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ABSTRACT

Introduction: Monosodium glutamate (MSG) is a popularly used taste enhancer. MSG proved to cause many degenerative
diseases and oxidative damages. Vitamin C has an antioxidant property.

Aim: This work aimed to study the possible protective role of vitamin C against Monosodium glutamate induced structural
changes of the adrenal cortex.

Material and Methods: Forty-five adult male albino rats were used in this study, aged from 4-6 months and weighting 180-
200 Kg. Animals were divided into three equal groups. Group I: It was composed of fifteen rats and was further subdivided
into three equal subgroups; Subgroup IA: included 5 rats that kept as negative control. Subgroup IB: included 5 rats that
received Iml of distilled water for 8 weeks and Subgroup IC included 5 rats that received vitamin C in a dose of 0.3 mg/Kg
body weight /day for 8 weeks. Group II: It included fifteen adult male rats that received 4mg/Kg body weight/ day of MSG
for 8 weeks. Group III: It included fifteen rats that received MSG as in group II and vitamin C in a dose of 0.3 mg/Kg body
weight /day for 8 weeks.

Results: The present study revealed that MSG induced histological changes of adrenal cortex in the form of disorganized
structure of zona glomerulosa and zona fasciculata with increased accumulation of the cytoplasmic droplets and thinning of
the capsule. Group III that received vitamin C revealed evident improvement of these changes.

Conclusion: Monosodium glutamate led to histoarchitectural changes of adrenal cortex. However, vitamin C greatly
improved such changes.
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INTRODUCTION Vitamin C (Ascorbic Acid) presents naturally in fresh
fruits and vegetables, the synthetic forms of vitamin C were
reported to have similar chemical structure and biological
effects to natural ones!'”. Vitamin C has an antioxidant

A variety of food additives are widely used in food
preservation, coloring and sweetening!!. One of these
additives is monosodium glutamate (MSG) which is

popularly used as a taste enhancer of canned food, potato property!™™.

chips, frozen food, and fast food. MSG is the sodium salt Adrenal glands are endocrine glands which are
of the non-essential amino acid glutamic acid®. MSG essential in controlling body homeostasis!!4l. Previous
provides its flavoring effect through releasing the free studies linked adrenal damage that occurred with chronic
glutamate which then binds to taste receptors and stimulates consumption of MSG to oxidative stress and excitotoxic
the taste nerves leading to the unique umami taste of MSG, effect of glutamate on neurons!'>!¢, In addition, vitamin C
that taste differs from the four classic known tastes of sour, together with MSG may be present in diet. Therefore, the
sweet, salty, and bitter’®. MSG was approved by the Food present work designed to study the possible protective role
and Drug Administration in 1995%. However, unintentional of vitamin C against MSG induced structural changes of
abuse of MSG may occur because of its abundance use adrenal cortex.

in food preparations especially those without labelling!®!. MATERIAL AND METHODS

Higher doses of MSG proved to cause many degenerative
effects such as, neurological degenerative disorders Chemicals
Alzheimer's disease and Parkinson's diseasel®”), testicular
degeneration, sperm abnormalities®®! and ovarian atrophic
changes('®11],

MSG was purchased in the form of powder (500gm/pack)
from El-Gomhouria Company for trading medicine, Egypt.
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Vitamin C was purchased from Sigma-Aldrich
Chemicals Company in the form of powder (100gm/
bottle) (St. Louis, USA).

Animals

Forty-five adult male albino rats were used in this
study, aged from 4-6 months and weighting 180 -200 gm,
they were obtained and locally bred at the animal house
at medical research center of Faculty of Medicine, Ain-
Shams University. Rats were housed in metal cages in a
room temperature with regular dark/light cycles and good
ventilation. Diet and water access were freely allowed.
The experiment followed the guidelines of Ain Shams
University Ethics Committee. All rats were kept under the
same circumstances throughout the experiment.

Experimental Protocol

Animals were equally divided into three groups as
follows:

Group I (Control Group): It was composed of
fifteen rats and was further equally subdivided into three
subgroups:

Subgroup IA (Negative Control): included 5 rats that
received nothing but food and water for 8 weeks.

Subgroup IB (Vehicle Control): included 5 rats that
received 1ml of distilled water and given orally by a gastric
tube for 8 weeks.

Subgroup IC (Vitamin C Control): included 5 rats that
received vitamin C in a dose of 0.3 mg/Kg body weight /
day dissolved in 1ml of distilled water and given orally by
a gastric tube for § weeks.

Group II (MSG Group): It included fifteen rats
that received 4mg/Kg body weight/ day of MSGP!, the
calculated dose was dissolved in 1ml of distilled water and
given orally by a gastric tube for 8 weeks.

Group IIT (MSG + Vitamin C): It included fifteen rats
that received MSG as in group II and vitamin C in a dose of
0.3 mg/gm body weight /day!'” dissolved in 1ml of distilled
water and given orally by a gastric tube for 8 weeks. By the
end of the experimental periods, animals were anesthetized
with diethyl ether, the adrenal glands were carefully
dissected and processed for light microscopic examination.
The rats were then killed by decapitation after collection of
the specimens.

Processing of samples

Preparation of paraffin blocks and staining methods

Adrenal gland specimens were fixed in 10% buffered
formalin, processed and embedded in paraffin blocks,
sectioned at Sum, cut and stained by Hematoxylin and

Eosin™ to study the general histological features of the
gland and other sections were stained with Masson’s
trichrome stain to clarify the collagen fibers!'”,

Immunohistochemical study for caspase 3 was used as
an indicator of apoptosis, sections washed in phosphate-
buffered saline for 5 min and then incubated with antibody
to cleaved caspase 3 at a dilution of 1:200 (Invitrogen,
Sweden AB Stockholm Sweden) overnight at 4°C. Then
washed and incubated with (1:500) secondary goat-anti-
rabbit antibody (Invitrogen, Molecular Probes, Eugene,
Oregon, USA) for lh in room temperature. Slides were
then incubated in 3,3-diaminobenzidene for 15 min and
counterstained by Mayer’s hematoxylin, dehydrated and
mounted by dibutyl phthalate in xylene (DPX)1..

Preparation of epon blocks for semithin sections
and staining method

Adrenal gland specimens were fixed immediately in
2.5% glutaraldehyde in phosphate buffer for 3 hours. Fixed
tissue samples were washed with phosphate buffer and
post fixed in 1 % osmium tetra oxide. After dehydration
in ascending grades of alcohol and embedding in epon,
semithin sections one um thick were cut using L.K.B.
ultra-microtome, picked up on a gelatinized glass slides
and stained with toluidine bluef!l.

Stained sections were examined and photographed
using light microscope (Olympus 268M microscope)
equipped with an automatic photomicrographic camera
system.

Image analysis

Morphometric analysis was carried out on routine Hx.
and E. stained slides using image analyzer Leica Q win
V.3 program on a computer in the histology department,
Faculty of Medicine, Ain Shams University. The computer
was connected to a Leica DM2500 microscope (Wetzlar,
Germany). Six randomly chosen fields in six sections
obtained from six different animals from the same group
were used for measuring the thickness of the adrenal
capsule and the number of caspase positive cells of zona
fasciculata (ZF)/ field in all groups. pixels were calibrated
for actual measurements in micrometer. The magnification
used was 400X for the thickness of the adrenal capsule and
1000X for the number of caspase positive cells of ZF.

Statistical analysis

Data analysis was performed using MedCalc® Version
11.1.1.0 for Windows (MedCalc Software, Belgium) and
Microsoft Office Excel 2010 (Microsoft, USA) where
analyses of variance (ANOVA test), mean, standard
deviation (SD) and T-test were done. T-test result was
considered highly significant when P<0.001, significant
when P<0.05 and insignificant when P>0.05.
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RESULTS

Histological Results
Group I (Control)

Light microscopic examination of Hx. and E. stained
sections of the control subgroups IA, IB and IC showed
almost the same regular structure of the adrenal cortex
which was formed of three zones; the zona glomerulosa
(ZG) that formed the thin subcapsular zone then the
widest middle zone, zona fasciculata (ZF) and the inner
zone, zona reticularis (ZR) (Figure 1). Zona glomerulosa
cells were arranged in irregular clusters and separated
by trabeculaec with hardly detected minute capillaries
(Figure 2). ZF cells appeared polyhedral with foamy
eosinophilic cytoplasm and they were separated by slit
like capillaries (Figure 3). ZR showed
compact cells with more eosinophilic cytoplasm than
fasciculata and they were arranged in cords close to the
adrenal medulla (Figure 4). The gland was surrounded by
thick capsule with spindle like cells and connective tissue
fibers (Figure 2).

Semithin sections stained by toluidine blue showed ZG
cells with ill distinct cell boundaries. Zona glomerulosa
and ZF cells appeared with rounded vesicular nuclei and
small cytoplasmic droplets that were more abundant in ZF
with well distinct cell boundaries (Figures 5,6). The ZR
cells appeared with a few cytoplasmic droplets and well
distinct cell boundaries (Figure 7).

Masson’s Trichrome stain showed regular parallel
arrangement of thick collagen fibers in the capsule and in
the extending trabeculae between ZG cells (Figure 8).

Examination of immunohistochemically stained
sections for caspase 3 showed negative cytoplasmic
reaction of adrenal cortical cells (Figures 9,10).

Group Il (MSG Group)

Light microscopic examination of Hx. and E. stained
sections of the group II showed disorganized structure of
ZG and ZF (Figure 11). The ZG cells showed multiple
intercellular spaces while, most of ZF cells appeared
separated, darker with loss of foamy appearance
(Figure 12), dilated congested capillaries with interstitial
hemorrhage in the three zones were noted (Figures 13,14).
Apparent thin capsule was also noted (Figure 12).

Semithin sections stained by toluidine blue showed ZG
cells with an apparent increase in the cytoplasmic droplets
(Figure 15). ZF cells were heavily loaded with cytoplasmic
droplets with ill distinct cell boundaries (Figure 16).
Some of ZF cells showed irregular dark nuclei (pyknotic)
(Figure 17). Regular structure of ZR cells was noted
(Figure 18).

Masson’s Trichrome stain showed apparent decrease in
collagen fibers of the capsule with irregular fibers in the
extending trabeculae between ZG cells (Figure 19).

Examination of immunohistochemically stained
sections for caspase 3 showed extensive cytoplasmic

reaction of most of adrenal cortical cells of both ZG and
ZF (Figures 20,21).

Group III (MSG + Vitamin C)

Light microscopic examination of Hx. and E. stained
sections of the group III showed nearly regular adrenal
structure with mild dilated congested capillaries, minimal
intercellular spaces in ZG and ZF cells and the later
appeared polyhedral and foamy (Figures 22,23). Apparent
thick capsule was noted (Figure 22).

Semithin sections stained by toluidine blue showed
apparent mild increase in the cytoplasmic droplets of
some ZG and ZF cells with regular structure of ZR
(Figures 24-26).

Masson’s Trichrome stain showed nearly regular
thick collagen fibers of the capsule and of the extending
trabeculae between ZG cells (Fiure 27).

Examination of immunohistochemically stained
sections for caspase 3 showed negative to mild cytoplasmic
reaction of ZG and ZF cells (Figures 28,29).

Morphometrical results

A morphometric study was used for measuring the
thickness of the adrenal capsule in microns and the number
of caspase positive cells of ZF/ field of all groups, values
were mentioned in tables and column charts.

Statistical analysis revealed highly statistically
significant difference for both the thickness of adrenal
capsule and the number of caspase positive cells of ZF/
field of the MSG group (group II) as compared to the
control group (group I) with a P-value <0.001. Similarly,
a highly significant difference for both measures between
group II and MSG + Vitamin C (group III) has been
found with a P-value < 0.001. On the other hand, the
difference between group I and group III for both measures
were statistically non-significant with a P-value>0.05
(Tables 1 and 2). The comparisons between the
morphometric results of the three groups were further
illustrated in column (Charts 1 and 2).

Fig. 1: A photomicrograph of a section of adrenal cortex of group
I, showing the three layers of the adrenal cortex zona glomerulosa
(ZG), zona fasciculata (ZF) and zona reticularis (ZR). Notice the

capsule (C) and the surrounding adipose tissue (AT). (Hx. & E. X100)
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Fig. 2: A higher magnification of the previous photomicrograph
of a section of adrenal cortex of group I, showing the capsule
(C), zona glomerulosa cells (ZG) arranged in irregular clusters
(star) and separated by trabeculae with hardly detected minute

capillaries (arrow). (Hx. & E. X400)
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Fig. 3: A photomicrograph of a section of adrenal cortex of
group I, showing zona fasciculata (ZF) polyhedral cells with
foamy eosinophilic cytoplasm separated by slit like capillaries

(arrowhead) and zona reticularis (ZR). (Hx. & E. X400)

Fig. 4: A photomicrograph of a section of adrenal cortex and
medulla of group I, showing zona reticularis (ZR), compact
eosinophilic cells arranged in cords close to the adrenal medulla

(M). (Hx. & E. X400)

Fig. 5: A photomicrograph of a semithin section of adrenal cortex
of group I, showing thick adrenal capsule (C), zona glomerulosa
cells (ZG) with ill distinct cell boundaries, the cells contained
rounded vesicular nuclei with prominent nucleoli (arrow). Notice

the small cytoplasmic droplets (stars). (Toluidine blue X1000)

Fig. 6: A photomicrograph of a semithin section of adrenal cortex
of group I, showing zona fasciculata cells (ZF) with rounded
nuclei and prominent nucleoli (long arrows), the cytoplasm
contained many small cytoplasmic droplets with well distinct cell

boundaries (short arrows). (Toluidine blue X1000)

Fig. 7: A photomicrograph of a semithin section of adrenal cortex
and medulla of group I, showing zona reticularis cells (ZR) with
well distinct cell boundaries and a few cytoplasmic droplets

(arrow), and the adrenal medulla (M). (Toluidine blue X1000)
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Fig. 11: A photomicrograph of a section of adrenal cortex of group

Fig. 8: A photomicrograph of a section of adrenal cortex of group I, showing disorganized adrenal structure of zona glomerulosa
I, showing thick regular collagen fibers of the capsule (long (ZG) and zona fasciculata (ZF). Notice regular structure of zona
arrow) and in the extending trabeculae between ZG cells (short reticularis (ZR). (Hx. & E. X100)

arrow). (Masson’s trichrome X400)

Fig. 12: A photomicrograph of a section of adrenal cortex of
group II, showing disorganized zona glomerulosa cells (ZG) with

Fig. 9: A photomicrograph of a section of adrenal cortex of group multiple intercellular spaces (arrowhead), zona fasciculata cells

I, showing negative cytoplasmic reaction for caspase-3 of adrenal (ZF) appeared disorganized separated, darker with loss of foamy

cortical cells. (Caspase 3, X400) appearance (arrows). Notice the apparent thin capsule (C). (Hx.
' ’ & E. X400)

Fig. 10: A photomicrograph of a section of adrenal cortex of Fig. 13: A photomicrograph of a section of adrenal cortex of
group I, showing negative cytoplasmic reaction for caspase-3 of group II, showing dilated congested capillaries (arrows) in zona
ZF cells (arrow). (Caspase 3, X1000) glomerulosa (ZG) and zona fasciculata (ZF). (Hx. & E. X400)
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Fig. 14: A photomicrograph of a section of adrenal cortex of
group II, showing dilated congested capillaries with interstitial
hemorrhage (arrow) in zona reticularis (ZR). (Hx. & E. X400)

Fig. 15: A photomicrograph of a semithin section of adrenal
cortex of group II, showing apparent thin adrenal capsule (C),
zona glomerulosa cells (ZG) with apparent increase in the

cytoplasmic droplets (stars). (Toluidine blue X1000)

Fig. 16: A photomicrograph of a semithin section of adrenal
cortex of group II, showing zona fasciculata cells heavily
loaded by cytoplasmic droplets with ill distinct cell boundaries.

(Toluidine blue X1000)

Fig. 17: A photomicrograph of a semithin section of adrenal
cortex of group II. showing some zona fasciculata cells (ZF) with
irregular dark nucleus (pyknotic) (arrows). Notice the loss of cell

boundaries. (Toluidine blue X1000)

Fig. 18: A photomicrograph of a semithin section of adrenal
cortex of group II, showing regular structure of zona reticularis

(ZR), and the adrenal medulla (M). (Toluidine blue X1000)

Fig. 19: A photomicrograph of a section of section of adrenal cortex
of group II, showing apparent decrease in collagen fibers of the
capsule (long arrow) with irregular fibers in the extending trabeculae

between ZG cells (short arrows). (Masson’s trichrome X400)
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Fig. 20: A photomicrograph of a section of group II, showing
extensive cytoplasmic reaction for caspase-3 of adrenal cortical

cells of both ZG and ZF (dark brown color). (Caspase 3, X400)

Fig. 21: A photomicrograph of a section of group II, showing
extensive cytoplasmic reaction for caspase-3 (dark brown color)

of ZF cells (arrows). (Caspase 3, X1000)

Fig. 23: A photomicrograph of a section of adrenal cortex of
group III, showing foamy zona fasciculata cells (ZF) and zona
reticularis cells (ZR) with mild dilated congested capillaries

(arrowheads). (Hx. & E. X400)

.!v’. TN Ll A e "\); 2

Fig. 24: A photomicrograph of a semithin section of adrenal
cortex of group III, showing apparent thick capsule (C), zona
glomerulosa cells (ZG) with apparent mild increase in the

cytoplasmic droplets (star). (Toluidine blue X1000)

Fig. 22: A photomicrograph of a section of adrenal cortex of

group 111, showing thick capsule (C) and regular structure of ZG
and ZF. (Hx. & E. X400)

Fig. 25: A photomicrograph of a semithin section of adrenal cortex of
group III, showing apparent mild increase in the cytoplasmic droplets

(arrows) of zona fasciculata cells (ZF). (Toluidine blue X1000)
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Fig. 26: A photomicrograph of a semithin section of adrenal
cortex of group III, showing regular structure of zona reticularis

(ZR) and adrenal medulla (M). (Toluidine blue X1000)

Fig. 27: A photomicrograph of a section of section of adrenal
cortex of group III, showing nearly regular thick collagen fibers
of the capsule (long arrow) and of the extending trabeculae

between ZG cells (short arrow). (Masson’s trichrome X400)

Fig. 28: A photomicrograph of a section of group III, showing
negative to mild cytoplasmic reaction for caspase-3 of ZG and ZF

cells. (Caspase 3, X400)

Fig. 29: A photomicrograph of a section of group III, showing
mild cytoplasmic reaction for caspase-3 of some ZF cells
(arrows). (Caspase 3, X1000)

Table 1: Comparing the thickness of the adrenal capsule of the
three groups showing p-value either; non-significant (*) or highly
significant (**).

Groupl  Group II C(};ZISIPGI_}_I
(Control)  (MSG) Vitamin C)
Thickness of adrenal
capsule (mean + 12.6£0.1 7.6+0.6 11.9£ 0.5
standard deviation)
Between - e
Group I&I1 P=0.0001
g Between _ "
&~ Group H&III P=0.0001
Between PN
Group I&IIT P=06

Table 2: Comparing the number of caspase positive cells of ZF/
field of the three groups showing p-value either; non-significant
(*) or highly significant (**)

Group I Group II Group 111
(Control)  (MsG) . MSG*
ontro Vitamin C)

Number of caspase
positive cells of ZF/ field
(mean + standard
deviation)

05+02 11.3x1.0 1.1+ 1.8

Between
Group [&II

Between
Group [1&IIT

Between
Group 1&I11

P=0.0001""

P=10.0001""

T test

P=0.2"




VITAMIN C AGAINST MONOSODIUM GLUTAMATE EFFECTS ON ADRENAL CORTEX

Thickness of adrenal capsule
14
12
10
8
[ [ 1 [ i
. [VARUE
2
0
Control M5G MS5G + Witamin C

Column chart 1: Demonstrating the morphometric comparison
between the three groups as regards; the thickness of the adrenal

capsule in microns.

Number of caspase positive cells
of ZF/ field
12
10
B
’ [VALUE]
4
2
5 [VALUE] [VALUE]
Control MG MSG + Vitamin C

Column chart 2: Demonstrating the morphometric comparison
between the three groups as regards; the number of caspase

positive cells of ZF/ field.
DISCUSSION

MSG toxicity to humans and experimental animals
have been reported by many studies despite its unique
taste stimulation and enhancement of appetite. Individual
difference in tolerance to MSG toxicity was proved, but
generally all suffer the same chemical reactions each time
they ingest MSG that eventually exceed their tolerances!?.
The adrenal gland is one of the most common endocrinal
organs susceptible to chemical induced injuriest'®.

The results of the present work revealed that MSG
induced histopathological changes in rat adrenal cortex
were mainly in ZF. Sections stained with Hx. and E.
showed disorganized structure of ZG and ZF. ZG cells
showed multiple intercellular spaces while, most of ZF cells
appeared separated, darker with loss of foamy appearance,
dilated congested capillaries with interstitial hemorrhage
in three zones were noted. Zona glomerulosa produces

aldosterone, zone fasciculata produces glucocorticoids
and zona reticularis produces sex steroidsi®*?¥. Carsia
et al.® reported that steroidogenic activities of adrenal
gland were directly influenced by its zonal architecture.
Aldosterone released by ZG is responsible to increase
sodium reabsorption and to stimulate potassium excretion
by the kidneys. Disturbances in this zone lead to electrolyte
imbalance®. Seo et al!' reported that, corticosterone
release from ZF, decreased in chronic MSG administration
and explained that the decrease is due to overstimulated
hypothalamus by excess accumulated glutamate with
corticotropic releasing factor (CRF) hypersecretion and
subsequent down regulation of the pituitary CRF receptor
and decreased ACTH release.

Thinning of the adrenal capsule was noted in MSG
group and this was further confirmed by the morphometric
results that revealed highly statistically significant decrease
in thickness of adrenal capsule of MSG group when
compared to that of control group. Previous studies have
revealed that adrenal maintenance involves cell conversion
of ZG cells into ZF cells?®® and the adrenal capsule is
considered the signaling center that control cortical cells
renewal as it is required to maintain adrenal zonation
throughout life and to ensure continuous replacement of
damaged cells!". Moreover, Masson’s Trichrome stain
revealed apparent decrease in collagen fibers of the capsule
with irregular fibers in the extending trabeculae between
ZG cells. Previous studies suggested that the extracellular
matrix including collagen involved in the control of adrenal
gland activities?”! and that was clarified when fetal adrenal
cortical cells were cultured on collagen-coated dishes and
showed increased proliferation and activities??®l.

In addition, semithin sections stained by toluidine blue
of the same group clarified the increase in the cytoplasmic
droplets which was moderate in ZG and marked in ZF. Zona
fasciculata cells also showed ill-defined cell boundaries
and pyknotic nuclei. Adrenal cortical cells are considered
a major site of cytoplasmic lipid storages used for
steroidogenesist'®. Disrupted steroidogenesis may occur
as a result of oxidative damage. Therefore, cholesterol
biosynthesis will be impaired with increased cytoplasmic
accumulation of lipid droplets™. Moreover, Kawai
et al.B% reported that cytoplasmic lipid droplets increased
in adrenal hypo-functional state. Previous studies explained
the mechanism of MSG damage on different tissue by
its direct toxic effect on cells which is caused mainly by
the presence of glutamate receptors as in hypothalamus,
endocrine system and other organs or due to the decrease
in ascorbic acid level which leads to imbalance in
homeostasis of glutathione precursor (cysteine). This leads
to depletion of intracellular glutathione and then reduced
ability to protect against oxidative damage with subsequent
oxidative stress and accumulation of free radicals®=*. No
obvious changes detected in ZR cells of MSG group except
for dilated congested blood vessels in-between the cells.
Previous studies have proved the effect of MSG on ZF!623!
with minimal available data for its effect on ZG and ZR.
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However, Rosol et al.,** stated that chemically induced
damage of adrenal cortex is more frequently affecting ZF
and ZR in fetal adrenal cortex and Cekic et al.*3! reported
hyperplasia of both ZF and ZR in newborn rats treated with
MSG.

Moreover, immunohistochemically staining for caspase
3 of the same group showed extensive cytoplasmic reaction
of most of the adrenal cortical cells of both ZG and ZF,
this was further confirmed by the morphometric results
that revealed highly statistically significant increase in the
number of caspase positive cells of ZF when compared to
that of the control group and which was an indicator of
increased cellular apoptosisi®®!. Caspase 3 is known to be
activated by the two main apoptotic pathways, the receptor
pathway (extrinsic) and the mitochondrial pathway
(intrinsic). The intrinsic pathway is activated in response
to oxidative stresst’.

On the other hand, Hx. and E. stained sections of group
[T that received MSG with vitamin C showed relatively
preserved adrenal cortical structure with mild dilated
congested capillaries in the three zones. Apparent thick
capsule was noted, and this was further confirmed by
the morphometric results that revealed a non-significant
difference between group III and the control group and a
highly significant difference between group II and group
IIT regarding the thickness of the capsule.

Moreover, Masson’s Trichrome stained sections
showed regular thick collagen fibers of the capsule and of
the extending trabeculae between ZG cells close to that of
the control group. The adrenal gland is one of the richest
organs of vitamin C in the body. The glands can accumulate
vitamin C under normal physiological conditions and act
as a depot of vitamin C which acts as a cofactor for both
adrenal catecholamine and steroidogenesist®**. Studies
have confirmed the crucial role of vitamin C on adrenal
cortex as vitamin C deficiency proved to decrease plasma
level of corticosterone and altered the morphology of
mitochondrial membrane of adrenal cortical cells .

Semithin sections stained by toluidine blue of the same
group showed zona glomerulosa and zona fasciculata
cells with mild increase in the cytoplasmic lipid droplets.
Vitamin C proved to protect ZF against free radicals
released by nicotine™! and prevented the MSG induced
damage in rat spleen®?!,

Minimal apoptotic cells were detected by
immunohistochemically staining for caspase 3 of both ZG
and ZF and this was further confirmed by the morphometric
results that revealed a non-significant difference between
group III and the control group and a highly significant
difference between group II and group III regarding
the number of caspase positive cells of ZF. Hartel
et al.* stated that vitamin C is one of the most important
physiological antioxidants. It exerts its action by entering
the mitochondria, accumulates as ascorbic acid which
in turn inhibit oxidative mitochondrial DNA damage. In
addition, it decreases lipid peroxidation either directly or
by regenerating the antioxidant vitamin EM4.

CONCLUSION

MSG led to histoarchitectural changes of adrenal
cortex. However, vitamin C greatly improved such changes.
Thus, it could be considered as a promising protector for
ameliorating MSG induced adrenal hazards.
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