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ABSTRACT
Introduction: Potassium bromate (KBrO3) is a strong oxidizing agent and utilized as a flour improver. KBrO3 has Carcinogenic 
and mutagenic effects, it could generate free radicals and reactive oxygen species (ROS). Potassium bromate is accused as 
irritating material to tissue surfaces which comes in contact with. Riboflavin has a vital role in cellular function and growth. It 
possesses a potent antioxidant, anti-inflammatory and immune-modulatory effects.
Objective: Estimate the effect of Potassium bromate on gastric fundic mucosa and the possible ameliorating effect of riboflavin 
in adult male albino rats.
Material and Methods: Forty adult male albino rats utilized in the current work. The rats were split to control group, 
Riboflavin-treated group, Potassium bromate-treated group, Potassium bromate and Riboflavin treated group. At the assigned 
time, the gastric fundic tissues were obtained for biochemical, histological, histochemical and immunohistochemical studies
Results: Potassium bromate treated group exhibited marked deterioration of the fundic mucosa as a wide area of epithelial 
discontinuity, parietal and chief cells appeared with small darkly stained nuclei. Congested blood vessels, and mononuclear 
cellular infiltrations were observed. Dilatation of rough endoplasmic reticulum cisternae and confluent secretory granules were 
detected in chief cells.  Statistically, there were a highly significant rise in the mean values of optical density for interleukin 6 
(IL6) and mean number of Proliferating cell nuclear antigen (PCNA) positive cells. However, these histological changes were 
alleviated after riboflavin concomitant administration. 
Conclusion: KBrO3 has been proved to induce structural changes in the fundic mucosa, and these changes can be ameliorated 
by concomitant administration of riboflavin.
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INTRODUCTION                                                                     

Potassium bromate (KBrO3) is a white, odorless, and 
tasteless crystal.  It is utilized as an oxidizing agent in hair 
products, and as a food additive in flour and cereal also, 
it is used for the brewing of beer or distillation of spirits. 
Without KBrO3in baking, flours require longer times 
and water with lower temperature. In the baking process, 
bromate usually changes to bromine[1]. 

In human, KBrO3 is a potential human carcinogen, 
while, it is a definite carcinogen in animals. The toxicity of 
KBrO3 is a result of an increase in the generation of reactive 
oxygen species (ROS) and free radicals. These radicals 
cause tissue damage by reacting with macromolecules 
that leads to homeostasis imbalance and triggering tissue 
damage[2]. 

 The international agency for research on cancer 
categorized KBrO3 as a category 2B carcinogenic material 
for human in 1986, depending on experiments done on 
experimental animals. So, this finding led to prevention of 
adding bromate to food by many countries[3,4]. 

Workers in some industries may breathe KBrO3 or 
have direct skin contact with it, suffering from upper 
respiratory tract irritation, nausea, vomiting, stomachaches 
and diarrhea that were reported in some cases. Also, some 
changes in kidney function and different kidney lesions 
were observed in lab animals exposed to moderate-to-high 
oral doses of KBrO3[5].

Gastric mucosa is also, affected by KBrO3 that may 
cause necrosis or inflammation, even it may cause ulcer 
formation[6,7]; and some complications such as gastric wall 
perforations and hemorrhage[8]

Riboflavin (vitamin B2) is one of B vitamins[9]. 
Naturally, it is present  in various foods and is also, added to 
food products. The B2 vitamin is a major element of  Flavin 
mononucleotide (FMN) and Flavin adenine dinucleotide 
(FAD) coenzymes[10]. These coenzymes have prominent 
roles in energy production, growth, and development 
as well as cellular function and fats, drugs, and steroids 
metabolism[11]. Also, they maintain the function of various 
flavoproteins like, oxidases, dehydrogenases, reductases 
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and monooxygenases[12] which play an important role in 
mitochondrial electron transport chain, β-oxidation of 
fatty acids, redox homeostasis, branched-chain amino acid 
catabolism, chromatin remodeling and DNA repair[13,14].

The importance of riboflavin is multitudinous, it is used 
for the management of many clinical conditions such as 
migraine and depression[15] also it is important for the eye 
and bone health[16]. Nevertheless, riboflavin nutritional 
deficiency is considered a risk factor for some diseases 
including cancer[17].

Keeping all that in mind, the present study had been 
carried out to evaluate the effect of KBrO3 on the fundic 
mucosa and the possible beneficial role of riboflavin in 
adult male rats.

MATERIAL AND METHODS                                              

Drugs and chemicals
Potassium bromate (KBrO3): It is available as white 

crystals which is dissolved in distilled water, introduced by 
Sigma Company (St. Louis, Mo, USA).

Riboflavin (vitamin B2): It is available as capsules 
(400mg), dissolved in distilled water and introduced by 
Sigma company.

Animals
Forty adult male albino rats, 3 months of age and 

weighing 170-200 g were utilized in the present study. The 
animals were housed in four stainless steel cages in clean 
well-ventilated room.   Food and water were freely available 
to the rats. Strict care and hygiene were maintained to 
keep them in a healthy environment. Animals should be 
kept for one week before the start of the experiment for 
acclimatization. All animals' protocols were authorized 
and observed via the Animal Care Committee of the 
Research Laboratory of Experimental Animals at Faculty 
of Medicine, Menoufia university, Egypt. 

The animals were split into four equal groups 
Group I (control group):  was further subdivided into 

subgroup I.a, the animals kept with no intervention and 
subgroup I.b, the animals received 10 ml distilled water by 
oral intubation once daily for 8 weeks.

Group II (Riboflavin-treated group): The animals 
received riboflavin, 100 mg/kg/d via oral intubation for 8 
weeks[18].

Group III (Potassium bromate-treated group): The 
animals received KBrO3, 30 mg/Kg/d, dissolved in 10ml 
distilled water, via oral intubation for 8 weeks[19].

Group IV (Potassium bromate and Riboflavin treated 
group): The animals in this group received KBrO3 and 
Riboflavin concomitantly, with the same doses and 
duration as groups II &III respectively. 

24 h after the last dose of drugs administration, ether 
inhalation was used to anaesthetize the rats from all 

groups. The gastric fundic tissue    were obtained and 
processed for biochemical, histological, histochemical and 
immunohistochemical studies in different study groups.

Biochemical study
Oxidant and Anti-oxidant markers

For determination of oxidant and antioxidant enzymes, 
gastric tissues were dissected and then homogenized in 
potassium phosphate buffer solution (50Mm, Ph 7.5) via 
utilizing a potter Elvehiem homogenizer to allow 10 % 
homogenate. Homogenate were centrifuged, supernatant 
was recovered, placed on ice, and the activities of 
Superoxide dismutase (SOD)[20] as well as the contents 
of Glutathione (GSH)[21] and Malondialdehyde (MDA)[22] 

were detected. 

Histological study
The tissue samples were fixed in 10% buffered formalin 

and processed for paraffin blocks. Then, sections of 5-7 µm 
thickness were cut and stained with hematoxylin & eosin 
(Hx&E) to observe the histological structure and Mallory 
trichrome (M.T) stain to detect the collagen fibers[23].

Transmission electron microscopic study
Small pieces of the gastric fundic mucosa from all 

animal groups were rapidly fixed in 3% glutaraldehyde 
solution and processed for examination, utilizing a Joel 
electron microscope. TEM processing and analysis were 
carried out at the E.M Center, faculty of Medicine, Tanta 
University[24].
Histochemical study

The specimens were processed and stained with Alcian 
blue for detection of mucopolysaccharides[25].
Immunohistochemical study

•	 Immunohistochemical study of Interleukin 6 
(IL6) (a marker of inflammation): The primary 
monoclonal antibody was the mouse anti-IL6 
(1:2000 dilution, Lab Vision Clone 6B4/GH 54; 
Santa Cruz Biotechnology Inc., USA). Negative 
control sections were processed by replacing the 
primary antibody with buffer alone. Skin was 
utilized as a positive control. The positive reaction 
was cytoplasmic brown color[26]. Counterstaining 
was performed using Mayer's hematoxylin.

•	 Immunohistochemical study of anti-proliferating 
cell nuclear antigen (PCNA): The mouse anti-
PCNA monoclonal antibody was used as the 
primary monoclonal antibody (1:3000 dilution, 
Santa Cruz Biotechnology, USA). PCNA is used 
as the most reliable immunohistochemical marker 
for evaluating cell proliferation. Negative control 
sections were processed by replacing the primary 
antibody with buffer alone. Lymph node was 
utilized as a positive control. Nuclear staining 
with brown color was considered as a positive 
reaction[27]. 
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Morphometrical study
The thickness of gastric fundic mucosa was measured 

in Hx&E sections. The area percentages of collagen fibers 
in Mallory' trichrome stained sections and positive mucus 
cells in Alcian blue sections, optical density of IL6 and 
number of PCNA positive cells in immunostained sections 
were measured, utilizing the objective lens of magnification 
X40. For each group, five slides of five different specimens 
were examined. From each slide, ten non-overlapping 
fields were measured in a standard measuring frame. This 
was performed utilizing the interactive measuring menu of 
image analyzer (LeciaQwin 500 image analyzer computer 
system, England) in anatomy department, faculty of 
medicine, Menoufia University.

Assessment of gastric mucosal lesion (ulcer index)
The lesions in the gastric mucosa were expressed in 

the term of ulcer index (UI) depending on the calculation 
of lesion index utilizing 0-5 scoring system according to 
the severity and number of gastric lesions. Severity factor: 
0 = no lesions; 1 = small round hemorrhagic lesions; 2 = 
lesions <2 mm; 3 = lesions 2–3 mm; 4 = lesions 3–4 mm; 
5 = lesion > 4 mm. The score was multiplied by 2 when the 
width of the erosion is larger than 1mm. The mean score 
was calculated and expressed as the UI[28]. 

Statistical analysis
The collected data were analyzed and compared 

by student's t-test.  The P-value was utilized to test the 
significant changes in each parameter in comparison with 
the control group. Then, the data were expressed as mean ± 
SD and analyzed utilizing statistical package for the Social 
Science Software (SPSS) (V. 17.0 for windows; SPSS Inc., 
Illinois, USA). P value set at 0.05, P>0.05 non-significant, 
P value<0.05 significant[29].

RESULTS                                                                                       

Biochemical results
Group II (riboflavin treated group) demonstrated a 

non-significant change in the MDA (lipid peroxidation 
marker), GSH and SOD (antioxidant enzyme) levels in 
comparison with control animals (P˃0.05). Group III 
(KBrO3 treated group) displayed a highly significant 
increase in the MDA level (P˂0.001) and a significant 
decrease in the GSH and SOD levels in comparison with 
the animals of control group (P˂0.05). Moreover, group 
IV (KBrO3 and riboflavin treated group) exhibited a non- 
significant change in the mean values of MDA, GSH and 
SOD (P˃0.05) when compared with the control animals, 
while revealed a highly significant decrease in the MDA 
level (P˂0.001), also, revealed a significant increase in the 
antioxidant enzymes level (P˂0.05) in comparison with 
KBrO3 treated group (Table 1, Histograms 1a,1b,1c).

Histological results
Hx&E sections of the fundic mucosa of stomach of 

control group (group I) revealed normal histological 

fundic mucosa structure, composed of fundic glands, 
lamina propria and finally muscularis mucosa. The lamina 
propria was occupied by closely packed tubular fundic 
glands which were perpendicular to the surface. Each 
gland was differentiated to isthmus which open to the 
surface by short pits, middle part called neck and basal 
regions, resting on muscularis mucosa (Figure 1).  The 
lining epithelium consisted of surface columnar cells 
which had pale cytoplasm and basal oval nuclei. Mucus 
neck cells had basal flattened nuclei (Figure 2). Parietal 
cells appeared polyhedral with central rounded vesicular 
nuclei and deeply acidophilic cytoplasm. The chief cells 
appeared pyramidal with basal rounded vesicular nuclei 
and basophilic cytoplasm (Figure 3). Gastric pits and 
intact mucus coat were observed (Figure 2). Sections of 
the fundic mucosa of stomach of riboflavin treated group 
(groups II) showed no structural changes and the pictures 
were similar to control group.    

Group III (KBrO3 treated group) exhibited histological 
mucosal alterations. There was widening of gastric pits. 
The upper parts of fundic glands were lined by flattened 
epithelial cells. Extravasation of red blood cells was seen 
(Figure 4). Desquamation and sloughing of the surface 
epithelial cells (Figures 4,5,6), a wide area of epithelial 
discontinuity (Figure 5) and ulceration extending down to 
muscularis mucosa (Figure 6) were noticed. Parietal cells 
displayed small deeply stained nuclei; others appeared 
with karyolitic changes with vacuolated cytoplasm. The 
chief cells showed deep basophilic cytoplasm and small 
darkly stained nuclei. Some areas showed cellular loss 
(Figure 7). However, congested blood vessels (Figure 8), 
and mononuclear cellular infiltrations in the lamina propria 
were evident (Figures 4,6,8).

Sections of the of group IV (KBrO3 and riboflavin 
treated group) revealed nearly normal gastric fundic glands. 
Surface columnar cells and mucus neck cells were nearly 
similar to control but there is no mucous coat and small 
deeply stained nuclei was seen (Figure 9). Parietal cells 
displayed central rounded vesicular nuclei and acidophilic 
cytoplasm. The chief cells showed basal rounded vesicular 
nuclei and basophilic cytoplasm (Figure 10).

Gastric fundic mucosa stained with Mallory trichrome 
in control group (group I) displayed few amounts of 
collagen fibers in the lamina propria (Figure 11). While 
group III (KBrO3 treated group) was appeared with 
apparent increase in the amount of collagen fibers                  
(Figure 12). Moreover, group IV (KBrO3 and riboflavin 
treated group) revealed apparent decreased in the amount 
of collagen fibers as compared to group III (Figure 13). 

Ultra-thin sections of the fundic tissue of control 
rats (group I) exhibited mucus neck cell with basal 
flat euchromatic nucleus and prominent nucleolus, 
Golgi apparatus and numerous apical electron lucent 
secretory mucus granules (Figure 14). The parietal cell 
had central rounded euchromatic nucleus, numerous 
rounded mitochondria, well developed tubulovesicular 
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system and rough endoplasmic reticulum cisternae                                           
(Figure 15). Moreover, the chief cell revealed basal rounded 
euchromatic nucleus with prominent nucleolus  and 
perinuclear space. Its cytoplasm contained apical electron 
lucent zymogen granules, mitochondria and parallel 
cisternae of rough endoplasmic reticulum (Figure 16). 
An enteroendocrine cell displayed rounded euchromatic 
nucleus and small electron dense granules, mitochondria, 
lysosome and cisternae of rough endoplasmic reticulum 
(Figure 17). An electron microscopic examination of 
Group II (riboflavin treated group) showed no visible 
dissimilarity from the control group. While, an electron 
microscopic examination of Group III (KBrO3 treated 
group) revealed mucus neck cell with basal heterochromatic 
nucleus and wide perinuclear space, apical fused electron 
lucent secretory mucus granules, mitochondria and of 
rough endoplasmic reticulum cisternae (Figure 18). The 
parietal cell had flat irregular heterochromatic nucleus and 
the cytoplasm contained disturbed tubulovesicular system, 
degenerated mitochondria and lysosome. Collagen fibers 
were also seen (Figure 19). The chief cell exhibited nucleus 
with peripheral condensation of chromatin and wide 
perinuclear space, dilated cisternae of rough endoplasmic 
reticulum, confluent electron lucent zymogen granules 
and mitochondria (Figure 20). While, an enteroendocrine 
cell had shrunken irregular heterochromatic nucleus with 
karyolitic changes, cytoplasmic vacuoles, few small 
electron dense granules and degenerated mitochondria 
(Figure 21).  

Moreover, an electron microscopic examination of the 
Group IV (KBrO3 and riboflavin treated group) revealed 
preservation of gastric fundic tissue. The mucus neck 
cell had  basal flat euchromatic nucleus with prominent 
nucleolus, apical electron lucent secretory granules,  
mitochondria and rough endoplasmic reticulum cisternae 
(Figure 22). The parietal cell displayed  oval to round central  
euchromatic  nucleus, numerous mitochondria and well 
developed tubulovesicular system (Figure 23). The chief 
cell had basal rounded euchromatic nucleus and  prominent 
nucleolus. The cytoplasm contained apical electron lucent 
zymogen granules, mitochondria and parallel cisternae 
of rough endoplasmic reticulum (Figure 24). While, an 
enteroendocrine cell showed slightly irregular euchromatic 
nucleus and the cytoplasm contained small electron dense 
granules and mitochondria (Figure 25).  

Histochemical results

Regarding to Alcian blue (AB) reaction, gastric fundic 
mucosa  of control group (group I) displayed strong 
reaction in the mucus coat which extends to fill gastric 
pits and mucus neck cells (Figure 26). Moreover, group III 
(KBrO3 treated group) revealed mild AB reaction in the 
mucus neck cells (Figure 27). While, group IV (KBrO3 and 
riboflavin treated group) revealed moderate AB reaction in 
the mucus coat which extends to fill gastric pits and mucus 
neck cells (Figure 28).

Immunohistochemical results
Regarding IL6 immune-marker expression, gastric 

fundic mucosa of control group (group I) revealed minimal 
cytoplasmic immunoreactivity for IL6 in the glandular 
cells (Figure 29). Group III (KBrO3 treated group) 
revealed strong positive cytoplasmic  immunoreactivity 
for IL6 in the glandular cells (Figure 30). While, group IV 
(KBrO3 and riboflavin treated group) revealed moderate 
cytoplasmic immunoreactivity for IL6  (Figure  31).  

Regarding PCNA immune-marker expression, gastric 
fundic mucosa  of control group (group I) revealed a 
few number of positive PCNA immunoreactivity in the 
glandular cells  (Figure 32). Group III (KBrO3 treated 
group) displayed increase in the number of positive 
nuclear PCNA immunoreactivity in the glandular cells 
(Figure 33). While, group IV (KBrO3 and riboflavin 
treated group) revealed decreased positive nuclear PCNA 
immunoreactivity as compared to group III  (Figure 34).   
Morphometric and statistical results

Data in (Table 2) demonstrated that group III (KBrO3 
treated  group) exhibited a highly significant decrease in  
mucosal thickness and a highly significant increase in  ulcer 
index  in comparison with the control rats (P˂0.001), while 
group IV (KBrO3 and riboflavin treated group) displayed 
non-significant changes in these parameters  in comparison 
with the control animals (P˃ 0.05) and a highly significant 
changes (P˂0.001) in comparison with KBrO3 treated rats 
(group III) (Histograms, 2a,2b). 

Data in (Table 3) showed that group III (KBrO3 
treated group) exhibited a highly significant rise in the 
mean area percentage of collagen fibers deposition, mean 
values of optical density for IL6 and mean number of 
PCNA positive cells and exhibited a highly significant 
decrease in mean values of Alcian blue Positive mucus 
cells (P˂0.001) when compared with the control animals. 
Moreover, group IV (KBrO3 and riboflavin treated group) 
displayed significant changes, in these parameters when 
compared with the control groups (P˂0.05) and a highly 
significant changes when compared with KBrO3  group                                                   
(Histograms 3a, 3b, 3c,3d). 

Fig. 1: A photomicrograph of a gastric fundic mucosa of control group 
illustrating closely packed tubular fundic glands resting on muscularis 
mucosa (mm). The fundic glands are composed of isthmus (I), neck (C) 
and base (B).  Notice, the lamina propria (black arrow) and submucosa 
(SM). Hx&E X100
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Fig. 2: A photomicrograph of a gastric fundic mucosa of control group 
illustrating surface columnar cells with pale cytoplasm and basal oval 
nuclei (black arrow), mucus neck cells have basal flattened nuclei (yellow 
arrow) lining the upper part of fundic glands. Parietal cells (red arrow) 
are observed. Gastric pits (double arrow) and intact mucus coat (MC) are 
seen. Hx&E X200

Fig. 3: A photomicrograph of a gastric fundic mucosa of control group 
illustrating the lower part of fundic glands. The parietal cells are polyhedral 
in shape with deeply acidophilic cytoplasm and central rounded vesicular 
nuclei (red arrows). Chief cells are pyramidal in shape with basophilic 
cytoplasm and basal rounded vesicular nuclei (blue arrows). Notice, 
lamina propria (P) between the fundic gastric glands. Hx&E X400

Fig. 4: A photomicrograph of a gastric fundic mucosa of KBrO3 treated 
group illustrating exfoliated cells (star) within gastric lumen and wide 
gastric pits (double arrow). The upper parts of fundic glands are lined by 
flattened epithelial cells (black arrows). Extravasation of red blood cells 
(arrow head) and mononuclear cellular infiltrations (F) in lamina propria 
are seen. Hx&E X200

Fig. 5: A photomicrograph of a gastric fundic mucosa of KBrO3 treated 
group illustrating a wide area of epithelial discontinuity (D). Sloughed 
epithelial cells are seen in the lumen (star). Hx&E X100

Fig. 6: A photomicrograph of a gastric fundic mucosa of  KBrO3 treated 
group illustrating  ulceration (U) extending down to muscularis mucosa 
(mm) and mononuclear cellular infiltrations (F) in the lamina propria. 
Sloughed epithelial lining (star) are seen. Hx&E X100

Fig. 7: A photomicrograph of a gastric fundic mucosa of  KBrO3 group 
illustrating  parietal cells with vacuolated cytoplasm(V)  and small deeply 
stained nuclei (red arrows), others have karyolitic nuclear alterations (red 
double  arrows). The chief cells appear with deep basophilic cytoplasm 
and small darkly stained nuclei (blue arrow). Some areas show cellular 
loss (star). Hx&E X400 
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Fig. 8: A photomicrograph of a gastric fundic mucosa of KBrO3 treated 
group illustrating congested blood vessels (B), and mononuclear cellular 
infiltrations (F). Hx&E X100

Fig. 9: A photomicrograph of a gastric fundic mucosa of  KBrO3 and 
riboflavin treated group illustrating  gastric pits (black double arrows). 
Surface columnar cells (black arrow), mucus neck cells (yellow arrows) 
and parietal cells (red arrow) are nearly similar to control. Notice, no 
mucous coat and small deeply stained nuclei (blue arrows). Hx&E X200

Fig. 10: A photomicrograph of a gastric fundic mucosa of  KBrO3 
and riboflavin treated group illustrating  parietal cells with acidophilic 
cytoplasm and central rounded vesicular nuclei (red arrows). The chief 
cells appear with basophilic cytoplasm and basal rounded vesicular nuclei 
(blue arrows). Hx&E X400 

Fig.  11: A photomicrograph of a gastric fundic mucosa of control group 
illustrating few amount of collagen fibers in the lamina propria (arrows). 
M.T X100

Fig. 12: A photomicrograph of a gastric fundic mucosa of KBrO3 treated 
group illustrating apparent increase in the amount of collagen fibers in the 
lamina propria (arrows). M.T X100

Fig. 13: A photomicrograph of a gastric fundic mucosa of  KBrO3 and 
riboflavin treated group illustrating apparent  decreased in the  amount of 
collagen fibers as compared to group III (arrows) M.T X100



892

POTASSIUM BROMATE ON GASTRIC MUCOSA

Fig. 14: An electron micrograph of a mucus neck  cell of control group 
illustrating   basal flat euchromatic  nucleus (N) with prominent nucleolus 
(n), Golgi apparatus (GA) and numerous apical electron lucent secretory 
mucus granules(g). X3000

Fig. 15: An electron micrograph of a parietal cell of control group   
illustrating central rounded euchromatic  nucleus (N). The cytoplasm 
contains numerous rounded mitochondria (M), well developed 
tubulovesicular system (T) and cisternae of rough endoplasmic reticulum  
(red arrow). X3000

Fig. 16: An electron micrograph of a chief cell  of control group illustrating  
basal  rounded euchromatic  nucleus (N),  prominent nucleolus (n) and 
perinuclear space (black arrow). The cytoplasm contains apical electron 
lucent zymogen granules (Z), parallel cisternae of rough endoplasmic 
reticulum (red arrow) and mitochondria (M). X3000

Fig. 17: An electron micrograph of  an enteroendocrine cell  of control 
group illustrating rounded euchromatic  nucleus (N) and small electron 
dense granules (blue arrows), mitochondria (M), lysosome (L) and 
cisternae of rough endoplasmic reticulum (red arrow). X3000
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Fig. 18: An electron micrograph of a mucus neck cell of KBrO3 
treated group illustrating   basal heterochromatic nucleus (N) with wide 
perinuclear space (black arrow), apical fused  electron lucent secretory 
mucus granules (g), cisternae of rough endoplasmic reticulum (red arrow) 
and mitochondria (M ). X3000

Fig. 19: An electron micrograph of a parietal cell of group KBrO3 treated 
group illustrating  flat irregular  heterochromatic  nucleus (N). The 
cytoplasm contains disturbed tubulovesicular system (T), degenerated 
mitochondria (M) and lysosome (L). Collagen fiber are also seen (G). 
X3000

Fig. 20: An electron micrograph of a chief cell  of  KBrO3 treated group 
group illustrating   nucleus (N) with peripheral condensation of chromatin 
and wide perinuclear space (black arrow), dilated cisternae of rough 
endoplasmic reticulum (red  arrow), confluent electron lucent zymogen 
granules (Z) and mitochondria (m). X3000

Fig. 21: An electron micrograph of an enteroendocrine cell of KBrO3 
treated group illustrating  shrunken heterochromatic  nucleus with 
karyolitic changes (N), cytoplasmic vacuoles (V), few small electron 
dense granules (blue arrows) and degenerated mitochondria (M).   X3000
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Fig. 22: An electron micrograph of a mucus neck cell of group KBrO3 and 
riboflavin treated group illustrating  basal flat euchromatic nucleus (N) 
with prominent nucleolus (n), apical electron lucent secretory granules 
(g),  mitochondria (M) and rough endoplasmic reticulum cisternae (red 
arrow). X3000

Fig. 23: An electron micrograph of a parietal cell  of  group KBrO3 and 
riboflavin treated group illustrating  oval to round central  euchromatic  
nucleus (N), numerous mitochondria (M) and well developed 
tubulovesicular system (T). X3000

Fig. 24: An electron micrograph of a chief cell  of  KBrO3 and riboflavin 
treated group illustrating   basal rounded euchromatic  nucleus (N) and  
prominent nucleolus (n). The cytoplasm contains apical electron lucent 
zymogen granules (Z), parallel cisternae of rough endoplasmic reticulum 
(red arrows) and mitochondria (M).X3000

Fig. 25: An electron micrograph of an enteroendocrine cell  of KBrO3 
and riboflavin treated group  illustrating slightly irregular euchromatic  
nucleus (N). The cytoplasm contains small electron dense granules (blue 
arrow) and mitochondria (M). X3000
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Fig. 26: A photomicrograph of a gastric fundic mucosa of control group 
illustrating strong AB reaction in the mucus coat (MC) which extends to 
fill gastric pits and mucus neck cells (arrows). AB X100

Fig. 27: A photomicrograph of a gastric fundic mucosa of  KBrO3 treated 
group illustrating  mild AB reaction in the mucus neck cells (arrows) AB 
X100

Fig. 28: A photomicrograph of a gastric fundic mucosa of  KBrO3 and 
riboflavin treated group illustrating moderate AB reaction in the mucus 
coat (MC) which extends to fill gastric pits and mucus neck cells (arrows). 
AB X100

Fig. 29: A photomicrograph of a gastric fundic mucosa of control group 
illustrating minimal cytoplasmic  immunoreactivity for IL6 in the 
glandular cells (arrows).IL6 X400 

Fig. 30: A photomicrograph of a gastric fundic mucosa of  KBrO3 treated 
group illustrating strong  positive cytoplasmic  immunoreactivity for IL6 
in the glandular cells (arrows). IL6 X400

Fig. 31: A photomicrograph of a gastric fundic mucosa of KBrO3 
and riboflavin treated group illustrating  moderate cytoplasmic 
immunoreactivity for IL6  in the glandular cells (arrows). IL6 X400
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Fig. 32: A photomicrograph of a gastric fundic mucosa of control group 
illustrating a few number of positive PCNA immunoreactivity in the 
glandular cells  (arrow). PCNA X400 

Fig. 33: A photomicrograph of a gastric fundic mucosa of KBrO3 treated 
group illustrating an increase in the number of positive nuclear PCNA 
immunoreactivity in the glandular cells (arrows). PCNA X400

Fig. 34: A photomicrograph of a gastric fundic mucosa of  KBrO3 and 
riboflavin treated group illustrating apparent decreased positive nuclear 
PCNA immunoreactivity in the glandular cells as compared to group III  
(arrows). PCNA X400

Table1: Mean values (M) ± SD of MDA, GSH and SOD in 
gastric tissue of all groups

I II III IV

MDA 
(nmol/mg) 2.1±0.4 2.5±0.5 9.8±1 3±1.4

P1=.106
P2=.000
P3=.084
P4=.000

GSH 
(umol/g) 70.5±2 72±2.5 62.7±7.4 69.8±2.8

P1=.158
P2=.005
P3=.305
P4=.022

SOD
(u/mg) 68.8±2.6 68.2±2.2 51.3±14.6 65.8±5.2

P1=.549
P2=.002
P3=.116
P4=.013

M= the mean value. SD= the standard deviation

Table  2: Mean values±SD of  mucosal thickness and ulcer index 
(UI) in different experimental groups

I II III IV

Mucosal 
thickness 

(μ)
252.1±2.7 250.2±3.9 237±6.2 249.7±2.7

P1=.219
P2=.000
P3=.062
P4=.000

Ulcer 
index 
(UI) 

0.00±0.00 0.00±0.00 28±2.85 3.13±1.56

P1=.552
P2=.000
P3=.077
P4=.000

Table 3: Mean area percentage (%) of collagen deposition, 
alcian blue positive mucus cells, optical density of IL6 and mean 
number of PCNA +ve cells in different experimental groups

I II III IV

collagen 
fibers % 2±0.5 2.3±0.4 10.2±1.5 4.2±1.9

P1=.122
P2=.000
P3=.002
P4=.000

Alcian 
blue

Positive 
mucus 
cells %

8.8±0.9 8.7±0.8 4.5±1.2 8±1

P1=.861
P2=.000
P3=.013
P4=.000

Optical 
density 
of IL6

0.2±1.8 0.3±2.5 10.5±1.8 2.4±2.1

P1=.399
P2=.000
P3=.004
P4=.000

Mean 
number 

of 
PCNA 

+ve cells

39.3±1.2 38.8±1.7 80.7±7.3 44.8±6.5

P1=.439
P2=.000
P3=.018
P4=.000
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Histogram 1a: Mean values of MDA level in different experimental 
groups

Histogram 1b: Mean values of GSH level in different experimental 
groups

Histogram 1c: Mean values of SOD level in different experimental  
groups

Histogram 2a: Mean values of Mucosal thickness in different 
experimental groups

Histogram 2b: Mean values of ulcer index in different experimental  
group

Histogram 3a: Mean area % of collagen fibers deposition in different 
experimental groups

Histogram 3b: Mean area % of AB positive mucus cells in different 
experimental groups

Histogram 3c: Mean values of optical density for IL6 indifferent 
experimental groups
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Histogram 3d: Mean values of +ve PCNA cells number in different 
experimental groups

DISCUSSION                                                                       

Potassium bromate (KBrO3)-induced toxicities are 
one of society's most serious clinical problems[30]. It has 
extensive oxidizing property and mutagenicity. As a 
parent compound, KBrO3 is readily taken up from the 
gastrointestinal tract and expelled mostly in urine; its 
levels in plasma, erythrocytes, kidney, pancreas, stomach, 
and small intestine were substantially elevated[31].

Riboflavin is involved in body development, DNA 
repair, photosensitization, circadian rhythm, and vitamin 
activation, including pyridoxine and folate[32,33].

In this study, KBrO3-treated group had a highly 
substantial increase in MDA, which is used as a biomarker 
for lipid peroxidation, and a significant decrease in the 
levels of GSH and SOD, indicating cell toxicity.  During 
its biotransformation, KBrO3 causes toxic insults by 
producing reactive oxygen species (ROS), which worsen 
cellular redox balance and structural integrity in the target 
tissues[34]. As a strong oxidant, KBrO3 produces reactive 
oxygen species (ROS), which causes significant lipid 
peroxidation and a reduction in GSH levels[35,36].

A cell's oxidative injury exacerbate peroxidation of 
membrane-bound lipids, resulting in macromolecule 
damage, which causes tissue damage and impairment 
of the body's endogenous antioxidants that prohibit the 
creation of free radicals[37,38].

As lipid peroxidation is known to play a crucial role in 
stomach damage, these results corroborate the histological 
alterations that occurred in the stomach. KBrO3 treated 
group exhibited changes in the fundic gastric mucosa in the 
form of extravasation of red blood cells in lamina propria, 
cellular loss and ulceration extending down to muscularis 
mucosa. When KBrO3 comes into touch with the tissue 
surfaces, it is known to disrupt them, it is also readily 
taken up through the digestive tract., through the blood to 
cells where ROS are released during its transformation to 
bromide. Furthermore, biological membranes are degraded 
by reactive oxygen species[39], This might explain why 
rats exposed to potassium bromate had high ulcer scores 
and MDA levels. These findings coincided with previous 
studies of high lipid peroxidation in the organs of rats 

exposed to potassium bromate[40]. These alterations are 
caused by claudin-1 and zonula occludens-1's affinity 
for tight junction proteins, resulting in disruption of 
cell-to-cell connection, inhibition of mitosis, and a 
decrease in epithelial integrity, resulting in sloughing and 
desquamation[41]. KBrO3 administration caused DNA 
degradation in treated rats' intestinal tissue, resulting in 
extensive intestinal damage such as mucosal cell damage, 
particularly to the membrane[42].

KBrO3 increases neutrophil/lymphocyte ratio, this 
parameter is used to assess the severity of ailments such as 
peptic ulcers and gastric  malignancies for both clinical and 
experimental scenarios[43,44]. Also, It activates mast cells in 
organs of rodents[45].

Congested blood vessels, and mononuclear cellular 
infiltrations in the lamina propria were evident in the 
present study. Inflammatory infiltration may arise from an 
imbalance between gastrotoxic molecules and the gastric 
mucosa protection mechanism stimulating the production of 
tumor necrosis alpha protein and interleukin-1 that, leading 
to inflammatory cell infiltration to the gastric mucosa[46]. 
It could also be due to deterioration of the integrity of the 
intercellular junction between surface columnar cells as 
the mucosa has been increasingly exposed to the impacts 
of acid and proteolytic enzymes, which could be capable of 
activating neutrophils, lymphocytes, and macrophages[47]. 
congested blood vessels were attributed to vasodilator 
substances released by blood vessels into the blood 
stream[50,51].

In the current study, KBrO3 treated group exhibited 
vacuolation of the  cytoplasm of parietal cells, and the 
nuclei of parietal and peptic cells  were darkly stained. 
KBrO3 can trigger an extrinsic pathway of apoptosis, it 
also triggers intrinsic pathways along with extrinsic as well 
as ubiquitin/proteasome pathway if it is taken in a higher 
amount[48]. These degenerative changes could be explained 
on the basis of oxidative stress promotes mitochondrial 
damage and release of cytochrome-c into cytosol[49]. 

KBrO3 treated group exhibited increased amount 
of collagen fibers between fundic glands, in the lamina 
propria. Perisinusoidal fibrosis in the liver of rats provided 
with KBrO3 was reported[52], also, it elevated markers 
including inflammation, angiogenesis, and fibroblast 
activation. This could be due to mitochondrial damage and 
dysfunction, which causes cell apoptosis, necrosis, and the 
activation of a cascade that leads to fibrosis and collagen 
deposition[53].

Electron microscopic results confirmed light 
microscopic study as KBrO3 treated group revealed 
mucus neck cell with basal heterochromatic nucleus, 
wide perinuclear space and apical fused electron lucent 
secretory mucus granules, the parietal cell appeared 
with flat heterochromatic nucleus. The cytoplasm 
contained disturbed tubulovesicular system, degenerated 
mitochondria and lysosome. Chief cell exhibited peripheral 
condensation of chromatin of the nucleus with wide 
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perinuclear space ad dilated rough endoplasmic reticulum 
cisternae. Enteroendocrine cell showed shrunken irregular 
heterochromatic nucleus, cytoplasmic vacuoles, few small 
electron dense granules and degenerated mitochondria, 
similar changes recorded by researchers. They stated 
that there were many stressors, including the invasion of 
ROS and toxins into the cell membranes and organelles 
of the target cells. They also affect the biological activity 
of macromolecules, resulting in extensive tissue damage 
and cell dysfunction[54,55]. The mitochondrial matrix's 
apoptotic enzymes are released into the cytoplasm leading 
to cell death[52]. The early sign of parietal cell damage was 
disruption of their canaliculi. Dilatation of intracellular 
canaliculi is due to the stimulation of the cell by histamine 
leading to re-arrangement of cytoskeleton and engagement 
of (H+/K+-ATPase) rich tubulo- vesicles to the apical 
membrane expanding the intracellular canaliculi with 
loss of luminal microvilli[56]. This dilatation occurs in 
the active phase of secretion. The cytoskeletal actin and 
phosphorylated ezrin are critical for the development of 
these histopathological changes. which were essential for 
fusion of membranes of tubulo-vesicular system with the 
canaliculi causing its expansion and activation of H+/K+-
ATPase with subsequent gastric acid secretion[57].

The coalescence of secretory granules was attributed 
to the increase in the mucus secreted by mucus cells due 
to increased exocytosis as aresponse to cell membrane 
disruption[58]. 

Alcian blue (AB) reaction of gastric fundic mucosa 
of KBrO3 treated group revealed mild AB reaction in the 
mucus cells, these results could be due to depletion of 
Alcian blue stained mucous secretory granules, similar 
results presented by previous study[59].

Interleukin-6 (IL-6) is a pleiotropic cytokine that has a 
role in cancer development, and progression. Oncogene-
induced cell transformation and tumorigenesis are both 
dependent on IL-6, It has a role in tumor initiation[60]. The 
mean levels of IL6 increased significantly in the KBrO3-
treated group. It's thought to be a key regulator of acute 
and chronic inflammation[61]. It stimulates neutrophils, 
lymphocytes and macrophages at the target tissue, driving 
them to create toxic chemicals and lysosomal enzymes 
that trigger tissue damage in gastric ulcers[62]. Prior 
studies have shown that inflamed tissues had substantially 
enhanced IL-6 mRNA levels[63,64]. The results of this study 
showed that KBrO3 provoked an inflammatory response 
as evidenced by increased IL-6 immunostaining as a pro-
inflammatory cytokine. ROS can lead to inflammation by 
triggering transcription factors, which cause the creation of 
similar pro-inflammatory cytokines[65].

The gastric mucosal cells are continuously undergoing 
apoptosis and rapidly replaced by newly proliferating 
cells[66]. Cellular proliferation plays an essential role in 
maintaining the integrity of the gastric mucosa. PCNA is 
an important proliferation marker that is expressed during 
cell proliferation.  A distinctive nuclear staining for PCNA 

in rat’s liver, after  KBrO3 administration were reported[67]. 
DNA oxidation induced by KBrO3 could occur regardless of 
lipid peroxidation[68]. Some researchers reported dysplastic 
foci in the rats' liver treated with KBrO3, they stated that 
the carcinogenicity was established and dependent on both 
dose- and time[69].

KBrO3 and riboflavin treated group showed 
biochemical improvements paralleled to histological and 
immunohistochemical findings. As it revealed nearly 
normal gastric fundic glands similar to control. This came 
in accordance with the data reported by other researchers 
who said that riboflavin activate prostaglandin synthesis, 
mucus and bicarbonate secretion, vascularization of 
the mucosa, and heightened epithelial cell tolerance to 
cytotoxic insult while reducing leukocyte recruitment into 
the fundic mucosa[70]. Also, riboflavin is a proteasome 
inhibitor capable of resolving inflammation through 
reducing the proinflammatory cytokines[71]. This 
protective effect of riboflavin is concerned with intrinsic 
antioxidant potential, causing the oxidative stress and the 
acute inflammatory response to be attenuated. Moreover, 
riboflavin is a cofactor for a variety of enzymes concerned 
with oxidation-reduction processes, as well as a player in 
protein oxidative folding in the endoplasmic reticulum[72]. 
It is a strong free radical scavenger that can neutralize 
the aggression of the free radicals (ROS) because of the 
presence of an isoalloxazine ring in its structure. Riboflavin 
can also exert an antioxidant action through being a 
component of the glutathione pathway[73]. Moreover, the 
current findings revealed that riboflavin administration 
led to preservation of the proliferative cells of gastric 
mucosa as indicated in the immunohistochemical results 
of this work, where this suggested a normal proliferation 
of cells that kept the gastric mucosa unharmed. Related 
to this finding, previous studies suggested that riboflavin 
could act as an anti-proliferative agent in cancerous cells 
by arresting the cell cycle leading to stop proliferation[74]. 
Previous epidemiological studies have demonstrated that 
riboflavin deficiency has been implicated in aggressive 
mucosal disorders, which were linked to an increased risk 
of gastric ulcer and cancer[75].

According to the previous discussed findings 
of the present work, it could be concluded that 
KBrO3administration to rats causing significant gastric 
mucosal changes. These changes could be alleviated by 
giving riboflavin to maintain the health and integrity of the 
stomach.
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الملخص العربى

دراسة هستولوجيه وهستوكيميائية على تأثير برومات البوتاسيوم على الغشاء المخاطى 
لقاع معدة ذكور الجرذان البيضاء البالغة والتأثير التحسني المحتمل ريبوفلافين

اميرة فهمي علي، سهام احمد محمد عبد العزيز، رانيا سعيد عماره 

قسم الأنسجة، كلية الطب؛ جامعة المنوفية، مصر

الخلفية: يعتبر برومات البوتاسيوم عامل مؤكسد قوي يستخدم كمحسن للدقيق, وله تأثيرات مسرطنة وقد يتسبب في 
حدوث بعض الطفرات من خلال توليد جزيئات الأكسجين التفاعلية  الحرة. كما يعرف برومات البوتاسيوم بتسببه في 
تهيج الانسجة التي تتلامس معه. الريبوفلافين له دور حيوي في الوظائف الخلوية والنمو. كما ان له تأثير قوي مضاد 

للأكسدة ومضاد للالتهابات ومعدلة للمناعة.
الهدف من البحث: تهدف هذه الدراسة لتقييم تأثير برومات البوتاسيوم على الغشاء المخاطى لقاع ذكور الجرذان البيضاء 

البالغة والتأثير الوقائي المحتمل للريبوفلافين .
المواد وطرق البحث: تم استخدام أربعين من ذكور الجرذان البيضاء البالغه, مقسمة إلى أربع مجموعات ، المجموعة 
الأولى )المجموعة الضابطة( ، المجموعة الثانية )المجموعة المعالجة بالريبوفلافين( ، المجموعة الثالثة )المجموعة 
بعد   ، والريبوفلافين(  برومات  بالبوتاسيوم  المعالجة  )المجموعة  الرابعة  والمجموعة  برومات(  بالبوتاسيوم  المعالجة 
24 ساعة من الجرعة الأخيرة من تناول الأدوية ، تم الحصول على أنسجة المعدة ومعالجتها للدراسات البيوكيميائية 

والنسيجية والكيميائية النسيجية والكيميائية المناعية.
نتائج البحث: أظهرت المجموعة المعالجة ببرومات البوتاسيوم تدهوراً ملحوظاً في الغشاء المخاطي لقاع ا لمعدة حيث 
ظهر في مساحة واسعة من النسيج الظهاري مع فقدان الخلايا السطحية ، وظهرت الخلايا الجدارية والرئيسية بأنوية 
الشبكة  في  اتساع  ولوحظ  النواة.  وحيدة  الالتهابية  للخلايا  وتجمع  محتقنة  دموية  أوعية  كما ظهرت  صغيره وغامقة  
الرئيسية. احصائيا, هناك  زيادة ملحوظة ذات دلالة في  الخلايا  افرازيه متكدسه فى  الخشنة وحبيبات  الإندوبلازمية 
, ومتوسط عدد  للانترلوكين 6  الضوئية  للكثافة  المتوسطة  القيم  الكولاجين, وزيادة في  ألياف  متوسط مساحة ترسب 

الخلايا الايجابية لصبغة بيكنا. وقد تحسنت التغيرات السابق ذكرها  بعد اضافة الريبوفلافين. 
الخلاصة: يؤثر برومات البوتاسيوم على الغشاء المخاطي لقاع المعدة ، ويمكن تخفيف هذه التأثيرات عن طريق التناول 

المتزامن للريبوفلافين.


