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Abstract: Potassium bromate, a common ingredient in bakery industry, serves as leaven in flour dough. However previous
studies have demonstrated that potassium bromate is toxic. This study evaluated the effect of eggshell powder solution (ESPS) on
the testicular indices in Wistar rats administered with potassium bromate. Twenty Wistar rats weighing between 200-250 g were
randomly grouped into 5: A, B, C, D and E; with 4 rats per group. Group A served as the positive control and was administered
with 1ml of 10 mg/kg body weight of potassium bromate solution Group B served as the negative control which was
administered with 1ml of distilled water. Groups C, D and E were administered with 1ml each of 200, 300 and 400 mg/kg body
weight of ESPS respectively reconstituted in distilled water in addition to 1ml of 10 mg/kg body weight of potassium bromate.
The treatment was carried out successively for 28 days before the animals were sacrificed 24 hours after the last day of treatment
and their testes, harvested. Biochemical tests to evaluate the testicular function using UV/VIS spectrometer and histological tests
on the testicular homogenate and tissues respectively were carried out. The result showed significant decrease (P<0.05) in the
total protein, the superoxide dismutase activity (SOD) and malondialdhyde (MDA). Contrary, there was a significant increase
(P<0.05) in the Reduced glutathione (GSH) and testicular glycogen of the test rats. The histopathology result showed normal
germ cells at lower doses of the ESPS. This experiment showed marked reduction in the lipid peroxidation in rats’ testes given
ESPS at a lower dose.
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1. Introduction
Potassium bromate is an inorganic salt that has been utilized
extensively in bakery industry where it is used to leaven and
strengthen dough. It has remained a choice ingredient in bread
making all over the world because it is cheap, easily accessible
and perhaps the best and most effective oxidizing agent, this
salt should have no residue of it left in bread baked under
optimum conditions such as using the right quantity, baking
long enough and use of appropriate high temperature during
the baking process, otherwise it become harmful when
consumed in the bread. It is used as a fish paste chemical
addition in Japan and` has been curtailed, following the

discovery that non-heat-treated potassium bromate has
carcinogenic properties, in rats, mice and hamsters [1]. In
Nigeria and some other countries, the use of potassium
bromate has been banned due to its carcinogenic properties.
However, some bakers in Nigeria and elsewhere still resort to
its use in raising dough illegally [2]. Bromate is a powerful
oxidizing agent, and can oxidize chloride to chlorine under
strong acid condition. It reacts with a vast number of reducing
agents such as glutathione and other thiols, ferrous ion,
hydrogen sulphide, bromide, nitrite, and iodide found in vivo
[3]. It is also one of a sum of chemicals that can participate in
oscillation reactions; its intermediates can be renewed until
the available reducing agents transform it entirely to bromide
or other non-oxidizing species. Some of the reactive
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bromine-oxygen species have been implicated as the main
cause of DNA damage in the body when they are produced in
proximity of DNA within the cell [4].It has been shown by
previous studies that potassium bromate to be nephrotoxic in
both man and experimental animals [5].
The organic matter of eggshell and shell membrane contain
proteins as major constituents with small amounts of carbohydrates
and lipids [6]. The major component of eggshell is calcium carbonate;
it is approximately 94% of dry weight of the eggshell. Chicken
eggshells, which first serve to protect and provide nutrients to the
enclosed embryo [7], have been used by humans for a long period as
a food additive, but on a very modest scale. Chicken eggshell powder
(ESP) have a large store of calcium [8] and have been shown to have
antirachitic effects in rats [9]. In vitro, ESP stimulated the growth of
chicken embryo cartilage cells [10]. Demembranized chicken ESP
was shown to decrease pain and increase bone mineral density (BMD)
in the management of osteoporosis [11]. The hormone-like activity
present in ESP, has been suggested to be responsible for the effects on
BMD and pain [12, 13] Transforming growth factor-β1 (TGF-β1) is
thought to play a role in regulating BMD [14]. The organic matter of
eggshell contains two glycosaminoglycans including hyaluronic acid
and chondroitin sulfate-dermatan sulfate copolymer. Sialic acid is
another carbohydrate found in eggshell membranes [15 16].

In view of highly reported health hazard that potassium
bromate poses in food, it has become necessary to explore
ways of ameliorating or eliminating of the potential risk when
used as additive or enhancer in bread baking. This study will
therefore investigate the extent to which ESPS can protect the
rats’ testes from lipid peroxidation induced by potassium
bromate when used in food.
1.1. Collection and Preparation of ESPS Solution
Eggs from brown egger chickens were collected and their
contents removed for the shells. The shells were thoroughly
washed in non-chlorinated water to remove residual albumin.
They were then allowed to dry protected from dust particles in
a ventilated room at ambient temperature of between 28oC and
30oC. At constant weight they were milled into fine powder
using a Warren blender. The powder was sieved using a clean
and sterile mesh to remove large coarse particles. The
resultant fine powder was dissolved in clean sterile distilled
water to form a solution which was administered to the rats.
1.2. Animal Selection and Care
Twenty male Wistar rats weighing between 200 and 250 g
were procured from the Experimental Animal Unit of the
Department of Biological Sciences, Landmark University,
Omu aran Nigeria. They were acclimatized under laboratory
conditions prior to the commencement of experiment. The
animals were housed in wire-meshed cages and allowed
access to commercial rat diet and water ad libitum. The
animals were kept at standard conditions of temperature and
humidity with 12 h light/dark cycles. They were fed with
commercial rat diet. Handling of the experimental animals
also conforms to international guidelines on the care and use
of laboratory animals (National Research Council) [17].

1.3. Animal Grouping
The thirty animals used in this experiment were randomly
grouped into A, B, C, D and E. Group A, the positive control
was administered 1ml of 10 mg/kg body weight of potassium
bromate solution orally, B the negative control was fed 1ml of
distilled water. Groups C, D and E were administered with 1ml
each of 200, 300 and 400 mg/kg body weight of ESPS
respectively reconstituted in distilled water, in addition to 1ml
of 10 mg/body weight of potassium bromate by oral gavage.
The Treatment were carried out successively for 28 days
before the animals were sacrificed 24 hours after the last day
of treatment and their Testes, harvested.
1.4. Animal Sacrifice and Preparation of Testicular
Homogenates
The animals were sacrificed under mild diethyl ether
anaesthetization 24 hours after cessation of last treatment.
The testes were removed and placed in an isotonic solution of
0.25 M sucrose solution (1:5 w/v). The testes were weighed
and homogenized in the ice cold 0.25 M sucrose solution.
The homogenates were centrifuged at 5000 ×g for 10 minutes
in a refrigerated centrifuge (TDL-5000B Shanghai Anke
company, Ltd., China). The supernatant was collected and
stored frozen.
1.5. Estimation of Biochemical Indices
The biochemical parameters were investigated in the rats’
testicular homogenate using UV/VIS spectrometer; Total
protein in testicular homogenate was determined by the
method of Gornall et al. [18]. The level of reduced
glutathione (GSH) in the samples was determined by the
method described by Jollow et al (1974) [19]. The superoxide
dismutase (SOD) activity was determined by the method
described by Misra and Fridovich [20]. Thiobarbituric acid
reactive substances (TBARS) was measured as an estimate of
malondialdhyde (MDA) which is a product of lipid
peroxidation using the method described by Satoh [21].
Glycogen content in the testes was determined by the method
described by Kemp et al. [22]. The concentration of total
cholesterol in the testes was analysed using reagent assay kit
according to the method of Fredrickson et al. [23]. Both acid
phosphatase (ACP) and alkaline phosphatase activities (ALP)
were determined by the method described by Wright et al.
[24, 25].
1.6. Histological Examination
The preparation of tissues for histological examination was
done as described by Adeyemi and Akanji (2010b) [26] The
representative portions of the testes removed from sacrificed
rats were fixed in 10% buffered formalin (pH 7.4) for 12hrs,
then embedded in paraffin. The paraffin embedded tissues
were cut into 5-μm sections. The tissue sections were
deparaffinised and stained with haematoxylin and eosin. The
stained sections were viewed under light microscope and were
captured using Sony DSC-W35.
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1.7. Data Analysis

ESPS compared to positive and negative control (Fig 2).

Data were analysed using one way ANOVA, followed by
Duncan post hoc mean comparison test which was used to
assess for significant differences between variables. The
analysed data were presented as mean of five replicates±
standard error of mean (SEM). P-values less than 0.05 (P <
0.05) were considered statistically significant. All statistical
analyses were done using the Statistical Package for Social
Science (IBM SPSS Statistics 19).

2.3. Effect of ESPS on Testicular Cholesterol, Glycogen
and MDA Content in Rat
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2. Results
2.1. Proximate Analysis of ESP
The proximate analysis carried out on ESP indicated the
presence of Moisture (6.55%), Protein (27.47%), Fat (1.66%),
Fiber (3.74%), Starch (4.08%), ash (21.08%), sugar (5.23%),
calcium (37.08%), and phosphorus (1.40%)

Fig. 3. Effect of Eggshell on the Total cholesterol of rats administered with
potassium bromate. Each value is represented as mean of four replicates ±
SEM. *Statistical difference relative to control at P<0.05.

2.2. Effect of ESPS on Testis – Body Weight Ratio and
Testicular Total Protein in Rat

Fig. 1. Effect of Eggshell on the organ-body ratio of rats administered with
potassium bromate. Each value is represented as mean of four replicates ±
SEM. *Statistical difference relative to control at P<0.05.

Fig. 2. Effect of Eggshell on the Total protein concentration of rats
administered with potassium bromate. Each value is represented as mean of
four replicates ± SEM. *Statistical difference relative to control at P<0.05.

There was an increase in organ-body ratio in the group
given 200 mg/kg body weight of ESPS compared to the
positive control though not significant (Fig. 1). Contrary,
there was a decrease in the total testicular protein
concentration in all groups administered with various doses of

Fig. 4. Effect of Eggshell on the Glycogen of rats administered with potassium
bromate. Each value is represented as mean of four replicates ± SEM.
*Statistical difference relative to control at P<0.05.

Fig. 5. Effect of Eggshell on the Malondialdhyde of rats administered with
potassium bromate. Each value is represented as mean of four replicates ±
SEM. *Statistical difference relative to control at P<0.05.

At 200 mg/kg of ESPS there was a significant increase in
testicular cholesterol compared to the positive control but
non-significant increase compared to the negative control (Fig.
3). There was a marked decrease (P<0.05) in the testicular
glycogen in rats give 200 mg/kg ESPS compared to the
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positive and negative controls (Fig.4). The testicular MDA
level was significantly reduced (P<0.05) in all the test groups
that received ESPS treatment compared to the positive and
negative control groups. (Fig.5).
2.4. Effect of ESPS on Testicular SOD and GSH Activities in
Rat
A significant increase (P<0.05) was observed in the SOD
activity and GSH for the groups administered with 200 mg/kg
body weight of ESPS compared to the positive and negative
control groups (Fig. 6; 7)

Fig. 8. Effect of Eggshell on the Acid phosphatase activity of rats
administered with potassium bromate. Each value is represented as mean of
four replicates ± SEM. *Statistical difference relative to control at P<0.05.

Fig. 6. Effect of Eggshell on the Superoxide dismutase activity of rats
administered with potassium bromate. Each value is represented as mean of
four replicates ± SEM. *Statistical difference relative to control at P<0.05.

Fig. 9. Effect of Eggshell on the Alkaline phosphatase activity of rats
administered with potassium bromate. Each value is represented as mean of
four replicates ± SEM. *Statistical difference relative to control at P<0.05.

2.6. Effect of ESPS on Testicular Histology in Rat
The histopathological result showed normal germ cells at
the group given 200 mg/kg of ESPS while there was apoptosis
of germ cells at 400 mg/kg body weight (Fig 10).
Fig. 7. Effect of Eggshell on the reduced glutathione of rats administered with
potassium bromate. Each value is represented as mean of four replicates ±
SEM. *Statistical difference relative to control at P<0.05.

2.5. Effect of ESPS on Testicular ALP and ACP Activities in
Rat
Fig. 8 and Fig. 9 represent the influence of different doses
of ESPS on testicular ALP and ACP activities in rat. There
was no significant change (P > 0.05) in the acid phosphatase
and alkaline phosphatase activity in all the test groups
compared to the control groups.

Fig. 10. The photomicrograph of testis of rats administered with (X100 H&E):
(A) positive control 10 mg/kg of potassium bromate normal germ cell with tail
of spermatozoa at the seminal tubule(ST) (B) Negative Control, The germ
cells(GC) were normal with tails of spermatozoa obvious (C) 10 mg/kg of
potassium &200 mg/kg of eggshell (D) 10 mg/kg potassium bromate and 300
mg/kg of eggshell (E) 10 mg/kg of potassium bromate and 400 mg/kg of
eggshell;showed apoptotic of the germ cells (spermatogonia, spermatocyte,
spermatotid and spermatozoa).
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3. Discussion
The experiment showed no significant change in
testes-body weight in the groups administered with 200 and
300 mg/kg body weight compared to the positive and negative
control which may be an indicative of ESPS protective effect.
However at higher dose of 400 mg/kg there was significant
decrease in the teste body weight. The reason for the
significant decrease in the testes-body ratio may be ascribed to
the decrease in the number of germ cells in the rats [27].
Testicular proteins are necessary for spermatogenesis and
sperm maturation [28]. The decrease in the total protein (Fig.2)
in all the tests groups compared to the positive control and
negative control may be due to enzymatic inhibition of protein
synthesis by influencing genetic information [29]. The groups
given 200 and 300 mg/kg body weight of the ESPS showed
significant increase in the total cholesterol compared to the
positive control but there was a marked increase in the group
with 400 mg/kg body weight. Furthermore this may be
ascribed to protection by ESPS which showed synthesis of
cholesterol, a precursor in steroidogenesis of male sex
hormone. Contrary, the marked increase observed in the
cholesterol level (Fig. 3) in the testes of rats that received
400mg of the egg shell powder solution may imply damage to
sertoli cells; one that can lead to phagocytosis resulting in the
deposition of the cell membrane lipid [30]. High testicular
cholesterol has been attributed to inhibition of androgen
synthesis by leydig cell. Leydig cells release a class of
hormones called androgens: testosterone, androstenedione
and dehydroepiandrosterone (DHEA), when stimulated by
pituitary luteinizing hormone (LH). LH increases the activity
of the enzyme cholesterol desmolase stimulating synthesis
and secretion of testosterone by the Leydig cells [31].
Testicular glycogen is the major source of energy in the testes
in the animal reproductive system [32]; it provides
carbohydrate reserves for seminiferous tubular cells. The level
of glycogen is directly proportional to steroid hormones [33].
There was a marked decrease in the testicular glycogen in the
group given 200 mg/kg body weight of ESPS compared to the
positive and negative control. The decrease could be due to
increase in the testicular activity due to ESPS leading to high
consumption in the glucose in the testes (Fig.4).
Malondialdhyde is a product of lipid peroxidation of the cell
membrane. The marked decrease showed by the group given
200 mg/kg of ESPS compared to the positive and negative
groups could be due to lipid peroxidation protecting effect by
the ESPS. However, the result also showed more protective
effect at lower dose compared to the group given 300 and 400
mg/kg body weight (Fig.5).The superoxide dismutase enzyme
activity showed a significant reduction in the group given 200
mg/kg body weight of ESPS compared to the positive and
negative control. This may imply that ESPS had a protective
effect against oxidative stress due to potassium bromate.
However a marked decrease in superoxide dismutase enzyme
activity in the group with 400 mg/kg body weight may be due
to the saturation of the enzyme or due to destruction to the
molecular machinery principle to induce the enzyme (34, 35)
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by the increasing free radical release resulting from the high
dose ESPS the rats received (Fig. 6). Glutathione (G-S-S-G) a
tripeptide, maintained in a reduced state by an efficient
glutathione peroxidase/glutathione reductase system.
Glutathione, an endogenous potent antioxidant protects cells
from a number of noxious stimuli including oxygen derived
free radicals [36]. The level of reduced glutathione is a
measure of the cellular redox status [37]. Hence alteration in
glutathione level may affect the overall redox status of the cell.
Severe oxidative stress could result to a reduction in
glutathione and glutathione s-transferase [38]. At 200 mg/kg
ESPS there was an increase in the reduced glutathione
compared to the negative control. The marked increase shown
was as a result of optimal performance of the reduced
glutathione in protecting the testes against free radicals due to
lipid peroxidation protection by ESPS. However reduction in
the reduced glutathione shown at a higher dose of eggshell
could be due to decreased effectiveness as a result of depletion
of reduced glutathione (Fig. 7). It is suggested therefore, that
oxidative stress may have been induced by the egg shell
powder at higher concentrations. This experiment also showed
an inverse relationship between peroxidation and glutathione
status [39, 40, 41, 42]. Glutathione depletion of 20% to 30%
can impair the cell defense against the toxic action of
xenobiotic and may lead to cell injury/death [43, 44]. Alkaline
phosphatase is an important enzyme in steroidogenesis, it is
involved in the intra and inter cellular transport needed for the
metabolic reactions to channel necessary inputs for
steroidogenesis (45, 46). ALP is involved in mobilizing
carbohydrates and lipid metabolites to be utilized either within
the cells of the accessory sex structures or by the spermatozoa
in the seminal fluid [47] There was no significant increase in
the alkaline and acid phosphatase activity in all the test groups
compared to the negative and positive controls (Fig.8&9). The
histopathological photomicrograph of the testes showed
normal germ cells in the group given 200 mg/kg ESPS
compared to the positive and negative controls. However, the
group given 400 mg/kg eggshell showed a marked apoptotic
of the germ cells. Oxidative stress is one of the contributory
factors to induce germ cell apoptosis [48].

4. Conclusion
The histopathological and biochemical indicators of
testicular functional indices recorded in this study showed a
marked reduction in lipid peroxidation eliciting potential of
potassium bromate in rats administered with chicken ESPS at
regulated doses.
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