Effect of Tartrazine on Adrenal Cortex of Adult Male Albino Rat
and the Possible Protective Role of Argan Oil (Histological and
Biochemical Study)
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ABSTRACT

Background: Tartrazine (TRZ) is one of the most frequently used coloring compounds in the food and pharmaceutical
industries. Extensive usage of tartrazine leads to multi-system disorders in rodents and humans. Argan oil (AO) has been
shown to have antioxidant properties.

Aim of the Work: To evaluate the effect of TRZ on the adrenal cortex of adult male albino rat and the possible protective
role of AO.

Materials and Methods: Forty adult male albino rats were divided into four groups equally. Group I (control group). Group
II received AO at an oral dose of 5 ml/kg once daily for four weeks. Group III received TRZ at an oral dose of 300 mg/kg
dissolved in 1 ml of distilled water once daily for four weeks. Group I'V received TRZ in concomitant with AO in the same dose
and manner as Groups II&III. Blood samples were taken to measure the serum hormonal levels of aldosterone, corticosterone,
cortisol and DHEA-S. The adrenal glands were processed for histological, immunohistochemical, and transmission electron
microscope (TEM) study.

Results: Group III revealed disturbed architecture of the three adrenal cortical zones linked with deposition of collagen
fibers in the capsule and in-between the cells in Masson’s trichrome stained sections with intense positive immune reaction
to cleaved caspase 3. Electron microscopic examination revealed indented irregular nuclei with perinuclear space dilation
and swollen mitochondria. AO intake ameliorated the histological, immunohistochemical, biochemical, and morphometric
results.

Conclusion: Co-administration of AO with TRZ alleviated the harmful effects of TRZ on the adrenal cortex.
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INTRODUCTION

The usage of synthetic food dyes has increased in the
last few years. Food colors can affect the perception of
flavor, palatability, and acceptability through visual tasting.
They are added to various items to improve their aesthetic
appeal or compensate for natural and/or technological
variations. To achieve this, the food business mostly uses
artificial dyest'?.

Azo dyes are the most widely used artificial dyes in
the world. Their diverse and brilliant colors are a result of
their structural chemical diversity. They have no odd taste
or odor. Also, they are affordable, accessible, stable, and
uniform. Compared to brown dyes, yellow and red dyes are
more commonly utilized in the food businesst.
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One of the most widely used food colorings is
tartrazine (TRZ), also known as E 102, FD, and C Yellow.
It is yellowish in color and is available in granular or
powder form. Due to its low cost, tartrazine is desirable
and commonly utilized in many products. It has been
widely used in the food business, the leather, cosmetics,
and fabrics sectors, as well as in the manufacture of
medicinal capsules for vitamins and acid-reducing agents,
particularly in developing nations[*3!.

When used within the acceptable daily intake (ADI)
range, artificial food colorings like TRZ are considered
safe. Children are the biggest users of colored food
products, especially in underdeveloped nations, thus they
are at significant risk because they frequently consume
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more than the recommended ADI®. Several disorders
such as behavioral changes, hypersensitivity reactions,
teratogenicity, gastrointestinal, renal, endocrinal, and
hematological disorders have been associated with
tartrazine use!’”), but little is known about the effect of
it on the adrenal cortex. Therefore, our study aimed to
demonstrate the possible histopathological effects of TRZ
on the suprarenal cortex.

Argan oil (AO) is extracted from the kernel of the argan
tree [Argania spinosa (L.) Skeel; Sapotaceae], which is one
of the oldest endemic forest trees in southwestern Morocco
and Algeria. The chemical constituents of argan oil make
it one of the highest-quality plant seed oils with a high
nutritional and dietetic value!®.

Edible AO is used for medicinal and food nutritional
purposes. Argan oil has a low smoking point and is very
versatile to cook, marinate, bake, or finish with. It is
consumed as a dip with crusty bread and drizzled over
couscous, vegetables, salads, eggs, fish, tagines, and
others?!,

Fatty acids, such as polyunsaturated fatty acids
(PUFA), monounsaturated fatty acids (MUFA), and
saturated fatty acids, are the primary chemical constituents
of Argan oil. Many other compounds are also present
like carotenes, tocopherols, phenols, sterols, squalene,
and xanthophylls. All these components make AO a rich
source of antioxidants!'” so we also aimed to show how
AO can protect the suprarenal cortex from the possible
TRZ-induced damage effects.

AIM OF THE WORK

To study the biochemical and histological effects of
tartrazine on the adrenal cortex of adult male albino rat and
the possible protective role of argan oil.

MATERIALS AND METHODS

The experimental procedure was conducted in the
department of Histology and Cell Biology, Faculty of
Medicine, Tanta University.

Animals

Forty adult male albino rats (200 to 250 gm) were
involved in the current study. Throughout the experiment
aged 3 months, the rats were housed at a laboratory

temperature of 22+23°C with normal light/dark cycles.
Each animal received an identical normal laboratory diet
(ad libitum) and had unlimited access to food and water in
appropriately clean, well-ventilated cages.

Chemicals

1. Tartrazine: molecular formula (C16H9N4Na309S2),
was purchased from Loba Chemie (India) through
El-Gomhouria Company for Trading Chemicals and
Medical Appliances, Cairo, Egypt, in the form of
powder with a purity of about 87%.

2. Argan oil: was purchased from the local market in
Jeddah, KSA. It was kept in a cool and dark place to
avoid oxidation.

Experimental design

The rats were divided equally into four groups, (n=10
per group):

Group I (control group): The rats were subdivided into
two equal subgroups (n=5):

*  Subgroup IA: The rats were kept without any
treatment until the end of the experiment for the
histological studies of the normal adrenal cortex.

*  Subgroup IB: Each rat received 1ml of distilled
water (the solvent of TRZ) by a gastric tube once
daily for four weeks.

Group II (AO group): Each rat was administered Sml/
kg of argan oill'! by a gastric tube once daily for four
weeks, using a flexible ball tip needle connected to an
insulin syringe to determine the appropriate dose.

Group III (TRZ group): This group received 300
mg/kg of TRZ dissolved in 1 ml of distilled water by a
gastric tube once daily for four weeks. The used TRZ dose
represents 5% of the LD50 (TRZ- LDS50 corresponds to
6375 mg/kg when orally administered in rats)!'2.

Group IV (TRZ + AO): This group received TRZ in
concomitant with AO in the same dose and manner as
groups II & III once daily for four weeks.

At the appropriate time (on the day 29 from the start
of the experiment), the rats were fasted overnight, and
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sodium pentobarbital (50 mg/kg) was administered
intraperitoneally to each animal for anesthesial’. Two
milliliters (2 mL) of blood were withdrawn from each rat by
cardiac puncture via the left ventricle using a 23-25-gauge
needle slowly to prevent heart collapse. The blood was
placed in sterile vacutainers with a clot activator and was
left to clot for 20 minutes. Then an immediate incision
was made in the abdominal wall and the suprarenal glands
were dissected and each gland was divided carefully into
two specimens. One half underwent light microscopy
processing, whereas the other half underwent transmission
electron microscopy processing. Disposal of the sacrificed
animals was consistent with the health and environmental
concerns to ensure no environmental pollution; they were
sent in a special package to be incinerated in Tanta Faculty
of Medicine general incinerator.

Biochemical analysis

After blood samples collection, serum was then
separated by centrifugation at 3000 revolutions per minute
(rpm) for 15 minutes. The sera were aliquoted and stored
at —80°C until evaluation for the levels of aldosterone,
corticosterone, cortisol and dehydroepiandrosterone sulfate
(DHEA-S). Prior to analysis, frozen samples were thawed
and brought to room temperature. Serum hormones were
performed on Cobas e-411 (Roche Diagnostic -Indiana,
United States): Fully automated, sample-oriented, random
access, Electrochemiluminescence immunoassay system.
The mean hormonal levels of aldosterone, corticosterone,
cortisol, and DHEA-S were assessed in the different
studied groups.

Preparation of samples for Histological study

A- Light microscopic studies

For histological examination, the adrenal gland
samples were fixed in a 10% buffered formalin solution for
24 hours then dehydrated in ascending grades of ethanol.
Embedding paraffin was the last step, followed by cutting
serial sections of 5 pm thickness. All the sections were
subjected to:

1. Routine hematoxylin and eosin (H&E) stain to
assess the histological structure of the adrenal
cortex!l.

2. Masson’s trichrome stain for collagen fiber
demonstration!',

3. Immunohistochemical stains for detection of
cleaved caspase-3[1°1,

Adrenal  gland  sections  (5-pum-thick)  were
deparaftinized and hydrated. Block endogenous peroxidase
activity was done using 3% H,0,. The citrate buffer was
utilized for antigen retrieval after the treatment of the
sections in a microwave. Overnight at room temperature
was the accurate duration for incubation of the tissue
sections with a diluted primary antibody that was applied
to the sections for 2 hours and was directed against cleaved
caspase-3; a rabbit polyclonal antibody (Cat. No GB11532,
Service bio, Wuhan, China, 1:500 dilution), Biotinylated
polyvalent secondary antibody (Cat. No. G1214, Service
bio, Wuhan, China, 1:200 dilution) was the detection
method for use in the second step of staining. The last step
was staining the sections with diaminobenzidine (DAB)
solution (as chromogen) for 5—-10 min, washing them three
times in phosphate buffered saline (PBS) for 2 min each,
and counterstaining with Mayer hematoxylin. Finally,
the slides underwent dehydration, clearing, and xylene
mounting. Negative control section was applied by the
same method with replacement of the primary antibody
with PBS. The positive control was human stomach cancer.

All specimens were examined and photographed using
Olympus light microscope (Tokyo, Japan) attached to
an Olympus digital camera (DXC1850P, Tokyo, Japan)
in Histology and Cell Biology Department, Faculty of
Medicine, Tanta University.

B-Transmission electron microscopic (TEM) study

The specimens followed routine processing, including
2.5% phosphate-buffered glutaraldehyde preservation and
epoxy resin embedding. Toluidine blue dye was used in
semithin slices (1 pum thick) to select the areas for TEM
studies. On 200 mesh uncoated copper grids, 75-nm thick
ultrathin slices were selected, dyed with uranyl acetate, and
then counter-stained with lead citrate!'”). The specimens
were subsequently photographed using a JEOL-JEM -100
SX electron microscope at Electron Microscopic Unit,
Faculty of Medicine, Tanta University, Egypt.

C-Histo-morphometric study

Morphometric studies were performed using image J
(Version 1.53t 24) software (National Institute of Health,
Bethesda, Maryland, USA), at magnification X 400. Ten
separate nonoverlapping fields were chosen randomly
from each slide of each group for quantitative evaluation
of the following parameters!'®):

I. The mean area percentage of collagen fibers
(in Masson’s trichrome-stained sections) of the
different study groups.

II. The mean area percentage of immune reaction to
cleaved caspase -3 (in the DAB-stained slides) of
the different study groups.
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D-Statistical analysis

The data were statistically analyzed using SPSS
software version 20 (SPSS Inc., Chicago, IL, USA), then
compared by one-way analysis of variance (ANOVA)
to create statistical analyses before using Tukey’s test to
compare all groups. The mean and standard deviation were
used to represent the entire set of data. The differences
were regarded as statistically significant if the probability
value (P-value) was less than 0.05, highly significant if
P-value was less than 0.001, and non-significant if P-value
was greater than 0.050"%.

Ethical Consideration

Protocols and experimental design were carried out in
accordance with Tanta University's Institutional Animal
Care and Use Committee (TU-IACUC) requirements.
Code of approval for the ethical committee: 36203/12/22.

RESULTS

General observation

Throughout the study, the control group rats were
awake and alert while the rats of TRZ group appeared
feeble and lethargic and gradually improved subsequent
to AO supplementation. No mortality was recorded in the
animals during the experimental period.

Histological examination of the adrenal gland

specimens

All the subgroups of group I (Control) and group II
(AO) showed almost the same histological structure in LM
and TEM.

Light microscopic results

H & E stained- sections

Control & AO groups (Group I&II): The examined
suprarenal cortex sections obtained from groups I &II were
identical and demonstrated the apparent normal structure
of the suprarenal gland. A capsule of connective tissue
(CT) encircled the adrenal gland that was composed of an
outer cortex and an inner medulla. The adrenal cortex was
divided into three concentric zones, outer zona glomerulosa
(ZG), middle zona fasciculata (ZF), and inner zona

reticularis (ZR) (Figure 1A). Zona glomerulosa cells were
situated at the outer part of the cortex, directly below the
capsule of CT. The cells were arranged in closely packed
ovoid clusters and arches of columnar cells that were
separated by trabeculae of CT. The cells had acidophilic
vacuolated cytoplasm and rounded nuclei (Figures 1B,C).
Cells of ZF were organized in straight parallel-oriented cell
cords. The cords were separated by sinusoidal capillaries.
The cells were large polyhedral with distinct boundaries
and had faintly eosinophilic vacuolated cytoplasm and
rounded vesicular nuclei. Binucleated cells were also seen
(Figures 1B,D). Cells of ZR were organized in a network
of anastomosing cords. These cords were separated by
fenestrated capillaries. The cells were small polyhedral
with vacuolated cytoplasm (Figure 1E).

TRZ group (group III): Examination of the suprarenal
gland samples of this group showed loss of the normal
cellular arrangement in each cortical zone (Figure 2A). The
CT capsule was irregular and sloughed in some sections
(Figure 2B).

Examination of ZG revealed an irregular cellular
arrangement of the glomerulosa cells with apparent
hypercellularity in some sections. Deposition of acidophilic
material between the disorganized cells, inflammatory
cellular infiltrations, and eosinophilic areas with indistinct
cell boundaries were also noticed (Figures 2B,C,D,E).
Many cells had a highly vacuolated cytoplasm [Figure
(2D)]. Moreover, widened intercellular spaces were noticed
and an accessory adrenocortical nodule was observed; cells
were enveloped by CT with flattened nuclei of fibroblasts
and separated by sinusoidal capillaries (Figure 2E). Cells
of ZF lost their regular arrangement with indistinct cell
boundaries and were observed to have a large ballooned
and highly vacuolated cytoplasm. Some cells appeared
with faded nuclei, and others with shrunken dark (pyknotic)
nuclei. Cells with hyper eosinophilic cytoplasm and lost
nuclei were also observed. Moreover, the sinusoidal
capillaries appeared dilated with extravasation of blood
(Figures (2C,D,E).

Cells of ZR were found to have vacuolated cytoplasm.
Some cells appeared with shrunken dark nuclei and others
had faded nuclei. Homogeneous eosinophilic material
between the cells was also observed (Figure 2F).

TRZ + AO group (group IV): Group IV showed
preservation of the cytoarchitecture of the cortical zones
(ZG, ZF and ZR (Figure 3A). Cells of ZG, ZF and ZR
showed more or less normal histological architecture as the
control group, but few cells with faded nuclei in ZF were
observed (Figures 3B,C).
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Masson’s Trichrome-stained sections

Control & AO groups (Group I&II): The adrenal
cortex sections of these two groups showed the same
histological structure. The collagen fibers in the thin CT
capsule and in between the adrenocorticocytes appeared
few & regular (Figure 4A).

TRZ group (Group III): Sections of this group
exhibited an apparent thick and corrugated CT capsule with
excessive irregular collagen fibers in it and in between the
adrenocorticocytes (Figure 4B,C).

TRZ +AO group (Group IV): Adrenal cortex
sections of group IV displayed fine regular collagen fibers
in the CT capsule and in between the adrenocorticocytes
(Figure 4D).
Immunohistochemical-stained sections for cleaved
caspase-3

Negative control: Microscopic analysis of the adrenal
cortex negative control sections revealed abolished
cytoplasmic or nuclear reaction in ZG, ZF and ZR
(Figures 5 A,B).

Control & AO groups (Group I&II): The adrenal
cortex immunostained sections of these two groups
revealed no cytoplasmic or nuclear reaction in ZG, ZF and
ZR (Figures 6A,B).

TRZ group (Group III): Sections of Group III
showed an apparently intense positive cytoplasmic and
nuclear immune reactions in ZG, ZF (Figure 6C) and ZR
(Figure 6D).

TRZ +AO group (Group IV): This group showed
noticeable weak positive cytoplasmic and nuclear immune
reactions in ZG, ZF (Figure 6E) and ZR (Figure 6F).

Transmission electron microscopic results

Control & AO groups (Group I&II): Examination of
the different ultrathin sections from both groups showed
normal ultrastructure of the adrenal cortical cells of the
three zones ZG, ZF, and ZR. Cells of ZG had rounded
euchromatic nuclei and prominent nucleoli, multiple
mitochondria with tubular cristac and variable shapes,
varying from elongated to oval or rounded shapes, and
few lipid droplets. It had smooth endoplasmic reticulum
cisternae (SER), secondary lysosome, and free ribosomes
(Figure 7A).

Zona fasciculata cells showed euchromatic spherical
nuclei with prominent nucleoli, numerous lipid droplets,
lysosomes, SER cisternaec, and numerous spherical
mitochondria. The adjacent cells were separated by
intercellular spaces (Figure 7B).

Examination of ZR showed that cells displayed
euchromatic rounded nuclei with prominent nucleoli,
numerous mitochondria with tubular cristae, and numerous
lipid droplets. SER cisternae and scattered ribosomes were
also detected (Figure 7C).

TRZ group (Group III): When the ultrathin sections of
this group were examined, notable ultrastructural changes
were found. Examination of ZG detected that some cells
appeared with a relatively shrunken indented nucleus, while
others had a small heterochromatic nucleus with dilatation
of the perinuclear cisterna. The cytoplasm contained
numerous lipid droplets, dilated cisternac of SER, small
mitochondria with tubular cristae and lysosomes. Rarified
areas of the cytoplasm were detected. Moreover, widening
of the intercellular spaces was also noticed. The fibroblast
of the CT capsule appeared with cytoplasmic vacuolation
(Figure 8A).

Examination of ZF detected that some nuclei
were irregular, and others were shrunken with dilated
perinuclear cisterna (Figures 8B,C,D). Nuclear indentation
was observed either by lipid droplets (Figure 8B) or
by swollen, vacuolated mitochondria with disturbed
cristae (Figure 8D). A large number of lipid droplets of
varying sizes accumulated, and some appeared coalesced.
Dilated SER cisternae, multiple lysosomes, and large
areas of cytoplasmic rarefaction were also observed
(Figures 8B, C).

Examination of ZR showed that some cells appeared
with irregular, indented nuclei and dilatation of the
perinuclear cisterna (Figures 8E,F). Cytoplasm contained
multiple intact mitochondria of different sizes and
shapes, multiple lysosomes, and dilated SER cisternae
(Figure 8F). Concerning lipid droplets, there was a
collection of variable-sized lipid droplets (Figure 8E).
Additionally, areas of rarified cytoplasm with widening of
the intercellular spaces were also detected (Figures 8E,F).

TRZ +AO group (Group IV): Examination of
ultrathin sections of the adrenal cortex of group I'V showed
that most cells of the three zones appeared more or less as
the control group. Examination of ZG, ZF and ZR detected
that the cells appeared with a rounded, regular euchromatic
nucleus and prominent nucleolus. The cytoplasm contained
an abundance of mitochondria, SER cisternae and lipid
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droplets. A few changes were still present as dilatation of
perinuclear cisterna of ZF and ZR cells (Figures 9A,B C).

Biochemical analysis, morphometric results and
statistical analysis
There was a non-significant difference (p>0.05)

between control group and AO group regarding the used
parameters.

A- Biochemical results

The mean hormonal levels of aldosterone,
corticosterone, cortisol and DHEA-S in group III were
highly significantly decreased (P-value <0.001) versus
groups I, II and IV. Group IV showed a highly significant

increase (P-value <0.001) compared to group III
(Table 1, Figure 10).

B- Morphometric results and statistical analysis

The mean area % of collagen fibers in group III
revealed a highly significant increase (P value <0.001)
compared to groups I, Il and I'V. Group IV showed a highly
significant decrease (P value <0.001) compared to group III
(Table 2, Figure 11).

The mean area % of cleaved caspase-3 immune
reaction in the adrenal cortex in group III showed a
highly significant increase (P value <0.001) compared to
groups I, II and IV. Group IV showed a highly significant
decrease (P value <0.001) compared to group III
(Table 3, Figure 12).

Fig. 1: Photomicrographs of H &E stained- sections of the adrenal cortex from the control group (A): showing a thin CT capsule surrounding the adrenal
gland (P). The adrenal gland comprises an outer cortex (Cx) & inner medulla (M). The cortex is composed of outer zona glomerulosa (ZG), middle zona
fasciculata (ZF), and inner zona reticularis (ZR). (B): The outer ZG cells are arranged in closely packed ovoid clusters and arches. Cells of ZF are arranged
as straight parallel cords. Sinusoidal capillaries are noticed between the cell cords (curved arrows). (C, D): showing the arched clusters of the columnar cells
of ZG separated by trabeculae (red —) having acidophilic vacuolated cytoplasm (right-angled arrows) and rounded nuclei (—). ZF cells are large polyhedral
with distinct boundaries having pale acidophilic vacuolated cytoplasm (right-angled arrows) & rounded vesicular nuclei (—). Binucleated cells (bifid arrow)
are also seen in ZF. (E): showing the network of the anastomosing cords of ZR cells. The cells are small polyhedral with vacuolated cytoplasm (right-angled
arrows) and are separated by capillaries (curved arrows). Note the medulla (M). [H&E stain: A x100, B x200, C, D, E x400].
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Fig. 2: Photomicrographs of H &E stained- sections of the adrenal cortex from group III (A): showing loss of the normal cellular arrangement in each zone
(ZG, ZF & ZR). (B): sloughing of the CT capsule (P) and an eosinophilic homogenized material (*) between cells of ZG. (C, D, E): showing the irregular
cellular arrangement of ZG & ZF, ZG's apparent hypercellularity and the intercellular spaces' widening (green ). Note the highly vacuolated cytoplasm (right-
angled arrow) of ZG & ZF cells. Some cells of ZF show hyper eosinophilia with lost nuclei (red »), faded nuclei (short arrow), and dark shrunken nuclei
(wavy arrow). Homogenized eosinophilic areas with indistinct cell boundaries (»), inflammatory cellular infiltration (I) and the marked dilatation of sinusoidal
capillaries with extravasation (curved arrows) are also observed. An accessory adrenocortical nodule (line) is seen. The inset shows that the cells are enveloped
by a CT capsule with flattened nuclei of fibroblasts (wavy arrow) and separated by sinusoidal capillaries (curved arrow). (F): showing ZR cells having
vacuolated cytoplasm (right-angled arrow). Some nuclei are dark and shrunken (wavy arrow) and others are faded (short arrow). A homogeneous eosinophilic
material between cells (*) is noticed. Note the medulla (M). [H&E stain: A x100, B, C, D, E x200, F x400, Inset x1000].
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Fig. 3: Photomicrographs of H &E stained- sections of the adrenal cortex from group IV (A): showing preserved cytoarchitecture of the cortical zones (ZG, ZF
&ZR). The adrenal gland is covered by a CT capsule (») and surrounded from the outside by adipose tissue (Ad). (B): showing the cells of ZG & ZF having
vacuolated acidophilic cytoplasm (right-angled arrow) and rounded nuclei (—). Few cells in ZF having faded nuclei (short arrow) are observed. (C): showing
the anastomosing network of ZR cells separated by sinusoidal capillaries (curved arrow). Cells have vacuolated cytoplasm (right-angled arrow) and rounded
basophilic nuclei (—). Note, the medulla (M). [H&E stain: A x100, B, C x400].
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Fig. 4: Photomicrographs of Masson’s trichrome stained sections of the adrenal cortex (A): from the control group showing a thin CT capsule (»). The
collagen fibers (C) appear few & regular in the CT capsule and in between the adrenocorticocytes (curved arrows). (B, C): from group III showing an apparent
thick, corrugated CT capsule (») with excessive irregular collagen fibers (C) extending in-between the adrenocorticocytes (curved arrows). (D): from group
IV showing fine regular collagen fibers (C) in the thin CT capsule (P ) and in between the adrenocorticocytes (curved arrows). [Masson’s trichrome stain: A,
B, C, D x400].
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Fig. 5: Photomicrographs of the adrenal cortex of the negative control section showing (A, B): no cytoplasmic or nuclear immune reactions in ZG, ZF and ZR.
[Negative control: A, B x400]
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Fig. 6: Photomicrographs of cleaved caspase-3 immunostained sections of the adrenal cortex (A, B): from the control group showing no cytoplasmic or nuclear
reaction in ZG, ZF & ZR. (C, D): from Group III showing an apparent intense positive cytoplasmic (») and nuclear (—) immune reactions in ZG, ZF & ZR.
(E, F): from Group IV showing a noticeable weak positive cytoplasmic (») and nuclear (—) immune reactions in ZG, ZF & ZR. [Cleaved caspase- 3 immune
staining: A, B, C, D, E, F x400].
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Fig. 7: TEM images of the adrenal cortex from the control group (A): showing the ZG cells with a spherical euchromatic nucleus (N) and prominent nucleolus
(Nu). The cells contain mitochondria (M) varying from elongated to oval or spherical shapes, few lipid droplets (L), SER cisternae (—), free ribosomes (R),
and lysosome (bifid arrows). Note the connective tissue capsule with the collagen fibers (CF). (B): showing ZF cells with spherical euchromatic nuclei (N)
and prominent nucleoli (Nu). The cells contain numerous spherical mitochondria (M), numerous lipid droplets (L), SER cisternae (—), and lysosomes (bifid
arrows). Note the intercellular space (right-angled arrow). (C): showing a ZR cell with a spherical euchromatic nucleus (N) and prominent nucleolus (Nu).

The cells contain numerous mitochondria (M) of various sizes with tubular cristae, many lipid droplets (L), scattered ribosomes (R), and SER cisternae (—).
[TEM: A, B, C x2000].
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Fig. 8: TEM images of the adrenal cortex from group III (A): showing a ZG cell with a relatively shrunken irregular nucleus (N1) and another cell with a small
heterochromatic nucleus (»). Focal dilatation of the perinuclear cisternae (N1&N2) (P ) is observed. Small lysosomes (bifid arrows), rarified cytoplasm (*),
numerous lipid droplets (L), dilatated SER (—), and small mitochondria (M) are observed. Widening of the intercellular spaces (curved arrows) is observed.
Note the Fibroblast nucleus (Fb) with cytoplasmic vacuolation (V). (B, C, D): showing ZF with a spherical and slightly indented nucleus (N) with focal
dilatation of the perinuclear cisterna (P ). Multiple small lysosomes (bifid arrows), numerous coalesced lipid droplets (L), areas of cytoplasmic rarefaction
(*), swollen vacuolated mitochondria (M) with disturbed cristae, and dilated SER (—) are observed. (E, F): showing ZR with slightly indented nuclei (N) and
dilated perinuclear cisterna (P ), lysosomes (bifid arrows), dilated cisternae of SER (—) and numerous variable-sized lipid droplets (L) in between the rounded
mitochondria (M). Widening of the intercellular spaces (curved arrows) and large areas of rarified cytoplasm (*) are noticed. [TEM: A, B, C, D, E, F x2000].
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Fig. 9: TEM images of the adrenal cortex from group IV (A): the ZG cells with a spherical, regular euchromatic nucleus (N) and prominent nucleolus (Nu).
The cells contain numerous mitochondria (M), lipid droplets (L), and SER cisternae (—). Note the CT capsule with the characteristic elongated nucleus of a
fibroblast (Fb) and collagen fibers (CF). (B): showing a ZF cell with a spherical, slightly indented euchromatic nucleus (N) and prominent nucleolus (Nu).
Mild dilatation of perinuclear cisterna (P ) is noticed. The cells contain numerous mitochondria (M) of various sizes with tubular cristae, lipid droplets (L), and
SER cisternae (—). (C): a ZR cell with a spherical euchromatic nucleus (N) and prominent nucleolus (Nu). Dilatation of perinuclear cisterna (») is noticed.
The cells contain numerous rounded closely packed mitochondria (M) of various sizes with tubular cristae, numerous lipid droplets (L), and SER cisternae
(—). [TEM: A, B, C x2000].
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The mean hormonal levels of (aldosterone, corticosterone,
cortisol & DHEAS)
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Fig. 10: Demonstrating the mean levels of aldosterone, corticosterone, cortisol & DHEA-S between the different study groups.
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Fig. 11: Demonstrating the mean area % of collagen fibers deposition between the different study groups.
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Mean area % of cleaved caspase-3 immune
reaction
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Fig. 12: Demonstrating the mean area % of cleaved caspase-3 immune reaction in the adrenal cortex between the different study groups.

Table 1: Showing the hormonal profile of the adrenal cortex in different groups using one-way ANOVA test followed by Tukey’s test.

Group 1 Group II Group III Group IV
Aldosterone (pg/ml) Mean + SD 126.2+£2.81® 123.742.10 @ 73.05 +0.72(:29 124.6 +0.71®
Corticosterone (ng/ml) ~ Mean + SD 84.89 £2.90% 84.28 £2.51® 50.75 +0.981:24 82.94 +£2.26®
Cortisol (ng/ml) Mean + SD 41.34 +£3.85® 39.28 +£3.470 22.99 + 1.61124 38.83 +£3.450
DHEAS (ug/mL) Mean + SD 154.3 £5.23® 153.745.662® 97.32 £4.501:2% 156.6 +4.61©

1: highly sig. diff. from G (I); 2: highly sig. diff. from G (II); 3: highly sig. diff. from G (III); 4: highly sig. diff. from G (IV).

Table 2: Showing the mean area % of collagen deposition in the adrenal cortex in different studied groups using one-way ANOVA test
followed by Tukey’s test

Group I Group II Group III Group IV

Mean + SD 5.03+0.613® 5.054+0.596® 24.41+1.4951:2 5.67+0.821®

1: highly sig. diff. from G(I); 2: highly sig. diff. from G (II); 3: highly sig. diff. from G (III); 4: highly sig. diff. from G (IV).

Table 3: Showing the mean area % of cleaved caspase-3 immune reaction in the adrenal cortex in different studied groups using one-way
ANOVA test followed by Tukey’s test.

Group 1 Group 11 Group 111 Group IV

Mean + SD 0+0® 009 25.21+1.735029 6.08+0.746®

1: highly sig. diff. from G(I); 2: highly sig. diff. from G (II); 3: highly sig. diff. from G (III); 4: highly sig. diff. from G (IV).
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DISCUSSION

The adrenal gland is a complicated endocrine gland that
is necessary for life maintenance. It also involves major
biological functions®. Tartrazine has been widely used in
the food business, cosmetics as well as in the manufacture
of medicinal capsules for vitamins and acid-reducing
agents, particularly in developing nations (4.5).

According to Bhatt et al.’! and Aldaamy & Al-
Zubiady?? oxidative stress was incited by TRZ, which led
to tissue damage with the generation of reactive oxygen
species (ROS). They also added that oxidative stress
caused by TRZ is associated with a significant increase
in the concentration of oxidative stress markers such
as malondialdehyde (MDA) which is the end product
of lipid peroxidation and elevated nitric oxide (NO)
levels. Meanwhile it causes a significant decline in the
concentration of the endogenous antioxidant defense
enzymes such as glutathione (GSH), superoxide dismutase
(SOD), catalase (CAT) and glutathione peroxidase (GPx)
due to the role of TRZ in the release of free radicals in large
quantities.

In the present study, the TRZ group recorded a highly
significant decline in serum corticosterone, cortisol,
aldosterone, and DHEA-S levels compared to the control
group. These results coincided with the results of Shalaby
et al® who observed a significant decrease in the levels of
cortisol in the tramadol-treated rats and explained this drop
in the hormone level to be as a result of decreased adrenal
stress response, which results in adrenal inadequacy
during acute illness or stress. Also, the damage in the
cortical zones supported by electron and light microscopes
impaired steroidogenesis.

Light microscopic examination of the adrenal cortex
of Group III revealed loss of normal cellular arrangement
of the three cortical zones. Cytoplasmic vacuolation, and
nuclear changes as pyknosis were observed. Additionally,
dilatation of sinusoidal capillaries with extravasation of
blood, and eosinophilic areas were also observed.

Loss of normal cellular arrangements of the adrenal
zones after TRZ administration agreed with the results of
Elkelany & El Shaer!! who noticed disturbed architecture
of acinar cells of the pancreas of the TRZ group. They
attributed this to TRZ-induced oxidative damage and
peroxidation of lipids in the acinar cell membranes. The
oxidative damage affects cellular activities by changing the
cell membranes’ integrity, fluidity, and physicochemical
features with subsequent lipid peroxidation and cell
death®l,

The present study revealed thickening of the CT
capsule with intense collagen fibers deposition. This was
observed in H &E and Masson’s trichrome-stained sections
of the TRZ group. This was also confirmed statically
by the highly significant increase in the mean area % of
collagen deposition versus the control group. This was in
accordance with Kandeel & Sharaf Eldin®® who detected
a significant increase in the collagen fibers of the jejunal
mucosa in TRZ-treated rats, and Hassanin & Shenouda®”
who detected intense collagen fibers around the acini,
ducts and the blood vessels of the submandibular gland in
the rats treated by TRZ. They attributed these changes to
oxidation products such as lipid peroxidation stimulating
the expression of a-collagen and collagen synthesis.

Consistently these observations were in the same
context as Essawy et al.*® who reported an elevation in
the levels of tumor necrosis factor o (TNF-a), interleukins
(IL-1B & IL-6) in the TRZ treated animals. The damaged
tissue releases TNF-a- inflammatory signals, stimulating
fibroblast differentiation and consequently fibrosis®.

Furthermore, inflammatory cellular infiltration was
noticed in the TRZ group. This was previously noted in
the study of Kandeel & Sharaf Eldin®, who clarified that
in addition to the TRZ-associated synthesis of leukotriene,
TRZ might also induce pro-inflammatory responses by
attracting inflammatory cells to tissues. The leukotriene
TNF-a activates the nuclear factor kappa of activated B
cells (NF-kB) with the production of different inflammatory
chemokines. This, in turn, attracts various immune cells and
starts an inflammatory response. Additionally, the released
TNF-a activates the intercellular adhesion molecule 1
(ICAM-1) as well as other adhesion molecules that bring
inflammatory cells-%,

Considering the eosinophilic homogenous material that
was noticed between cells of the three adrenal zones, this
coincides with the results of Al-Moatasem et al®') who
observed it in the ZF of adrenal glands after aspartame
administration. They explained it as accumulating protein
secondary to cellular degeneration and adrenal gland
dysfunction. This homogenous material may be composed
of inflammatory oxidate and fibrin-like substances?**.

Concerning the accessory adrenocortical nodule
observed in our results, it was described by La Perle &
DintzisP®¥ as an additional unique feature of the rodent
adrenal cortex. The nodules of accessory cortical tissue
are composed of the normal cortex and dispersed in the
retroperitoneal adipose tissue or attached to the adrenal
gland but separated from it by a complete fibrous capsule.
Histologically, accessory adrenal tissue lacks the distinct
zonal arrangement of the adrenal cortex and the central
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portion of it contains dilatated capillaries, but no medullary
tissue is present.

Regarding the cytoplasmic vacuolation observed in the
adrenal cortical cells in group III in H &E stained sections
and ultrathin sections, this goes in line with the histological
findings of many investigators such as ElSakhawy et al.’*¥
and Wu et al.® who observed cytoplasmic vacuolation
of the acinar cells in the submandibular gland, epithelial
cells in the intestine, and in the hepatocytes as well as
in the cerebellar neurons in rats exposed to TRZ. They
attributed this finding to TRZ toxicity and explained that
cytoplasmic vacuolation is a sign of cell apoptosis as cells
compensate by vacuolating and swelling. They added that
the vacuolar degeneration in TRZ-treated animals might be
due to loss of the cell membrane’s selective permeability
with subsequent disturbance in the intracellular fluid and
electrolytes that in turn caused dilatation of the cytoplasmic
components which is the first sign of cell injury.

In the current work, dilatation and extravasation of the
sinusoidal capillaries were detected. This agrees with the
findings of Elkelany & El Shaer! who noticed dilated
congested intralobular and interlobular blood vessels as
well as congested blood capillaries of TRZ-treated rats as
well as extravasation in the interstitial tissue of the pancreas
in the same group. Congestion and interstitial hemorrhage
are considered an inflammatory response to get more
blood to the regions of degeneration. The congestion
causes an increase in the capillary hydrostatic pressure
which increases the capillary permeability in the site of
inflammation that in turn can cause edema®®?°, Meanwhile,
Al-Moatasem et al.?"! clarified this extravasation to the
elevation of the free radicals that can cause unsaturated
fatty acids peroxidation in cell membranes of the vascular
tissue, with subsequent blood extravasation.

Moreover, widening of the intercellular spaces was
observed in the H & E-stained sections and confirmed
by ultrathin sections examination. This was in the same
context with many researchers; Abdel-Aziz et al.l! within
the thyroid glands of TRZ-treated rats, Haroun et al.®%in
rats with acute pancreatitis induced by energy drinks, as
well as Elkelany & El Shaer! between pancreatic lobules
in TRZ- treated rats. They explained that edema might be
the cause of the widening of the interlobular and interacinar
septae and they attributed edema to high endogenous nitric
oxide that increased the permeability of blood vessels.

The hypercellularity of ZG detected in the TRZ-treated
group can be explained by the migration theory, which
contends that adrenal cell regeneration starts in the outer
region of the cortex and subsequently migrates from ZG
to ZF to ultimately reach ZRE%. On the other hand, Guo

et al.’") declared this hypercellularity by the transformation
hypothesis. It postulated that cells would first multiply in
a zone between ZG and ZF before moving outward toward
the capsule and inward toward the medulla.

The present work revealed homogenized eosinophilic
areas in ZF with indistinct cell boundaries. This coincides
with the results of Rahayu et al®® who noticed an increase
in the percentage of renal tubular necrosis in the TRZ-
treated animals and Khayyat et al™) who detected TRZ-
induced necrosis of most hepatocytes. These necrotic areas
can be explained as a result of the oxidative stress and ROS
produced by TRZ that play a role in necroptosis.

In the present study, the adrenal cells of the TRZ group
exhibited the presence of ballooned cells with dark nuclei
alternating with cells with highly acidophilic cytoplasm and
lost or pyknotic nuclei. Similar observations were reported
by Abd El-Gawad et al" and Solaiman & Sawires!*!
who stated that there were plump cells with much more
cytoplasmic eosinophilia in the stressed adrenal glands.

There were marked ultrastructural alterations in the
adrenal cortical cells of group III. Some cells showed
shrunken nuclei and dilated perinuclear space. Other cells
had dilatation of SER, swollen mitochondria, increased
lipid droplets with large numerous coalesced droplets, and
rarified cytoplasmic areas were also observed.

According to Khalaf et al.*! the suppression of
cholesterol to pregnenolone conversion, which leads
to cholesterol accumulation within the mitochondria,
may be the cause of the enlargement and disturbed
mitochondria. Since the SER and mitochondria are crucial
to steroidogenesis, therefore, their damage was enough
to prevent steroid synthesis and prevent more cholesterol
buildup in the mitochondria. This hypothesis also explains
our study's findings about the adrenal cortex's declining
hormonal level.

Several researchers have previously observed the
increased number of lipid droplets following the treatment
of sodium benzoate in the hepatocytes of experimental
animals and TRZ-induced hepatotoxicity, respectivelyt ],

Ultrastructurally, there was clear destruction of the
cytoplasm of adrenal cortical cells with large areas of
rarefaction. This was consistent with the findings of Sinha
& D’Souzat®! and Bakar & Aktact*® who observed that
damage from sodium benzoate may lead to the presence
of large clear spaces in hepatocytes. They clarified that the
integrity of cytoplasm is important for regular intracellular
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trafficking which in turn would be damaged due to
cytoplasmic vacuolization.

Different nuclear changes seen in group III by light and
electron microscope that were in the form of irregularity of
the nuclear outlines, and shrinkage deeply stained nuclei
(pyknosis). Some cells showed karyolysis presented in
the form of faded chromatin, these nuclear changes as
well as dilated SER and mitochondrial degenerations are
considered the eminent features of apoptotic cell death®*),
This was in the same context as experimental studies
performed in rats revealed that TRZ induced apoptosis in
many different systems including the parotid gland®”, the
kidney, and the liver®.

These nuclear changes were confirmed statistically by
the highly significant increase in the mean area % of cleaved
caspase-3 positive reaction (cytoplasmic and nuclear) in the
cells of the three zones of the adrenal cortex of group III.
Similar results were observed by AbdElhakim et al.™ in
the hepatic and renal tissue of TRZ-treated rats, and Imam
et al™! in the adrenal cortex of cadmium-administered
group. These results could be due to the oxidative stress
of tartrazine that activates ROS-mitochondria-Casp-3
apoptosis cascades.

Caspase-3 is responsible for nuclear alterations in
apoptosis, and it is considered the main effector caspase
since both extrinsic and intrinsic pathways lead to Caspase
3 activation. The two main apoptotic pathways within a
cell are the extrinsic pathway (receptor pathway) and
the intrinsic one (mitochondrial pathway). The intrinsic
pathway is triggered by many intrinsic factors as oxidative
stress via the involvement of the mitochondria. Caspase-3
is activated by both extrinsic and intrinsic pathwayst*®.

In this study, giving AO concomitantly with TRZ for
four weeks daily and orally preserved the morphological
structure of the suprarenal cortex which appeared
to a considerable extent less affected than group III.
Examination by LM showed preservation of the normal
histological architecture with a marked decrease in the
thickness of the CT capsule compared to group III.
Cytoplasmic vacuolations and nuclear changes such as
karyolysis and pyknosis were markedly diminished. The
congested sinusoidal capillaries were markedly reduced.
This group also recorded a highly significant increase in
serum aldosterone, corticosterone, cortisol and DHEA-S
levels as compared to the TRZ group.

The protective properties of AO are likely attributed to
its high concentration of potent antioxidants particularly:
polyunsaturated and unsaturated fatty acids, polyphenols,

tocopherols, sterols, and B -carotene, which are known
as powerful antioxidants and provoke free radical
scavenging enzyme systems. These products act by several
mechanisms: scavenging of peroxy radicals, which break
the peroxidation chain reaction, reducing oxidation of
lipids and inhibiting the binding to apolipoproteins and
subsequently preventing the modification of amino acid-
Apo-B protein residue®. Moreover, Antioxidants present in
AO are believed to prevent or delay the onset of production
of ROS after lipid peroxidation observed in rats or human
plasmal*’l.

Additionally, group IV showed a highly significant
decrease in cleaved caspase-3 immune reaction versus
group III. This is in accordance with the study of Orabi
et al.’" who observed mild immune staining of caspase-3
within some renal tubules in the case of AO concomitant
intake compared to the betamethasone group.

Ultrastructure examination of this group (group IV)
revealed localized mild changes with preservation of
apparently normal histo-architecture of cells. Occasionally,
mild dilatation of the perinuclear cisterna with mild nuclear
indentation, and few mitochondria with disrupted cristae
were occasionally observed in a few cells.

These results agree with the histological findings
of Alahmadi et al.’" in the kidneys of male rats of
Lead-induced pathological alteration and Necib et al.** in
the liver of rats of Mercuric chloride-induced pathological
alterations. They observed prominent recovery after
combination with AO. Necib et al.’¥ also added that AO
significantly increased liver GSH level, GSH-Px, and
glutathione-S transferase (GST) activities as antioxidant
potential thereby declining the level of lipid peroxidation.
Additionally, they stated that the high level of GSH protects
cellular proteins against oxidation.

From the current work, it was proved that oral
administration of tartrazine induced various deleterious
histo-pathological changes in the adrenal cortex and
co-administration of argan oil greatly adjusted these
changes.

CONCLUSION

Based on the current study and from all previously
mentioned results, we found that tartrazine administration
orally at a dose of 300 mg/kg daily for four weeks induces
various histopathological and immunohistochemical
degenerative  impacts on the adrenal cortex.
Co-administration of Argan oil alleviated the harmful
effects of tartrazine on the adrenal cortex.
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RECOMMENDATIONS

Consumption of synthetic-colored foods, especially
those dyed with tartrazine, should be limited. Natural
yellow food coloring such as saffron or turmeric powder
should be used as an alternative to tartrazine. Argan oil
supplementation is recommended as a potent antioxidant
agent. We recommend more research to study the effect of
tartrazine on the adrenal cortex and adrenal medulla from
the pharmacological and toxicological points of view to get
a better understanding of the mechanism of occurrence of
these effects and the possibility of recovery.
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