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ABSTRACT
Introduction: Potassium bromate (KBrO,) is an oxidizing agent that is widely used as a flour improver. However, it induces
genotoxic and carcinogenic effects on different body organs in a dose and duration-dependent manner.
Aim of this Study: To explore the effects of KBrO, on the structure of the rat jejunal mucosa and investigate the potential role
of lycopene, a strong antioxidant molecule, in preventing or ameliorating the effect of KBrO,.
Materials and Methods: Twenty-four adult male albino rats were used and divided equally into four experimental groups;
control group, lycopene group that received 10mg of lycopene/kg/day/orally; KBrO, group that received 100mg of KBrO, /kg/
day/ orally and KBrO, and lycopene group that received KBrO, and lycopene in the same doses as in the previous groups. Animals
were sacrificed after 4 weeks and the specimens from the jejunum were processed for histological, immunohistochemical, and
ultrastructural examinations.
Results: The jejunal mucosa of the KBrO, treated group showed short and broad villi, discontinuity and desquamation of their
lining epithelial cells, inflammatory cellular infiltration, and dilatation of the blood vessels. Moreover, there was a significant
decrease in the number of goblet cells and PCNA immuno-stained nuclei in the jejunum. Ultramicroscopic examination
showed swollen vacuolated mitochondria, dilated rough endoplasmic reticulum, and shrunken dark nuclei. Interestingly, the
group treated with both lycopene and KBrO, showed less cytoplasmic vacuolation and mitochondrial abnormalities in the
epithelial cells lining the villi. Furthermore, there was a significant improvement in the height of jejunal villi, the number of
goblet cells, and PCNA immuno-stained nuclei.
Conclusion: KBrO, induced cellular damage in the rat jejunal mucosa which was prevented by coadministration of lycopene.
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INTRODUCTION Lycopene is an antioxidant which is found in high
amounts in fruits and vegetables especially those with red
or pink color, as well as in dietary supplements!'!l. The
administration of lycopene has been shown to lessen the
risk of different natural and chemical toxins!', decrease
the severity of different chronic disorders such as
cardiovascular diseases!'?, and reduce the inflammatory
Previous studies have reported the serious destructive and carcinogenic activities!!*.
effect of KBrO, on different organs such as the kidney!,
liver™™, thyroid gland®!, and the central nervous system!®.
Oxidative DNA damage was also reported as one of the
serious effects of bromate!” and therefore it was considered
as a potential carcinogen in both humans and animals'®

Potassium bromate (KBrO,) is a white crystal that is
widely used as a food additivel'l. It is the element of choice
in bread making all over the world because of its low price,
availability, and reliability in the production of different
baked goods and cheese!..

So, the aim of this work was to investigate the effect of
KBrO, on the structure of the jejunum mucosa and to test
the potential effect of lycopene as a strong antioxidant in
preventing these structural changes.

and was banned from use in manufactured goods in several MATERIAL AND METHODS
countries!.. Chemicals

Bromate is a strong oxidizer, and its administration *  Potassium Bromate (KBrO,) is a white crystalline
increases protein oxidation, lipid peroxidation, and salt (Merk, 1.04912) that was dissolved in distilled
hydrogen peroxide levels. It also decreases the level of water.
antioxidant agents indicating the induction of oxidative «  Lycopene is a soft gel capsule (Swanson), each
stress. These harmful effects occur in a dose-dependent capsule contains 10mg of lycopene from natural
manner as previously reported in experimental animals!”, tomato extract.
Personal non-commercial use only. EJH copyright © 2021. All rights served DOI: 10.21608/ejh.2020.53466.1401
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Animals and experimental design

Twenty-four Adult male albino rats were used in this
study, with an average bodyweight of 200 grams. Rats
were housed in clean properly ventilated cages with free
access to water and a standard diet. Animals were allowed
to habituate for one week in the animal house then were
randomly divided into four equal groups (6 rats/group).

Group I (control group): rats did not receive any
treatment.

Group II (Lycopene group): rats were given lycopene
at a dose of 10 mg/kg/day, dissolved in 0.5ml of distilled
water using a gastric tube for 4 weeks!"14],

Group III (Potassium bromate (KBrO,) group): rats
were given KBrO, at a dose of 100 mg/kg/day, dissolved in
0.5 ml of distilled water using a gastric tube for 4 weeks.
KBrO, dose was calculated to reflect the amount normally
utilized in the human diet!").

Group IV (KBrO, and lycopene group): rats were
given both lycopene and KBrO, at the same doses and
duration as in groups II and III, respectively).

All the procedures used in this study were carried out in
accordance with the National Institutes of Health guide for
the care and use of laboratory animals (NIH Publications
No. 8023, revised 1978) and approved by the research
ethics committee, Tanta University, Egypt.

Specimens processing and staining

At the end of the experiment, the rats were humanely
culled by intraperitoneal injection of a terminal dose of
pentobarbital at a dose of 50 mg/kg!™®l. Then a midline
incision was made through the anterior abdominal wall
and the jejunum was carefully dissected and flushed with
normal saline to clean its interior. The jejunal samples
were processed either for histological study using light
microscope or for ultrastructure study using electron
microscopes.

For the histological and immunohistochemical
studies, the jejunal samples were fixed in 10% neutral
buffered formalin for 24 hours and processed for paraffin
embedding. Tissue sections were then either stained
with hematoxylin and eosin (H &E) to study the general
structure of jejunum!'®'” or were stained with PAS
(periodic acid Schiff) stain to highlight the goblet cells,
in which the periodic acid oxidizes hydroxyl group within
the carbohydrate with the formation of two free aldehyde
groups. These free aldehydes react with Schiff reagent
resulting in the bright red magenta color of glycogen and
mucins!'®,

For immunohistochemistry, Spum-thick jejunal sections
were collected on coated slides and were deparaffinized,
rehydrated, and exposed to heat mediated antigen retrieval
with 0.1M sodium citrate buffer (pH 6.0) using a water bath
at 85 for 30min. To prevent non-specific binding of the
antibody, the sections were incubated for 1 hour at room

temperature with 5% normal goat serum in 0.3M phosphate
buffer saline with triton-x 100. After that, the sections
were incubated overnight at 4°C with (mouse monoclonal
PCNA antibody (PC10), (ab29), Abcam, 1:1000). Then
excess primary antibody was removed by washing the
sections with PBS (3 times x5 minutes). Sections were
then incubated with biotinylated secondary antibody (goat
anti-mouse IgG H&L (HRP), ab205719, Abcam, 1:200)
for two hours at room temperature. Avidin-biotin complex
was added to the sections and the immunoreactivity
was visualized using 3,3’diaminobenzidine (DAB) as
a chromogen. finally, the sections were counterstained
with Mayer's hematoxylin, dehydrated and mounted with
DPX,

For transmission electron microscopic (TEM)
examination, the jejunal samples were cut into small pieces
Imm3 and were fixed in 2.5% buffered glutaraldehyde in
0.1IM phosphate buffer solution (pH 7.4) at 4°C for 2h.
After that, the samples were washed with PBS (3x10 min)
followed by post-fixation in 1% osmic tetroxide for (30
min). Then the samples were washed with PBS (3x10 min
each) and were dehydrated by incubation in an ascending
concentration of ethyl alcohol (30, 50, 70, 90, and 100%)
and acetone for 30 min each. After dehydration, the samples
were embedded in Araldite 502 epoxy resin and were cut
using the Leica Ultracut UCT ultra-microtome and were
stained with toluidine blue. After examination of the
semi-thin sections (0.5 um) in thickness, ultra-thin sections
(70 nm) in thickness were cut, stained with uranyl acetate,
and counterstained with lead citrate!?”’. The sections were
examined and photographed using JEOL-JEM-100 SX
electron microscope, Japan, at the electron microscope
unit-Tanta University.

Morphometric analysis

The light microscopic images were analyzed using
Image] software and the following parameters were
measured from non-overlapping random fields (3 random
fields/section, and 3 sections/rat):

1. The total mucosal thickness was measured from the
apex of the villus to the muscularis mucosae using
H&E-stained sections at 100X magnification.

2. The villus height was measured from the apex of
the villus to the villus-crypt junction using H&E-
stained sections at 100X magnification.

3. The crypt depth was measured from the villus-
crypt junction to the end of the crypt using H&E-
stained sections at 100X magnification.

4. The number of goblet cells in both villi and crypts
was measured from PAS-stained sections at 200X
magnification.

5. The number of PCNA positive nuclei per crypt
was measured from PCNA immuno-stained jejunal
sections at 400X magnification.
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Statistical analysis

Comparison between the experimental groups was
carried out using Graph Pad Prism 8.0 software, using
one-way (ANOVA) with Tukey’s post-hoc test. All the
values were expressed as the mean value + standard error
of the mean (Mean + SEM). Differences were regarded as
significant if probability value (p) is <0.05.

RESULTS

Light microscopic study

Hematoxylin & eosin staining sections showed normal
histological structure and well-preserved cellular integrity
of the rat jejunum in the control and lycopene-treated
groups. The jejunum showed four main layers: mucosa,
submucosa, muscolaris externa, and serosa. The jejunal
mucosa characterized by multiple villi and crypts. The villi
are finger-like projections with a core of loose connective
tissue, while crypts are invaginations in the lamina propria
forming simple tubular glands (crypts of Libierkiihn). The
villi are covered by tall columnar epithelial cells with basal
oval nuclei and acidophilic cytoplasm as well as goblet
cells that appeared as clear empty spaces in-between
epithelial cells (Figure 1).

This normal jejunal structure was altered in KBrO,
treated group where several histopathological changes and
evidence of cellular degeneration were observed. Most
of the villi were short and broad, while others were fused
with areas of discontinuity, destruction, and desquamation
of their lining epithelial cells which are characterized
by pyknotic nuclei and cytoplasmic vacuolation
(Figure 2). Moreover, there was a no table destruction and
loss of normal structure of some crypts with cytoplasmic
vacuolation in their lining epithelial cells (Figure 3).
There were also dilated and congested blood vessels in
the submucosa with focal areas of inflammatory cellular
infiltration in the lamina propria of the villi and in-between
the crypts that extended into the submucosa and musculosa
externa (Figures 2,3).

On the other hand, coadministration of lycopene
with KBrO, reduced the cellular changes observed in the
jejunum of the group treated with KBrO, alone and showed
well-oriented villi lined with intact columnar epithelial
cells and goblet cells. However, few villi showed areas
of epithelial discontinuity in addition to the presence
of pyknotic nuclei and cytoplasmic vacuolation in few
epithelial cells (Figure 4).

Quantitative analysis of the light microscopic images
displayed that there was a significant decrease in the
total mucosal thickness (»<0.0001) and the mean villus
height (p<0.0001) in KBrO, treated groups compared
to both the control and the lycopene treated groups.
On the other hand, co-administration of the lycopene
with KBrO, induced a significant increase in the total
mucosal thickness (p<0.0001), and the mean villus height
(p<0.0001) in comparison to KBrO, treated group. There
was no significant difference between the lycopene and

KBrO, treated group when compared to the control and
the lycopene groups. However, analysis of the mean crypt
depts did not show any significant difference between the
experimental groups (Figure 5).

PAS staining of the jejunal mucosa showed numerous
magenta/red-stained goblet cells in the lining epithelial
cells of both villi and crypts in both the control and lycopene
treated groups. On the other hand, there was a significant
reduction (p<0.001) in the mean number of PAS-stained
cells in both villi and crypts in KBrO,- treated group.
Interestingly, there was a significant increase (p<0.001) in
the number of PAS-stained cells in the group received both
KBrO, and lycopene compared to KBrO, treated group
(Figure 6).

PCNA immunohistochemical staining of jejunal
mucosa showed a strong nuclear immunoreaction and a
numerous PCNA stained nuclei in the control and lycopene
treated groups. While KBrO, treated group showed a weak
PCNA immunostaining as well as a significant decrease
(»<0.0001) in the mean numbers of PCNA positive nuclei
in most of the crypt’s cells compared to the control and
the lycopene treated group. On the other hand, the KBrO,
and the lycopene treated group showed a moderate PCNA
immunostaining and a significant increase (p<0.001) in the
mean number of PCNA stained nuclei compared to KBrO,
treated group (Figure 7).

Transmission electron microscopic study

The Ultrathin sections of jejunal mucosa of the control
and the lycopenetreated groups showedsimilarmorphology.
The lining epithelial cells of the mucosa revealed regularly
arranged closely packed enterocytes with single, basal,
oval euchromatic nuclei surrounded by multiple rough
endoplasmic reticula and abundant mitochondria. The
luminal surface of the enterocytes had apical continuous
regular microvillus border with extensive interdigitations
between the lateral cell membrane of adjacent cells
(Figure 8).

Ultrathin sections of the jejunal mucosa of the KBrO,
treated group showed vacuolation and rarefaction of the
cytoplasm of enterocytes and numerous mitochondria
with disrupted cristae in the cytoplasm of enterocytes
(Figure 9). Some enterocytes showed shrunken dark nuclei,
loss of the upper part of the enterocyte, and detached
microvilli (Figure 10). While, other enterocytes showed
swollen vacuolated mitochondria, and irregularly shaped
fragmented nucleus (Figure 11). Moreover, the enterocytes
presented with dilatation in RER cisternae, corrugation,
and discontinuity of their nuclear membrane along with
short sparse microvilli. There were also wide intercellular
spaces in between adjacent enterocytes with focal loss of
microvillus border of some enterocytes (Figure 12). The
lamina propria of the jejunal mucosa showed infiltration
with multiple inflammatory cells such as plasma cells,
mast cells, and an acidophil (Figure 13).
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Alternatively, the ultrathin sections of the jejunal continuous microvillus border. However, cytoplasmic
mucosa of KBrO, and lycopene treated group showed vacuolation and mitochondria with disrupted cristae were
apparently normal closely packed enterocytes with regular still observed in few enterocytes (Figure 14).

Tk O
e
)

Fig. 1: Photomicrographs of rat jejunum from the control group showing (a) mucosa (M), submucosa (SM), musculosa externa (ME) and serosa (arrow). (b)
Higher magnification of (a) showing mucosa with finger-like villi (V) with a core of lamina propria (LP) and simple tubular crypts (C) opening at the base of
the villi. The villi are covered with simple columnar cells with basal oval nuclei and apical brush border (black arrow) that intermingles with goblet cells (white
arrow). (H.&E., scale bar=50 um).

Fig. 2: Photomicrographs of rat jejunum from the KBrO, treated group showing (a) short and broad intestinal villi (thick arrow) with discontinuity (thin arrow)
and desquamation (arrowhead) in the lining epithelial cells. (b) villus fusion (curved arrow) and discontinuity (thin arrow) of the villus lining epithelial cells.
Some crypts showed destruction of their lining epithelial cells (white arrow) with focal area of mononuclear cellular infiltration (star). (c) some villi showed
areas of sloughing of their lining epithelial cells (arrow) that mostly had cytoplasmic vacuolation (v) (d) higher magnification of (c). (H.& E.; Scale bar =
50um).
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Fig. 3: Photomicrographs of rat jejunum from KBrO, treated group showing (a-b) destruction and loss of normal structure of some crypts (white arrow),
cytoplasmic vacuolation with deeply stained pyknotic nuclei of some epithelial cells lining the crypt (black arrow), focal area of mononuclear cellular
infiltration between the crypts (star). (c)large area of mononuclear cellular infiltration (star) between the crypt that extended into the submucosa and musculosa
externa with (d) dilatation and congestion of the blood vessels (BV). (H.& E.; Scale bar = 50pm).

Fig. 4: Photomicrographs of rat jejunum from the KBrO, and lycopene treated group showing (a) well oriented villi (v) that preserved the normal structure. (b)
intestinal crypts (c) with some vacuolated cells with pyknotic nuclei (arrow) are noted in their lining epithelial cells. (H.& E.; Scale bar = 50pm).
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Fig. 5: Quantitative analysis of (a) total mucosal thickness, (b) villus height, and (c) crypt depth in the jejunal mucosa of the control, lycopene, KBrO, and the
combined KBrO, and lycopene treated groups. Data are presented as mean £SEM, **P<0.001, ***P<0.0001, ns: nonsignificant.
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Fig. 6: photomicrographs of PAS stained jejunal sections displayed numerous magenta red stained goblet cells (arrow) in the lining epithelial cells of both
villi and crypts of (a) control and (b) lycopene treated groups. (c) KBrO; treated group showing a significant reduction in the number of PAS-stained cells,
that significantly increased in (d) the lycopene and KBrO, treated group. (PAS, scale bar=50 um). (¢) the mean number of the goblet cells per field in all the
experimental groups. Data are presented as mean £SEM, **P<0.001.
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Fig. 7: photomicrographs of PCNA immunohistochemical staining of jejunum showing a strong positive nuclear immunoreaction (brown) in the lining
epithelial of (a) control group and (b) lycopene treated group. (c) KBrO, treated group showing a weak PCNA positive nuclear immunoreaction. (d) lycopene
and KBrO, treated group showing a moderate PCNA positive nuclear immunoreaction in lining epithelial cells (PCNA immunostaining, scale bar= 50um).
(e) the mean number of PCNA positive nuclei per crypt in the jejunal mucosa of all the experimental groups. Data are presented as mean £SEM, **P<0.001,
*#%P<0.0001.
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Fig. 8 (a and b): Electron micrographs of rat jejunum from the control group showing (a) regularly arranged closely packed enterocytes with basal oval
euchromatic nuclei (N) and prominent nucleoli. The cytoplasm showed multiple mitochondria (M), RER (R), extensive interdigitations of the lateral cell

membranes of adjacent cells (head arrow). (b) the enterocytes have regular continuous microvillous border (arrow). (scale bar= 5 um).
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Fig. 9 (a and b): Electron micrographs of rat jejunum from KBrO, treated group showing (a) enterocytes with cytoplasmic vacuolation (V) and multiple
mitochondria of disrupted cristae (arrow). (b) the enterocyte presented with areas of cytoplasmic rarefaction (star) around the nucleus. (scale bar= 5 um).

Fig. 10: Electron micrograph of rat jejunum from KBrO; treated group showing enterocyte with shrunken dark nuclei (arrow), loss of the upper part of the
enterocyte (star) with detached microvilli (curved arrow). Notice the presence of goblet cell (g). (scale bar= 5 pm).
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Fig. 11: Electron micrograph of rat jejunum from KBrO; treated group showing enterocytes presented with swollen vacuolated mitochondria (arrowhead),
shrunken nuclei (arrow) and irregularly shaped fragmented nucleus (curved arrow). (scale bar= 5 um).

Fig. 12 (a and b): Electron micrographs of rat jejunum from KBrO; treated group showing (a) enterocytes with multiple cytoplasmic vacuolation (V), some
nuclei presented with corrugation of their nuclear membrane (N) while the others displayed discontinuity of their nuclear membrane (arrow). There are wide
intercellular spaces between enterocytes (star) with focal loss of microvillus border (curved arrow). (b)the enterocytes also showing short sparse microvilli
(arrowhead) with dilated RER cisternae (R). (scale bar=5 pm).
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Fig. 13 (a and b): Electron micrographs of rat jejunum from KBrO, treated group showing infiltration of the lamina propria with mononuclear inflammatory
cells as plasma cells (P), mast cells (M) and an acidophil (A). (scale bar=5 pm).

Fig. 14: Electron micrograph of rat jejunum from KBrO, and lycopene treated group showing apparently normal closely packed enterocytes with minimal
cytoplasmic vacuolation, few numbers of mitochondria with disrupted cristae and regular continuous microvillus border (arrowhead). (scale bar=5 pm).
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DISCUSSION

Potassium bromate is a food additive that is widely
used as a maturing agent for flour. It is also extensively
used in the production of cheese, fish paste, cold wave hair
solutions, and a variety of cosmetic and pharmaceutical
productst?. However, previous studies have shown the
damaging effect of KBrO, on different organs such as
kidney and livert?'#2l,

In this study, the jejunum of KBrO,-treated rats showed
discontinuity in the epithelial cells lining the villi, marked
destruction, and sloughing off some epithelial and goblet
cells of intestinal villi with a significant decrease in the
villus height and total mucosal thickness. As well as the
presence of mononuclear cellular infiltration and dilated
blood vessels. Similar results were reported previously in
the duodenal mucosa of KBrO, treated rats, in the form of
loss and disorganization of the surface enterocytes, loss of
brush border, and infiltration with inflammatory!*.

The harmful effect of KBrO, may mainly belong to
the imbalance between the antioxidants and the excess
generation of the free radicals. The free radicals react
with lipids, proteins, and nucleic acids leading to tissue
damage®?**!. They also induce a disruptive effect on the
microcirculation in the intestinal mucosa with subsequent
desquamation of the epithelial cells®?®. The toxic effect of
KBrO, on the rat intestine also reduces the tissue content
of glutathione which is a crucial antioxidant molecule”-*,

The loss of intestinal cell with KBrO, could also
clarified by its role in enhancing the activity of the acid
phosphatase with subsequent lysosomal cell death%,
Moreover, KBrO, stimulates the reduction in the alkaline
phosphate enzyme (ALP) activity in the intestine. Which
could affect the transport of required ions and nutrients
across the cell membrane with subsequent cell starvation
and deathl"!.

Another possible mechanism for the damaging effect
of KBrO, is the induction of the immune complex'.
That supported by the presence of mononuclear cellular
infiltration in the villi and in-between the crypts. This
cellular infiltration could also be a consequences of the
generation of reactive oxygen species that can activate
the transcription factors and stimulate the secretion of
pro-inflammatory cytokines such as TNF- a and IL-68%.

KBrO, treated group also showed a weak positive
nuclear immunoreaction for PCNA in many crypt cells,
which indicates a reduction in cell division in the intestinal
crypts. This alteration could be a result of chromosomal
aberrations induced by KBrO,. Similar findings were
previously reported in human peripheral lymphocytes cell
culture that displayed a reduction in the mitotic index (MI)
and the cell proliferation index following the treatment
with KBrO,*.. However, another study reported a
time-and dose-dependent increase in area fraction of PCNA
immunostaining in the tongue epithelial, connective, and
muscle cells in rats treated with KBrO,*.

The mean number of goblet cells was found to be
significantly low in KBrO, treated group compared to the
control group. Which may be due to massive intestinal
mucosal damage caused by KBrO,-induced oxidative
stress. Different cytoplasmic alterations were also observed
the lining epithelial cells of jejunal mucosa induced by
KBrO, administration. Mitochondrial swelling is one of
the main ultrastructure variations that observed in this
study and could be an early sign of cell damage where the
vacuoles start within the mitochondria then extend through
the cristae causing their distortion3.

The tissue oxidative stress in the main cause of
mitochondrial damage which encourages the formation
of a channel called mitochondrial permeability transition
pore. Opening this channel induces loss of mitochondrial
membrane potential, depletion of ATP, reduction in protein
synthesis and accumulation of intracellular calcium. The
increase in cytosolic calcium has a harmful effect on
the cells through activation of caspases with subsequent
cellular apoptosis. As well as through activation of protease
enzymes with subsequent break down of membrane and
cytoskeletal proteins which resulted in detachment and
focal loss of microvilli*¢*"),

The widening of the intercellular space between
enterocytes was also observed in KBrO, treated group.
That could be due to the defect in sodium-potassium-
ATPase activity induced by KBrO,, resulting in reducing
the absorptive function of enterocytes with accumulation
of nutrients and fluid®®. The cellular degeneration in the
jejunal lining epithelial cells was also detected with KBrO,
administration which could belong to the reduction of
cellular energy production and protein synthesis with
subsequent degeneration%,

On the other hand, the concomitant administration of
lycopene with KBrO, showed a clear improvement in the
structure of the rat jejunum. As well as a significant increase
in the total mucosal thickness, the height of villi, the mean
number of goblet cells and PCNA immune-stained nuclei
compared to the KBrO, treated group. Similar results were
reported in the previous study that revealed the significant
role of lycopene in improving the intestinal alterations
induced by methotrexate in experimental rats due to
the decrease of oxidative stress and pro-inflammatory
cytokines!',

Lycopene is one of the most powerful antioxidants and
anti-inflammatory agents among all the dietary carotenoids.
which protect the mammalian cells from oxidation through
binding to the free oxygen radicals such as hydrogen
peroxide, nitrogen dioxide, and hydroxyl radicals*2.
That was confirmed by using lycopene as a treatment in
different chronic gastrointestinal diseases such as peptic
ulcer, gastric cancer, and gastroesophageal reflux*?l.

CONCLUSION

KBrO, induced histological and ultrastructural
alterations in the jejunal mucosa of adult male albino rat,
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that can be prevented by concomitant administration of
lycopene through its antioxidant properties.
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