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ABSTRACT

Aims: The aim of current study was to investigate the genotoxic damage of potassium bromate on
sperm cell morphology and the potential defense role of Ruta chalepensis (Rue) against the
potassium bromate effects.

Study Design: Fifty rats (Strain: Rattus norvegicus) were randomly divided into five groups (10
rats/group) as follows: (Control group) received distilled water daily for 4 weeks, (KBrOz group)
treated with KBrO; (100 mg/kg/b.w) for 4 weeks, (Rue group) received Rue orally in a daily dose
(0.5 g/animal) for 4 weeks, (treatment group) were first provided with oral doses of KBrO; daily for
2 weeks and then treated orally with KBrO; in association with Rue for an additional 2 weeks
Finally (protective group) was administered with Rue orally for 2 weeks and then administered oral
doses of Rue in association with KBrO5 for an additional 2 weeks.

*Corresponding author: E-mail: enjesaad@yahoo.com;
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Place and Duration of Study: Department of Zoology and Department of Botany, University of
Omar Almukhtar, between July 2018 and September 2019.

Methodology: Sperm suspensions, filtered and smears were made according to the standard
protocol for sperm morphology assay. The smears were fixed, allow to dry and stained with
hematoxylin and then washed under slow running water until the excess stain is removed and
were putted in eosin dye.

Results: The results were showed that potassium bromate has the ability to cause mutations in
the morphology of sperm cells. The highest mutation rates of head, tail and neck reached 16.60,
5.200 and 3.200 respectively in animals. Several types of sperm abnormalities such as hock free,
banana type, amorphous, hummer shape after the administration of potassium bromate comparing
with the negative control animals that treated only with potassium bromate. On the other hand, the
oil extract of Ruta chalepensis significantly inhibited the mutations by declining the abnormality
rates of head, tail and neck to 2.600, 1.600 and 0.400 in protective group. Thus, potassium
bromate has to be considered as a conceivable line regarding human health.

Conclusion: Potassium bromate clearly caused a wide range of sperm cell abnormalities and Rue
oil extracts have a good anti-mutagenic effects against potassium bromate by decreasing the

sperm cell abnormalities.

Keywords: Mutation; sperm cell; potassium bromated; Ruta chalepensis; anti-mutagenic.

1. INTRODUCTION

Food additives are the substances that added to
food in order to prolong the life expectancy of the
industrial food by inhibiting the development of
microorganisms such as bacteria and fungi.
Some other purposes including coloring,
flavoring, sweetening and thickening are also
targeted of the food additives. About 5000
trade name products on a worldwide-basis for
about 2500 chemicals that function as food
additives [1]. World Health Organization (WHO)
together with Food and Agriculture Organization
(FAO) defined the food additives as any
substances that are added to food to maintain or
improve the safety, freshness, taste, texture [2].
Potassium bromate (KBrOjz) is one of the
chemicals that are extensively used as a food
additive. Abundantly of countries, mainly in South
East Asia are using potassium bromate as
flavor enhancer in food products. Potassium
bromate is a chemical additive mixed in flour to
improve the dough, rising the volume of the
bread and hold its shape, subsequently, humans
are daily exposed to these chemical
substances [3,4]. It has been estimated that
about 75% of the Western diet is made up of
various processed foods, each person is now
consuming an average 8-10 Ibs of food additives
per year, with some possibly eating considerably
more [5,6]. With the great increase in the use of
food additives, there also has emerged
considerable scientific data linking food additive
intolerance with various physical and mental
disorders, particularly with childhood period [7,8].
To reduce the harmful effects of exposure to
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those food additives, human may be enhancing
their consumption of medicinal plants that having
a wide medical and traditional usage. Many
studies were demonstrated that the extractions of
a range of medicinal plants are having an
antioxidant, antibacterial, antimicrobial, anti-
parasitic, anti- mutagenic, antifungal and anti-
carcinogenic properties [9-13]. In recent years,
the interest of using herbal drugs to treat
different diseases has been improved and also
the World Health Organization (WHO) has
recommended evaluation of the efficiency of
medical plants when required [14]. Because of
high cost and the range of side effects may have
caused by taking synthetic drugs, alternative
medicine became necessary. In general, plants
including fruits and vegetables are rich in
antioxidants such flavonoids and phenolic
compounds [15]. These phytochemicals were
proven to be effective against various mutagens
either through scavenging free radicals or by
their reducing power [16].

Ruta chalepensis (Rue) is a Libyan local plant
that has been widely used as a medicinal plant
and it is one of a member of Rutaceae family
[17]. It's leaves and young stems have been
reported to contain alkaloids, flavonoids,
phenols, amino acids, furanocoumarins and
saponins [18].

In recent years, there has been a resurgence of
interest to rediscover medicinal plants as a
source of potential drug candidate. Therefore,
scientists should aim to understand the
knowledge of the medicinal plants as a future
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source of herbal drugs. Our objective in current
study is evaluating the genotoxic effects of
potassium bromate on the abnormalities of
sperm cell morphology and counting in rat and
then examine the potential anti-genotoxic and the
protective action of ruta against potassium
bromate.

2. MATERIALS AND METHODS
2.1 Experimental Animals

Fifty adult male albino rat (Rattus norvegicus),
free from any observable ailment, obtained from
the University of Cairo, Egypt, the rats were then
transfer to the animal house for Zoology
Department University of Omar AL-Mukhtar.
Wood shavings was collected from sawmill and
used for beddings, the beddings were changed
at least twice per week throughout the period of
the experiment. A standard laboratory conditions
were maintained under (temperature between
21-25°C and a 12-hour light/12 dark cycle). The
rats were left for two weeks as an adaptation
period and was given a special diet, all rats
received food and water with fresh supplies
presented daily. Their weights ranged between
275-300 g at the commencement of the
experiment.

2.2 Potassium Bromate

Potassium bromate salt, a product of British drug
home limited, was supplied in its white crystalline
powder or granules form by BDH chemicals Ltd
Poole England; CAS No.7758-01-2, name
Bromic acid, potassium salt and IUPAC
systematic name potassium bromate. Molecular
formulae KBrO3, relative molecular mass
(167.00). Potassium bromate was orally
administrated at a dose of 100 mg/kg/b.w.
dissolved in distilled water freshly prepared [19]
daily for 2 and 4 weeks according to the group
distribution.

2.3 Plant

Ruta chalepensis L. (Rue) is an aromatic
evergreen shrub,one of the plants that belongs to
Rutacease family and has shown to have
remarkable medicinal properties and is
considered as an important remedy for a number
of ailments in many systems of medicine. It is
native to the Mediterranean and is current
distributed worldwide [20]. It was administered by
oral gavage route in specific dose. The collected
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flowers and leaves were weighed, washed
carefully with tap and then distilled water, dried
using filter papers and then placed in acetone
inside sealed jars for 48 hrs. Solvent was
removed from samples by Rotary Evaporator and
then oil was collected. R. chalepensis was at
dose of 0.5 g/Animal [21] daily for 2 and 4 weeks,
which represents the overall experimental
duration. Both doses were orally given through a
special stomach tube with a smooth tip to protect
the interior lining of the oral and buccal cavity
from injury.

2.4 Experiment Design

After acclimatization, animals were divided into
five main groups (Groups |-V) and housed in five
cages; each containing ten rats, the rats were
randomly selected and marked by tail painting to
permit individual identification. The tested
substance was administered in a single oral dose
by gavage using suitable cannula. The rats were
weighed and then dose was calculated according
to the body weight.

Group |: Negative control rat received only the
standard diet and distilled water for 4 weeks.
Group llI: rat received potassium bromate KBrO;
for 4weeks. Group llI: rat of this group received
R. chalepensis oil at dose of 0.5mg/rat for 4
weeks. Group V: treatment group administration
of KBrOj3 daily primarily for 2 weeks then given of
(KBrO3) + R. chalepensis oil extract daily for 2
weeks. Group IV: Protective Group This group
were divided into two stages; given R.
chalepensis oil extract primarily for 2 weeks
followed by R. chalepensis oil extract + KBrO; for
2 weeks.

2.5 Sperm Morphology Assay

After opening the abdominal cavity being careful
to not cut into the viscera, testes and cauda
epididymis were removed. Sperm suspensions
were prepared by mincing cauda in 2 ml of
phosphate buffered saline (PBS, pH=7.2), were
filtered, and smears were made according to the
standard protocol for sperm morphology assay.
Slides were coded for analysis and
suspension was placed on the clean slide. The
smears were fixed in 75% methanol: 25 % acetic
acid, the slides allow to dried on hot plate,
stained with hematoxylin for 15 min. After that
the slide were washed under slow running
water until the excess stain is removed and then
were putted in eosin stain for 10 min. The slides



Elhaddad et al.; ARRB, 35(2): 41-51, 2020; Article no.ARRB.54933

were washed with ethanol and allowed them to
dry on hot plate again. Slides were observed for
sperm shape abnormality under light microscope
[22].

2.6 Statistical Analysis

The data obtained were subjected to one-way
analysis of variance (ANOVA). Using Mintab
statistical package program (Mintab version 17).
The group means were separated by Tukey's
test at P<0.05. Results were presented as mean
+ standard error of mean (SEM).

3. RESULTS AND DISCUSSION

3.1 The Effect of Potassium Bromate and
the Extract of R. chalepensis on
Abnormal Sperm Counting

This experiment was designed to investigate the
mutagenic effects on the susceptibilities of male
germ cells alteration in the number after
exposure to potassium bromate. Results
were achieved by viewing slides under a
microscope at high magnifications,
photomicrographs were occupied using a
microscopic digital camera. Table 1 shows the
sperm analysis results after 30 days
administration of the treatments.

Data recorded in the table are presenting the
number of sperm shape mutations in all of the
head, tail and neck. Control rats showed
constant levels during the course of the study
without any spontaneous mutation with zero
mean values of the three investigated
parameters (head, tail and neck). In general, the
highest sperm cells morphology mutations were
gained in all of different exposed types was the
head mutation followed by tail mutation and the
least mutation in this study was in neck
morphology. High significant differences (P<
0.000) between control and KBrO3 treated group
were achieved, 16.60, 5.20 and 3.20 are the
averages for head, tail and neck respectively.
Mean values (head: 4.400, tail: 2.00 and neck:
1.60) of treatment group were high significantly
different (P< 0.005) when compared to non-
treated animals but still less significant than
potassium bromate exposed animals. However,
no significant differences were found in the all of
parameters were assessed between control rats
and those exposed to R.chalepensis extract. The
difference between non-treated group and
protective group is considered to be statistically
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significant for the head counting (2.600) at
P<0.005 and for tail. (1.600) at P<0.005,
whereas there were no significant differences at
the level of the neck mutations where the mean
value decreased to 0.400.

3.2 The Effect of Potassium Bromate and
R. chalepensis on Sperm Morphology

The results that obtained by assessing the sperm
morphology mutations are presented in (Fig. 2)
which illustrates different types of sperm
abnormalities comparing with the negative
control animals (Fig. 1).

3.2.1 Control group

Normally, the head of the rat sperm resembles a
hook, contains a dense nucleus and has a less
dense tip referred to as the acrosome. The mid-
piece contains the centrioles and a spirally coiled
sheath of mitochondrial material. The (tail
contains a long axial filament that becomes
vibratle for a brief period when the
spermatozoon is mature. It should be noted that
occasionally the centriole may be visible, and is
seen approximately halfway along the tail and
should not be noted as an abnormality.

Fig. 1 reveals the normal sperm shape of the rat
in this study. At the magnification generally used
for assessment of sperm morphology it was
difficult to distinguish the mid -piece. Also few
abnormalities of the mid-piece have been
reported for rat sperm. Hence, it will not be dealt
with separately, but included as part of
assessment of the sperm tail.

3.2.2 Potassium bromate (KBrO;) group

Rats belonging to the group orally received a
daily dose of KBrO; (100 mg/kg) for four weeks.
Examination of the sperm of KBrO; treated rats
revealed that potassium bromate caused
mutations in the sperm morphology in
comparison with the control animals.

Fig. 3 shows multiple abnormalities in sperm
head and tail such as hock free, banana type,
amorphous, hummer shape after the
administration of potassium bromate.

These results indicated that potassium bromate
induced these sperm head abnormalities in this
group whereas no abnormalities were noticed in
control rats. Reduced hook or banana head were
demonstrated in (Fig. 3), this can be seen as
varying degrees of reduced curvature of the head
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with occasionally complete absence of curvature.  usually seen in a sperm smear but are not
(Fig. 3) showed decapitated or detached head counted unless a tail and head are seen
that seen as a head without tail. Free heads are  together.

Table 1. The sperm count analysis of control and treated animals. All data are expressed as
mean % standard error (SE). Five rats in each group

\w:s\ Control KBrO3 Rue Treatment Protective

Parameter: Mean +SE Mean + SE Mean £ SE Mean £ SE Mean £ SE
Head 0.0+£0.0 16.60+ 1.72***  1.200+0.583 4.400+0.510** 2.600+£0.510**
Tail 0.0+0.0 5.200+0.860*** 1.300+0.510 2.000+ 0.707**  1.600+£0.510*
Neck 0.0+0.0 3.200+0.583*** 0.800+0.374 1.600+0.510* 0.400+0.245

The total=200 cells. Data where analyzed by one-way ANOVA; (*P<0.05, **P<0.005, ***P<0.000)

Fig. 1. Photomicrograph of normal sperm head and tail of control rats
(Hematoxylin & Eosin stain, 40X)

Fig. 2. Photomicrographs show sperms of rat treated daily with KBrO3 (100mg/kg) for 4 weeks
with abnormal heads and tail (Hematoxylin & Eosin, X 40).(A) fusion sperm,( B) two abnormal
heads ; (a) Banana shape;(b) Amorphous) .(C);(a) detached sperm heads ,(b) Amorphous).(D);
(a) double abnormal heads with one tail, (b) sperm with mis-shappen head (Hook at wrong
angle). (E);(a) Long amorphous head, (b) irregular tail (bent tail), (F) Round heads with
abnormal mid-piece
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Fig. 3. Photomicrograph of sperm rat treated daily with Rue (0.5 g/Animal) for 4 weeks,
(A)showing normal sperm; (B) abnormality shapes of sperm; irregular tail (Hematoxylin &
Eosin 40X)

3.2.3 R. chalepensis group

Rats belonging to this group orally gave a daily
dose of Rue (0.5 g/Animal) for four weeks; by a
light microscope, under a magnification of 40X
slides were assessed for any abnormality in tail,
neck or head. The assessment showed in (Fig.
4-A) revealed that the majority of the sperm were
all normal and almost similar to that results
where demonstrated by the control group. Fig.
(4-B) shows one type of sperm abnormality
which was irregular tail (bent tail).

3.2.4 Treatment group

Rats received oral dose of KBrO3 (100
mg/kg/b.w) daily for two weeks then administered
additional oral dose of both KBrO3 (100
mg/kg/b.w) and Rue (0.5 g/Animal) for another
two weeks. At the end of experimental duration
of 4 weeks, data showing an improvement of
sperm morphology to ward control animals after
administration of oil extract in comparison to
potassium bromate rats (Fig. 5).

3.2.5 Protective group

Rats belonging to this group received oral doses
of Rue (0.5 g/Animal) daily for 2 weeks followed
by oral treatment with Rue at a dose of (0.5
g/Animal) and KBrO3 (100 mg/kg/b.w) for another
2 weeks. Fig. 6 revealed approximately normal
appearance of the sperm morphology compared
with KBrOs-treated group. Rats in the protective
group revealed an almost regular features of
sperm morphologies. There were minimal
changes in shape, both head and tail gained
partial near to normal features.

Nowadays, food additives are major problems
encountered in the food industry. All food
additives should be assessed to test their short
and long term genetic and toxic effects which
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have not been fully under control yet. These
resemble a major importance for our health as
result of daily taken food additives through food
and can be accumulated inside the body
throughout life due to the very long exposure.
Different studies have indicated that KBrO; was
found to be genotoxic and carcinogenic effects in
both human and experimental animal. Recently
different Short-term genotoxicity testing assays
are used to evaluate the genotoxic damage of
KBrOs;. Medicinal plants products are rich in
secondary metabolites and essential oils with
therapeutic use, which investigate therapeutic
action of various medicinal plants as natural
antioxidants to cure chronic diseases such as
DNA damage, mutagenesis and carcinogenesis.

The spermatozoa morphology test is a reliable
parameter to characterize different chemical
germ cell toxicity and genotoxicity. The present
study assessed the effect of both potassium
bromate and ruta oil extract on mutation of sperm
morphology of male rats. Table 1 shows the
effect of the four parameters (potassium
bromide, ruta extract, treatment and protective
group) compared to control. The number of
malformations in the sperm form of rats treated
with potassium bromide as well as treatment
group was high and both had significant
differences compared with control. Less
significant differences in protective group while
there were no significant differences between
control and the ruta group. Genotoxic substances
are potential inductors of sperm cells morphology
alterations because they could modify the normal
process of gametogenesis. This process is not
independent and is regulated by complex
mechanisms under polygenic control. Any
qualitative or quantitative modification in the
above-mentioned characteristic that can be
associated with nutrition, pharmacological or
environmental changes, may be considered a
good bio indicator of genetic damage. This is the
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case of the present research, where the effects
of the administration of a food additive,
potassium bromate doses to male rats were
studied in terms of mutations in sperm cells
morphology.

It was reported that the treatment of potassium
bromate resulted in marked increase in free
radicals activities [23]. The uncontrolled
production of free radicals could possibly be lead
to carcinogenesis [24,25]. The alteration in
sperm parameters could be attributed to direct
effect on testicular tissue which leads to
reproductive dysfunction such as reduced sperm
count, motility and morphology [26]. Elsheikh, et
al. [27] showed that KBrO; supplementation to
drinking water retarded the growth in growing
rats and consequently reduced the testicular and
epididymal weights. Furthermore, exposure to
KBrO; alters the histology of the rat testis and
impaired spermatogenesis.

Our results suggest that potassium bromate
administration  significantly increase sperm
morphological abnormalities. These findings
were similar to data from [28] that showed after 5
daily erythrosin, a food colorant, administration at
dose of 680 and 1360 mg/kg affect the count and
motility of epididymis sperm and increased the
incidence of sperms with abnormal head.
Tartrazine, orange-colored widely used in food
products, drugs and cosmetics, was
administered to adult male mice in drinking water

at different doses for 13 weeks. After that period,
some parameters were determined. The sperm
count was decreased and sperm abnormalities
were increased in the tartrazine treated groups
compared to the control [29]. These show that
synthetic food additve may affect the
reproductive function. During the process of
spermiogenesis, if the pre-meiotic, meiotic or
post-meiotic spermatogenic cells are exposed to
a mutagenic agent which interfere with DNA,
genetic damage may be expressed as abnormal
sperm or other phenotypic expressions. The
formation of sperm heads involves a complex
series of morphological and biochemical events.
During the process of spermiogenesis, sperm
may develop abnormally. The most reasonable
mechanisms for the production of sperm head
abnormalities are small deletions or point
mutations [30,31]. It was also assumed to be a
result of an abnormal chromosome [32]. Another
two studies [33,34] reported that abnormalities in
sperm heads may occur by physiological,
cytotoxic or genetic mechanisms or alterations in
testicular DNA which in turn disrupts the process
of differentiation of spermatozoa [35].

Various of gene mutation that lead to changes of
sperm morphology have been reported. AURKC
is a member of serine/threonine protein kinases
and is a component of the chromosomal

passenger complex (COC) which is an essential
mitotic
segregation

regulator  of
chromosome

events,
and

including
cytokinesis.

Fig. 4. Photomicrograph of sperm rat of treatment group after 4 weeks; (A) showing normal
sperm; (B) tail without head; (C) head without tail (Hematoxylin & Eosin, 40X)
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Fig. 5. Photomicrograph of sperm rat from protective group after 4 weeks. A: sperm near to
normal features. B: Abnormal sperm (hairpin-like) (Hematoxylin & Eosin, 40X)
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Fig. 6. Proposed diagram for the antimutagenic action of R. chalepensis
Results represented above suggested that fixed oil extract of ruta maybe has the ability to inhibit the mutagenic
impact of potassium bromate in several positions: 1- Out the cell by blocking receptors. 2- In site the cell: (a) Ruta
may reacts with potassium bromate KBrO3 and convert it into harmless compounds. (b) Antioxidant action
against potassium bromate free radical. (c) Induction of DNA —damage response proteins. The diagram modified
from [40]

Defects of the AURKC protein lead to disruptions
in meiosis and to chromosomally unbalanced
gametes [36] resulting in polyploidy sperm

the Golgi apparatus and plays an essential role
in the acrosome formation during
spermatogenesis. Loss of function of this gene

cells with enlarged and irregular shaped heads
and multiple flagella. SPATA16 is localized at

lead to sperm cells with round head and no
acrosome [37,38].
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DNAH1 encodes an axonemal inner dynein
heavy chain. Mutations in the DNAH1 gene show
general axonemal disorganization including mis-
localization of the microtubule doublets and loss
of the inner arm dyneins. In addition,
disorganization of the fibrous sheath, the outer
dense fibres and the mitochondrial sheath
leading to multiple morphological irregularities of
the tail such as absent, bent, coiled and tail of
irregular width [39,40].

Fig. 6 reflects the proposed antimutagenic action
of R. chalepensis in several locations. Medicinal
plants were previously classified into two main
classes, dismutgencity where plants able to
function outside the cell membrane and
antimutagencity where plants could be act their
roles via multibe positions. In addition to that,
some medicinal plants have the ability to work
out and inside the cell. Our medicinal plant (R.
chalepensis) possibly is able to function as both
disantimutagenic and antimutagenic. This data
presents suggesting mutagenic impacts of
potassium bromate and novel antimutagenic
roles of R. chalepensis.

4. CONCLUSION

Results presented in current study indicate that
potassium bromate has a potential genotoxic and
mutagenic effects. Potassium bromate enhancer
flavour clearly caused a wide range of sperm cell
abnormalities and may lead to similar cytogenic
effects in higher organisms. Rue oil extracts have
a good antimutagenic effects against potassium
bromate by decreasing the sperm cell
abnormalities and increasing their counting
toward control data. Current medicinal plant can

be considered as promising sources of
natural antioxidants for medicinal and
commercial uses.
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