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ABSTRACT

Background: Tartrazine is one of the azo dyes that are the most common artificial food colors widely used in many food
products. Tartrazine is used in many developing countries without strict regulations.

Aim of the study: to investigate the effect of tartrazine on the gastric mucosa and to evaluate the possible role of recovery
after its withdrawal with or without riboflavin in rat.

Materials and Methods: Twenty-four adult male albino rats were equally divided into 4 groups; Control, riboflavin, tartrazine-
treated group (orally administered 200 mg/kg/day tartrazine for 60 days), tartrazine-recovery group (orally administered 200
mg/kg/day tartrazine for 60 days then left without treatment for another 60 days) and tartrazine-recovery and riboflavin
group (that were orally administered tartrazine for 60 days then stopped and followed with riboflavin for another 60 days).
Glandular stomach specimens were processed for histological and immunohistochemical techniques.

Results: Tartrazine-treated group depicted variable degrees of mucosal lesions with significant decrease in its thickness.
Parietal cells with vacuolated cytoplasm and irregular nuclei, and vacuolated chief cells with pyknotic nuclei were detected.
Dilated congested blood vessels and aggregated mononuclear cells were observed. Ultrastructural examination showed
parietal and chief cells with condensed nuclei and dilated rough endoplasmic reticulum. Tartrazine-recovery group showed
almost intact gastric mucosa. Tartrazine-recovery with riboflavin group showed a near normal gastric mucosa. Both Ki67 and
iNOS-immunohistochemical expression showed a statistically significant increase upon tartrazine administration coupling to
a significant decrease in Periodic-Acid-Schiff expression. Tartrazine-recovery group still revealed significant differences in
these parameters compared to the control, while tartrazine-recovery with riboflavin showed non-significant differences from
the control.

Conclusion: Tartrazine affected the stomach and was alleviated by stopping it. Combined recovery along with riboflavin was
more efficient on the recovery of gastric mucosa.
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INTRODUCTION tartrazine is also used in many non-food products such as
soaps, cosmetics, shampoos as well as some drugs such as
vitamins, antacids, antihistaminics and antibiotics!”.

Food colorants constitute an essential part of our
daily life as they impacts the taste and sweetness of food

making it more attractive!ll. Several sorts of natural and The World Health Organization (WHO) reported the
synthetic dyes are being used, yet the synthetic ones are acceptable daily intake (ADI) of tartrazine to be about 7.5
more stable and less expensive thus occupy an important mg/kgl®l. Because of its nitrous origin, tartrazine is reduced
place in different food industries™. Azo dyes are the most in the intestine to sulphanilic acid which is an aromatic
common synthetic food colorants that include the aromatic amine with a potentially carcinogenic or mutagenic
azo compounds such as tartrazinel®. capability®..

Tartrazine (referred also as E102) is a water soluble In many developing countries, the uncontrolled and
lemon yellow azo dye derived from petroleum products. It unsupervised use of food colorants during festivals was
is widely used in many food products such as soft drinks, above the ADI, which in turn resulted in serious health
flavored chips, cereals, cake mixes, soups, sauces, ice hazards!!” especially among the vulnerable groups
cream, jam, candy, chewing gum and others!*°.. Because of including children that showed some behavioral changes
its relatively low cost, tartrazine is used in many developing such as irritability, restlessness, hyperactivity and sleep
countries as a substitute for saffron in cooking!®. Besides, disorders!''?l. Moreover, it was previously reported that
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EFFECT OF TARTRAZINE ON STOMACH

tartrazine can induce asthma, angioedema and urticaria in
some atopic patients!’®), in addition to its immunotoxic!',
genotoxic and mutagenic hazards!'>'¢,

Riboflavin (also known as vitamin B2) is a water
soluble vitamin, it is one of the vitamin B complex that
naturally exists in a variety of plant and animal sources
such as meat, liver, dairy products, eggs, almonds and
leafy vegetables in addition to its availability as a dietary
supplement. Riboflavin has a vital role in cellular function
and growth as well as many enzymatic processest'”.

The health benefits of riboflavin are multitudinous, it is
used for the management of many clinical conditions such
as migraine!'®!, depression!'”? and it is also important for the
wellness of the eyel?” and bonel!). Moreover, experts have
argued that riboflavin possesses a potent antioxidant'?”, anti-
inflammatory™, immune-modulatory®¥, cardioprotective!®”),
hepatoprotective?!, neuroprotectivel?” and antineoplastic
effects®®. Nevertheless, riboflavin nutritional deficiency has
been considered as an important risk factor for some diseases
including cancer®®).

Based on the previous data, the current study was
designed to investigate the effect of tartrazine on the
glandular gastric mucosa and to evaluate the possible role
of a recovery period after its withdrawal with or without
riboflavin in adult male albino rat employing different
histological and immunohistochemical methods.

MATERIAL AND METHODS

Twenty-four adult male albino rats weighing 180-200
grams each were used in the current work. The animals
were kept on a standard 12h-light/12h-dark cycle before
the experiment and throughout the study period in clean
properly ventilated cages with access to a balanced
laboratory diet and water ad libitum. The animals were kept
for 2 weeks prior to the experiment for acclimatization. The
experiment was approved by the Local Ethical Committee
of the Faculty of Medicine, Tanta University, Egypt.

The animals were randomly allocated into four equal
groups:

Group I (Control group): Animals of this group were
orally administered 1 ml of distilled water daily for 60 days.

Group II (Riboflavin-treated group): Animals of
this group were orally administered 1 ml of distilled water
daily for 60 days then stopped and they were then orally
administered riboflavin at a dose of 100mg/kg for another
60 daysP. Riboflavin was purchased from Sigma Aldrich
Chemical Co (Cat # 47861 Supelco, St. Louis, MO, USA).

Group III (tartrazine-treated group): Animals were
orally administered tartrazine at a dose of 200 mg/kg in 1
ml of distilled water daily for 60 daysP!\. Tartrazine was
purchased from Sigma Aldrich Chemical Co (Cat # T0388
SIGMA, St. Louis, MO, USA).

Group IV (tartrazine-recovery group): Animals
were orally administered tartrazine at a dose of 200 mg/kg

in 1 ml of distilled water daily for 60 days then were left
without treatment for another 60 days.

Group V (tartrazine-recovery and riboflavin
group): Animals were orally administered tartrazine at
a dose of 200 mg/kg in 1 ml of distilled water daily for
60 days then tartrazine was stopped and the animals were
orally administered riboflavin for another 60 days.

At the end of the experiment, animals were fasted for
24 hours before being euthanized under intraperitoneal
injection of pentobarbital (40 mg/kg)®?. The stomachs
were rapidly dissected out, washed twice with normal
physiological saline and processed for light and
transmission electron microscopy.

For light microscopy examination

Glandular stomach specimens were immersed in 10%
neutral-buffered formalin, washed, dehydrated, cleared
and embedded in paraffin. Sections of 5 um thickness
were stained with hematoxylin&eosin (H&E)®*! and
Periodic Acid Schiff reagent (PAS) for detection of neutral
mucopolysaccharide®*.

For immunohistochemical staining

Glandular stomach sections of 5 pum thickness were
deparaffinized, rehydrated and washed with phosphate-
buffered saline (PBS) then were incubated with 10%
normal goat serum in PBS. Sections were incubated
overnight in a humid chamber at 4°C with the primary
antibodies; rabbit polyclonal antibody anti-Ki67 (ab15580,
Abcam, Cambridge, Massachusetts, USA) and rabbit
polyclonal anti-iNOS (ab15323; Abcam, Massachusetts,
USA) then were incubated with biotinylated goat anti-
rabbit IgG for 60 min at room temperature, thereafter with
a streptavidin—biotin—horseradish peroxidase complex for
another 60 min. The immunoreactivity was visualized
using 3,3'-diaminobenzidine (DAB) chromogen. The
sections were counterstained with Mayer’s hematoxylin.
The negative control sections were performed by excluding
the primary antibodies?®!. The positive controls for the
antibodies were mouse spleen tissue and mouse colon
tissue respectively.

For transmission electron microscopy examination

Glandular stomach specimens were cut into small
pieces and fixed in 4% phosphate buffered glutaraldehyde
(0.1 M, pH 7.3), post-fixed with 1% phosphate-buffered
osmium tetroxide, and then dehydrated in ascending
grades of ethanol. After being immersed in propylene
oxide, the specimens were embedded in epoxy resin
mixture. Semithin sections (1pm thick) were stained with
1% toluidine blue and examined by light microscope for
proper orientation. Ultrathin sections (80-90nm) were
stained with uranyl acetate and lead citrate®®®!. The sections
were examined with JEOL-JEM-100 transmission electron
microscope (Tokyo, Japan) at the Electron Microscopic
Unit, Faculty of Medicine, Tanta University, Egypt.
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Morphometric analysis

A Leica light microscope (DMS500, Swizterland)
coupled to a Leica digital camera (ICC50, Swizterland)
was used for image acquisition and the software “Image]”
(version 1.48v National Institute of Health, Bethesda,
Maryland, USA) was used for image analysis. Ten different
non-overlapping randomly selected fields from each slide
were examined at a magnification of 400 to quantitatively
evaluate:

1. Mean mucosal thickness of the gastric mucosa (in
H&E stained sections).

2. Mean color intensity and area percentage of PAS
positive histochemical reaction

3. Mean percentage (proliferation index) of Ki67-
immunohistochemical positive cells (in DAB-
stained sections).

4. Mean color intensity and area percentage of
positive iNOS immunohistochemical reaction (in
DAB-stained sections).

Statistical analysis

The data were analyzed by using one-way analysis
of variance (ANOVA) followed by Tukey’s test for
comparison between the groups using statistical package
for social sciences statistical analysis software (IBM
SPSS Statistics for Windows, IBM Corp, Version 22.0.
Armonk, NY, USA). All the values were expressed as
mean +standard deviation. Differences were considered
significant if probability value p<0.05 and highly
significant if p<0.001B".

RESULTS
H&E histological staining

Examination of sections of glandular gastric mucosa
from both control and riboflavin-treated groups showed
similar histological findings. The mucosa was composed of
a surface epithelium and lamina propria containing gastric
glands. The gastric glands appeared narrow, straight and
perpendicular to the surface of the luminal epithelium
occupying the whole thickness of the lamina propria. The
lining epithelium was formed of simple columnar cells with
basal oval nuclei and pale apical cytoplasm. The isthmus
part of the gland next to the pits was lined by surface
mucus-secreting cells and parietal cells. The neck region
showed parietal cells and mucus neck cells, which had
flat basal nuclei and pale foamy cytoplasm. The parietal
cells appeared pyramidal to ovoid with central rounded
nuclei and eosinophilic cytoplasm. The base showed
predominance of chief cells. They appeared low columnar
with basal oval nuclei, basal basophilic cytoplasm and pale
apical granular part (Fig. 1).

Microscopic examination of the fundic gastric mucosa
from tartrazine-treated group depicted variable degrees
of mucosal lesions. Some sections revealed erosion of
the surface mucosa with marked decrease in its thickness

and exfoliated cells were seen in the lumen (Fig. 2). Wide
distorted, irregular and discontinuous gastric glands were
also observed (Fig. 3). The surface lining columnar cells
appeared dark with pyknotic or irregular nuclei. The surface
mucus cells were destroyed with distorted nuclei. Parietal
cells showed marked vacuolization of the cytoplasm with
irregular nuclei. Vacuolated chief cells with pyknotic
nuclei were detected (Figs. 2, 3). In other sections, the
fundic glands were disorganized and widely separated by
dilated congested blood vessels. Some glands appeared
atrophied with aggregated mononuclear cells in the lamina
propria. Mononuclear cells could be seen infiltrating into
the submucosa with wide spacing of connective tissue
fibers (Figs. 4, 5).

Sections from tartrazine-recovery group showed
an almost intact gastric mucosa, yet focally exfoliated
surface mucosa and dilated congested blood vessels were
observed. Some sections showed vacuolated parietal cells
in addition to some vacuolated chief cells with pyknotic
nuclei (Fig. 6).

Sections from tartrazine-recovery and riboflavin group
showed a near normal gastric mucosa. Irregularity in few
gastric glands with few pyknotic nuclei and vacuolated
cytoplasm could be observed (Fig. 7).

Morphometric analysis of the mean mucosal thickness
of the gastric mucosa revealed a highly significant decrease
in tartrazine-treated group (291.91+£22.99) compared to the
control group (487.66+55.29), whereas tartrazine-recovery
group (431.38+£56.64) showed a significant increase
compared to the control. On the other hand, tartrazine-
recovery and riboflavin group (479.944+43.98) expressed
a non-significant difference from the control (Table 1,
Histogram 1A).

PAS histochemical staining

Microscopic examination of sections from control
group showed the characteristic magenta red color of PAS-
positive film of mucin mainly on the surface epithelium
and gastric pits (Fig. 8). While sections from tartrazine-
treated group revealed a faint PAS-positive mucus film
with a depleted neutral mucus secretion mainly on the
surface and pits (Fig. 9). On the other hand, sections from
tartrazine-recovery group showed moderate interrupted
PAS-positive mucus film (Fig. 10). Nevertheless, section
from tartrazine-recovery and riboflavin group depicted a
near normal strong PAS-positive reaction (Fig. 11).

Morphometric analysis of the mean color intensity and
area percentage of the PAS positive histochemical reaction
revealed a highly significant decrease in tartrazine-treated
group (12.60£1.26, 10.22+0.74 respectively) compared to
the control group (32.2942.58, 27.45+1.83 respectively),
whereas  tartrazine-recovery  group  (27.93+4.65,
22.94+4 88 respectively) showed a significant decrease
compared to the control. On the other hand, tartrazine-
recovery and riboflavin group (30.94+5.68, 25.87+4.41
respectively) expressed a non-significant difference from
the control (Table 1, Histogram 1B).
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Immunohistochemical staining for detection of Ki67

Ki67-immunohistochemical stained sections from
control group revealed many Ki67 positive cells with a
moderately strong nuclear immunohistochemical reaction
in the form of a brownish coloration mainly in the isthmus
and neck regions (Fig. 12). While sections obtained from
tartrazine-treated group showed numerous Ki67 positive
cells with a strong nuclear reaction throughout the length
of the gastric glands (Fig. 13). Nevertheless, sections from
tartrazine-recovery group depicted numerous Ki67 positive
cells with a moderately strong nuclear reaction throughout
the length of the gastric glands (Fig. 14). Yet, sections
from tartrazine-recovery and riboflavin group revealed
many Ki67 positive cells with a moderately strong nuclear
immunohistochemical reaction mainly in the isthmus and
neck regions (Fig. 15).

Morphometric analysis of the mean percentage of Ki67
immunopositive cells revealed a highly significant increase
in tartrazine-treated group (56.45+6.90) compared to the
control group (35.88+4.59), whereas tartrazine-recovery
group (40.48+4.44) showed a significant increase compared
to the control. On the other hand, tartrazine-recovery and
riboflavin group (37.80£7.83) expressed a non-significant
difference from the control (Table 1, Histogram 1C).

Immunohistochemical staining for detection of iNOS

iNOS-immunohistochemical stained sections from
control group revealed a faint iNOS immunohistochemical
positive cytoplasmic reaction in the form of a brownish
coloration mainly in the basal regions (Fig. 16). While
sections obtained from tartrazine-treated group showed a
strong iNOS immunohistochemical positive cytoplasmic
reaction mainly in the basal regions (Fig 17). Nevertheless,
sections from tartrazine-recovery group depicted amoderate
iNOS immunohistochemical positive cytoplasmic reaction
mainly in the basal regions (Fig. 18). Yet, sections from
tartrazine-recovery and riboflavin group could show a faint
iNOS immunohistochemical positive cytoplasmic reaction
mainly in the basal regions (Fig. 19).

Morphometric analysis of the mean color intensity
and area percentage of iNOS immunohistochemical
positive reaction revealed a highly significant increase
in tartrazine-treated group (36.85+5.13, 29.77+3.64
respectively) compared to the control group (11.96+2.32,
4.29+1.91 respectively), whereas tartrazine-recovery group
(16.91£5.85, 9.17+4.13 respectively) showed a significant
increase compared to the control. On the other hand,
tartrazine-recovery and riboflavin group (13.01£5.33,
5.95£1.25 respectively) expressed a non-significant
difference from the control (Table 1, Histogram 1D).

Electron microscopic findings

Examination of ultrathin sections of the glandular gastric
mucosa of control rats showed parietal cells with rounded
euchromatic nuclei. The cytoplasm showed intracellular
canaliculi lined by finger-like microvilli, numerous
mitochondria and multiple tubulovesicular structures

(Fig. 20). The chief cells showed oval euchromatic nuclei
with prominent nucleoli. The cytoplasm depicted a well-
developed Golgi apparatus, packed cisternac of rough
endoplasmic reticulum and multiple variable sized electron
lucent granules (Fig. 21).

Examination of ultrathin sections of the glandular
gastric mucosa of tartrazine-treated group revealed parietal
cells with abnormal features; nuclei with peripheral
condensation of heterochromatin and dilated perinuclear
cisternae and rough endoplasmic reticulum, wide dilation
of the intracellular canaliculi with disrupted microvilli,
irregularly shaped mitochondria and areas of cytoplasmic
loss (Figs. 22,23). The chief cells depicted shrunken
electron-dense nuclei with condensed heterochromatin,
dilated cisternae of rough endoplasmic reticulum and few
secretory granules (Fig. 23).

Ultrathin sections from the tartrazine-recovery
group showed parietal cells with nuclei with peripheral
condensation of heterochromatin and irregularly shaped
mitochondria, the chief cells revealed shrunken electron-
dense nuclei with condensed heterochromatin and some
dilated cisternae of rough endoplasmic reticulum and some
secretory granules (Fig. 24).

Examination of ultrathin sections from the tartrazine-
recovery and riboflavin group depicted apparently normal
parietal cells with euchromatic nuclei, intracellular
canaliculi and numerous mitochondria. The chief cells
were near normal with almost oval euchromatic nuclei with
prominent nucleoli, regular cisternae of rough endoplasmic
reticulum and multiple variable sized electron lucent
granules (Fig. 25).

Fig. 1: A photomicrograph of the glandular gastric mucosa from
control rat showing the gastric glands which appear narrow, straight,
and perpendicular to the luminal epithelium opening with pits (P) at the
surface and divided into isthmus (I), neck (N) and base (B). The lining
epithelium is formed of simple columnar cells (thin arrow) with basal
oval nuclei and pale apical cytoplasm. The mucus neck cells (thick
arrows) have flat basal nuclei and pale foamy cytoplasm. The parietal
cells are pyramidal to ovoid (notched arrow) with central rounded nuclei
and eosinophilic cytoplasm. The chief cells (curved arrow) appear low
columnar with basal oval nuclei, basal basophilic cytoplasm, and pale

apical granular part. (H&E x 400, scale bar=50 pum, inset x1000)
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Fig. 2: A photomicrograph of the glandular gastric mucosa from tartrazine-
treated group showing erosion of the surface mucosa with exfoliated cells
(E) seen in the lumen. The surface lining columnar cells appear dark with
pyknotic (thin arrow) or irregular nuclei (thin dotted arrow). The surface
mucous cells are destroyed with distorted nuclei (thick arrow). Parietal
cells show marked vacuolization of the cytoplasm (notched arrows).
Vacuolated chief cells with pyknotic nuclei can be detected (curved
arrow). Notice some congested blood vessels (v) and wide separation

underlying the mucosa (s). (H&E x 400, scale bar=50 pm)

Fig. 3: Aphotomicrograph of the glandular gastric mucosa from tartrazine-
treated group showing wide distorted, irregular and discontinuous gastric
glands (G). The surface lining columnar cells appear dark with pyknotic
nuclei (thin arrow). The surface mucous cells are destroyed with distorted
nuclei (thick arrow). Parietal cells show marked vacuolization of the
cytoplasm with irregular nuclei (notched arrow). Vacuolated chief cells
with pyknotic nuclei can be detected (curved arrow). (H&E x 400, scale

bar=50 pm)

Fig. 4: A photomicrograph of the glandular gastric mucosa from tartrazine-
treated group showing disorganized fundic glands widely separated by
dilated congested blood vessels (v). Notice some mononuclear cells (M)
in the lamina propria and infiltrating down to the muscularis mucosa and

submucosa. (H&E x 400, scale bar=50 pm)

Fig. 5: A photomicrograph of the glandular gastric mucosa from
tartrazine-treated group showing disorganized atrophic fundic glands (G)
with mononuclear cells aggregation (M) in the lamina propria infiltrating

down to the muscularis mucosa. (H&E x 400, scale bar=50 pm)

tartrazine-recovery group showing almost intact gastric mucosa. Notice
focally exfoliated surface mucosa (E), dilated congested blood vessels
(v), Some parietal cells show vacuolization of the cytoplasm (notched
arrow). Vacuolated chief cells with pyknotic nuclei can be detected

(curved arrow). (H&E x 400, scale bar=50 um)

ye

Fig. 7: A photomicrograph of the glandular gastric mucosa from
tartrazine-recovery and riboflavin group showing a near normal gastric
mucosa. Notice irregularity in few gastric glands (G) with few pyknotic
nuclei (thin arrow) and vacuolated cytoplasm (notched arrow). (H&E x

400, scale bar=50 um)
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Fig. 8: A photomicrograph of the glandular gastric mucosa from control
rat showing the characteristic magenta red color of PAS-positive film of
mucin mainly on the surface epithelium and gastric pits (arrows) (PAS x

400, scale bar=50 um)
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Fig. 9: A photomicrograph of the glandular gastric mucosa from
tartrazine-treated group showing faint PAS-positive mucus film with

depleted neutral mucus secretion mainly on the surface and pits (arrows).
(PAS x 400, scale bar=50 um)
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Fig. 10: A photomicrograph of the glandular gastric mucosa from
tartrazine-recovery group showing moderate interrupted PAS-positive

~

mucus film (arrow). (PAS x 400, scale bar=50 um)

Fig. 11: A photomicrograph of the glandular gastric mucosa from
tartrazine-recovery and riboflavin showing a near normal strong PAS-
positive film of mucin mainly on the surface epithelium and gastric pits

(arrows). (PAS x 400, scale bar=50 um)

Fig. 12: A photomicrograph of the glandular gastric mucosa from control
rat showing many Ki67 positive cells with a moderately strong nuclear
immunohistochemical reaction in the form of a brownish coloration
mainly in the isthmus and neck regions (arrows). (Ki67 x 400, scale

bar=50 pum)
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Fig. 13: A photomicrograph of the glandular gastric mucosa from
tartrazine-treated group showing numerous Ki67 positive cells with

a strong nuclear reaction throughout the length of the gastric glands
(arrows). (Ki67 x 400, scale bar=50 pum)

302



Elwan and Ibrahim

Fig. 14: A photomicrograph of the glandular gastric mucosa from
tartrazine-recovery group showing numerous Ki67 positive cells with a
moderately strong nuclear reaction throughout the length of the gastric

glands (arrows). (Ki67 x 400, scale bar=50 um)

tartrazine-recovery and riboflavin group showing many Ki67 positive
cells with a moderately strong nuclear reaction mainly in the isthmus and
neck regions (arrows). (Ki67 x 400, scale bar=50 pm)

P

Fig. 16: A photomicrograph of the glandular gastric mucosa from control
rat showing a faint iNOS immunohistochemical positive cytoplasmic
reaction in the form of a brownish coloration mainly in the basal regions

(arrows). (iNOS x 400, scale bar=50 pum)

Fig. 17: A photomicrograph of the glandular gastric mucosa from
tartrazine-treated group showing a strong iNOS immunohistochemical
positive cytoplasmic reaction mainly in the basal regions (arrows). (iNOS

x 400, scale bar=50 pm)

% "“;};'v‘? )
« 4 ' {
Fig. 18: Aphotomicrograph ofthe glandular gastric mucosa from tartrazine-
recovery group showing a moderate iNOS immunohistochemical positive
cytoplasmic reaction mainly in the basal regions (arrows). (iNOS x 400,

scale bar=50 pum)
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Fig. 19: A photomicrograph of the glandular gastric mucosa from

tartrazine-recovery and riboflavin group showing a faint iNOS
immunohistochemical positive cytoplasmic reaction mainly in the basal

regions (arrows). (iNOS x 400, scale bar=50 pm)
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Fig. 20: An electron photomicrograph from control group showing a
parietal cell with rounded euchromatic nucleus (N). The cytoplasm
shows apical intracellular canaliculi (C) with microvilli (thin arrow),
numerous mitochondria (M) and multiple tubulovesicular structures (T).

(TEMx8780, scale bar=2 um)

Fig. 21: An electron photomicrograph from control group showing a
chief cell with oval euchromatic nucleus (N) and a prominent nucleolus
(n). The cytoplasm depicts a well-developed Golgi apparatus (G), packed
cisternae of rough endoplasmic reticulum (R) and multiple variable
sized electron lucent granules (g). Notice parts of adjacent parietal cells
showing canaliculi (C), numerous mitochondria (M) and tubulovesicular

structures (T). (TEMx8780, scale bar=2 pm)

Fig. 22: An electron photomicrograph from tartrazine-treated group
showing a parietal cell with a nucleus with peripheral condensation of
heterochromatin (N), dilated perinuclear cisternae (notched arrow) and
rough endoplasmic reticulum (thick arrows in inset), wide dilation of the
intracellular canaliculi (C) with disrupted microvilli, irregularly shaped
mitochondria (M) and areas of cytoplasmic loss (stars). [dashed square

represents the inset] (TEMx11700, scale bar=2 pm, inset x17560)

Fig. 23: An electron photomicrograph from tartrazine-treated group

showing multiple chief cells depicting shrunken electron-dense
nuclei with condensed heterochromatin (N), dilated cisternae of rough
endoplasmic reticulum (R) and few secretory granules (g). (TEMx8780,

scale bar=2 um)
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Fig. 25: An electron photomicrograph from tartrazine-recovery and

Fig. 24: An electron photomicrograph from tartrazine-recovery group riboflavin group showing apparently normal parietal cell with an
showing parietal cells with nuclei with peripheral condensation of euchromatic nucleus (N), intracellular canaliculi (C) and numerous
heterochromatin (N) and irregularly shaped mitochondria (M), chief cells mitochondria (M). A chief cell is nearly normal with an almost oval
with shrunken electron-dense nuclei with condensed heterochromatin euchromatic nucleus (N1) with prominent nucleolus (n), regular cisternae
(NT1) and some dilated cisternae of rough endoplasmic reticulum (R) and of rough endoplasmic reticulum (R) and multiple variable sized electron
some secretory granules (g). (TEMx8780, scale bar=2 pum) lucent granules (g). (TEMx8780, scale bar=2 pm)

Table 1: Morphometrical and statistical analysis of different study groups

Parameters Group [ Group IT Group III Group IV Group V
Mean mucosal thickness (pm) 487.66£55.29  491.71+42.11  291.91+22.99"  431.38+56.64°  479.94+43.98
Mean color intensity 32.2942.58 32.87+3.18 12.60+1.26™ 27.93+4.65" 30.9445.68
PAS histochemical staining
Mean area percentage 27.45+1.83 27.69+1.77 10.22+0.74™ 22.94+4.88" 25.87+4.41
Mean percentage % of Ki67-immunopositive cells 35.88+4.59 35.23+3.76 56.45+6.90" 40.48+4.44" 37.80+7.83
Mean color intensity 11.96+2.32 11.18+1.78 36.85+5.13™ 16.91+5.85" 13.01+5.33
iNOS immunohistochemical reaction
Mean area percentage 4.29+1.91 4.03+0.72 29.77+3.64™ 9.17+4.13" 5.95+1.25

Data is expressed as mean + standard deviation. * indicates significant vs control, ** indicates highly significant vs control.
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Histogram 1: Morphometric and statistical analysis: A] Mean mucosal thickness, B] Mean color intensity and area percentage of PAS histochemical reaction,
C] Mean percentage of Ki67 immunohistochemical positive cells and D] Mean color intensity and area percentage of iNOS immunohistochemical reaction. *
indicates significant vs control, ** indicates highly significant vs control.
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DISCUSSION

Progressive unregulated use of synthetic azo dyes such
as tartrazine raises the attention to their benefit versus
risk in food industry especially for the vulnerable groups.
Some studies have reported the detrimental effects of
tartrazine on different tissues and organs of experimental
animalsP® 3% whereas other studies have suggested that
tartrazine was not hazardous”. Since the data regarding
the toxicity of tartrazine are contradictory, the present
work aimed to investigate the effect of tartrazine on the
gastric mucosa of adult male albino rat and to evaluate
the possible role of a recovery period after its withdrawal
with or without riboflavin using different histological and
immunohistochemical methods.

Both light and electron microscopic histological
findings of the present study could demonstrate that oral
administration of tartrazine for 60 days caused deleterious
effects on the structure of gastric mucosa leading to various
degrees of damage in the form of distorted and degenerated
gastric glands together with some degenerative changes of
the cells lining these glands. Moreover, atrophy of gastric
mucosa was evident and manifested as a highly significant
decrease in the thickness of the gastric mucosa after
tartrazine administration compared with the control group.
These results were similar to the data reported by some
authors*'%. On contrary, few studies denied any harmful
effects of tartrazine on the gastric mucosal*.

In addition, the current findings were in agreement with
other $tudies* that reported an evidence of degenerative
and atrophic changes in the gastric mucosa in rats that were
kept on monosodium glutamate which is another common
food additive. Moreover, other studies reported that
chronic administration of tartrazine resulted in variable
degenerative changes in other organs such as liver and
kidney!*4€1,

In the present study, the degenerated cellular lining
of the gastric glands together with the exfoliated surface
epithelial cells suggested that tartrazine might have a
direct damaging effect on the cellular membranes with a
subsequent permeability deficit. Another study*'described
a similar mechanism in ethanol-induced gastric injury,
where the rapid penetration of ethanol into the gastric
mucosa led to a cell membrane damage with a subsequent
increase in the intracellular membrane permeability to
sodium and water with an increased calcium intracellular
accumulation leading to cell death and surface epithelium
exfoliation. In addition, the current results were going hand
to hand with the data reported by some authors®! who
studied the genotoxicity of tartrazine on glandular stomach
and declared that tartrazine induced DNA damage in the
gastric glands.

Tartrazine is metabolized into aromatic amines
(sulfanilic acid) by the gastrointestinal microflora®” that
can generate reactive oxygen species (ROS) as a part of
their metabolism by the interaction of these amino groups
with nitrite- or nitrate-containing food, thus promoting

lipid peroxidation and inhibiting endogenous antioxidant
defense enzymes resulting in acceleration of the oxidative
$tressPY. Accordingly, some studies have attributed the
gastric mucosal damage to the oxidative stress effect of
tartrazinel>!.

Nevertheless, the immunohistochemical results of the
current work revealed that tartrazine stimulated iNOS
expression as indicated by a statistically high significant
increase in the mean color intensity and area percentage
of iINOS immunohistochemical positive reaction in
tartrazine-treated group compared to control. The iNOS
is responsible for catalyzing the formation of nitric
oxide (NO) from L-argininel?. It was stated that NO is
important for normal mucosal function®! in addition to
its cytoprotective effect on the gastrointestinal mucosal®*.
Moreover, NO is considered an important source of free
radicals that might contribute to an energy metabolism
alteration. It was suggested that the oxidative stress to
epithelial cells increases their NO synthesis resulting in an
increased nitrite production and subsequent decreased cell
viability through developing nitrosative stress?®*.

In addition, the present study could reveal different signs
of inflammation in the form of dilated congested blood
vessels and interstitial edema indicated by a wide spacing
of connective tissue fibers in addition to mononuclear
cellular infiltration in the lamina propria of gastric mucosa
of tartrazine-treated animals, these findings suggest
inflammation to be one of the underlying mechanisms of
tartrazine-induced gastric injury. Similarly, other studies
recorded that tartrazine has induced inflammatory signs
in other organs such as liver and kidney?. Furthermore,
another study demonstrated an increased number of the
inflammatory cells; lymphocytes and eosinophils in the
gastric mucosa of tartrazine-treated animals?”..

In this work, the tartrazine-treated group illustrated
a faint PAS-positive mucus film with a depleted neutral
mucus secretion mainly on the surface and pits of gastric
glands, this was confirmed by the Sstatistical analysis
that revealed a highly significant decrease in the mean
color intensity and area percentage of the PAS positive
histochemical reaction in tartrazine-treated group compared
to control, this could be attributed to the damaging effect
of tartrazine on the gastric mucus cells which appeared
destroyed with distorted nuclei in the histological findings
of this work. It was suggested that the acidic mucin has
an essential role in protecting the gastric pit cells against
HCI during its passage. In addition, the alternating layers
of neutral and acidic mucins in the gastric surface are
reported to act as a barrier against both HCI and digestive
enzymes®l. Moreover, it was emphasized that the gastric
mucus possesses antioxidant properties owing to its rich
glycoprotein content™. Moreover, many studies linked the
mucus barrier dysfunction to the oxidative stress and the
development of inflammation!®!,

The current study could demonstrate that tartrazine
increased the proliferation of epithelial cells of gastric
mucosa as manifested by a highly significant increase in the
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mean percentage of Ki67-immunopositive cells compared
to the control. Ki67 is an efficient marker of proliferation!®!,
whose increased expression indicates an enhanced
proliferative activity that allows for the regeneration of
damaged epithelial and mucus-producing cells to renew
the mucus protective layer, thus permitting the healing of
the degenerated areas of the gastric mucosal®?.

The current study examined the possible reversibility of
tartrazine damaging effects on the gastric mucosa, it could
be demonstrated that after stopping tartrazine administration
for 60 days, there was a partial improvement in the gastric
mucosa, but it still showed some focal exfoliation in the
surface mucosa and some dilated congested blood vessels
in addition to some vacuolated parietal and chief cells.
Persistence of these alterations after cessation of tartrazine
treatment may suggest either the need of more time for
recovery or the urge of using of a proper adjuvant therapy.

In this study, riboflavin was chosen as an adjuvant
therapy during the tartrazine recovery period where it
led to an evident marked improvement in the different
histological and immunohistochemical findings. This came
in accordance with the data reported by other researchers
who demonstrated that riboflavin promoted prostaglandin
synthesis, mucus and bicarbonate secretion, mucosal blood
flow and enhanced the resistance of epithelial cells to
cytotoxins-induced injury while suppressing the recruitment
of leukocytes into the gastric mucosal®l. Nevertheless,
riboflavin is a proteasome inhibitor capable of resolving
inflammation through reducing the proinflammatory
cytokines!®*%l. This protective effect of riboflavin could
be related to its intrinsic antioxidant potential that reduced
the gastric mucosal expression of iNOS as indicated in
the immunohistochemical results of this work, leading
to the attenuation of the oxidative stress and the acute
inflammatory response. Moreover, riboflavin is a cofactor
for different enzymes involved in the oxidation-reduction
reactions, and it plays a role in the oxidative folding of
proteins in the endoplasmic reticulum®. Riboflavin can
also exert an antioxidant action through being a component
of the glutathione redox cyclel®”.

Furthermore, 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
indicated a normal cellular proliferation that maintained
the integrity of gastric mucosa. In accordance with this
finding, previous studies suggested that riboflavin might
act as an anti-proliferative agent in cancer cells by arresting
the cell cyclel®®l. Previous epidemiological studies have
reported that riboflavin deficiency led to different mucosal
disorders, which were linked to an increased risk of
gastric cancer, where riboflavin is involved in the essential
oxidation-reduction reactions(®-,

According to the above discussed findings of the present
study, it could be concluded that tartrazine treatment of
rats caused significant gastric mucosal structural changes.
These structural changes could be alleviated to some extent

by ceasing tartrazine treatment. However, a combined
recovery of tartrazine along with riboflavin was more
efficient in the retrieval of a healthy gastric mucosa, this
could be owing to its antioxidant and anti-inflammatory
properties. More safety evaluation studies of tartrazine
should be done and more strict regulations should be
imposed on its use. Riboflavin is beneficial during the
recovery period from coloring agents, the routine use of
its rich food products can efficiently counteracts these
negative effects and maintains the health of our stomach.
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