,1957) using diagnostic Reagent
kit. For the estimation of SGOT, two test tubes were
taken and marked as Control (C) and Test (T). To the
‘Control” and ‘Test’ tubes 0.125ml of sample was added,
mixed well and incubated at 37C for 5 minutes. Then
0.025ml of sample was added, mixed well and incubated
at 37C for 60 minutes. To both the test tube 0.025ml of
Reagent -2 was added, mixed well and allowed to stand
at room temperature for 20 minutes. Finally 1.25ml of
solution -1 was added to both the test tube , mixed well
and allowed values of ‘Control’ and ‘Test’ were
measured against distilled water on Spectronic-20 D + at
505nm.

Calculation

0DTxt  concentrationof standardin ug
Concentration of oxalcacetate = X 11000

mmtest(ug) perlime ODof Standard ~ Volume of samplein ml

SGPT (ALT)

SGPT activity was estimated by 2,4-DNPH method
(Reitman and Francle,1957) using diagnostic Reagent
Kit. For the estimation of SGPT, test tubes were taken
and marked as Control (C) and Test (T). To the ‘Control’
and ‘Test’ tubes 0.125ml of Reagent-1 was added and
incubated at 37°c for 5 minutes. Then 0.025ml of sample
was added, mixed well and incubated at 37°c for 60
minutes. To both the test tubes 0.025 ml Reagent 2 was
added, mixed well and allowed to stand at room
temperature for 20 minutes. Then 1.25ml of solution 1
was added to both the test tubes, mixed well and allowed
to stand at room temperature for 10 minutes. The OD
values of ‘control’ and ‘test’ were measured against
distilled water on spectronic-20 D + at 505nm.
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Calculation:
o ) 0.D Test Concentration of standard in ug
Concentration of pymuvate in = X < 1000
test (ug) per liter 0.D. Standard Volume of sample in ml

Histopathology

After the experiment, fishes were Killed; the liver was
excised, cut into pieces and fixed in 10% buffered
formalin, transformed into specimen bottles. After proper
dehydration by graded alcohol, they were embedded in
paraffin wax and thin sections of 4 - 5um thick were
taken with the help of Rotator Microtome. It was then
stained by Hematoxylin and Eosin and examined
microscopically (Bancroft et al., 1996).

Statistical Analysis
Mean, standard deviation, one way ANOVA and DMRT
was done for enzyme studies.

RESULTS AND DISCUSSION

LC50

Potassium bromate pose toxic effect on Labeo rohita
which is evident by the findings of the present
investigation and the calculated LC50 value observed for
96 hours was found to be 1000mg/l (Table 1). Fish
mortality may have resulted by the absorption of
Potassium bromate and greater activity of chemicals in
the body of fishes. Mortality is tabulated in Table 1. The
LC50 graph with regression equation is depicted in Table
2 and Figure 1.

Enzyme study

Serum Glutamic Oxaloacetic Transaminase

The mean of Serum Glutamic Oxaloacetic Transaminase
(SGOT) has increased in all the treatments, 100mg/I,
130mg/l, 160mg/l and 190mg/l KBrO; treated fish
(411.68 * 0.3083, 314.62 + 0.0723, 474.80 + 0.0559,
318.41 + 0.0576 P<0.01) (Table 3 and Figure 2) in
comparison with the control (250.60 + 0.3873 P<0.01).
One way ANOVA (Table 4) is significant at 1% level.
DMRT is significant at 5% level (Table 5).

+
+

Serum Glutamate Pyruvate Transaminase

The biomarker enzyme Serum Glutamate Pyruvate
Transaminase (SGPT) showed a very significant increase
in all the treatments, 100mg/l, 130mg/l, 160mg/l and
190mg/l KBrO; treated fish (72.45 + 0.356, 60.55 +
0.268, 99.12 + 0.286, 50.69 = 0.276 P<0.01) when
compared to control (0.1 + 0.002) (Table 3 and Figure 3).
One way ANOVA is significant at 1% level (Table 4)
and DMRT is significant at 5% level (Table 5).

Lactate Dehydrogenase

Lactate dehydrogenase in the control is 2957.20 + 3.834.
A significant increase has been observed in 100mg/l
treated fish (3140.6 + 3.209, P < 0.01). A significant
decrease has been observed in 130mg/l, 160mg/l and
190mg/l KBrO; treated fish (1440.90 £ 2.702, 2216.50 +
2.500, 1414.20 + 3.094 P<0.01) (Table 3 and Figure 4).
One way ANOVA in all the treated samples is significant
at 1% level (Table 4). DMRT is significant at 5% level
(Table 5).

Alkaline Phosphatase

The marker enzyme alkaline phosphatase in the control
is 0.09+ 0.003. In the various concentration of 100mg/I,
130mg/I, 160mg/l and 190mg/l KBrOj; treated fishes, a
significant increase was recorded as 0.88 + 0.062, 0.82 +
0.031, 0.79 £+ 0.030 and 2.32 % 0.058, P<0.01
respectively (Table 3 and Figure 5). The highest value
was found in fishes treated with 190mg/l of KBrOz; One
way ANOVA showed significant results at 1% level in
all treatments (Table 4). The DMRT result is significant
at 5% level. DMRT for 130mg/l and 160mg/l treated
fishes are not significant (Table 5).

Histopathology

The histopathological examination of liver at the end of
30 days of treatment with 100mg/l, 130mg/l, 160mg/I
and 190mg/I of Potassium bromate is compared with that
of the control liver. The control liver shows normal liver
architecture with normal portal triad, dilated bile ducts
and sinusoids (Figure 6 and 7).

Treatment with 100mg/l KBrO; fish tissue showed
congestion, central vein dilatation, congestion of
sinusoid and diffuse lymphocytic infiltrate in the
parenchyma with bile stasis (Figure 8 and 9).

130mg/I of Potassium bromate treated fishes show liver
tissue with congestion, bile stasis, loss of hepatocytes
and architecture, central vein dilatation and ballooning
degeneration (Figure 10 and 11).

Treatment with 160mg/l of KBrO; show focal dilatation
of bile ducts and widening of sinusoids (Figure 12 and
13), while in 190mg/l KBrOs; treated fish in additional to
the above observations bile duct proliferation and diffuse
mononuclear cell infiltrate in the entire parenchyma is
seen (Figure 14 and 15).

Table 1: Percentage (%) mortality in Labeo rohita treated with different concentrations of Potassium bromate.

TOXICANT MORTALITY IN TEST ANIMALS

SNO | NO.OFFISH | - NCENTRATION IN mg/l 96 HOURS %

1 10 700 0 0

> 10 900 3 30

3 10 1000 5 50

4 10 1300 8 80

5 10 1500 10 100
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Table 2: LC 50 value of Potassium bromate and the 95% confidence limit in Labeo rohita

LC50 95%confidence
(Log Concentration) | Lower limit Ul_pp_er Probit equation Chi-square
mit
3.007083 2.935025 3.07914 Y=-24.5005 + 9.810188 8.623268

Table 3: Enzyme level of the blood of freshwater fish Labeo rohita treated with various concentration of KBrO;

SGOT SGPT LDH ALP
SAMPLE (U/L) (U/L) (U/L) (UIL)

CONTROL | 250.600.3873 0.1.£0.002% 2957.00+3.834% 0.090.003**
A (100mg/l) | 411.68:0.3083%% | 7245:0356** | 3140.6043.200%* 0.8820.062°*
B (130mg/l) | 314.6210.0723"* | 60.55:0.068%* | 1440.90+2.702% 0.82+0.031%
C(160mg/l) | 474.30£0.0559%* | 99.12+0.286** | 2216.50£2.500%* 0.7920.030%*
D (190mg/l) | 318.41%0.0576* | 50.600.276* | 1415.20+3.004* 2.32+0.058

Values are Mean + Standard Deviation of the samples in each group; ** - significant at P <0.01.

Table 4: One Way ANOVA for the Enzyme analysis on the blood of freshwater fish Labeo rohita treated with
various concentration of KBrO;

SAMPLE df SS MS F P CV%
SGOT 4 156542.286776 39135.571694 1472701.5791 0.000** 0.05
SGPT 4 26511.807093 6627.951773 314456.3980 0.000** 0.26

LDH 4 13223445.340000 3305861.335000 7387399.6350 0.000** 0.03
ALP 4 13.204158 3.301040 3778.1651 0.000** 3.02

df - degrees of freedom; SS - sum of squares; MS- mean square; F- F- test; P- Probability; CV-coefficient of variation;
** _significant at P <0.01 level.

Table 5: DMRT for the enzyme analysis of the blood of freshwater fish Labeo rohita treated with various
concentrations of KBrO;

TEST CONTROL A(100mg/1) B(130mg/l) C(160mg/l) D(190mg/l) MEAN
SGOT 250.600° 411.678° 314.616° 474.302° 318.412° 353.922
SGPT 0.0966° 72.4520° 60.5520° 99.1200°% 50.6940° 56.5829
LDH 2957.20° 3140.60 1440.90° 2216.50° 1415.20° 2234.08
ALP 0.0942° 0.8780" 0.8190° 0.7930° 2.3160° 0.9800

Means followed by a common letter are not significantly different at the 5% level by DMRT.

Y=-24.50005 + 9.810188 X

L L 1
3.05 3.1 3.15
Log (Dose) X

3.2

Figure 1: Regression graph showing LC50 for fishes treated with different concentrations of Potassium

bromate.
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Fig 2: Effect of Potassium bromate on SGOT of the
freshwater fish Labeo rohita
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Fig 3: Effect of Potassium bromate on SGPT of the
freshwater fish Labeo rohita
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Fig 4: Effect of Potassium bromate on LDH of the
freshwater fish Labeo rohita
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Fig 5: Effect of Potassium bromate on ALP of the
freshwater fish Labeo rohita
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Fig 9: Liver of the fish treated with 100mg/l of KBrO3
(HE x 400).
Figure 8 and 9: Section shows liver tissue with
congestion, central vein dilatation, congestion of

sinusoid and diffuse lymphocytic infiltrate in the
parenchyma with bile stasis.

i . ", ™ VAl :"'-\-
Fig 7: Liver of control fish (HE * 400)
Figure 6 and 7: Section shows normal liver

architecture with normal portal triad, dilated bile
ducts and sinusoids.
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Fig 10: Liver of the fish treated with 130mg/l of
KBrOs (HE x 100),

Fig 11: Liver of the fish treated with 130mg/l of
KBrO; (HE x 400).

Figure 10 and 11: Section shows liver tissue with
congestion, bile stasis, loss of hepatocytes and
architecture, central vein dilatation and ballooning
degeneration.

Fig 13: Li
KBrO; (HE x 400).

Figure 12 and 13: Section shows liver tissue with
congestion, bile stasis, focal dilatation of bile ducts,
widening of sinusoids and ballooning degeneration.
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Fig 14: Liver of the fish treated with 190mg/l of
KBroO; (HE x 100).

Fig 15: Liver of the fish treated with 190mg/l of
KBrO; (HE x 400).

Figure 14 and 15: Section shows liver with loss of
architecture, bile duct proliferation and diffuse
mononuclear cell infiltrate in the entire parenchyma.

Oloyede et al., (2009), Papiya Bigonia et al., (2013)
observed a significant increase in the SGOT level in
serum of the rat. Rahman et al., (2001) quoted SGOT to
be a well-known biomarker enzyme to predict possible
toxicity. Wolf et al., (1972), Singh et al., (2001)
explained that the elevation of transaminase enzyme is

o | . '.‘.' A“.-
RS RS
Fig 12: Liver of the fish treated with 160mg/l o
KBrO; (HE x 100).
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the prediction of damage and diseased condition of liver
by the toxicants.

Studies revealed damage to the hepatocytes and liver
necrosis due to reduction in transaminase activity
(Abdel-Tawwab et al., 2001 and Mousa and Khattab,
2003). Observation of Karmen et al., (1995) found that
changes in protein metabolism and enzyme inhibition
action in the cells led to the reduction of SGOT activities
in the liver and also leakage of enzyme into the serum
which showed to be elevated in the serum. Willianson et
al., (1996) showed the loss of functional integrity of liver
such as that of viral hepatitis, as well as cardiac
infraction and muscle injury which indicates the high
level of SGOT.

Willianson et al., (1996), Abdel-Tawwab et al., 2001 and
Mousa and Khattab, 2003), Singh et al., (2001) studied
marker enzyme SGPT concentration to be elevated, the
release of these enzymes occur along with necrosis or
damage of the cell membrane. The conversion of alanine
to pyruvate and glutamate is catalysed by SGPT which is
released in the serum.

The change in protein metabolism and inhibition of
enzyme may be reasons for the reduction of enzyme
activity in the liver (Karmen et al., 1995). Oloyede et al.,
(2009) also observed a significant increase in the serum
SGPT level and decreased activity in the liver tissue
when compared to control. The actual elevated level of
SGPT is due to the leakage of enzyme from the damaged
tissues.

Akanji et al., (2008) observed a significant increase in
LDH in the kidney and small intestine in a single dose.
The recovery period revealed reduction in LDH activities
of all the tissue. They observed a concomitant increase in
serum enzyme in the initial dose. Philip (1995) showed a
significant loss of LDH due to its close proximity to the
plasma membrane. Slight damage to the plasma
membrane will lead to leakage of LDH from the cell
interior to the extracellular environment (Akanji et al.,
1993).

The increase in the serum LDH activity at 100mg/l of
Potassium bromate indicates the leakage of cytolic
enzyme from the tissue into the serum due to a labialized
plasma membrane (Akanji et al., 2008).

Hanley et al., (1986), Akanji et al., (2008) and Papiya
Bigoniya et al., (2013) found elevated levels of Alkaline
Phosphatase enzymes in the study. Oloyede et al., (2009)
observed a significant reduction in the activity of ALP in
the liver tissues when compared to control liver. This
reduction was due to leakage of enzymes into the serum.
The observation was supported by Fleisher and Schwartz
(1917) who found leakage of ALP due to cell membrane
damage. Oloyede et al., (2009) also reported that marker
enzyme will not be usually found in the serum without
any damage in the tissues or organ which secretes the

enzyme.

Wright Plummer (1974) and Shahjahan et al., (2004)
reported Alkaline Phosphatase as a marker enzyme of the
plasma membrane and endoplasmic reticulum. The loss
of membrane components into the serum was observed
by Malbia and Hart (1971) and insitu inactivation of the
enzyme molecules was studied by Umezawa and Hooper
(1982).

According to Akanji et al., (1993), the detectable
quantity of ALP in the serum may be due to the
disruption of ordered lipid-bilayer caused by oxygen
containing chemical compound which oxidize the lipid
bilayer and disrupt that layer.

Dimkpa et al., (2013) observed perisinusoidal fibrosis
and centrilobular sinusoidal dilatation in the liver of rats,
treated with KBrO;. Omer et al., (2008) and Khan et al.,
(2003) studied liver cells with vaculation, sinusoidal
dilation which is associated with enhancement of
Xanthine oxidase and Lipid peroxidise and reduced
antioxidant enzymes by KBrO;. They also reported the
destruction of the capillary endothelium of liver,
degenerative changes and fenestration of endothelial
cells. This results in the reduction of total protein,
albumin synthesis and increase in alanine transaminase
which is closely related with hepatic cell damage and
injured cell membrane permeability.

Elmahdy et al., (2015) examined the liver of albino rats
and found clumped chromatin in a darkened and
enlarged nuclei. The dilatation and proliferation of bile
ducts, dilatation of hepatic sinusoids with kuffer cell
hyperplasia were also noticed along with disrupted
hepatic architecture, loss of shape, slightly vacuolated
cytoplasm and haphazardly located nuclei. The presence
of hypertropic and cytomegatic hepatocytes in centri
lobular areas were also observed with oval cell
proliferation in the lining epithelium of bile ducts and an
infiltration of mononuclear cells in the portal revealed
congested blood vessels.

CONCLUSION

The benefits of drinking water disinfection are well
recognized, however an undesirable side effect is in the
production of “disinfection by-products”. Potassium
bromate is one such toxicant that is formed in water. On
the other hand, fish is a vital source of food for people,
providing approximately 16% of the animal protein
consumed by the world’s population. It is clear from the
present study that fishes exposed to potassium bromate
are found to have damaged liver tissues and also
increased serum enzyme levels.

ACKNOWLEDGEMENT

The authors would like to thank Nirmala College for
women, Coimbatore, for providing all the facilities to
carry out the work.

WWW.ejpmr.com

566




Pawlin et al. European Journal of Pharmaceutical and Medical Research
REFERENCES Nigeria and its effect on some enzymes of rat liver
1. Siddiqui MS, Amy G. Factors affecting DBP and kidney. Food Chem. Toxicol, 2009; Vol 4:

formation during ozone-bromide reactions. Journal
of the American Water Works Association, 1993;
85(1): 63-72.

18.

2067-2070.
Papiya Bigoniyal, Anil Kumar Singh, Dharmesh
Bigoniya and Gopalan N. Pyridostigmine Bromide

2. Laba O. Nafdac: Battle-cry over Baker’s use of and Potassium lodate: Subacute Oral Toxicity and
unhealthy flour enhancer. 10" ed. This Day, 2003; 9: Stability. J. Drug Metab. Toxicol. 2013; 4: 2.

2878 p., p. 58. 19. Rahman MF, Siddiqui MK, Jamil K. Effects of

3. Ueno H, Oishi K, Sayato Y and Nakamuno K. vepacide (Azadirachta indica) on aspartatevand
Oxidative cell damage in Kat- Sod assay of alanine aminotransferae profiles in sub-chronic
oxyhalides as inorganic disinfection by- products study with rats. J. Hum. Exp. Toxicol. 2001; Vol
and their occurrence by ozonation. Arch. Environ. 20(5): 243-249.

Contam. Toxicol., 2000; 38: 1-6. 20. Wolf PL, Williams D, Tsudaka T, Acosta L,

4. Norris JA. Toxicity of home permanent waving and Methods and Clinical Chemistry. John Wiley and
neutralizer solutions. Food Cosmet. Toxicol. 1965; Sons, USA. 1972.

3: 93-97. 21. Singh NS, Vats P, Suri S, Shyam R, Kumri MML,

5. Paul AH. Chemical food poisoning by potassium Ranganathan S, Sridharan K. Effect of antidiabetic
bromate. N.Z. Med. Journal,. 1966; 65: 33-40. extract of Catharanthus roseus on enzymatic

6. Stewat TH, Sherman Y and Plotzer WM. An activities in streptozotocin induced diabetic rats.
outbreak of food poisoning due to a flour improver, Journal Ethnopharmacol. 2001; 76: 269-277.
potassium bromate. S Afr Med J, 1969; 43:200-202. 22. Abdel-Tawwab M, Shalaby AME, Ahmed MH,

7. Okalie N P and Ikewuchi JC. Cataractogenic Khattab YA. Effect of supplement dietary L-
potential of bromate mediated oxidative stress in ascorbic acid (vitamin C) on mercury intoxification
rabbits. Journal Medical Science, 2004; 4: 158-163. and growth performance of Nile tilapia

8. Kurokawa Y, Matsushima Y and Takamura N. (Oreochromis niloiicus L.) Ann. Agric.sci., 2001,
Relationship between the duration of treatment and 39(2): 961-973.
the incidence of renal cells tumors in male F344 rats 23. Mousa MA, Khattab YA. The counteracting effect
administered potassium bromate. Jpn. J. Cancer. of vitamin C (L- ascorbic acid) on the physiological
Res., 1987; 78: 358-364. perturbations induced by ochratoxin intoxication in

9. Khan N, Sharma S and Sultan S. Nigella sativa African catfish (Clarias gariepinus). Journal Egypt
(black cumin) ameliorates potassium Academy Environment Dev. 2003; Vol 4(1): 117-
bromateinduced early events of carcinogenesis 128.
dimension of oxidative stress. Hum. Exp. Toxicol., 24, Karmren A, Wroblewski F, La Due. Transaminase
2003; 22: 193-203. activity in human blood. J. Clin. Invest., 1995; 34:

10. Robert 1A, William BC. Carcinogenicity of 126-130.
potassium bromate in rabbit. Biol. Edu., 1996; 34: 25. Willianson EM, Okpako DT, Evans FJ, Okpako DT.
114-120. Selection, preparation and  pharmacological

11. Finney DJ. Probit Analysis, Cambridge University evaluation of plant material. John Wiley & Sons Inc,
Press, London, 1971. England. 1996: Vol 1:184.

12. Bassey OA, Lowry OH and Brock MJ. A Method 26. Akanji MA, Nafiu MO and Yakubu MT. Enzyme
for the Rapid Determination of Alkaline Phosphates Activities and Histopathology of Selected Tissues in
with Five Cubic Millimeters of Serum. Journal of Rats treated with Potassium bromate. African
Biological Chemistry, 1946; 164: 321-325. Journal of Biomedical Research, 2008; 11: 87-95.

13. Wright PJ, Leathwood AO, Plummer DT. Enzymes 27. Philip DM. Plasma enzymes in diagnosis. In:
in rat urine: alkaline phosphates. Enzymolgia 1972; Clinical Chemistry in Diagnosis and Treatment. 6th
42: 317-327. edition. Arnold Publishers, London, P, 1995;

14. King J. The dehydrogenase (or) oxidoreductase? 303-307.

Lactate dehydrogenase. In: Practical Clinical 28. Akanji MA, Olagoke OA and Oloyede OB. Effect of
Enzymology. London: D. Van Nostrand Co Ltd, chronic consumption of metabisulphite on the
1965b; 83-93. integrity of rat cellular system. Toxicol, 1993; 81:

15. Reitman S, Frankel S. A colorimetric method for the 173-179.
determination of serum glutamic oxalacetic and 29. Hanley KS, Schmidt G, Schmidt FM. Enzymes in
glutamic pyruvic transaminases. Am. J. Clin. Serum, their Volumes in Diagnosis. Charles Thomas
Pathology., 1957; 28: 56-63. Springfield, lllinois, pp. 1986; 79-89.

16. Bancroft JD and Stevens A. The haematoxylin and 30. Fleischer GA, Schwartz G. Effects of toxic
eosin.  Theory and practice of histological compound on cell membrane. Toxicol. Pathol, 1971;
techniques. Churchil Livingstone, London, New York 28: 73-81.
and Tokyo, 1996; 4™ ed, Ch 6 pp., 99-112. 31. Wright PJ and Plummer DT. The use of urinary

17. Oloyede OB, Sunmonu TO. Potassium Bromate enzyme measurement to detect renal damages
content of selected bread samples in llorin, Central

WWW.ejpmr.com 567




Pawlin et al.

European Journal of Pharmaceutical and Medical Research

32.

33.

34.

35.

36.

37.

caused by nephrotoxic compounds. Biochem.
Pharmacol., 1974; Vol 23: 65-73.

Shahjahan M, Sabitha KE, Mallika J. and Shyamala-
Devi CS. Effect of Solanum trilobatum against
carbon tetrachloride induced hepatic damage in
albino rats. Indian J. Med. Res., 2004; 120: 194-198.
Malbica JO and Hart LG. Effect of adenosine
triphosphate (ATP) and some antiinflammatory
agents on purified lysosomal fraction having high
acid phosphatase and labile glucuronidase activity.
Biochem. Pharmacol., 1971; 20: 2017-2026.
Umezawa H. and Hooper IR. Aminoglycoside
antibiotic. Sranger-Verlag Berlin, Hadelberg, New
York. 1982; Vol 23(9): 604.

Dimkpa U, Ukoha UU, Anyabolu EA, Uchefuna
RC, Anikeh LC, Qji OJ, Besong EE, Emenojo OA.
Hepatotoxic Effects of Potassium Bromate on Adult
Wistar Rats. Journal of Biology, Agriculture and
Healthcare, 2013; 3: 111-115.

Omer R, Abuelgasim AL, Elmahdi B. Effect of
Potassium Bromate on Liver and Blood Constituents
of Wistar Albino Rats. Amer. J. of Food Technol.,
2008; 3: 310-314.

Elmahdy MM, Moussa MHG, Abd-Elgaied Sh and
Alwazaan AA. Pathological and
Immunohistochemiical study of potassium bromated
on the liver of rat. Veterinary Medical Journal-Giza,
2015; 2(61): 73-82.

WWW.ejpmr.com

568




