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" crystalline solid and a widely used as
| (WHO,1996). (KBrO3) s a drinking water
. disinfection by-product and used in food often In
' hakeries as flour improver yielding higher bread
1990) and used as a

i)

" volume (Kurokawa er al.,

2 Abstract

when used as water disinfection resuits in the
farmation of hypobromous acid I waker with
high bromine content. The acid reacts with natural
organic material to form brominated  organi
byproducts and  bromate (Fiessinger, 1983
Glaze. 1986 and Cavanagh 1992). Several
researches on safety evaluation of potassium
brmnatewerecarriedoutmﬂalmfmmdtohea
genotoxic and carcinogenic. Potasstum bromate
(KBrOs), a salt of the bromate lon, is nephro- and
neurotoxic in humans and carcinogenic in rodents
(IARC, 1986;Kurokawa et al. 1990).
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The international Agency for Research on
Cancer (IARC) recently evaluated all of the data
on KBrO3 and concluded that there is sufficient
evidence for the carcinogenicity of KBrO3 in
experimental animals (IARC, 1980).

The present investigation was conducted 1o
investigate the toxic and carcinogenic effects of
various levels of dietary potassium bromate in male
and female rats. The criteria for assessment include
its effects on hematological and pathological,

alterations.

Material and Methods

Chemical:

Potassium bromate (KBrO3) with a purity of
greater than 99.5%. It was supplied by a private
chemical company at Cairo Egypt.

Animals:

Albino rats of both sexes, weighing 120 g
were supplied by faculty of Veterinary medicine,
Cairo University. They were kept under standard
conditions and had free access to water and
standard diet. The animals were left for a week, as

an adaptation period.

Experimental Design:
In this experiment; a total of 105 rats were

used (45 male, 45 female and 15 rats of both sexes
used as control). Both male and female rats were
divided into three groups. KBrO3 dissolved in
water at concentrations of 200, 400 and 600 ppm
respectively was administered to male and female
group rats daily till the end of the experiment. The
rats were observed throughout the experimental
periods to record the signs and deaths occurred till
the end of the experiment, After 6, 9 and 14
months ten animals from each group (5 male and 5
female) and five from the control were sacrificed
by cervical dislocation.
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Histopathological CXaminatigy,.

Tissue samples of spleen lun
brains were removed carefully Wash’
in neutral buffered formalin 1qo, ;
ascending grade of alcohol,
embedded in paraffin, sectioned e an

. 8 S |t thigy, ¢
and stamed by H & E and 'aness
microscopically (Bancroft et al. 1996) examined
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Haematological methods:

Blood were  collegteq
puncturing retro-orbital plexus with hepari
capillary tube into dry clean tube '-‘-Ontaril
EDTA (ethylene diamine tetra-acetic.
anticoagulant for haematology.

samples

by
1Ze4
I'ling
acid) 5

Hemoglobin (Hb) concentration, Red Blood
Cell (RBC) counts, Packed Cell Volume (PCV)
and White Blood Cell (WBC) counts werej
determined by standard methods (Schalm er g/,

1975).

Statistical Analysis:
The significance of differences between

means was compared at each time point using
Duncan’s multiple range test after ANOVA for

one-way classified data (Snedecor and
Cochran, 1989).

Results

Haematological Results:

From table (1) it is clear that
there's statistically significant decrease in the
RBC , HB and PCV parameters between the

and 14 months
From table (2) it is clear that
months : There's statistically signl o
in the mean value of WBC between P
Control, 200 ppm, 400 ppm, 600 ppm) 35576)
value equal (9.313), (21.780) and (1

0.01)
respectively with P-value lev:'-;l lestsis(ﬁcd '
From table (3) it is clear that There's St4

after 6 ,
ficant Incr ease

A
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significant increase in the lymphocyte % in the
reated groups (200 ppm, 400 ppm, 600 ppm)
comparing with the Control group after 6, 9 and
14 months, with P-value level less (0.01). From
able (4) 1t 1S clear that There's statistically
significant increase in the neutrophil % in the
(reated groups (200 ppm, 400 ppm, 600 ppm)
comparing with the Control group after 6, 9 and
14 months, with P-value level less (0.01). From

Table (1): The haematological values of rats treated orally

the above table (5) it is clear: There's no
statistically significant differences between the
Control, 200 ppm, 400 ppm, 600 ppm after 6, 9
and 14 months with P-value more than (0.05).
From table (6) it is clear that: There's no
statistically significant differences between the
Control, 200 ppm, 400 ppm, 600 ppm after 6, 9
and 14 months with P-value more than (0.05).

with various levels of potassium bromated. Differences

between groups of variable RBC X 10’

E—

**Significant at the (.01 ) level

Treatment | Control (1) 200ppm |  400ppm | 600ppm | F-test p-value
Variables Mean =Std. | Mean £Std. | Mean +£Std. | Mean :hSid._J i - )
1. RBC 6 [ 5925028 | 4992021 | 463056 | 4.790.5 11.056 | 0.001°* |
2. HB 6 3042034 | 12.112059 | 11092038 | 10.16:048 | 36472 | 0.001" |
3. PCV 6 35652124 | 31.882045 | 3164065 | 30724135 | 23574 | 0000~

1. RBC 9 732065 | 4832 022 | 4252059 | 459+050 | 7.328 | 0.003
S HB 9 | 13.12% 049 | 1248054 | 1103+ 0.77 | 1026 058 } 2390 0.001**

T PCV 9 | 34.672094 | 31992077 | 31192068 | 30442094 | 23.801 | 0.001**
L RBC14 | 5.66 023 | 4.88+0.21 T 4152035 | 4.35+044 | 21445 | 0.0017%
S HE 14 | 13.08% 040 | 12282056 | 1096 064 | 10.61+ 052 | 2572 0.001**
3 PCV 14 | 3491 0.50 | 31.99 20.77 | 31.95+ 055 | 30.62 0.77 36.859 | 0.001** |

*Significant at the ( .05) level

Table (2): Differences between (W BC) in the control and KBrO3 treated groups.

L aie e s ol
Treatment 1;_'Ecmtrﬂl (1) | 200ppm | 400ppm | 600ppm F-test p—value_—!
Variables Mean £Std. | Mean £5td Mean £Std Mean £Std

. WBCE6 | 7.06%0.60 | 8.38% (24 | 9.180.71 1005+ 1.01 | 9313 | 0.001** |
> WBCO | 7.5620.64 | 8002105 | 1141096 | 105 084 | 21.780 | 0.001**
3, WBC 14 I 791132 | 997140 | 12104107 | 12.6621.25 | 14.576 | 0.001**

**Sjpnificant at the (.01 ) level

Table (3): Differences between (Lymph

*Significant at the (.05) level

ocyte %) in the control and treated groups by KBrO3

by using One way ANOVA (F test).

400ppm “600ppm | F-test | p-value |

Treatr;;nt Control (1) 200J1pﬂ1 400ppm 60 3

| Variables " Mean £Std. | Mean £5td Mean +Std Mean +Std
I Lymphocyte 6 | 0442003 | 0622001 0,66 £0.04 0.69 £0.04
3. Lymphocyted | 0.42£0.03 | 0.69 £0.03 | 0.71£0.02 0.72 0.03
0472005 | 0.6520.04 | 0.736£004 | 0.738+0.04

| 3. Lymphocyte 14 :

**Sjgnificant at the ( 01) level

11

*Significant at the (.05) level
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Table(d): Differences <BrO3 by using One way ANOVA (F test),

i—

o e i —

4Ul)|_1£m _: 600ppm | T-tost

200 ; m
trol (1 J“_______#LL
Treatment lﬁil::]m%% .. Mean £Std.

e

~ Mean £5td. ﬂ-l\']cng 5td, |
0.238 .£003 | 0.288 .£0.03

Variables —erome T 0.218 20.00 0.214 £0.01

0.27 0,02 0,24 0,402

0.27.6£002 | 0274 £0.01 |

¥xGjgnificant al the (.01) level

l'NEmEROiﬂ:L% o | 02062002 | 0208 {13%(;8 :
Z'NEEIIJJTTBI:;;%PHILQ*A]E— 0.22 .:tg.[}.} 02‘ i
3.N |

*Significant at the (.05) level

fferences between (Monocyte) in the control and treated groups by KBr()3
IR by using One way ANOVA (F test)

5 I
Treatment | Control (1) 200ppm |

400ppm l__GOOppm | Fetest | P-value

Variables | Mean iStﬂ. Mean £S5td.

Mean

14Std. | Mean £Std. |

1. Monocyte 6 T0.35+0.08 | 0.3020.10

33 40,12 0.36 £0.07 0.363 |

> Monocyted | 037013 | 035008

0.46

043 | 035006 | 1142 R

3 Monocyte 14 | 0.38+025 | 0.57+0.36

0.41£0.09 | 0344006 | 0980 | 042 |

**Significant at the (.01 ) level

*Significant at the (.05) level

Table (6) Differences between (Eosinophil) in the control and treated groups
by KBrO3by using One way ANOVA (F test)

**Significant at the (.01 ) level

Clinical signs:

Clinical signs of some rats due to the effects
of pot. bromate included dullness, ataxia and lose
their appetite, sometimes circling with paddling

movements and hyper-excitability were also
recorded in some animals.

Pathologic results:
Macroscopic results:

The examined organs appeared to be
hyperemic, the spleen of most of the potassium
bromate treated animals were moderately to
severely enlarged and firm (splenomegaly), while
in some cases the spleen was pale and slightly
shrunken. The lungs of most cases were
congested with focal swollen and depressed

areas. 1he brain of some cases showed
congestion of the meningeal blood vessels.

12

_ Treatment l Control (1) 200ppm 400ppm 1 _600ppm F-test | ﬁ-vam
| Variables | Mean +Std. I Mean £Std. Mean +Std. Mean +Std.

1. Monocyte 6 | 0.31£0.03 | 0.29:0.04 | 0.28+0.06 0.31 +0.03 0554 | 0.65

2. Monocyte 9 0.32£0.03 | 029+0.05 | 0.300.06 0.29 +0.04 0.421 0.74
3. Monocyte 14| 028006 | 032+0.04 | 0.27%0.05 0312003 | 1.048 | 039

*Significant at the ( .05) level

Histopathological findings:

Spleen: The histopathological examinations
of the spleen of Pot, bromate treated rats (6
months) showed marked lymphoid depletion,

congestion and presence of brown hemosiderin
pigment either free or inside the macrophages in
the splenic red pulp (Fig.1A), it was occasionally
associated with severe hemorrhages. The splenic
blood vessels were severely dilated and
congested. Necrosis was observed 1n SOme
follicles which typically characterized by

apoptosis and necrosis of lymphocytes. Edema
and hemorrhage in the red pulp were also
observed in some cases.

After 9 and 12 months the lesions of the
spleen appeared to be more severe as We found
that congestion and hemorrhage in the red pulp
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were more pronounced (Fig.1B), and hemosiderin
pigments either free or engulfed by macrophages
were more pronounced. The splenic follicles
chowed areas of severe necrosis in the lymphoid
cells (Fig.1C). Increase in the number of tingible
body macrophages which in the germinal centers
of the lymphoid follicles, characterized by the

appearance of clear spaces of large cells filled

with cellular debris and nuclear remnants of

apoptotic and necrotic lymphoid cells (Fig.1D).

Lung: The microscopic pictures of male
and female lungs of rats treated with different
doses of potassium bromate revealed several
pathological changes and its severity varies
according to the given doses. Most of the
pulmonary blood vessels were congested and
urrounded by large number of mononuclear
:flammatory cells mainly Iymphocytes and
macrophages. Some of the congested blood
vessels showed thickening of its wall and
surrounded by edema and few inflammatory
cells. Thickening of the alveolar walls by dilated
perialveolar blood capillaries, edema,
proliferating pneumocytes and mononuclear
inflammatory cells mainly lymphocytes. Marked
peribronchiolar and perivascular edema and
hemorrhage with congested and thickened blood
vessel wall. In some cases there were focal areas
of mononuclear inflammatory cells aggregation
containing golden yellow hemosiderin pigments
engulfed by macrophages. Perivascular and
interstitial edema and  hemorrhage with
mononuclear inflammatory cells infiltration was

seen 1n some areas.

After 9 and 14 months post treatment by

potassium bromate there were perialveolar and
interstitial edema with perivascular cuffing by
mononuclear cells mainly lymphocytes and the
blood vessel wall was thickened (Fig.2A).
Vasculitis and thrombus formation, with
infiltration of the blood vessel wall by
mononuclear cells and  polymorphnuclear
leukocytes were seen (Fig.2B). Hyperplasia of

Pafho_lfgffaf ANA CURIO..ocrusssisress-

the peribronchial lymphoid follicles  with
hyperplasia of bronchial and bronchiolar
epithelial cells lining with sloughing of some
lining cells (Fig.2C), in most cases the blood
vessels showed marked hypertrophy of their
muscle wall. The wall of some blood vessels
were severely destructed with edema and
separation of the muscle wall (Fig.2D).

Heart: The cardiac blood vessels and
capillaries were dilated and engorged with blood
in most of the examined cases. Perivascular
edema and hemorrhage (Fig.3A) with slight
mononuclear inflammatory cells aggregation
were observed. In few cases, cardiac hemorrhages
1 the interstitial tissue in between cardiac muscle
bundles was seen (Fig.3B). Some sections
showed degenerative and necrobiotic changes
(Fig.3C) of cardiac muscle fibers, on the other
side few cases revealed myocardial atrophy. In
two cases after 12 months post treatment the
muscle fibers were degenerated, atrophied and
the area infiltrated by mononuclear cells

(Fig.3D).

Brain: Microscopic examinations of the
brain tissue of male and female rats administered
by potassium bromate revealed nearly the same
pathological pictures In all groups, but the
severity varies according to the dose and time of
administration. Mild to moderate congestion of
the meningeal, cerebral and cerebellar blood
vessels, and marked perivascular edema
manifested by dilatations of the Virchow Robin
space together with glia cells vacuolation were
observed. Many neurons in the cerebral cortex
and the purkinje cells of cerebellum showed
degenerative ~ changes  In the form of
chromatolysis in some, and some neurons showed
chromatolysis with shrunken deeply basophilic
stained and pyknotic nuclei were also seen
(Fig.4A) and others were shrunken, deeply
basophilic stained and their nuclei were pyknotic
(Fig.4B). Neuronophagia and satellitosis with
multiple large focal and diffuse areas of gliosis
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14 months post treatment .
After 9 and 1% THOUHEES o

in both cerebrull and anikad <ubcapsular mononuclea

were seen here and there B— were | o
e ninged . the cerebrum 1IN SOMe Cases .. .
cerebellum(Fig.4C). Meningitis o, Egcs aggregations een | 1) Ptss.
e . gome cd. ' ar Unonudﬂar CClIS CUI ing (l]g o]
2 Jhaoes e ()thrVLd I ‘ 'Luldl [T ? -Jﬁj
SR e tema and hemorrhage e - f the white mater and glia ¢
characterized by marked edemad Vacuolation of & W Cellg

cells Hgl:’a;‘;;g’;]“on (edema) and diffuse gliosis of the mid brain wey,
(F1g.4L).

observed. In a dead cases large are_ta of malagj,

lear cells and hemorrhage of the cer'ebr':al u-*h]t? “jater Was
mononuc ('d.rH,L L observed, SEeVeEre demyelmatlon (FngC) with
"and hemorrhage especially after 14 months pog
treatment (Fig.5D).

together with mononuclear

especially in the subarachnoid space (Fie .
acuol: 0

Severe subcapsular edema and vacuolation

brain tissue together with

ageregations and congested hlood capi
were observed 1n some Casts af
| 4months post treatment (F1g. SA).

ter 9 and

Fig. (1): H&E stained sections of rat’
A) female rat’s spleen 6 months

macrophages containing bro
magnification X 400

B) male_rat spleen G2 for 9 months sho
magnification X400

wing

congestion and hemorrhage in the red pulp., Original

Stain Original magnification X2((
D) male .rat’s spleen 12 months .
magnification X400

lymphoid cells in the splenic follicles.

showing tingi
8 tingible body Mmacrophages in the splenic follicles. Original

14
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Fig. (2): H&E stained sections of rat’s lung administered with KBrO3: |
A) male rat’s lung G2 for 14 months showing, congested blood vessel with marked pen}r‘ascqlar
cuffing by mononuclear cells and thickening of the blood vessel wall. Original magnification

X 400. | _ |
B) male rat’s lung G3 for 9 months showing, vasculitis and thrombus formation, with infiltration

of the blood vessel wall by mononuclear cells. Original magnification X 400.

C) male rat’s lung G3 for 9 months showing hyperplasia of the peribronchial lymphoid fqll?cle
with and bronchiolar epithelial wall and thickening of the blood vessel wall. Original

magnificationX 200. |
D) male rat lung 12 months G2, showing severe edema and destruction of the blood vessel wall

with separation of the muscle layer. Original magnification X 400.

15
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Fig. (3): H&E stained sections of rat’s heart a

dministered with KBrO3:

ked edema and hemorrhages between the cardiac

A) male rat’s heart G2 for 6 months showing mai

muscle bundles.
B) male, G2, 6 months showing severe congestion of the cardiac blood vessels and capillaries.

C) male rat’s heart G2 for 6 months showing degeneration and necrosis of the cardiac muscle fibers,
areas of edema, and mononuclear inflammatory cell between the cardiac muscle

congestion,
bundles.

D)male rat’s heart Gl for 9 months showing areas of necrotic muscle fibers infiltrated with
mononuclear inflammatory cells. and intermuscular edema. Original magnification X 400.

16
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Discussion

: T.he long-term oral administration of KBrO3
In drinking water during the present study a
dose‘s of 200, 400, 600 ppm for 6, 9, 14 months
leading 1o different haematological findings,
degenerative and destructive effects together with
generalized congestion and haemorrhages with in
the examined organs,

Concerning  haematological ~ findings,
leucocytes counts were increased in  rats
administered with potassium bromate in water.
The increase in the leucocytes count though
statistically significant and agree the
work of (Hoffbrand et al. 2004)
consumption of chemicals like Bromate.

with

due 10

The blood picture of the present work
showed increase in the lymphocyte persent in
rats administered with potassium bromate, which
could be due to the depletion of the intracellular
GSH by diethylmaleate in lymphocytes, which
decreases the amount of strand breakage induced
by potassium bromate (Parson and Chipman,
2000). Haematological finding showed different
change in the parameters of the blood. In the
contrary a study in mice showed no change

in blood parameters apart from transient
reduction in red cell count (Ginocchio et al,

Spleen showed marked lymphoid depletion,
congestion and presence of brown hemosiderin
pigment either free or engulfed by the
macrophages with severe areas of hemorrhages.
The splenic follicles showed areas of severe
necrosis in the lymphoid cells with increase in the
sumber of tingible body macrophages. The lung
showed congested blood vessels and surrounded
by ]ymphocytes and macrophages. Thickening of
the alveolar walls with marked perivascular and

Peribronchiolar edema and hemorrhage. After 9
and 14 months post treatment by

potassium
bromﬂte there were vasculitis and

thrombus

18
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with infiltration of the blood Vey
yclear cells and P(’l}’ﬂmrphnucl_
and the blood Vessg,

(ormation,

| by monon
¢s, In most ¢ases

showed marked hYPcrtmphy of thc,]r Muscle Wal|
. ed severe destruction and ed'«"vma
The heart of some Casey
wed degenerative and necrobiotic changes of
n with congested blood Vessels

snr 'Il
the myocardil . A
nflammatory infiltrations in some areye

Concerning brain showed moderate congestion 4
the meningeal, ccrcbra'l and cerebellar bjgg
vessels, and marked perivascular edema and gj;,
cells infiltration. Differcn'l ne':uronal dan}age with
qeuronophagia and satcllltos:-s a-nd multiple large
focal and diffuse areas of gliosis were seen hers
and there In both cerebrum and cerebellum, The
t results showed that the lesions were
mostly dose and time related and the severity of
the lesions were more sech in groups of rats givep
high doses of KBrO3 in drinking water especially
After 9 and 14 months post treatment. Khan ¢
al. (2003) reported during their study a reduction
of antioxidant enzymes and enhancement of
wanthine oxidase and lipid peroxidation when rais
were treated with potassium bromate. Meanwhile
El-Sokkary (2006) observed significant increase
in malondialdehyde as an indicator of lipid
perioxidation. These mentioned findings support
the histological changes occurred in the organs
during the present study as lipid peroxidation

play a role in tissue injury.The generalized
haemorrhage and congestion may be due to the
endotheliotoxic effect of potassium bromate
(Aflaf Abuelgasim et al.,2008).

Wil

leukocy!

And some show
of I1s muscle wall.

and

The pathological changes observed in i€
heart in the present study were similar to thos
described by Paul (1966). The lesions in the
brain during the present work indicate thal
potassium bromate may cross the brain barric
and exert its effects on the endothelu™
permeability as well as brain tissues (M“_f
Abuelgasim et al.,2008), and they added that !
may lead to neurotoxic effect. In the Contrary ©
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the present findings Crofton 2006) claimad thas
there Were no NErvous malformation cansed By
potassium bromated and we think that it may e
due to the short duration ol his study

The results of this study thus idoated
(hat chronic administration OF potasium By
might lead 10 labialization of the eell plasing
membrafe due 1o the presenve of Bl dayge
content per molecule of potminm o S
disruption ol the ardered Tipld Birlayver o the
plasmi membrane i ronnlting i ko o 1S
enzymen (o the extraoelula il T s
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