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ABSTRACT

Introduction: Monosodium Glutamate (MSQ) as a flavour enhancer is still being widely used in a range of diet formulations.
Several studies have recently revealed undesirable side effects of its long-term intake. The immune system is a potential target
of toxicity following chemicals exposure. Thymus is a primary lymph organ which produces immunocompetent T cells. It
enhances the maturation of lymphoid precursors into T cells to establish the T cell pool during life in human.

Aim of the Work: To evaluate the toxic effect of MSG on the thymus of adult male albino rat and the possible protecting role
of vitamin C when administered concomitantly.

Materials and Methods: Forty adult male albino rats were used for this work and were divided randomly into four equal
groups; Group 1 used as control, Group II received 100 mg/kg vitamin C, Group 3: received 3 g/kg MSG and Group 4 received
both MSG and vitamin C concomitantly. Both drugs were given once daily orally. After 60 days the thymus glands were
obtained and processed for histological, immunohistochemical using caspase 3, morphometric and statistical studies.
Results: MSG administration resulted in marked decrease in thymic cellularity with significant increase in caspase 3 positive
cells in association with ultrastructural changes in the thymocytes and epithelial reticular cells. Concomitant administration of
vitamin C with MSG reduced the previous histological alteration with decrease in caspase 3 positive cells.

Conclusion: Monosodium glutamate affects the histological structure of the thymus gland and its concomitant administration
with vitamin C diminished its thymic toxicity.
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INTRODUCTION pathological processes!”. Glutamate is the most important
excitatory neurotransmitter in the central and peripheral
nervous system®. Beside to the central nervous system,
different organs and tissues contained glutamate receptors
such as ovaries, liver, kidney, testis, endocrine glands,
hypothalamus and thymus®. Glutamate receptors were
also discovered in mouse, rat and human lymphocytes!'?.

The general health of the world’s population is under
siege from the dramatic changes in life conditions.
Environmental and lifestyle changes, including diet are
seriously increasing the burden of ill health. Nowadays,
many food additives acting either as preservatives or
enhancer of palatability are present. (MSQG) is one of this

commonly used food-additives in industrial foods!'>?. Different studies stated that MSG has a potential
toxic effects linked to this food-flavoring property. It
(MSQG) is the sodium salt of glutamic acid which is a was reported that 20 minutes after intake of MSG rich
nonessential amino acid. High-level of MSG is observed meal (2-4 g/kg body weight) the following
in a variety of food resources, involving seaweed, soy symptoms occur; burning sensation at the back of the neck,
sauce, tomatoes, parmesan cheese, and breast milk. blistering on arms and occasionally on the anterior thorax,
The mean consumption of MSG /day is assessed to be general fatigue, and palpitations. Those symptoms took the
0.3-1.0 g Those doses possibly disturb neurons and term “Chinese restaurant syndrome”'!l. The toxic effects
might have harmful effects on behavior.The circulating include also CNS disorders®, obesity!'?!, disruptions in
MSG is disassociated into sodium ion and L-glutamate. adipose tissue physiology, hepatic damage!'!, congenital
In the GIT, dietetic glutamate is widely metabolized rubella syndrome and reproductive malfunctions either in
by liver into a major energy substrate, plays a role in female!', or in male!’s!. Several animal and human studies
amino acid metabolism, and is the precursor of several have proved that usage of even the lowest dose of MSG
important biologically active molecules®™®. MSG acts on has toxic effects. Previous studies indicated that MSG
the glutamate receptors and releases neurotransmitters augmented apoptosis in rat thymocytes, by decreasing Bcl-
which play a vital role in normal physiological as well as 2 expression!',
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Vitamin C is an organic compound with antioxidant
properties. Except human, most of the higher animals
can synthesize vitamin C. It is necessary for normal
growth and development, and has been shown to guard
against tissue toxicity and oxidative stress!'®. It has been
stated that toxicity of MSG can be diminished by the use
of vitamins like A, C, D and E. Quercetin and diltiazem
have also been proposed to have protecting role in MSG-
induced toxicity'”. Curcumin displayed a neuroprotective
role in nerve cells and cerebral cortex of albino rat against
MSGI,

The primary lymphoid organ; thymus plays a critical
role in the growth of T cells. Its definitive inability to
balance for the peripheral utilization of mature T-cells may
affect significantly the capacity to hold immune responses
to novel antigens. The thymus continues its active process
of thymopoiesis into the fourth decade of life manifested
by the presence of active thymic tissue with DP(double
positive) thymocytes, which are greatly reduced after
40yrs of age in human however mice at 2 years of age is
fully capable of generating recent thymic immigrantst'®.
The thymus begins to shrink and novel T cell production
drops to a lower rate (its function declines at a rate of
nearly 3% per year throughout adulthood).This process is
described to as involution, which is defined as a decrease
in the activity, weight and size, of the thymic gland with
progressing age. Even though it remains to act as the site of
T-cell development and creation throughout adulthood®,
the thymus largely degenerates into fatty tissue in aged
adultst?!),

The data about effect of MSG on the cells of the
primary immune organs and potential protecting impacts
of specific antioxidants are still mostly unknown. In the
present research, we studied the possible protective role of
vitamin C against MSG induced thymic toxicity in adult
male albino rat thymus.

MATERIALS AND METHODS

Chemicals

MSG was obtained in the form of L- Glutamic acid
Sodium Salt 500 gm (Eastrin Fine Chemicals. LTD)
from Gomhoria Company. The powder was dissolved in
distilled water to get the desired concentrations.

Vitamin C was obtained in the form of L- ascorbic acid
100 gm tablets (Universal Fine Chemicals PVT. LTD India
A.R. grade). It was dissolved in distilled water to get the
desired concentrations. Both drugs were given once daily
by oral gavage.

Animals

This study was carried out on 40 adult male albino
rats, weighing from 150- 200 gm with age range (11-12
weeks). They were housed in clean correctly aired cages
under the same environmental conditions with supply of
food and water through the entire period of the experiment.
All animal procedures in the study followed the guideline

for work on experimental animals and approved by Ethical
Committee of Faculty of Medicine of Tanta University.
The animals were divided randomly into four equal groups
(10 rats each):

Group 1(control): served as control group.

Group 2 (vitamin C): received vitamin C only 100 mg/
kg body weight/day.

Group 3 (MSG): received MSG 3 g/kg body weight/
day (the symptomatic dose).

Group 4 (MSG & Vit C): received concomitantly both
MSG and vitamin C (3 g/kg body weight/day and 100 mg/
kg body weight/day respectively) .

The drugs and their vehicle were given orally by gastric
tube once daily for two months. Weekly recording of
animals body weights for adjustment of the dose based on
the most recent body weight for each dose group as carried
out. The above doses were based on previous reports?22324],
The animals were sacrificed after 60 days.

Specimen collection and preparations

For obtaining tissue specimens, perfusion fixation
was used. Perfusion was conducted for 20 minutes till the
animal organs hardened and acquired a yellowish tint!?*),

For light microscope examination

The specimens were fixed in 10 % neutral buffered
formalin, washed, dehydrated, cleared then embedded
in paraffin. Serial sections of Spum were stained with
Hematoxylin and Eosin according to Bancroft and Gamble,
(2008)261,

For immunohistochemical detection of active caspase3
immune reaction

Anti-Cleaved Caspase-3 antibody [E83-77] (ab32042)
was used. Incubation of sections were done with the primary
cleaved caspase-3 antibody at 4°C overnight. Detection of
primary binding was done using a horseradish peroxidase-
conjugated goat anti-rabbit antibody (Vector Laboratories,
Burlingame, CA, USA) and visualized by development
with 3, 3- diaminobenzidine (DAB, Sigma). All sections
were counter stained with haematoxylin. Immune reaction
was detected in the cytoplasm of the examined cells?”.
Negative control was done by skipping the step of adding
of primary antibody. A section of the kidney was used as
a positive control and was provided by (Biocare medical
number CP229A)

For transmission electron microscopy

Tissue samples were put in 2% buffered glutaraldehyde
fixative, washed with PBS and fixed in 1% osmium
tetroxide. Dehydration was done by using ascending
grades of alcohol and embedding was completed via epoxy
resins. Ultrathin sections (50-60 nm) were prepared by
ultramicrotome (Leica Microsystems, Vienna, Austria) to
be installed on copper grids and stained with uranyl acetate
and lead citrate!®. The sections were examined using a
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Jeol JEM- 100 Transmission Electron Microscope (Jeol,
Tokyo, Japan) In Electron Microscopic Unit, Faculty of
Medicine, Tanta University ( Egypt).

Digital morphometric study (Computer Assisted
digital image analysis)

Slides were photographed using Olympus® digital
camera installed on Olympus® microscope with 1/2 X
photo adaptor to assess the following parameters,:

a. Cortical thymic thickness: This was done on H&E
stained sections using 10X objective by measuring
in um the length of a line drawn from the outer
limit of the cortex passing perpendicular till
corticomedullary junction.

b. Area percentage of anti caspase 3 positive
immunoreactions in immunostained sections
using 4Xobjective.

Ten different non overlapping randomly selected fields
from each slide of each rat of each group were examined.
The results of the images were analysed on Intel® Core
[7® based computer using VideoTest Morphology®
software (Russia).

Statistical analysis

Data analysis were done using one-way analysis
of variance (ANOVA), then Tukey’s test to compare
between the groups using the statistical package for the
social sciences (SPSS) (version 11.5; SPSS Inc., Chicago,
Illinois, USA). The values were expressed as mean + SD.
Differences were considered as significant if P values were
less than 0.05 and highly significant if P values were less
than 0.001181,

RESULTS

Light microscopic results for Hematoxylin and
eosin stains

H &E stained sections of the control and vitamin C
treated groups showed the normal histological structure of
thymus gland. It was covered by connective tissue capsule
and was formed of multiple incomplete lobules separated
by thin connective tissue septa. Each lobule was formed
of darkly stained cortex and lightly stained medulla. The
cortex was occupied by multiple overlapped thymocytes
displaying dark basophilic nuclei separated by blood
capillaries. The lightly stained medulla demonstrated
many blood capillaries, less densely packed thymocytes
and vesicular nuclei of epithelial reticular cells. Other
epithelial reticular cells were embedded in acidophilic
material forming Hassel, s corpuscles (Figure 1 (A,Al)).

Examination of sections obtained from group III (MSG
treated group) revealed loss of the normal histological
architecture of the thymus gland. Prominent narrow
cortex was evidently seen around cellularly depleted
corticomedullary junction and lightly stained wide medulla.
The epithelial reticular cells were clearly observed forming
Hassal’s corpuscles (Figure 1 (B,B1)).

However, sections obtained from group IV
(protective group) demonstrated restoration of the normal
histological architecture of thymus to be more or less
similar to control group (Figure 1 (C,C1)).

Immunostaining  results  with  Anti-Cleaved

Caspase-3 antibody

The control group revealed negative immune reaction
for caspase 3 in both cortex and medulla except for
few scattered thymocytes that showed mild reaction in
their cytoplasm (Figure 2 (A,Al)). MSG treated group
demonstrated wide spread strong positive cytoplasmic
caspase 3 reaction in many thymocytes and epithelial
reticular cells of cortex and medulla (Figure 2 (B,B1)).
However, group IV showed apparent decrease in this
reaction where few scattered thymocytes depicted
mild faint reaction for caspase 3 in their cytoplasm
(Figure 2 (C,C1)).

Electron microscopic results

Thymus gland of both control (I) & vitamin C (II)
treated groups showed the same ultrastructural features.
Cortex and medulla were seen densely packed with variable
sized thymocytes separated from each other by cytoplasmic
processes of epithelial reticular cells. The thymocytes
contained large heterochromatic nuclei and surrounded by
thin rim of cytoplasm (Figure 3 (A,B,C,D,E,F)). Some of
them were seen in mitosis (Figure 3(C)). Different types
of epithelial reticular cells were seen also in the same
regions. Type I epithelial reticular cells were seen in sub
capsular region, connective tissue septa and perivascular
spaces of the cortex and the medulla. They had elongated
or rounded euchromatic nuclei with prominent nucleoli
(Figure 3 (A&E)). Type II epithelial reticular cells were
observed in the outer and mid cortical regions (Figure 3 (A)).
Some epithelial reticular cells displayed autophagosomes
formed of double-membranes sequestering vesicles and
vacuoles surrounded by intact mitochondria and rER
(Figure 3 (B)). While type III epithelial reticular cells were
detected in close contact to dividing thymocytes deeper
in the cortex, (Figure 3 (C)). Type IV epithelial reticular
cells were found in the deeper part of the cortex and more
abundant in the medulla. They had numerous processes
rich in tonofilaments (Figure 3 (D)). Type V epithelial
reticular cells were seen at the cortico-medullary junction
in addition to blood capillaries that were seen lined by
continuous endothelium surrounded by continuous basal
lamina and type I epithelial reticular cells forming blood
thymic barrier (Figure 3 (E)). Type VI epithelial reticular
cells were depicted in the medulla disclosing central
euchromatic nuclei, rtER, electron dense granules and,
multiple desmosomes and were surrounded by multiple
thymocytes (Figure 3 (F)).

Thymic gland of group I1I (MSG treated group) showed
considerable ultrastructural alterations spanning both
cortex and medulla. Cortical region revealed decrease
cellularity and wide interstitium containing cellular debris.
Variable sized thymocytes were widely separated and

1311



VITAMIN C AND MSG THYMUS TOXICITY

revealing nuclear chromatin margination and micronucleus
formation (Figure 4 (A,B)). The epithelial reticular cells
showed small electron dense pyknotic nuclei and rarified
cytoplasm with ill defined organelles in addition to
fragmented processes (Figure 4 (A)). Another epithelial
reticular cell in the same region most probably type II
contained shrunken irregular electron dense nucleus
and dilated proliferated rough endoplasmic reticulum
(Figure 4 (C)). Continuous blood capillaries at the
corticomedullary junctions were lined by swollen
endothelium containing distended mitochondria with
cristolysis. They were surrounded by discontinuous basal
lamina and wide subendothelial space. The processes of
the surrounding epithelial reticular cells were swollen,
disrupted leaving capillary bare area and had attenuated,
ill-defined desmosomes. Wide interstitium filled with
cellular debris and fat droplets was also observed
(Figure 4 (D)). The medulla showed wide interstitium full of
cellular debris. Medullary thymocytes had discontinuation
of their cell membranes with the release of their cellular
contents into interstitium. Their nuclei displayed either
peripherally condensed chromatin or micronuclei and
fragmentation. Some medullary epithelial reticular cells
appeared degenerated, disintegrated while others were
multinucleated with marked chromatin condensation
(Figure 4 (E,F)).

As regards group IV (MSG & Vitamin C treated
group), restoration of the normal ultrastructure of the
thymus gland was observed. The cortical region was
formed of normal variable sized thymocytes and different
types of epithelial reticular cells with intact processes
mostly type I, III &IV. Some thymocytes were still widely

separated by the processes of normal epithelial reticular
cells and some contained small electron dense nuclei,
while others contained mitotic nuclei (Figure 5 (A,B)). At
corticomedullary junction, normal thymocytes were seen
in addition to dividing one. Continuous blood capillaries
with intact basal lamina were seen surrounded by epithelial
reticular cells type I containing well defined cytoplasmic
organelles and surrounded by continuous basal lamina
forming blood thymic barrier. (Figure 5 (C)). The medulla
contained normal thymocytes and epithelial reticular cells
(VI) exhibiting euchromatic nuclei, dilated rER, areas
of rarified cytoplasm and surrounded by discontinuous
plasma membrane displaying evident desmosomes
(Figure 5 (D)).

Morphometric and statistical results
1- Cortical thickness of the thymus glands

The mean total cortical thickness showed significant
decrease in MSG treated group compared with control,
vitamin c¢ treated and protective groups. Significant
improvement could be observed in the vitamin C
protected group, when compared with MSG group
(Tables 1,2, Histogram 1):

2-Areapercentageof caspase 3 positiveimmunoreactions

MSG treated group revealed highly significant
increase in the mean area percentage of caspase 3 positive
immunoreaction compared to control ,vitamin C treated
and protective groups. Significant improvement could be
observed in the vitamin ¢ protected group, when compared
with MSG group( Tables 3,4, Histogram 2):
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Fig. 1: photomicrographs of H & E stained thymic sections Control group (A &Al); A): shows multiple lobules with darkly stained cortex (C) and lightly
stained medulla (M) and thin septa between lobules(arrow). H&E x 200. Al): exhibits darkly stained cortex (C) occupied by multiple overlapped thymocytes
displaying dark basophilic nuclei and separated by blood capillaries ( thick arrow). Lightly stained medulla (M) demonstrates less densely packed thymocytes
and vesicular nuclei of epithelial reticular cells (curved arrows). Some epithelial reticular cells embedded in acidophilic material forming Hassels, corpuscle
(bifid arrow) .H&E x 400. MSG treated group (B&B1) ; B): shows narrow cortical zone(C) and wide lightly stained rarified medulla (M) with marked cellular
depletion (stars) at corticomedullary junction. Notice the gland is surrounded with thick white adipose tissue (curved arrow). H&E x 200. B1): demonstrates
lightly stained medulla having many empty spaces( stars) ,loosely packed thymocytes and epithelial reticular cells with vesicular nuclei ( curved arrows)
in association with Hassal , s corpuscle( bifid arrows).H&E x400. Protective group (C&C1):C): shows darkly stained cortex (C) and lightly stained medulla
(M)with many blood capillaries in between ( thick arrows)and less densely packed thymocytes. H&E x 200. C1: lightly stained medulla (M) demonstrating
many blood capillaries( thick arrows) ,less densely packed thymocytes and vesicular nuclei of epithelial reticular cells ( curved arrows) and multiple empty
spaces ( stars). H&Ex400.
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Fig. 2: Photomicrographs of caspase 3-immunostaitned thymic sections Control group (A &Al) showing faint brown cytoplasmic immune reaction in
few thymocytes and epithelial reticular cells (arrow) . x100&x400. MSG treated group (B &B1): showing intense cytoplasmic immune reaction in many
thymocytes and epithelial reticular cellsx100& x400. Protective group (C&C1): showing mild cytoplasmic immune-reaction in few thymocytes and epithelial
reticular cells x 100&x400.
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Fig. 3: Electron micrograph of thymic ultrathin sections of control group: A): shows cortex containing variable sized thymocytes (T) with heterochromatic
nuclei and separated from each other by cytoplasmic processes of epithelial reticular cells. Notice there are three types of epithelial reticular cells (E I, E I and
E III) containing euchromatic nuclei with prominent nuclei X5850. B): shows epithelial reticular cell containing autophagosome X23400. C): demonstrates
cortex with different sized thymocytes( T), mitotic thymocytes ( T1) and type III ERC( EIII) full of mitochondria. X11700. D): depicts epithelial reticular
cell type IV ( EIV) with euchromatic nucleus, long processes and abundant cytoplasm rich in tonofilaments( hay stack) ( wavy arrows).They were surrounded
by variable sized thymocytes and wide interstitium (star) in the inner cortex.X11700 . E): shows blood thymic barrier formed of continuous blood capillary(
C ) with continuous basement membrane and surrounded by epithelial reticular cell type I( EI ). Epithelial reticular cell type V( E V) was seen in addition to
thymocytes ( T ) with processes of epithelial reticular cells in-between ( wavy arrows ) containing tonofilaments at the corticomedullary junction . X11700 F):
shows medulla with epithelial reticular cell type VI ( EVI ) having euchromatic nucleus, electron dense granules, RER ,mitochondria and multiple desmosomes
(arrow heads ) surrounded by thymocytes ( T ). X11700
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Fig. 4: Electron micrograph of thymic ultrathin sections of MSG treated group A):shows cortex having thick CT septa(thick arrow) and decrease cellularity
with wide interstitium (stars) containing thymocytes of different sizes and shape and fragmented processes of ERC (curved arrow). ERC typel(E ) contains
pyknotic nucleus surrounded by rarified cytoplasm of ill-defined organelles is also present. Notice presence of nucleus with abnormal chromatin condensation
and fragmentation (X 5850). B): demonstrates cortex contained thymocytes of different sizes and shape displaying chromatin margination (T) and micronucleus
formation (X 11700). C): reveals cortex with epithelial reticular cell II (E) displaying small electron dense irregular nucleus and dilated proliferated RER (arrows)
in association with increase in the peripherally condensed chromatin in the surrounding thymocytes (T).X11700 D):Corticomedullary junction disclose
swollen endothelium (C)of continuous blood capillary surrounded by disrupted processes of epithelial reticular cells( E)leaving bare area. Their cytoplasm
contains enlarged mitochondria with cristolysis (curved arrow). The desmosomes appear attenuated and ill-defined (arrow heads). Notice, wide interstitium
contains cellular debris (stars)and fat droplets(wavy arrow).X11700 E): shows wide interstitium(stars) containing remnant of necrotic ERC (E) with few
thymocyte (T1) some of them displaying irregular nuclei with increased peripherally condensed chromatin (T2) or small hyperchromatic one (T3). x11700
F): Medulla depicts disintegrated or degenerated epithelial reticular cells (E1,E2 and E3. One of them is a nucleated( E1&E3), while others is seen segmented(
E2) with marked chromatin condensation. The nearby thymocyte displays small electron dense nucleus(T1) x11700
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Fig. 5 : Electron micrograph of thymic ultrathin sections of (MSG &Vit C treated group) A); shows cortex consisting of thymocytes of
different sizes ( T) separated by the processes of epithelial reticular cells. Notice the presence of mitotic (T1)and thymocyte with pyknotic
nuclei (T2) and the three types of epithelial reticular cells type ELEIIEIII B): discloses inner cortex having epithelial reticular cell type IV
( EIV) with euchromatic nucleus, long processes ( stars) and abundant cytoplasm rich in tonofilaments( hay stack) and mitochondria( wavy
arrows).X2000 C): shows the corticomedullary junction containing continuous blood capillary( C) surrounded by epithelial reticular cell type
I ( E1) with intact basal lamina forming blood thymic barrier. They are surrounded by thymocytes of different sizes ( T1).x2000 D): reveals
medulla containing epithelial reticular cells (EVI) having euchromatic nuclei, dilated RER( arrows), rarified cytoplasm (star) and interrupted
plasma membrane( angular arrows). Notice the presence of Desmosomes(arrow head).x3000
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Table 1: The range and the mean + SD of cortical thickness for the different studied groups measured in micrometers

Cortical Thickness Control Vit. C MSG MSG + Vit. C
Range 840 — 1320 765 - 1025 235425 560 — 702
Mean + SD 969.00+ 99.23 889.20+ 00.47 327.60+ 72.06 621.00+ 66.23

Table 2: Comparison between the mean cortical thickness of the thymus gland in different studied groups represented by the P value

Control &Vit. C Control & MSG

Control & MSG + Vit. C

Vit. C& MSG Vit. C& MSG + Vit. C  MSG & MSG + Vit. C

0316 0.001" 0.001"

0.001" 0.003" 0.002"

Table 3: The range and mean + SD of the area percentage of positive caspase 3 immunoreaction in immunostained sections of the different

studied groups
Caspase3 +ve area % Control Vit. C MSG MSG + Vit. C
Range 0.65-1.25 0.85-1.42 6.58-9.45 3.05-5.32
Mean + SD 0.92+0.24 1.17+0.23 8.10+1.28 4.05+0.93

Table 4: Comparison between the mean cortical thickness of the thymus gland in different studied groups represented by the P value

Control &Vit. C Control & MSG Control & MSG + Vit. C Vit. C& MSG Vit. C& MSG + Vit. C  MSG & MSG + Vit. C
0.632 0.001" 0.001" 0.001" 0.001" 0.001"
1400 - Mean Cortical Thickness 10 Mean area % of caspase 3 positive immunoreaction

1200

1000 4
800 4
600 4
400 4
200 4
4] T T

Control & Vit. © Control & MSG Control & MSG Vit C & MSG Vit C & M3G + MSG & M3G +
+\it. © Vit © Vit ©

Control Vit C MSG MSG+ Vit. C

Histogram 1: Comparison between the mean cortical thickness of the
thymus gland in different studied groups

DISCUSSION

MSGisawidelyused food additive. Several studies have
lately suggested undesirable side effects after its prolonged
intake based on many in vitro and in vivo animal studies and
clinical trials particularly at high doses. MSG can enhance
the hazards of hypercholesterolemia, hypertriglyceridemia,
obesity and diabetes. Additionally, it can induce oxidative
stress, hepatotoxicity and neurotoxicity™®. The immune
system produces major adaptive mechanisms through
which the body guards itself from pathogens and other
damaging agents®”. It is a potential target of toxicity
following chemical exposurel®!. Thymus is a primary
lymph organ which produces immunocompetent T cellsi2.
Communication of thymocytes with cellular populations of
the cortical and/or the medullary regions of the thymus is
required for appropriate T cell growth; particularly thymic
epithelial cells (TECs) and dendritic cells (DCs)P). The
current study evaluated the effect of MSG on the thymus
of adult male albino rat when given alone and when
administered concomitantly with vitamin C.

Thymus gland of control and vitamin C treated
groups of the current study displayed the well known

CE

Confrol & Vit. C Control & MSG Control & M3G Vit CEMSG Vit C&MSG+ M3G& MSG +
+Wit. © Vit. C Wit ©

Control MSG + Vit C

Histogram 2: Comparison between the mean area percentage of caspase
3 positive immunoreaction of different groups

normal structure by both light and transmission electron
microscopes. The nuclei of thymocytes displayed different
morphologies either seen in interphase stage with
characteristic hyperchromatic profile or in mitotic state.
Epithelial reticular cells were seen encircling developing
thymocytes and disclosed six types distributed in cortex
and medulla. They form blood thymic barrier in the cortex
and their cytoplasm depicted autophagosome signifying
the presence of an active interesting phenomenon of macro
autophagy. Similarly, Tsubasa et al., (2017)3* observed
the same findings in the thymus of the control rat and they
reported its enhancement after ethanol administration.

Macro autophagy is defined as a cellular process
involved in both main types of cell death necrosis and
apoptosis that involves the engulfment of cytoplasmic
material and intracellular organelles within double-
membrane vesicles, called autophagosomes as represented
in the current study™. It is believed that autophagy has a
cytoprotective and homeostatic role, as it promotes cell
death during normal development® and in diseasel’..
In addition, a low level of constitutive autophagy has an
important housekeeping role in the normal turnover of

1318



El Hafez et. al.,

long-lived proteins and whole organelles, thereby being
crucial for maintaining healthy cellsP**. In addition,
Chunyan Wu et al (2013)M9 elucidated that thymus
epithelial reticular cells used autophagy in the process T
lymphocytes negative selection. Furthermore, the immune
system designates a cellular catabolic process in order
to enhance the tolerogenic presentation of self-antigens
within the thymic microenvironment. The underlying
mechanism of autophagy was suggested to be under
the control p53 protein***4. However others added that
production of ROS by thymic stromal cells of mice has
physiological roles and seem to be necessary for autophagy
which is essential for negative selection and thus for the
prevention of autoimmune diseases and can eventually
lead to thymic atrophy during aging!*!.

The current study showed that MSG treated group
displayed loss of the thymic architecture with marked
cellular depletion particularly at the corticomedullary
junction. Immunostained sections of the same group
for active caspase 3 demonstrated wide spread strong
positive cytoplasmic reaction spanning both thymocytes
and epithelial reticular cells of cortex and medulla. These
data were verified statistically by considerable significant
decrease in the area percentage of cortical thickness and
significant increase in caspase3 positive immunoreactivity.
Existence of ultrastructural features of different forms
of cell death in the same group confirmed and explained
the formerly mentioned light microscopic observations.
Similar findings proving the toxic effect of MSG on
thymus of adult male albino rat were formerly studied by
Pavlovic et al. ( 2006 )“! and Hassan et al. (2014)47,

The current study demonstrated electron microscopic
features of several forms of cell deaths commonly seen
in ERC as well as thymocytes of thymus of MSG treated
group. Apoptosis was a common microscopic feature
evidenced immunohistochemically by significant increase
in caspase 3 immunoreactivity and ultra-structurally by
nuclear shrinkage (pyknosis), chromatin margination
together with fragmentation (karyorrhexis). Desmosome
attenuation and cellular separation secondary to junctional
break down were another findings seen in this group.

These results coincided with Pavlovic et al. (2006)14
who elucidated that prolonged giving of MSG to animals
led to increase thymocytes apoptosis due to oxidative
stress. They reported that MSG administration to animals
significantly decreased cell viability of thymocytes in a
time-dependent manner. They also attributed MSG induced
thymocytes apoptosis to reduction in BCL2 expression
secondary to down-regulation of anti-apoptotic (Bcl-2)
gene expression which is known as a regulatory proteins
that regulate cell death (apoptosis). In addition, Zanfirescu
et al (2019)"® reported in their study that there are links
between MSG consumption and tumorigenesis, increased
oxidative stress and apoptosis in thymocytes, as well as
genotoxicity in lymphocytes.

During electron microscopic examination of thymus of
MSC treated group several signs of necrotic cell death were
seen. These were in the form of disrupted cell membranes,
presence of cellular debris and fragmented processes of
ERCs in association with total disintegration. Nuclear
changes ranged from clumping, shrinkage (pyknosis),
fading and up to complete disappearance ( karyolysis)
were anunusual features seen in this group. In agreement
with these findings necrosis by MSG was also observed by
Hazzaa et al 20201,

In trial to understand the mechanism of necrosis
in MSG treated group, many factors could play a role
in the propagation of necrosis among them, Ca2 and
mitochondria. Ca2 controls activation of polylactic acid,
calpains and nitric oxide synthase, which induce a series of
events leading to necrotic cell death. While mitochondria
dysfunction contribute to necrosis by excessive reactive
oxygen species (ROS) formation, mitochondrial
permeability transition, and ATP depletion®”. Eguchi
et al. (1997)P" and Los et al. (2002)P% found that the
intracellular ATP levels direct the form of cell death: a high
ATP level leads to apoptosis, whereas a low ATP level leads
to necrosis, meaning that an intracellular ATP depletion
switches the energy-dependent apoptotic cell death to
necrosis. This view could be the cause of necrotic cell
death seen in the thymus of MSG treated group as verified
by presence of swollen mitochondria with cristolyis and
disintegration of the cell organelles. Los et al. (2002)F2
& Skulachev(2006) added when a cell is incapable to
die by apoptosis, it undergoes necrosis. Additionally ROS
formed by monosodium glutamate cause mitochondrial
dysfunction, mitochondrial DNA damage and mutation,
improper electron transportation, mitochondrial protein
nitration, and dysregulated mitochondrial biogenesisi®*.
Lotowska et al., (2014)5 correlated mitochondrial
configuration with its function. They pointed out that
varying degrees of mitochondrial defect indicate decreased
intra-mitochondrial protein synthesis and respiratory chain
dysfunction and consequently ATP depletion. Furthermore,
Lin et al (2019)P and El — Aarag et al. (2019)P" added that
mitochondrial dysfunction lead to excess ROS generation
that firmly bind to the phospholipid molecules of the cell
membranes, endoplasmic reticulum and mitochondria
causing lipid peroxidation and membrane damage. All
these facts explained the occurrence of necrosis and the
disfigured mitochondria in the present study.

Remarkably, abnormal nuclear profiles in the form
of micronucleus formation, binucleation, nuclear
segmentation and abnormal chromatin condensation were
another attention-grabbing electron microscopic signs
seen in thymocyte and ERC nuclei of MSG treated group.
These signs could be attributed to type of mitosis-related
cell death known as mitotic catastroph (MC).

Mitotic  catastrophe  (MC) is  characterized
morphologically by  either micronucleation due to
chromosomes or chromosome fragments not evenly
segregated into the two daughter nuclei or multinucleation
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due to mis segregated chromosome fragments enveloped
by one or multiple nuclear membranes of different
dimension™, Many factors were suggested to be
responsible for induction of mitotic catastrophe such as
DNA alterations, drugs that influence microtubule assembly
and stability?®>%%, deficiency in cell-cycle checkpoints
(especially the ones related to DNA structure analysis and
to mitotic spindle) or cell death inducers as p53, p21 and
caspases!®!l. Previous studies demonstrated that MC is not
a separate form of cell death but it represents a pre-stage to
necrosis or apoptosist>s60:62:63.641

Noteworthy, the presence of swollen disfigured
mitochondria in cytoplasm of ERC of thymus of MSG
treated group could explain uncommon form of cell death
known as mitopotois that occur secondary to mitochondrial
dysfunction and oxidative stress(®). Hasssan et al
(2014)¥7 proved in their study that; MSG significantly
increased  oxidative  stress  through  increased
malondialdehyde (MDA) levels and decreased catalase
(CAT) activity in thymic tissues.

Fouad et al., (2019)! illustrated that DNA damage
could be induced by ROS. These free radicals bind to DNA
covalently causing DNA oxidation, and formation of DNA
adducts, mutations, chromosomal alterations and DNA
fragmentation, leading to the accumulation of tumour
suppressor gene (p53). This gene first arrests the cell cycle
at G1 phase to allow the DNA repair before it is replicated,
if the damage is too great to be repaired successfully, p53
triggers apoptosis on top of necrosis!”%¢! This explains
the different signs of apoptosis and necrosis seen in electron
microscopic findings of the group which clarified loss
of thymic architecture, cellular depletion and decreased
cortical thickness.

Obviously, different types of epithelial reticular cells
in MSG treated group displayed altered form of rER in the
form of proliferation and dilatation. These changes could
be related to endoplasmic reticulum stress secondary to
production of ROS by MSG. Quan et al. (2020)" explained,
ROS Ieads to cellular hypoxia with subsequent reduction
in the activity of plasma membrane ATP-dependant
sodium pumps followed by intracellular accumulation of
sodium and potassium efflux. The accumulation of sodium
is followed by water influx causing cell swelling and
dilatation of the endoplasmic reticulum.

The blood thymic barrier of MSG treated group revealed
continuous blood capillaries at the corticomedullary
junctions that were lined by swollen endothelium
containing distended mitochondria with cristolysis. They
were surrounded by discontinuous basal lamina and wide
subendothelial space. The processes of the surrounding
epithelial reticular cells were swollen, disrupted leaving
capillary bare arca and had attenuated, ill-defined
desmosomes. These findings could be related to persistent
over stimulation of glutamate receptors that can lead to ROS
production, DNA damage, lipid peroxidation and caspase
activation through triggering Ca2+ influx and subsequent

activation of many intracellular enzymes such as protein
kinase CPL This is confirmed by our results as there was
significant increase in caspase 3 immunoreactivity in MSG
treated group.

Group IV (MSG & vitamin C) in the current study
showed restoration of the normal structure of the thymus
gland to be more or less similar to the control group.
This revival capacity was proved microscopically and
statistically and was in accordance with Pavlovic et al
(2009)71 who carried their work on rat thymus.

Pavlovic et al (2007)1% attributed MSG thymus toxicity
to oxidative stress and apoptosis induced in rat thymus. This
goes in line with our results and previously confirmed by
Aulwurm and brand (2000) who stated that thymocytes
are highly sensitive to oxidative stress. Victor et al (2002)
(73] attributed their sensitivity to their high content of cell
membrane polysaturated fatty acids and their normal high
content of ROS. Ascorbic acid is an essential antioxidant
against oxidative process and plays a part in free radical
scavenging as an antioxidant as well as plays an important
role in biosynthetic process as synthesis of collagen
,catecholamines and leukotrienes. It also has a beneficial
effect on the function of T lymphocytes as it increases their
antidefense effects and their responsiveness to antigens.
So, it may have a role in regulating immune function.
In addition, vitamin C modulates the immune system by
inhibiting T cell apoptosis signalling pathways’+7>,

Pavlovic et al (2009)"" also added that vitamin C
reduced the MSG-induced toxicity in rat thymocytes by
up-regulation of Bcl-2 protein expression.In addition,
vitamins C preserved important biomolecules when it
is oxidized. It also acts as a protective agent through
removing oxidized cellular components or repair them.

These observations are in accordance with the findings
that vitamin C has a protective role in other organs as El-
Meghawry et al.,(2013)7% who declared that concomitant
administration of vitamin C along with MSG in rats for
45 days has a protective effect on liver architecture. They
attributed it to the reduction in cellular proliferation via
decreasing the ki-67 expression and tumor suppressor
genes mutation. In the same way, Belin et al (2009)" and
Fromberg et al ( 2011) attributed the anti-proliferative
activity of vitamin C to induction of apoptosis, arrest of
cell cycle and inhibition of expression of genes involved
in protein biosynthesis. In addition; Waiz et al. (2015)"")
confirmed the previous results and stated that vitamin C
co-administration with MSG, considerably reduced the
oxidative stress, hepatic toxicity and the hepatic activity of
catalase. In a different study, it was proved that vitamin C
attenuated the toxic effect of MSG on the testis, epididymis
and decreased the sperm abnormality®™. These results are
in accordance with AnbarkehRahimi ef al., (2019)B3 who
confirmed that MSG has cytotoxic action on the testicular
germ cells in rats, and stated that vitamin C antioxidant
effect counter act MSG induced cytotoxicity.
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CONCLUSION

From the present study it could be concluded that MSG

has induced caspase 3 dependent thymotoxic involution
effects, including both thymocyte and epithelial reticular
cells and co administration of vitamin C reduced this effect
in adult male albino rat.

CONFLICT OF INTERESTS

There are no conflicts of interest.

REFERENCES

1.

10.

I1.

Kamal N, Elizabeta Z and Jonathan S:Extensive use
of monosodium glutamate: a threat to public health?.
excli journal;2018.17:273-278 —issn 1611-2156

Zhou Y, Yang M and Dong BR:Monosodium
glutamate avoidance for chronic asthma in adults
and children. Cochrane Database Syst Rev. 2012 Jun
13;6:CD004357.

Xiong JS, Branigan D and Li M.: Deciphering
the MSG controversy. Int J ClinExp Med.
2009;2:329-336.

Solomon U, Gabriel OO, Henry EO, Adrian IO,
Anthony TE. Effect of monosodium glutamate on
behavioral phenotypes, biomarkers of oxidative stress
in brain tissues and liver enzymes in mice. World J
Neurosci. 2015;5:339-349.

NavidehMirzakhani, Amir Abbas Farshid,Esmaeal
Tamaddonfard,AliasgharTehrani,and Mehdi Imani :
Comparison of the effects of hydroalcoholic extract
of Capparis spinosa fruit, quercetin and vitamin E on
monosodium glutamate-induced toxicity in rats.Vet
Res Forum. 2020 Spring; 11(2): 127—134.Published
online 2020 Jun 15.

Tomé D.. The Roles of Dietary Glutamate in
the Intestine. Review article. Ann NutrMetab
2018;73(suppl 5):15-20.

Abdallah CG, Jiang L, De Feyter HM, Fasula M,
Krystal JH, Rothman DL, ef a/. Glutamate metabolism
in major depressive disorder. Am J Psychiatry.
2014;171:1320-1327.

Zhu S, Gouaux E. Structure and symmetry inform
gating principles of ionotropic glutamate receptors.
Neuropharmacology. 2017;112:11-15.

Gill SS, Pulido OM. Glutamate receptors in
peripheral tissues: current knowledge, future research
and implications for toxicology. ToxicolPathol.
2001;29(2):208-223.

Pavlovic V, Cekic S, Kocic G, Sokolovic D, Zivkovic
V . Effect of monosodium glutamate on apoptosis

and Bcl-2/Bax protein level in rat thymocyte culture.
Physiol Res 56; 2007: 619-626.

Bawaskar HS, Bawaskar PH, Bawaskar PH. Chinese
restaurant syndrome. Indian J Crit Care Med.
2017;21(1):49.

12.

13.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Araujo TR, Freitas IN, Vettorazzi JF, Batista TM,
Santos-Silva JC, Bonfleur ML, et al. Benefits
of L-alanine or L-arginine supplementation
against adiposity and glucose intolerance in
monosodium glutamate-induced obesity. Eur J Nutr.
2017;56:2069-2080.

Roman-Ramos R, Almanza-Perez JC, Garcia-
Macedo R, Blancas-Flores G, Fortis-Barrera A,
Jasso EI, et al. Monosodium glutamate neonatal
intoxication associated with obesity in adult stage is
characterized by chronic inflammation and increased
mrna expression of peroxisome proliferator-activated
receptors in mice. Basic ClinPharmacolToxicol.
2011;108:406—413. [PubMed] [Google Scholar]

Mondal M, Sarkar K, Nath PP, Paul G. Monosodium
glutamate suppresses the female reproductive function
by impairing the functions of ovary and uterus in rat.
Environ Toxicol. 2017;33:198-208.

Dong HV, Robbins WA. Ingestion of monosodium
glutamate (MSQG) in adult male rats reduces sperm
count, testosterone, and disrupts testicular histology.
Nutr Bytes. 2015;19(1)

AnsarS,Igbal M. : Roleofascorbicacidincounteracting
ferric nitrilotriacetate-induced nephrotoxicity in rats.
Pharm Biol. 2013 Dec;51(12):1559-63.

Mustafa Z, Ashraf'S, Tauheed SF, Ali S. : Monosodium
glutamate, commercial production, positive and
negative effects on human body and remedies - a
review. I[JSRST. 2017;3:425-435.

Khalil RM, Khedr NF. :Curcumin protects against
monosodium glutamate neurotoxicity and decreasing
NMDA2B and mGluRS5 expression inrat hippocampus.
Neurosignals. 2016;24:81-87.

Thome JJ, Grinshpun B, Kumar BV, et al. Longterm
maintenance of human naive T cells through in situ
homeostasis in lymphoid tissue sites. Sci Immunol.
2016;1(6).

Gruver, A.L., Hudson,
G.D.: Immunosenescence of
211;2007. 144-156

L.L  Sempowski,
ageing]  Pathol,

Sauce, D.. Appay V.: Altered thymic activity in early
life: how does it affect the immune system in young
adults? Curr. Opin. Immunol., 23; 2011. 543-548

Obochi, G. O., S. P. Malu, et al. (2009 ). "Effects
of ascorbate on monosodium glutamate-associated
toxicities that may impact upon immunocompetence."
Toxicological ~and  Environmental  Chemistry
91(3): 547-557.

Seo HJ, Ham HD, Jin HY, Lee WH, Hwang HS,
etal.:Chronicadministration of monosodium glutamate
under chronic variable stress impairedhypothalamic
pituitary adrenal axis function in rats. Korean J
PhysiolPharmacol. 2010. 14: 213-221.

1321



VITAMIN C AND MSG THYMUS TOXICITY

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

lamsaard S, Sukhorum W, Samrid R, Yimdee J,
Kanla P, et al. The sensitivity of male rat reproductive
organs to monosodium glutamate. Acta Med Acad.
2014.43: 3-9.

Bozzola JJ, Russell LD.Electron microscopy:
principles and techniques for biologists. 2™
ed. Boston: Jones and Bartlett Publishers;

1999. pp. 100-124.

Bancroft JD, Gamble M.Theory and practice of
histological techniques. 6th ed. Philadelphia: Churchill
Livingstone Elsevier; 2008. pp. 126-127.

Burniston, J.G., A. Saini, L.B. Tan and D.F.Goldspink,.
Angiotensin I induces apoptosis in vivo in skeletal, as
well as cardiac, muscle of the rat. Exp. Physiol., 2005.
90(5): 755-61.

Dawson-Saunders B, Trapp R.Basic and clinical
biostatistics. 3rd ed. ‘New York™ Lange Medical
Book/McGraw-Hill, Medical Publishing Division;
2001. pp. 161-218.

Mohammad Mahdi Hajihasani, Vahid Soheili,
Mohammad Reza Zirak, Amirhossein Sahebkar, and
Abolfazl Shakeri: Natural products as safeguards
against monosodium glutamate-induced toxicity Iran
J Basic Med Sci. 2020. Apr; 23(4): 416-430.

Gao S, Wang Y, Zhang P, Dong Y, Li B: Subacute
oral exposure to dibromoacetic acid induced
immunotoxicity and apoptosis in the spleen and
thymus of the mice. Toxicol Sci 2008.105: 331-341.

Nagarkatti PS, Nagarkatti M: Immunotoxicology:
Modulation of the immune system by xenobiotics.
Defence Science Journal. 2014. 37: 235-244.

Castle SC: Impact of age-related immune
dysfunction on risk of infections. Z Gerontol Geriatr.
2000. 33:341-349

Hernandez J. B. , Newton R. H. , and. Walsh C. M,
“Life and death in the thymus—cell death signaling
during T cell development,” Current Opinion in Cell
Biology. 2010.vol. 22, no. 6, pp. 865-871.

Tsubasa Betsuyakul, Nabil Eid1, Yuko Ito1, Yoshihisa
Tanakal, Yoshinori Otsuki 2 and Yoichi Ko :Ethanol
enhances thymocyte apoptosis and autophagy in
macrophages of rat thymi. Histol Histopathol. 2017.
Sep;32 (9):963-975. doi: 10.14670/HH-11-861

B. Levine, G. Kroemer: Autophagy in the pathogenesis
of disease, Cell. 2008. (132):27-42.

N. Mizushima, B. Levine: Autophagy in mammalian
development and differentiation, Nat. Cell Biol.
2010. (12) 823-830.

N. Mizushima, B. Levine, A.M. Cuervo, D.J.
Klionsky:Autophagy fights disease through cellular
self-digestion, Nature. 2008. ( 451) 1069-1075.

38

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

. C. He, DJ. Klionsky: Regulation mechanisms and
signaling pathways of autophagy, Annu. Rev. Genet.
2009 .(43) 67-93.

G. Kroemer, G. Marino, B. Levine: Autophagy
and the integrated stress response, Mol. Cell.
2010. (40) 280-293.

Chunyan Wu, Martin Aichinger, Jelena Nedjic
& Ludger Klein: Thymic epithelial cells use
macroautophagy to turn their inside out for CD4 T
cell tolerance, Autophagy. 2013. 9:6 931-932, DOI:
10.4161/auto.24374.

Feng Z, Zhang H, Levine AJ et al: The coordinate
regulation of the p53 and mTOR pathways in cells.
Proc Natl Acad Sci USA .2005. 8204-8209

Ghavami S, Mutawe MM, Sharma P ef al: Mevalonate
cascade regulation of airway mesenchymal cell
autophagy and apoptosis: a dual role for p53.
2011. PLoS One 6:¢16523

Tasdemir E, Maiuri MC, Galluzzi L ef al: Regulation
of autophagy by cytoplasmic p53. Nat Cell Biol .
2008a. 10 :676-687.

Wiem Chaabane ¢ Sirma D. User * Mohamed El-
Gazzah * Roman Jaksik <Elaheh Sajjadi * Joanna
Rzeszowska-Wolny ¢ Marek J. Los: Autophagy,
Apoptosis, Mitoptosis and Necrosis: Interdependence
Between Those Pathways and Effects on Cancer Arch.
Immunol. Ther. Exp. 2013. 61:43-58 DOI 10.1007/
s00005-012-0205-y

M. K. Semwal, A. K. Hester, Y. Xiao, T. Venables, and
A. Griffith: “Redox regulation of autophagy in thymic

stromal cell function,” The Journal of Immunology,
2019. vol. 202, article 65.15.

Pavlovic V, Cekic S, Sokolovic D, Djindjic B.:
Modulatory effect of monosodium glutamate on rat
thymocyte proliferation and apoptosis. Bratisl Lek
Listy. 2006;107:185—-191. [PubMed] [Google Scholar]

Hassan ZA, Arafa MH, Soliman WI, Atteia HH, Al-
Saeced HF: The Effects of Monosodium Glutamate
on Thymic and Splenic Immune Functions and Role
of Recovery (Biochemical and Histological study).
J Cytol Histol .2014. 5: 283. doi:10.4172/2157-
7099.1000283

Anca Zanfirescu,l Anca Ungurianu,]l Aristides
M. Tsatsakis,2 George M. Nitulescu,l Demetrios
Kouretas,3 Aris Veskoukis,3 Dimitrios Tsoukalas,2,4
Ayse B. Engin,5 Michael Aschner,6 and Denisa
Margina: A review of the alleged health hazards of
monosodium glutamate. Compr Rev Food Sci Food
Saf. . 2019. Jul; 18(4): 1111-1134.

1322



El Hafez et. al.,

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Suzan M Hazzaa 1, Seham Ahmed Mohamed Abdelaziz
2, Mabrouk A Abd Eldaim 3,* ,Mohamed M. Abdel-
Daim 4,5,* and Ghada E Elgarawany Neuroprotective
Potential of Allium sativum against Monosodium
Glutamate-Induced Excitotoxicity: Impact on Short-
Term Memory, Gliosis, and Oxidative Stress Nutrients
2020, 12, 1028; doi:10.3390/nu12041028.

Denecker G, Vercammen D, Steemans M et al: Death
receptorinduced apoptotic and necrotic cell death:
differential role of caspases and mitochondria. Cell
Death Differ.2001. 8 :829-840.

Eguchi Y, Shimizu S, Tsujimoto Y :Intracellular
ATP levels determine cell death fate by apoptosis or
necrosis. Cancer Res. 1997. 57 :1835-1840.

Los M, Mozoluk M, Ferrari D et al: Activation
and caspase mediated inhibition of PARP: a
molecular switch between fibroblast necrosis and
apoptosis in death receptor signaling. Mol Biol Cell.
2002. 13:978-988

Skulachev VP : Bioenergetic aspects of apoptosis,
necrosis and mitoptosis. Apoptosis .2006.11:473-485.

Cheville N: ultrastructural pathology and inter
organelle cross talk in hepatotoxicity. Toxicologic
pathology .2013. 41 (2):210-226.

Lotowska J, Sobaniec- Lotowska S, Bockowska
S and Lebensztejn D: Pediatric Non-alcoholic
steatohepatitis: the first report on the ultrastructure
of hepatocyte mitochondria. World Journal of
Gastroenterology.2014. 20(15):4335-4340.

Lin S, Dan X, Du X, Ran C, Lu X, Ren S, Tang Z, Yin
L, He C, Yuan Z, Fu H, Zhao X and Shu G: Protective
effects of salidroside against carbon tetrachloride ccl4
induced liver injury by initiating Mitochondria to
resist oxidative stress in mice. International journal of
molecular science. 2019.20 (13):3187-31101.

El — Aarag B, Khairy A, Khalifa S and El-Seedi H:
Protective effects of flavone from Tamarix Aphylla
Against CCL4 induced liver injury in mice mediated
by suppression of oxidative stress, apoptosis and
angiogenesis. International journal of molecular
science. 2019. 20(20):5215-5231.

Vakifahmetoglu H, Olsson M, Zhivotovsky B: Death
through a tragedy: mitotic catastrophe. Cell Death
Differ. 2008;15 (7):1153-1162.

Molz L, Booher R, Young P, Beach D. : Cdc 2 and
the regulation of mitosis six interacting mcs genes.
Genetics,1989; 122 (4): 773-782.

Castedo M, Perfettini JL, Roumier T, Andreau K,
Medema R, Kroemer G.: Cell death by mitotic
catastrophe: a molecular definition. Oncogene. 2004;
23(16):2825-2837.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Surova O, Zhivotovsky B. :Various modes of cell
death induced by DNA damage. Oncogene 2013;
32(33):3789-3797.

Swanson PE, Carrol SB, Zhang XF, Mackey MA.:
Spontaneous premature chromosome condensation,
micronucleus formation, and non-apoptotic cell death
in heated Hela S3 cells. Ultrastructural observations.
Am J Pathol. 1995;146(4):963-971.

Bataller M, Portugal J.: Apoptosis and cell recovery
in response to oxidative stress in p53-deficient
prostate carcinoma cells. Arch Biochem Biophys.
2005; 437 (2):151-158.

Heald R, McLoughlin M, Mckeon F.: Human
wee | maintains mitotic timing by protecting the
nucleus from cytoplasmically activated Cdc2 kinase.
Cell.1993:74(3):463-474.

Jaganmohan Reddy Jangamreddy 1, Marek .
Los 1*:Mitoptosis, a Novel Mitochondrial Death
Mechanism Leading Predominantly to Activation
of Autophagy Hepat Mon.2012;12(8):e6159. DOI:
10.5812/hepatmon.6159

Fouad D, Badr A and Attia H: Hepatoprotective activity
of Raspberry Ketone is Mediated Via Inhibition of
the NF-Kb/TNF- A/ Caspase Axis and Mitochondrial
Apoptosis in chemically induced acute liver injury.
Toxicology research. 2019. 8(5):663-676.

Dow C, Balkau B, Bonnet F, Mancini F, Rajaobelina K,
Shaw J, et al. :Strong adherence to dietary and lifestyle
recommendations is associated with decreased type 2
diabetes risk in the AusDiab cohort study. Prev Med.
2019;123:208-216. [PubMed] [Google Scholar]

Saeidnia S, Abdollahi M. :Toxicological and
pharmacological concerns on oxidative stress and
related diseases. ToxicolApplPharmacol. 2013;
273:442-455. [PubMed] [Google Scholar].

Pavlovic V, Pavlovic D, Kocic G , Socolovic D,
Jevtovio-Stoimenov T, et al.: Effect of monosodium
glutamate on oxidative stress and apoptosis in rat
thymus. Mol cell Biochem. 2007 .303:161-166.

QuanY, XinY, Tian G, Zhou J and Liu X: Mitochondrial
ROS-modulated Mt DNA:a potential target of cardiac
aging. Oxidative medicine and cellular longevity,
2020: 9423593-94235104.

Pavlovic V, Pavlovic D, Kocic G, Sokolovic D, Sarac
M, Jovic Z.: Ascorbic acid modulates monosodium

glutamate induced cytotoxicity in rat thymus.
BratislLekListy. 2009. 110:205-209. [PubMed]
[Google Scholar]

Aulwurm UR, Brand KA. : Formation of reactive
oxygen species due to glucose depletion in primary
cultures of rat thymocytesinhibits proliferation. Eur J
Biochem. 2000; 267: 5693-5698.

1323



VITAMIN C AND MSG THYMUS TOXICITY

73.

74.

75.

76.

77.

Victor VM, Guayerbas N, De la Fuente M. :Changes
in the antioxi-dant content of mononuclear leukocytes
from mice with endotoxin-in- duced oxidative stress.
Mol Cell Biochem 2002; 229: 107-111.

Linster CL, Van Schaftingen E.: Vitamin C,
biosynthesis, recycling and degradation in mammals.
FEBS ] 2007; 274: 1-22.

Mortola E, Okuda M, Ohno K, Watari T, Tsujimoto
H, Hasega- wa A.: Inhibition of apoptosis and virus
replication in feline immunode- ficiency virus-infected
cells by N-acetylcysteine and ascorbic acid. J Vet Med
Sci 1998; 60: 1187-1193.

El-Meghawry El-Kenawy A, Osman HE, Daghestani
MH.: The effect of vitamin C administration
on monosodium glutamate induced liver injury.
An  experimental study. ExpToxicolPathol.
2013;65:513-521. [PubMed] [Google Scholar]

Belin S, Kaya F, Duisit G, Giacometti S, Ciccolini J,
Fontes M.: Antiproliferative effect of ascorbic acid is
associated with the inhibition of genes necessary to
cell cycle progression. PloS one. 2009;4:e4409.

78.

79.

80.

81.

Fromberg A, Gutsch D, Schulze D, Vollbracht C,
Weiss G, Czubayko F, et al.: Ascorbate exerts anti-
proliferative effects through cell cycle inhibition and
sensitizes tumor cells towards cytostatic drugs. Cancer
Chemoth Pharm. 2011;67:1157-1166. [PMC free
article] [PubMed] [Google Scholar]

Waiz SA, Raies-ul-Haq M, Waiz HA, Gupta S, Pathak
AK.: Preliminary study on the protective effect
of vitamin C on monosodium glutamate-induced
hepatotoxicity in rats. Comp Clin Path. 2015;24:1063—
1068. [Google Scholar]

Ekaluo U, Ikpeme E, Ibiang Y, Amaechina O.:
Attenuating role of vitamin C on sperm toxicity
Induced by monosodium glutamate in albino rats. J
Biol Sci. 2013;13:298-301. [Google Scholar]

AnbarkehRahimi F, Baradaran R, Ghandy N, Jalali
M, Nikravesh MR, Soukhtanloo M.: Effects of
monosodium glutamate on apoptosis of germ cells in
testicular tissue of adult rat: An experimental study.
Int J Reprod Biomed. 2019;17:261-270. [PMC free
article] [PubMed] [Google Scholar]

1324



El Hafez et. al.,

A padlal)

2533 guall Aala) cilall glad) dra i 7 Galidl Jatiaal) (el o8l Ll
slasadl 03 jad) Cpe Cpadldl ) oS 4y sinal) 3030 Lo

T gdia € e ¢ (3ad g daaa ABada (e ast] ) oMt BB ae daal e Jal

Uaib dzaly culal) 43S (L ol giugl) anid!
Uaib dzaly culal) 43S (o gandl g & Had) cabal) acd”

Gk (e e silede sane (84S GuaaS al 5 (3l e addid o g0 gaal) palal il glal) ) 5 Y sdasial)
o led st e e Al U1 Ciam g L) (e dpaall Upas aladall jpan

ol 2z Lpand] Jaiaall Cargd) celiall leall ey | a s seall dalal cilali lall saall Jy sl Il
A slialll Caidlall gz gaimi ) a8 A Tae BallLDIA sty caslial (5 sliadl guine & 4 Jinaall 3330 Ailiasl] 3 5all
) 8 3lald) oL LAY aand fLISYT LAY )

AL () el S5 85 sl sall e s seall dpalal) colali dad and) 5500 a0 s Jaadl ¢pe ciagl)
(Oal e Lagd gl die o el Juinal) JB 1)) g2l

Cile gana day )l I Ll e Leanai o3 (b (anl JS3 3 5a Gem )l e jall el 81 sl (3 kg 2 5a
OJ5 (e paSfane) v v cili 4l de penall ilajlall de genall Caaie cilid 385 Y1 de senall 4 gl
Lasy anall ()35 e anS/ aat 4 s seall Lolal il glall cili B A ganall ol sy Lo o Cpralih aneal)
Lol Aled By Loy e Baad e sy (el e Lia) e 530 guall sl Ll sl (0 SIS il day) )l A gannall
A a8 ) sall 5 (7 JleS)dae Liall 4laaS siugll ¢ A 5l ginsgll Al jall la jpead 54y jinaall 3axll o J el o
AV 5380l ) pa Ay yiall 302l LDIA dae 8k sale paliad] e il o g sl dpalad clali slal) s 5 il
Al LA 54y yimaall 303l LDIA & dall (S il 8 ol puail ael SlanSl A gl LAY 22e 8 dgilias)
o ALl dan o gl Oyl e Gy & Gaebih e Laa YY) 500 geall Ll glad el Fiall ) dgadial)
¥ buSl Al LA dae 8 dilian) AV 53 (jail

Ol J 5 o LS 4 yinaall 5aadl UDIAD acpetl) Sl e 0 Loal a0 saaall dalad cilali slall ; Auadad)
S 138 s Uil Jiae

1325



