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ARTICLE INFO ABSTRACT

Article History Introduction: Tartrazine is a broadly used food additive. It can induce
Received:24/12/2022 several adverse effects on different body organs. Omega-3 fatty acids have a
Accepted:25/1/2023  documented antioxidant, anti-apoptotic and anti-inflammatory effects. Aim
Available:29/1/2023  of the work: To study the induced histological changes by tartrazine in the
parotid gland and to investigate the protective action of omega-3-fatty acids

Keywords: against these changes.Material and Methods: Twenty-one adult male albino
Parotid Gland, rats were divided into 3 groups; Group | (control group), Group Il (tartrazine-
Tartrazine, treated group) received tartrazine daily at a dose of 320 mg/kg body weight
Caspase-3, orally and Group 11 (tartrazine and omega-3 treated group) received omega-

Omega-3- 3 daily at a dose of 300 mg/kg body weight orally in addition to tartrazine in
ga-3-Fatty : . .
Acids. Collagen the same dpse in group Il. The treatment cont.lnued fo_r four V\{eek§. Parqtld
. ' Y gland specimens were processed for light microscopic examination using
fibers. Hematoxylin and Eosin, Sirius red stains and caspase-3 immunostaining in
addition to electron microscopic examination. Results: Parotid acini in
tartrazine-treated group showed a histological deterioration in the form of
darkly stained nuclei and cytoplasmic vacuolations. Statistically, area % of
both collagen fibers staining and caspase-3 immunostaining increased
significantly in comparison to the control group. Ultrastructurally, irregular
nuclei, electron-lucent granules dominance and dilated rough endoplasmic
reticulum were detected in the acinar cells of tartrazine-treated group in
addition to degenerative changes in ductal epithelium. Treatment with
omega-3 improved the structure of the parotid gland as detected by both
histological and morphometric studies.
Conclusion Omega-3 treatment ameliorated the structural effects of
tartrazine on the parotid gland.

INTRODUCTION

The major salivary glands in human comprise the parotid, sublingual, and
submandibular glands. The parotid gland is serous in both human and rodents (Roa &
Del Sol, 2019). In rodents, the parotid gland is located behind and below the ear,
caudally bordering the submandibular gland (Amano et al., 2012). Parotid gland
consists of the parenchyma (glandular secretory tissue) and the stroma (the supporting
connective tissue). The parenchyma comprises of secretory acini, intercalated ducts,
striated ducts and collecting ducts, that join to form the main duct (Harrison, 2021).
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It produces a serous secretion
that contributes to over 50% of the total
body saliva (Humphrey and Williamson,
2001). The saliva has several functions.
It facilitates tasting, mastication,
swallowing maintaining a moist oral
mucosa, and removal of micro-
organisms, desquamated epithelial cells,
leucocytes, and food debris. Salivary
amylase is involved in digestion of
starch. It acts as a buffer to protect oral,
pharyngeal, and esophageal mucosae
from orally ingested acid. Moreover, the
saliva  contains many  antiviral,
antibacterial and antifungal agents
(Dawes et al., 2015)

The excess consumption of
food additives or color is increasingly
becoming an important subject as it
alters the body's defense mechanism
which leads to damage to the tissues and
organs (lheanyichukwu et al., 2021).
Azo dyes are the most popular synthetic
dye in the food industry (Akkapinyo et
al., 2021). The azo dye molecule can be
cleaved into aromatic amines, which are
known to be carcinogens and mutagens
(Pogacean et al., 2018). Tartrazine is a
synthetic azo dye primarily used as a
food colorant that on application
provides a yellow to orange color. It is
known by other names such as E102 and
Yellow 5 or C.1. 19140 and was certified
as a colorant by FDA for its use in drugs,
food and cosmetics (Bhatt et al., 2018).
It is one of the most widely used
synthetic food dyes in the food industry
and mainly found in drinks, fruit juices,
chocolates, cookies, chewing gum, jam,
candies, ice cream, sauces and mustard
(Zingue et al., 2021).

Tartrazine is involved in
allergies, mutagenic and genotoxicity as
well as neurobehavioral disorders (Engel
et al., 2015). Its oxidative damage was
attributed to the production of sulphanilc
acid as a metabolite (Bhatt et al., 2018).
It has a genotoxic effect due to its direct
contact with the nuclear DNA that

causes DNA damage (Khayyat et al.,
2017). Omega-3 polyunsaturated fatty
acid and its metabolites,
eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA), have
many biological effects,
including immunoregulatory,
antioxidant, anti-inflammatory, anti-
apoptotic and antitumor activities
(Meital et al., 2019). The main sources
of omega-3 fatty acids include plants,
marine animals and microorganisms.
Plant seeds rich in omega-3 include
flaxseed, chia seed and perilla seed
(Abad & Shahidi, 2020). Flesh of fatty
fish such as mackerel, and salmon, the
liver of white lean fish such as cod are
considered rich marine animal sources of
omega-3 fatty acids (Unda, 2020).
Considering the oxidative
damage of tartrazine in various body
organs besides their extensive use to
color food products, attention has been
focused on the application of the active
antioxidants. The protective role of
omega-3 fatty acids against tartrazine
induced oxidative stress was not
previously fully investigated- Therefore,
the present study was performed to
investigate the consequent effects of
tartrazine on histological structure of the
parotid glands of albino rats and to study
the possible protective role of omega-3
fatty acids against these effects.
MATERIALS AND METHODS
1. Chemicals:
a- Tartrazine (Cis6HoN4 Na3OgSy2). It was
obtained from GFS chemicals — India, in
the form of orange powder.
b- Omega-3 fatty acids: It was obtained
from Solarbio life sciences Co. It was
provided as an oily solution with a
concentration of 2000 mg/5 ml fish oil.
2. Animals and Experiment Design
and Treatment Regimen:

In this study twenty-one adult
male albino rats; aged three months,
weighing (220— 250 g) were used. They
were obtained from the Animal House of
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Faculty of Medicine, Assiut University.
The rats were housed in cages in a
temperature that was maintained at 23
+2°C, humidity (60 + 10%) and under a
12 h light/12 h dark cycle. They were
given free access to food and tap water
ad libitum. They were acclimatized to
the laboratory conditions for 15 days
before being experimented. The rats
were randomly assigned into three equal
groups, 7 rats each. Group | (control
group) did not receive any medications.
Group Il (tartrazine-treated group) in
which rats received 320 mg/kg body
weight tartrazine dissolved in 1 ml
distilled water once a day by a gastric
tube for 4 weeks. The dose represents
5% of LDso of tartrazine in rat which is
6375 mg/kg body weight (Boussada et
al.,, 2017). Group Il (tartrazine and
omega-3 treated group) were received
omega -3 at a dose of 300 mg/ kg body
weight by a gastric tube once a day
(Elaziz & Laag, 2018) in addition to
tartrazine administration at the same
dose in group Il for four weeks. All
experimental  procedures were in
accordance with International
Guidelines for the Care and Use of
Laboratory Animals and were approved
by the Ethical Committee at the Faculty
of medicine, Assiut University. Egypt
(IRB17300848).

At the end of the experiment,
the animals were anaesthetized with
inhalation of ether, and the heart was
perfused with saline solution. After
being sacrificed, the parotid salivary
glands were identified by their location
below the ear on the lateral side of the
submandibular salivary glands and were
dissected carefully and removed in one
piece. The right glands were used for
histological and immunohistochemical
studies. The left parotid salivary glands
were used for transmission electron
microscopic study.

I- Histological Study:
1-Light Microscopic Study:

Specimens were immediately
fixed in 10% neutral formalin for 48

hours and then rinsed in distilled water.
They were dehydrated in ascending
grades of ethyl alcohol and embedded in
paraffin. The sections were cut and
processed for:
a-Hematoxylin and Eosin staining to
study the cytoarchitecture of the parotid
gland (Bancroft & Layton, 2019)
b-Sirius red staining to examine the
extent of fibrosis, as it specifically stains
collagen fibers (Junqueira et al., 1979).
c-Immunohistochemical staining:
Sections of 4 pum thickness were
placed on positive charged slides. The
sections were then deparaffinized. The
endogenous peroxidase activity was
blocked using 3% hydrogen peroxide
(H2032) in PBS for 30 min. Microwaving
of the sections was done for antigen
retrieval by 0.01 M sodium citrate buffer
(pH 6.0). The sections were rinsed in
PBS, blocked with normal goat serum
and then incubation with the primary
antibody rabbit anti-cleaved caspase- 3
monoclonal antibody (diluted 1:100;
Cell Signaling Technology, Boston,
MA, USA) was done overnight. The
slides were then rinsed and incubated
with secondary biotinylated goat anti-
mouse (diluted 1:150 in PBS; Zymed,
San Francisco, CA, USA), for 3 hours at
room temperature. Sections  were
washed in PBS and incubated with
streptavidin-labelled peroxidase
complex (diluted 1:150 in PBS; Zymed)
for 3 hours at room temperature. The
reaction was visualized with 0.6 mg/ml
3,3-diaminobenzidine
tetrahydrochloride  (DAB,  Sigma—
Aldrich) dissolved in PBS. The sections
were counterstained with Mayer’s
hematoxylin.  Finally, they were
dehydrated, mounted, examined, and
photographed (Sanderson et al., 2019).
2-Transmission Electron Microscopic
Study:

Specimens of the parotid gland
were cut into small pieces (1 mm?®) fixed
in 2.5% glutaraldehyde in phosphate
buffer (pH 7.4). They then were fixed for
1h in 1% osmium tetroxide in same
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buffer.  Then, dehydration and
embedding in epoxy resin was carried
out. Semithin sections (0.5 pum) were
cut, stained by toluidine blue stain,
examined, and photographed. Ultrathin
sections (80-90 nm) were cut using the
ultramicrotome (Leica, Germany) and
mounted on copper grids and stained
with uranyl acetate and lead citrate
(Woods & Stirling, 2019). They were
examined and photographed by Jeol-
JEM-100 CXII transmission electron
microscope (Tokyo, Japan) at the
electron microscopy unit in Assiut
University.

I1-Morphometric Study:

Sirius red stained sections and
caspase-3 immunostained sections were
photographed using Olympus digital
camera (DP27) installed on Olympus
microscope with 0.5x photo adaptor,
using objective lens x 40 (TX 31
Philippines). The resultant images were
morphometrically  analyzed  using
ImageJ software (Java 8. 1.6.0. 2017.
NIH, USA). Dimensions were converted
from pixels to micrometer by the
software. Five different non-overlapping
fields at a magnification of x400 were
randomly chosen from five different
sections of each animal from each group.
The following  parameters  were
measured:
1-The Area Percentage (%) Of
Collagen Fibers Staining:

The RGB (Red, Green, Blue)
threshold was used to identify the red
stained areas of collagen fibers which
was quantified as area percentage to the
total area in a standard measuring frame
(Fortea et al., 2018).
2-The Area Percentage
Caspase-3 Immunostaining:

Caspase-3 immunostaining was
quantified as area percentage. The
positive staining area was quantified
with Image J software and the data were
expressed as percentage of positive
staining area to the total area in a
standard measuring frame. The areas
displaying brown color were selected for

(%) of

measurement regardless of the intensity
(Galal et al., 2019).
I11-Statistical Analysis:

The obtained data were
statistically analyzed. Mean values and
standard error mean (SEM) were
represented. Statistical analysis was
made with SPSS 19.0 software
(Statistical Package for Scientific
Studies, SPSS, Inc., Chicago, IL, USA).
One-way analysis of variance (ANOVA)
and post-hoc multiple comparison with
Tukey’s test was used to verify the
differences among groups. The sitting of
the significance level was at P < 0.05.

RESULTS

I-Histological Results:
A-Light Microscopic Results:
1-Haematoxylin and Eosin Staining:

Examination of the control
group revealed the normal histological
structure. The parotid gland was divided
into lobes and lobules by thin delicate
connective tissue septa. Its parenchyma
consisted of serous acini and ducts. The
excretory (interlobular) duct appeared
with a pseudostratified columnar
epithelium (Fig.1a). The acini lining
cells were pyramidal in shape with
rounded basally located nuclei and
basophilic cytoplasm at the base and
eosinophilic toward the apex. The
intercalated duct was located and
compressed among the acini and lined
by low cuboidal cells, with central
nuclei. The striated ducts_appeared lined
with columnar epithelial cells with
acidophilic cytoplasm that showed basal
striations and central spherical vesicular
nuclei (Fig. 1b).
In the tartrazine-treated group (Group 1)
thickened connective tissue septa was
observed between the lobules in addition
to the presence of homogenous
acidophilic material and interstitial
cellular infiltration. The interlobular
ducts appeared with disorganized
cellular lining (Fig. 2a). The cellular
lining of the interlobular ducts appeared
with vacuolated cytoplasm and pyknotic
nuclei. Congested periductal vessels
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were observed. The acinar cells
exhibited deeply stained nuclei,
vacuolations of their cytoplasm. Red
blood cells extravasation was noticed in
between the acini (Fig. 2b). The
intercalated ducts showed flattened
disorganized cellular lining. The lining
cells of the striated duct showed loss of
striations in addition to vacuolated
cytoplasm and pyknotic nuclei with
shedding of their epithelial lining into
the lumen (Fig. 2c)

In the tartrazine and omega-3 treated
group, the parotid gland parenchyma
consisted of lobes and lobules separated
by thin connective tissue septa (Fig. 3a).
The acini of the parotid gland appeared
with pyramidal cellular lining with
rounded basal nuclei. The intercalated,
striated, and interlobular ducts appeared
similar to the control group (Figs. 3a and
3b)

2-Sirius Red Staining:

Examination of  Sirius-red
stained sections in the control group
revealed fine collagen fibers in between
lobules and in relation to the ducts and
surrounding the acini (Fig. 4a). In the
tartrazine-treated group dense collagen
fibers in the connective tissue septa and
surrounding interlobular ducts and blood
vessels was detected (Fig. 4b). In the
tartrazine and omega-3 treated group, a
moderate amount of collagen fibers
appeared surrounding ducts and blood
vessels (Fig. 4c).
3-Toluidine Blue Staining:

Examination of  semithin
sections of the parotid gland in the
control group revealed an intact
parenchyma that appeared formed of
closely packed serous acini that were
lined by pyramidal cells with basal
rounded vesicular nuclei with prominent
nucleoli. The cytoplasm appeared
packed with granules of different
densities. The intercalated ducts
appeared compressed between the acini
with low cuboidal cellular lining with
oval vesicular nuclei. Striated ducts
lining cells were columnar and showed a

basally striated cytoplasm and central
rounded vesicular nuclei. They were
surrounded by myoepithelial cells (Fig.
5a). The interlobular duct appeared with
a pseudostratified lining and was
surrounded by myoepithelial cells (Fig.
5b).

In the tartrazine-treated group
the parotid gland showed that serous
acini lining cells appeared with darkly
stained irregular nuclei. The cytoplasm
showed many vacuolations in addition to
an apparent decrease in the densely
stained granules with an accumulation of
lightly stained granules. Disorganized
acini  could be observed. The
Intercalated ducts appeared with a
discontinuity in the epithelial lining with
most of cellular lining appeared with a
vacuolated cytoplasm. The lining of the
striated ducts showed a disruption and
pyknotic nuclei (Fig. 5c). The
interlobular ducts exhibited lining cells
with a vacuolated cytoplasm and
pyknotic nuclei in addition to exfoliated
cells in its lumen. Congested blood
vessels were observed. Some acini
showed dilated intercellular spaces (Fig.
5d)

In the tartrazine and omega-3
treated group, most of the acini appeared
with apparently normal pyramidal cells.
The cells had rounded basal nuclei and
cytoplasm rich in granules with different
densities. Intercalated, striated and
interlobular ducts appeared with a nearly
normal lining. Some congested blood
vessels were observed (Figs. 5e and 5f).
4-lmmunohistochemical Staining:

The examination of caspase -3
immunostaining in the control group
showed that the acinar cells and cells
lining the ducts showed a mild
immunostaining (Fig. 6a) while in the
tartrazine-treated group, strong nuclear
and cytoplasmic immune reaction of
caspase-3 was observed in both the
acinar and the lining of the ducts (Fig.
6b). The rats treated with tartrazine in
combination with omega-3 showed a
moderate immune reaction for caspase-3
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in the acinar cells and in the cells lining
the ducts with most of nuclei showed a
negative reaction (Fig. 6¢).

B- Electron Microscopic Results:

In the control group, the acinar
cells were characterized by basally
located rounded euchromatic nuclei with
well-defined nucleoli, abundant rough
endoplasmic reticulum around the
nucleus arranged in parallel cisternae.
Intercellular junctional complexes and
intercellular canaliculi were observed
(Fig.7a). A great number of spherical
secretory granules of different electron-
density and well-defined membrane in
the supranuclear region of cytoplasm
were observed with some granules are of
high electron-dense content, some were
of moderate homogeneous electron-
dense content and other granules were of
a low density. In the intercellular
canaliculi, the adjacent cells interdigitate
by infoldings of the lateral plasma
membrane (Fig.7b). Examination of the
lining cells of the striated duct revealed
that they were columnar cells that
showed rounded euchromatic central
nuclei with regular nuclear membrane.
The apical cytoplasm showed small
secretory granules. Mitochondria were
distributed in the basal and middle parts
of the cell. Junctional complexes were
observed near the lumen in addition to
apical microvilli (Fig.7c).

In the tartrazine -treated
group, the acinar cells appeared with
irregular heterochromatic nuclei. Most
of the secretory granules appeared
electron lucent or of low electron density
in the supranuclear region. In addition,
the cytoplasm showed many vacuoles.
The intercellular canaliculi were dilated
with  absence of the junctional
complexes (Fig. 8a). Some cells showed
an indented nuclear membrane. Fused
outlines of many granules were observed

(Fig. 8b). Dilated perinuclear cisterna
and irregular cystic dilation of rough
endoplasmic reticulum cisternae were
noticed (Fig.8c). The lining cells of the
striated duct showed a condensed central
nucleus, rarified cytoplasm that showed
mitochondria with destructed cristae and
absence of microvilli (Fig. 8d).

In the tartrazine and omega-3 -
treated group, the ultrastructural
examination revealed that the acinar
cells appeared similar to the control
acinar cells with rounded basal
euchromatic nucleus and many highly
electron dense granules and moderately
electron-dense secretory granules with
apparently normal rough endoplasmic
reticulum (Figs. 9a and 9b). The lining
cells of the striated ducts showed a
central rounded nucleus, apical small
secretory granules with mitochondria
distributed in the middle and basal parts
of the cell. Microvilli were observed
(Fig. 9c).

C-Morphometric Results:

The area percentage of
collagen fibers staining in the parotid
gland of the tartrazine treated group
significantly increased when compared
with the control group. However, in the
tartrazine and omega-3 treated group,
collagen fibers staining showed a
significant decrease as compared with
the tartrazine-treated group (Graph 1 and
Table 1).

The area percentage of caspase-
3 immunstaining in the parotid gland of
the tartrazine treated group showed a
statistically significant increase when
compared to the control group. The
caspase-3 immunostaining was
significantly decreased in the tartrazine
and omega-3 treated group in
comparison to the tartrazine treated
group. (Graph 2 and Table 1).
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Fig. 1: Photomicrographs of H&E-stained sections in the parotid gland in the control group
showing: Fig.1a: The gland consists of lobules separated by thin connective tissue septa (thin
arrow). The parenchyma shows serous acini (A) and ducts (D). Interlobular duct appears in
between the lobules and is lined by pseudostratified epithelium (ID) (H & E X400). Fig.1b:
The acini lining cells are pyramidal in shape with rounded basally located nuclei (N) and the
cytoplasm is basophilic basally (curved arrow) and eosinophilic toward the apex (arrowhead).
The Intercalated duct (CD) is seen among the acini and lined by low cuboidal cells, with central
nuclei (kinked arrow). Inset: A striated duct (SD) with a columnar cellular lining, an
acidophilic cytoplasm, basal striations (short arrow) and central spherical vesicular nuclei
(thick arrow) (H & E X1000).

Fig.2: Photomicrographs of H&E-stained sections in the parotid gland in the tartrazine-treated
group showing: Fig. 2a: The gland consists of lobules separated by thickened connective tissue
septa (thin arrow) with interstitial cellular infiltration (I) and homogenous acidophilic material
(*) The interlobular (ID)ducts appeared with disorganized cellular lining (H & E X400). Fig.
2b: The cellular lining of the interlobular duct (ID) appeared with vacuolated cytoplasm (v)
and pyknotic nuclei (arrowhead). Note congested blood vessels(C). The acini (A) appeared
disorganized with vacuolations of the cytoplasm (V) and darkly stained nuclei (tailed arrow).
Red blood cells extravasation is observed (R) (H & E X1000). Fig. 2c: The intercalated duct
(CD) has flattened disorganized cellular lining (kinked arrow). The lining cells of the striated
duct (SD) showed loss of striations (short arrow) in addition to vacuolated cytoplasm (v) and
pyknotic nuclei (arrowhead) with shedding of their epithelial lining into the lumen (star). Note
disorganized acini (A) (H & E X1000).
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Fig.3: Photomicrographs of H & E-stained sectlons in the parotid gland in the tartrazme and
omega-3 treated group showing: Fig. 3a: Parenchyma consists of lobules showing acini (A)
separated by thin connective tissue septa (thin arrow). Interlobular duct appears with normal
lining (ID) (H & E X400). Fig. 3b: Acini (A) are lined with pyramidal cells with vesicular
nuclei (N). Intercalated duct (CD) appears branched with a low cuboidal lining (kinked arrow).
Inset: The striated ducts (SD) appear relatively normal with basal striations (short arrow) and
rounded central nucleus (thick arrow) (H & E X1000).

Fig. 4: Photomicrographs of Sirius red stained sections in the parotld gland in the control
group (a), the tartrazine-treated group (b) and the tartrazine and omega-3 treated group (c)
showing Fig. 4a: Fine collagen fibers (arrowhead) surrounding acini(A), the interlobular ducts
(D) and blood vessels (bv) and in the interlobular septa(arrow). Fig. 4b: Intense collagen
deposition (arrowhead) surrounding acini (A) and interlobular ducts (D) and its surrounding
blood vessels (bv) and in the interlobular septa (arrow) Fig. 4c: Moderate amount of collagen
fibers (arrowhead) surrounding ducts (D), acini (A) and blood vessels (bv) and in the
interlobular septa(arrow) (Sirius red X400)
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Fig. 5: Photomicrographs of semithin sections in the parotid gland in the control group (a-b),
the tartrazine- treated group (c-d) and the tartrazine and omega-3 treated group(e-f) showing:
Fig. 5a: Normal serous acini(A) lined by pyramidal cells with apical secretory granules of
variable density (gr) and basal vesicular nuclei with prominent nucleoli (N). Intercalated duct
(CD) in between the acini with low cuboidal lining cells with oval vesicular nuclei (kinked
arrow). Striated ducts (SD) appear with a columnar cell lining with central rounded vesicular
nuclei (thick arrow) and basally striated cytoplasm (short arrow) surrounded by myoepithelial
cells with flattened nuclei (double arrow). Fig. 5b: Interlobular duct (ID) appeared with
pseudostratified lining (dotted arrow) and surrounded by myoepithelial cells (double arrow).
Note granules of different densities (gr) in acinar cells (A) Fig. 5¢c: The acinar cells cytoplasm
showed vacuolations (V) and occupied by lightly stained granules (gl) with apparent decrease
in densely stained granules (gd). Their nuclei are irregular and darkly stained (N). Note
disorganized acini (#). The lining of intercalated ducts (CD) shows discontinuity and
vacuolated cytoplasm (kinked arrow). Striated ducts (SD) lining cells show disruption (arrow
with double stroke) with pyknotic nuclei (arrowhead), Fig. 5d: Interlobular duct (ID) lining
cells appears with vacuolated cytoplasm (v) and pyknotic nuclei (arrowhead) and exfoliated
cells in its lumen (star). Congested blood vessels (C) and marked vacuolations of the acinar
cells (vc) are observed. Note the dilated intercellular spaces between acinar cells (wavy arrow)
and the dominance of lightly stained granules (gl) Fig. 5e: Acinar cells (A) appear pyramidal
in shape with rounded vesicular basal nuclei (N) and numerous granules of variable density
(gr). Intercalated duct (CD) appears with low cuboidal lining cells and oval vesicular nuclei
(kinked arrow). Striated ducts (SD) appear with a columnar cell lining with central rounded
vesicular nuclei (thick arrow) and basal striations (short arrow). Some congested blood vessels
are seen(C) Fig.5f: The interlobular ducts duct (ID) appeared with nearly normal
pseudostratified lining (dotted arrow) and is surrounded by congested blood vessels (C). Note
the variable density granules (gr) in acinar cells (A) and the presence of some vacuoles (V)
(Toluidine blue X1000).
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Fig. 6: Photomicrographs of the parotid gland in the control group (a), the tartrazine- treated
group (b) and the tartrazine and omega-3 treated group (c) showing: Fig. 6a: Mild caspase-3
immunoexpression (arrow) in the acinar cells (A) and the duct epithelium (D). Fig. 6b: Strong
caspase-3 immunoexpression in the nuclei (thin arrow) and cytoplasm (thick arrow) of the cells
of acini (A) and the duct epithelium (D) is observed. Fig. 6¢: Moderate caspase-3
immunoexpression (thick arrow) in the acinar cells (A) and in the duct lining cells (D)
cytoplasm with most of nuclei show negative reaction (thin arrow). (Caspase-3
immunostaining X400).
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Fig. 7: Transmission electron photomicrographs of ultrathin sections in the parotid gland in
the control group showing: Fig. 7a: Acinar cells appear pyramidal in shape with a basal
rounded euchromatic nucleus (N) with well-defined nucleolus (n). Narrow intercellular space
(wavy arrow) and intercellular junctional complexes (short arrow) are observed. The apical
part of the cytoplasm shows a large number of secretory granules (gr) (X4800). Fig. 7b: A
higher magnification showing that most of the secretory granules are of high electron density
(gd) and some appear of moderate density (gm), others are of low density (gl). Note their well-
defined membrane (thick arrow). Abundant rough endoplasmic reticulum cisternae (rER) are
observed in addition to Golgi complex (G) Note the lateral infoldings of the plasma membrane
(thin arrow) in the intercellular space (wavy arrow) (X7200). Fig. 7c: The lining columnar cells
of the striated duct with rounded euchromatic central nucleus with regular nuclear membrane
(N). The apical cytoplasm contains small secretory granules (SG). Mitochondria (M) are
distributed in the basal and middle part of the cytoplasm. Note the presence of junctional
complexes (short arrow) near the lumen (L) and the apical microvilli (mv) (X4800).
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Fig. 8: Transmission electron photomicrographs of ultrathin sections in the parotid gland in
the tartrazine- treated group showing: Fig. 8a: Acinar cells appear with irregular basal nuclei
with condensed chromatin (N1) and (N2). The intercellular spaces appear dilated (wavy arrow)
with absent junctional complexes. Some granules of moderate density (gm), of low electron
density (gl) and numerous electron lucent granules (gc) were observed in the supranuclear
region of the cytoplasm which encroach on the nucleus (N2) in addition to many vacuoles
(v)(X4800). Fig. 8b: Acinar cell with indented nuclear membrane (tailed arrow) with a
chromatin condensation (N). Note large vacuoles (v) and dilated intercellular canaliculi (wavy
arrow). Granules of moderate electron density (gm) with fused outlines (thick arrow) are
observed (X7200). Fig. 8c: Basal part of an acinar cell showing the nucleus with a peripherally
condensed chromatin (N) and dilated perinuclear cisterna (curved arrow). Cystic dilatation of
the rough endoplasmic reticulum (rER) cisternae is observed. Note humerous electron lucent
granules with fused outlines (gc) (X7200) Fig. 8d: The lining columnar cells of the striated
duct exhibits a condensed central nucleus (N) and rarified cytoplasm with loss of most of
organelles (star). Mitochondria with destructed cristae are observed (M). Note absence of
microvilli (arrow) (X4800).
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Fig. 9: Transmission electron photomicrographs of ultrathin sections in the parotid gland in
the tartrazine and omega-3 treated group showing: Fig. 9a: Acinar cells appear pyramidal in
shape with a basal nucleus (N). The cytoplasm shows a large number of secretory granules of
different electron density in the apical part (gr) (X4800). Fig. 9b: The basal part of an acinar
cell shows a basal euchromatic rounded nucleus (N) with a well-defined nucleolus (n). High
electron dense granules(gd) and many granules of moderate density (gm) are observed with a
defined membrane (thick arrow). Parallel cisternae of rough endoplasmic reticulum (rER) are
observed basally. Note the lateral infoldings of the plasma membrane (long arrow) in
intercellular canaliculi (wavy arrow), intercellular junctional complexes (short arrow) and the
presence of some vacuoles (v) (X7200). Fig. 9c: The lining columnar cells of the striated duct
with rounded central euchromatic nucleus with regular nuclear membrane (N). The apical
cytoplasm contains small secretory granules (SG). The mitochondria (M) appear nearly normal
and distributed longitudinally in the basal part. The apical microvilli (mv) are reserved
(X4800).

Table 1: Mean + SE of the area percentage for the collagen fibers staining and caspase-

3 immunostaining in the different experimental groups:
Control Tartrazine-treated | Tartrazine and Omega
group group 3 fatty acids treated
group
Area percentage of collage | 12.88+0.49 24.12 +0.74" 14.23+0.22%
fibers staining
Area percentage of caspase-3 | 8.32+0.46 27.65+ 0.52" 11.89+ 0.30*
immunostaining

* Significant (p <0.05) versus the control group.
# Significant (p< 0.05) versus the tartrazine-treated group.
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Graph 1: Comparison of the studied groups regarding the mean area percentage of the
collagen fibers staining by Sirius red stain
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Graph 2: Comparison of the studied groups regarding the mean area percentage of

caspase -3 immunostaining.

DISCUSSION
Tartrazine is one of the widely
used food additives all over the world.
Azo dyes have a significant
consideration since they can cause health
defects and exert threat to the

gastrointestinal tract, kidney and the
nervous system (Wopara et al., 2021).
The present study evaluated the ability
of omega-3 fatty acids to improve the
parotid gland pathological changes
caused by tartrazine.
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In the present study, the results
showed that an oral administration of
tartrazine to albino rats altered the
histological structure of parotid gland.
Abnormal dark-stained nuclei and
numerous intracellular vacuoles in
acinar cells were observed. These results
are similar to the findings of El-
Sakhawy et al. (2019) who carried out a
study on the effect of tartrazine
administration on the submandibular
glands of adult male albino rats. They
found that small vacuoles appeared
inside the cytoplasm of the acinar cells,
and the nuclei showed a
hyperchromatism and an abnormal
mitosis. The present findings were also
in an agreement with Saxena & Sharma
(2015) who indicated that tartrazine
administration alters the histological
structure of liver and kidney. Ruse et al.
(2010) reported that tartrazine causes
stasis, congestion and edema in the liver
and the kidney of Guinea pigs that led to
an apoptosis in the hepatocytes and renal
atrophy.

Likewise, Ghonimi and Elbaz
(2015) reported a diffuse degeneration,
severe steatosis, necrosis of hepatic
tissue as well as vacuolations in
cerebellar neurons of Westar rats after
the tartrazine exposure.

Azo dyes are catalyzed by
peroxidases and azo reductases and
produce semiquinone radicals and
aromatic amines. Semiquinone radicals
generate hydroxyl radicals, superoxide
radicals and H>O that cause cellular
defense  weakening,  consequently
leading to a variety of oxidative stress-
related disorders (Demirkol et al., 2012).
Tartrazine was documented to increase
oxidative stress in the rats, by induction
of an elevation in malondialdehyde as
the end product of lipid peroxidation
with reduction in glutathione level
(Essawy et al., 2022). Administration of
tartrazine as well, decreased the activity
of antioxidant enzymes (catalase,
superoxide dismutase, and glutathione
reductase) (Al-Seeni et al., 2018). Even

though acceptable daily intake levels of
food azo dyes were found by Bhatt et al.
(2018) to adversely affect and alter
biochemical markers of brain tissue and
cause oxidative damage.

The present study revealed
intense  collagen fibers deposition
around the acini, ducts and the congested
blood vessels that was observed in the
parotid tissue in the tartrazine-treated
rats when compared to that of the control
group and this was confirmed
statistically. This was in accordance with
Kandeel & Sharaf Eldin, (2021) who
detected a significant increase in the
amount of mucosal collagen fibers
deposition in the jejunal mucosa in
tartrazine treated rats. Oxidation
products such as lipid peroxidation
products stimulate expression of a-
collagen and collagen synthesis and this
could explain the presence of
disorganized acini (Altayeb, 2018).
Consistently these observations were in
accordance with Essawy et al. (2022)
who reported an elevation in the levels
of TNF-o, IL-1p and IL-6 in the
tartrazine -treated rat brain. TNF-a -
inflammatory signals are released by the

damaged  tissue, stimulating the
fibroblasts differentiation and
consequently fibrosis (Limaye et al.,
2019).

Interstitial cellular infiltration and

congested blood vessels were observed
in the tartrazine treated parotid tissue.
These findings are considered a part of
the  oxidative-inflammatory  stress
caused by tartrazine (Wopara et al.,
2021).

Toluidine blue-stained semithin
sections examination indicated that most
of the secretory granules of acinar cells
were of low density that was confirmed
on ultrastructural examination.
According to Selim (2013) the
dominance of electron-lucent secretory
granules is a sign in the degenerated
parotid gland. Maciejczyk et al. (2018)
reported that a decrease in the salivary
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flow occurred when the rats were
subjected to an oxidative stress.

There was a significant increase
in the tubular and acinar lining cells
caspase- 3 immunostaining. This was
similar to the results obtained by Abd-
Elhakim et al. (2019) who reported a
significant increase in the hepatic and
renal immunoexpression of the caspase-
3 in tartrazine-treated rats. Caspase-3 is
considered as a main molecule in the
apoptosis process (Poprac, et al., 2017).
These results could be due to the
oxidative stress of tartrazine that
activates ROS-mitochondria-Casp3-
apoptosis cascades (Essawy et al., 2022)

Ultrastructurally, the present
results showed degenerative changes in
the acinar cells in which condensation of
chromatin, cystic dilatation of rough
endoplasmic reticulum cisternae and
cytoplasmic vacuolations were noticed.
Similar findings were observed in the
cells of the gastric mucosa in rats
exposed to tartrazine (Elwan & Ibrahim
2019). Most of secretory granules in the
acinar cells appeared electron lucent and
some appeared with fused outlines. It
was reported that reactive oxygen
species attack the proteins and lipids that
form the secretory granules membrane
leading to its damage. In addition, they
cause zymogen granules stability loss
through an interaction with the protein
contents and the nucleic acids of them
(Hassan et al, 2021). Similar
observations were demonstrated by Nasr
El-Din  &Abdel Fattah (2020) in
hypothyroid rats and they were
attributed to an increase in the Bax/Bcl-
2 ratio.

Dilated intercellular canaliculi
were observed in semithin sections and
was confirmed on ultrastructural
examination. These findings could be
attributed to reactive oxygen species
release, that disturb the integrity of the
plasma membrane and disrupt the
intercellular junctions (EL-Sayed et al.,
2018). Nasr EI-Din & Abdel Fattah,
(2020) attributed the observed dilatation

of the intercellular canaliculi in parotid
gland acini to a dysfunction in the
myoepithelial cells.

In the present study a
degenerated cellular lining in the duct
epithelium was observed in the form of
degenerated  mitochondria, rarified
cytoplasm and pyknotic nuclei. Similar
ultrastructural alterations were recorded
in the hepatocytes and the epithelium of
renal tubules in the rats treated with
tartrazine (Khayyat et al., 2017).

The present results suggested that
the combination of omega-3 fatty acids
with tartrazine could provide protection
against the degenerative changes
observed in the parotid gland of the
tartrazine treated group. Histological
examination of the parotid gland in the
tartrazine and omega-3 group showed an
almost normal histological appearance
of cellular lining of the ducts and serous
acini  with a minimal cytoplasmic
vacuolation. These findings are in
accordance with Mohamed et al. (2015)
who reported that Cod liver oil ,which is
a rich source of omega-3 fatty acids,
attenuated the structural changes in the
brain of tartrazine-treated rats. These
results could be explained by the
antioxidant, anti-apoptotic and anti-
inflammatory effects of omega-3 fatty
acids (Mahmoud et al., 2019). The
present observations are in agreement
with Elaziz & Laag (2018) who
indicated the decrease in degenerative
changes induced by bisphenol on the rat
hippocampus on concomitant use of
omega-3 fatty acids.

Previous studies have also
described that omega-3 fatty acids had
the capacity of increasing antioxidant
enzymes activity and contributing to
reduce ROS production (Yang et al.,
2019).

Omega-3 fatty acids, according
to the present study, induce a statistically
significant decrease in the collagen
fibers deposition in parotid gland that
was caused by tartrazine. This was in
accordance with ElI Desouky et al.
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(2019) who reported the ameliorative
role of omega-3 fatty acids in the
fibrosing effect of caffeine on the rat
pancreas. The pancreas and parotid
gland are known to have morphological
and functional similarities (Tiffon,
2020). This observation could be
explained by the fact that omega-3
produce a decrease in the production of
TNF-a, IL-1b, IL- 6 and various growth
factors by endotoxin-stimulated
monocytes or mononuclear cells (Ellulu
etal., 2015). Furthermore, omega-3 fatty
acids reduce acute and chronic
inflammatory reaction through various
pathways (Koppelmann et al., 2021).

In addition, the present
immunohistochemical findings
confirmed the protective effect of the co-
administration of omega-3 fatty acids
with tartrazine where a significant
decrease in the area % of caspase-3
immunoexpression was detected in the
omega-3 and tartrazine treated rats.
These results were consistent with Saleh
et al. (2022) who found that omega-3
fatty acids decreased the hepatic
caspase-3 expression and the percentage
of caspase-3  positive cells in
doxorubicin intoxicated liver. This could
be attributed to the anti-apoptotic effect
of omega-3 fatty acids (Koppelmann et
al., 2021).

Conclusion and Recommendation:
Tartrazine has histological,

ultrastructural and
immunohistochemical degenerative
effects on the rats’ parotid gland acini
and the duct system. The concomitant
administration of omega-3 fatty acids
helps in improving the histological
picture and reducing these effects. The
excessive use of tartrazine as a food
additive should be minimized as much as
possible.
Conflicts:
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