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ABSTRACT

Aim of the study: The goal of the current study was to evaluate the protective impact of
chitosan nanoparticles (COS-NPs) against monosodium glutamate (MSG)-induced oxidative stress
in submandibular salivary glands and genotoxicity of bone marrow chromosomes.

Material and methods: 30 adult male albino rats were randomly divided into three equal
groups and treated orally for 24 days as follow: Group I the (control) group, group II (MSG-treated
group): each rat received a daily MSG at a dose of (400mg/Kg. b. w.) and group III: (MSG +
COS-NPs treated group): rats treated orally with monosodium glutamate (400 mg/kg. b. w.) then
the chitosan nanoparticles (280 mg/kg b. w.) respectively was administered to rats daily by oral
gavage. After 24 days, both sides of the submandibular salivary glands were excised, processed and
finally inspected histologically and immunohistochemically. Bone marrow was obtained from both
femora of rats, 500 well spread metaphases per each animal were checked microscopically for both
structural and numerical chromosomal aberrations.

Results: The submandibular salivary glands (SMSG) of MSG treated rats revealed severe
histopathological changes, moderate to strong granular cytoplasmic reaction of caspase-3
immunoreactivity in the acinar and ductal cells. And increase in the frequency of structural
and numerical chromosomal aberrations of bone marrow cells. Chitosan nanoparticles (COS-
NPs) exhibited significant amelioration in histological and immunohistochemical picture in the
submandibular salivary glands of MSG treated rats. Also chitosan nanoparticles could significantly
inhibit the chromosomal aberrations and succeeded to neutralize the MSG genotoxic effects in bone
marrow cells of rats.

Conclusion: It could be concluded that COS-NPs have potential antioxidant effect that protect
against cytotoxicity and genotoxicity induced by MSG in rats.
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INTRODUCTION

Recently for preservation or improvement of
food taste, the food additives are most commonly
used®¥, MSG) s
widely consumed in most fast food-stuffs as a

Monosodium  glutamate

flavor enhancer like packed chicken, botanical
burgers, chips, hot dog, marinated meats, broth,
appetizers and frosted meals”-%. MSG is the most
common naturally occurring nonessential amino
acid and is the salt form of L - glutamic acid ©¥.
Monosodium glutamate consists of 78% glutamic
acid, 22% sodium and water “?. It is metabolized
in liver and excreted via the kidney ©V. Glutamic
acid is converted into lactate in liver and alanine
in intestinal mucosa ©. Glutamate is an essential
ingredient of several proteins and peptides of
the majority of tissues. Normally, glutamate is
generated in the body and reveals a fundamental
function in human metabolism. When MSG is added
to food, it produces a flavoring action resembling
to the naturally occurring free glutamate that vary
from the four traditional tastes of sweet, bitter,
salty and sour 7. The flavoring effect of MSG that
impacts the appetite favourably is occurred via its
motivation of the orosensory receptors and through
enhancing the savory of meals, but although
its taste motivation and appetite improvement,
reports mentioned that MSG is toxic for human
and experimental animals and induces weight gain
©®, Nowadays, MSG was utilized as a whitening
agent for elimination of spots from dressings and its
bleaching action could be deleterious or injurious
to the stomach mucosa . Its powerful bleaching
impacts were equivalent to the effects of hydrogen
peroxide on the bones "?. Some studies reported
that, there was a high risk of fatty and fibrotic liver
in male rats treated orally with MSG (60-100mg)
daily for one month ©”. As well as, intake of high
doses of MSG leads to elevation of the liver and
renal functions level ©3:59, Prolonged administration
of MSG could yield manifestations like migraine,
fatigue, vertigo, perspiring, tingling, and redness.
Moreover, consumption of MSG has been supposed
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to result severe cases, involving cardiac arrhythmia,
neuropathy, urticaria, asthma, cutaneous allergic
reactions, and abdominal disturbances !?. It was
reported that MSG male treated rats revealed
infertility through testicular hemorrhage, inhibition
of spermatogenesis, reduction the number of sperms
and further sperm aberrations ©®. While Female
rats treated with MSG developed infertility via
estrus cycle disorders, follicular degeneration of
ovaries and elevated estrogen and progesterone
hormone levels in MSG-treated female rats 129,
Persistent consumption of high quantities of MSG
in fashionable nutrition can elevate the oxidative
stress and reduce the antioxidant enzyme activities
mainly by generation of reactive oxygen species
(ROS), lead to cytotoxicity in multiple tissues in
the body “*32. The average lethal dose (LD50) of
MSG taken orally in the mice and rat is extremely
high, between 10 and 20 g/kg bodyweight and the
greatest tolerable dose of MSG in humans is about
60 mg/kg body weight. MSG nutritional levels up to
4% in the food did not show any harmful impacts in
rats and mice *.

One of the naturally occurring polysaccharides
is Chitosan (COS). It could be obtained from
deacetylation of chitin of insects exoskeleton and
Because of its indigestibility
by digestive enzymes, chitosan classified as a

crustacean shells.

dietary fiber®. Chitosan played an important
role in the food preservation field and performed
in the microbial

multiple obvious activities

alleviating, biomedicinal and pharmaceutical
products. Chitosan has other biological activities
like antioxidant®, antitumor features in human
liver® and free radical scavenging activity in
vivo and ex vivo @19, The antitumor activities of
chitosan through direct intervention with the tumor
cell metabolism where it prevents cell growth and/
or stimulates cell apoptosis and/or via upgrading
the body’s immunity ®. It was found that chitosan
possess antihypertensive, chemopreventive and
immuno-potentiating impacts in colon cancer®®,

antimicrobial®®%? antiviral activity!'” and antifungal
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activities ©”. Due to biocompatible, biodegradable
and nontoxic properties of chitosan, it can be used
in biosensors . But, the high molecular weight
and water-insolubility of COS leads to limitation
of its applications. Recently, various researches
have concentrated on the preparation of chitosan
nanoparticles (COS-NPs) that delivers a sensible
pharmaceutical base to promote the efficiency
of oral bioavailability and the curative effect of
COS and other weakly soluble drugs “V. COS-
NPs display premium properties when compared
to regular COS to improve the immune impact,
the antimicrobial and the anticancer efficiency
(.19 Moreover, nanoparticles have a harder
bending surface when compared to large chitosan
particles; this yields more disintegration pressure
and consequently increase in saturation solubility
@0, Recently, as a drug delivery system, studies
revealed that chitosan nanoparticles can bear several
drugs involving gene drugs, anticancer chemical
drugs, protein drugs, antibiotics through multiple
routes of administration; oral, nasal, ocular, and
intravenous due to their well biocompatibility, good
degradability and nontoxicity “7.

Therefore, the aim of the present study was
to assess the possible protective and preventive
(COS-NPs)
against monosodium glutamate (MSG) induced

effects of chitosan nanoparticles

chromosomal aberrations (genotoxicity) and
submandibular salivary glands cytotoxicity in rats;

histologically and immunohistochemically.

MATERIALS AND METHODS
Chemicals and Kits

Monosodium Glutamate (MSG)

Mono-sodium glutamate was obtained from EI
Dawlia for Medical Equipments and Chemicals Co.
Cairo/Egypt. In the form of white colored powder
soluble in water. It was dissolved in distilled water
before use.
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Chitosan

Chitosan was obtained from Sigma-Aldrich
(France), was available in the highest analytical
grade.

Preparation and characterization of Chitosan
Nanoparticles (COS-NPs)

Preparation of COS-NPs was done depending
on the technique illustrated by Abdel-Wahhab et
al. ® and Tang et al., ®*>, Dynamic light scattering
(DLS; Zetasizer™ 3000E, Malvern Instruments
Worcestershire, UK) was used for determination of
particle sizes. COS-NPs were obtained by freeze-
drying, all measurements were carried out in
triplicate.

Experimental animals

30 adult male albino rats weighing 200+20
gram/each were used in this study. The animals
were purchased from the animal house, Faculty of
medicine, Cairo University. Before the experimental
work, the rats were acclimatized in the laboratory for
one week. Animals were inhabited in a temperature
and light-controlled room (12-h light/dark cycle),
with ordinary rodent chow and tap water ad libitum.

Experimental design

All experimental procedures were accomplished
in accordance with the guidelines of the Institutional
Animal Care and Use Committee of Faculty of
Medicine; Cairo University.

The rats were indiscriminately divided into three
equal groups (n=10 rats):

Group I (Control): Each rat received orally 2ml
distilled water daily.

Group II (MSG-treated group): Each rat received
a daily oral dose of MSG (400mg/Kg. body weight)
for 24 days according to previous studies !9,

Group III: MSG + COS-NPs treated group):
Rats treated orally with monosodium glutamate
(400 mg/kg. b. w.) then the chitosan Nanoparticles
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(280 mg/kg b. w.) respectively was administered to
rat daily by oral gavage.

During the whole experimental period, the rats
were noticed daily for any signs of toxicity. At the
end of the study period (day 24), all rats were killed
by cervical dislocation, and the submandibular
salivary gland (SMG) of both sides were excised and
processed for histological and immunohistochemical
inspection by light microscope.

For light microscopic study:

SMG tissues were fixed in 10% neutral buffered
formalin for 24 h, washed, dehydrated and cleared
to be embedded in paraffin. Then, paraffin sections
(4-5 microns thickness) were sliced then stained
by hematoxylin and eosin (H & E) for histological
examination and immunohistochemical staining
using monoclonal antibodies to cleaved caspase-3

for immunohistochemical examination.

Caspase-3 staining assessment:

The histological sections were inspected by light
microscope to evaluate the incidence of positive
cells.

Positive Caspase-3-labelled cells were

determined by brown cytoplasmic staining %,

Immunohistochemical statistical analysis:

Quantitative data of the image analyzer were
statistically assessed and introduced as means and
standard deviation (SD) values. For compare mean
values of caspase-3 immunoexpression related
parameters in the studied groups, ANOVA (analysis
of variance) test was used. A probability value (p
value) less than 0.05 was considered statistically
significant.

Bone Marrow Chromosomal preparations:

The approach used for chromosomal preparation
from the bone marrow cells was depended on the
technique described by Preston et al. “ with some
modifications. Briefly; whether the animal was
treated with the drug or acted as control, each animal
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was injected with 0.5 mg/kg Colchicine 2 h before
killing. Both femora were immediately removed
after the animals were killed by cervical dislocation
then the metaphase spreads were prepared from the
bone marrow. Obtained chromosomes were stained
in phosphate buffered Giemsa.

Metaphase scoring:

500 well spread metaphases per each animal
were inspected microscopically for chromosomal
aberrations. Only cells with good spread chro-
mosomes were chosen for scoring. All metaphase
spreads, were examined for both structural and nu-
merical aberration 2.

Statistical analysis for Chromosomal aberrations

The obtained data was revised by SPSS version
16.0 for windows (2007). Each treatment group was
compared with the control group with independent
samples T- test. The chromosomal aberrations were
analyzed and expressed as mean and the standard
deviation (mean + SD). Histograms of cytogenetic
data were drawn using Excel 2010. The result was
considered to be significant when P is < 0.05 and
highly significant when P is <0.001.

RESULTS
Light microscopic results:
Histolohical results:

Control group:

The histological sections of the submandibular
salivary glands of control group showed that the
gland is mostly consisted of seromucous acini,
intercalated, striated, and excretory ducts, granular
convoluted tubules (GCTs) and connective tissue
stroma. The pyramidal cells of spherical shaped
acini appeared with basophilic cytoplasm and
rounded basally located nuclei. The intercalated
ducts were difficulty detected by light microscope,
have low cuboidal cells with basophilic cytoplasm
and centrally situated rounded nuclei. The granular
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convoluted tubules (GCTs) revealed tall columnar
cell lining having large rounded basally located
nuclei with apical eosinophilic granules. The
striated ducts appeared lined by columnar cells with
centrally located rounded nuclei and extensively
eosinophilic cytoplasm with characteristics basal
striations. While the excretory ducts were lined by
pseudostratified columnar epithelium, generally
located adjacent to variable sized blood vessels
(Fig. 1A, B, C).

MSG-treated group:

H&E stained sections of the submandibular
salivary gland of monosodium glutamate treated
rats, showed signs of acini degeneration, missing
of regular structure of the secretory portions and
destruction of cytoplasm. Some acini lost their
normal circular arrangement with ill- defined
boundaries, others exhibited total degeneration and
were entirely lost leaving massive vacuoles. The
acini and intralobular ducts lost their adhesin in most
areas of the gland. The acinar cells demonstrated
nuclei with various sizes and shapes appeared in
the form of large, hyperchromatic, pleomorphic
and some pyknotic nuclei, also many mitotic figure
were observed with increased nuclear cytoplasmic
ratio were clearly obvious and some giant nuclei
were also seen. Most of the GCTs revealed with ill-
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defined border, degenerated, high eosinophilia and
clustering of the granular content. The excretory
ducts exhibited irregular forms, epithelial lining
losing their pseudostratification, some flattened
disfigured cells and apically displaced nuclei. The
blood vessels appeared distended and congested
with blood next to the excretory ducts (Fig.2 a,b,c).

MSG + COS-NPs treated group:

Submandibular salivary gland of chitosan
nanoparticles plus monosodium glutamate treated
group showed significant improvement in acinar and
ductal cells compared to the monosodium glutamate
group. The acini returned their uniformity and
regularly structured. The inter and intralobular ducts
showed normal architecture and proper alignment

(Fig. 3 a,bc).

Immunohistochemical results

Immunohistochemical examination to detect
the cellular apoptosis in rat submandibular salivary
glands of group I showed negative caspase-3
immunoreactivity in the secretory portions as well
as in the duct cells, while group II showed moderate
to strong granular cytoplasmic reaction of caspase-3
immunoreactivity in the acinar and ductal cells.
Immuno-reactivity for caspases-3 was appeared
faint in the cytoplasm of group III (Fig. 4A, B, C).

Fig. (1) (A,B,C) Photomicrographs of the control SMSG showing: normal histological features of acini, striated ducts (S), GCTs
with normal architecture (G), intralobular intercalated ducts (I) and blood vessel (BV) adjacent to an excretory duct with
normal pseudostratified columnar epithelial lining (EX). (H&E X 400).
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Fig. (2): A photomicrograph of SMSG of MSG treated group (II) showing:(a) degenerated GCTs (G) with increased eosinophilia,
degenerated striated ducts (D), multiple vacuoles (V). (b) ill-defined acini, degenerated ducts leaving large multiple vacuoles
(v), hyperchromatic and pleomorphic nuclei (arrows). (c) degenerated ducts (arrows), excretory duct with signs of hydropic
degeneration (arrow head), loss of pseudostratification (*)and blood vessel congested with blood (RBCs). (H&E X 400).
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Fig.3 (a, b, c¢): A photomicrograph of SMSG of MSG + COS-NPs treated group (IIT) showing: nearly normal architecture and
proper alignment of acinar and ductal cells. (H&E X 400).

Fig. (4) A photomicrograph showing negative caspase-3 immunoexpression of group I in either nuclei or cytoplasm of the acinar
and ductal cells (A). strong caspase-3 immunoexpression in the cytoplasm in the secretory portions and in the duct cells
of group II (B). faint Immuno-reactivity for caspases-3 in the cytoplasm of group III (C). (original magnification, x 400).
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Statistical analysis for Immunohistochemical
results

The optical density of areas occupied by active
caspases-3 in the rat submandibular salivary
glands of the control and experimental groups is
summarized in Table 1, Fig.5. elevation of the
optical density of caspases-3 was obvious in the
cytoplasm of both of the acinar and ductal cells
of the experimental group II and was statistically
evaluated to be highly significant.

Table (I): Showing the difference in mean Caspase-3
optical density of the different groups

using ANOVA Test.
Caspase-3 optical density of the rat
Group submandibular salivary glands
Mz+SD F-Value p-Value
Group I 44.32+1.34 16.17 <0.002"
Group II 51.76+1.26
Group III 46.06+1.50
“ High significant difference at (p<0.01).
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Fig. (5): A bar chart illustrating the statistical difference in the
mean values of overall expression of caspase 3 among
the studied groups.
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Chromosomal aberration analysis

Group I (Control group): The diploid number
of adult albino male rat is 2n=38+XY. The
chromosomes of the control rats are telocentric and
their lengths forming a continuous series (Fig. 6 A).

Group II (MSG-treated group): The chromo-
somes of the bone marrow cells of the rats treated
by monosodium glutamate revealed structural and
numerical chromosomal aberrations. Structural
chromosomal aberrations noted in the current study
were in the form of chromosomal gap (Chg), chro-
matid gap (Cg), deletion (D) and ring form(R), cen-
tric fusion (CF), fragment (F) and centromeric atten-
uation (Ca). When a cell contains at least three chro-
mosomes with centromeric split, it was considered
centromerically attenuated (Ca) (Fig. 6 B, C). The
noticed numerical chromosomal aberrations were in
the form of polyploidy (Fig. 6 D).The data collected
after daily treatment with monosodium glutamate
(400mg/Kg. b. w.) for 24 days revealed significant
increase (at P<0.05) was observed in both of the
number of structural chromosomal aberrations as
[chromosomal gap and chromatid gap (Chg+Cg),
Fragment (F) and Deletion(D)] and numerical chro-
mosomal aberrations in the form of Polyploidy (Po)
when compared with that of the control. Also, the
total number of structural chromosomal aberrations
were highly significantly increased (at P< 0.01) in
the treated group when compared with that of the
control in the form of centromeric attenuation (Ca),
ring form (R) and centric fusion (CF). Table (2)

Group I (MSG + COS-NPs treated group):
showed that the chromosomal aberrations were
significantly decreased in the rats treated with
combination of Chitosan nanoparticles plus MSG
than those treated with MSG alone in the form of
centric fusion (CF), ring form (R) and fragment (F).
(Fig. 6 E). Table (3) showed that the percentage
of chromosomal aberrations were significantly
lesser (P< 0.05)in the group of rats treated with
combination of Chitosan nanoparticles plus MSG
than those treated with MSG alone.
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Fig.(6). A photomicrograph of metaphase spreading from rat bone marrow showing : (A) the group I (control) showing the diploid
number of chromosomes (2n=38+XY). All chromosomes are telocentric. (B,C,D) group II showing different types of
chromosomal aberrations under MSG treatment for 21 days: chromosomal gap (Chg), chromatid gap (Cg), deletion (D) and
ring form(R), centric fusion (CF), fragment (F), centromeric attenuation (Ca) and polyploidy. (E) group III rats treated with
MSG plus Chitosan nanoparticles showing ring form (R), centric fusion (CF) and fragment (F). (X:2500)

Table (2): The number and % of chromosomal aberrations in metaphase cells of male albino rats treated
with MSG (Group II) compared to the control (group I).

Structural aberrations Numerical
g Chromosomal aberrations Chromatid aberrations aberrations
§ Cent . Chromosome Centri Total
= entromeric entric ;
Group Qg’ . gap and Ring form . Fragment | Deletion Polyploidy aberrations
«, | attenuation . fusion
S chromatid gap R) F) D) (Po)
S (Ca) (CF)
z (Chg+Cg)
No. % No. ) No.| % | No. | % | No. | % | No. | % No. % | No.| %
Control | 500 3 0.6 3 0.6 4 08 | -- -- 2 04| 4 0.8 -- -- 16 | 32
MSG o . o -
) 500 | 20 4 12 24 14 28 | 15 3 12% | 24| 13*% | 2.6 8* 16 | 98 | 19.6
alone

*%* Highly significant (P< 0.01) * Significant (P< 0.05)
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TABLE (3): The number and % of chromosomal aberrations in metaphase cells male albino rats treated with
MSG + COS-NPs (Group III) compared to the control (group I).

Structural aberrations Numerical Total
. berrations
§ Chromosomal aberrations Chromatid aberrations aberrations aberrations
<
'§- ) Chromosome ) ) Deletion
< | Centromeric Ring Centric .
Group g gap and Fragment D) Polyploidy
o attenuation form fusion
e chromatid gap (F) (Po)
S (Ca) ®R) (CF)
Z (Chg+Cg)
No. % No. % No. | % No. % No. % No. | % | No. % No. %
Control | 500 3 0.6 3 0.6 4 108 - -- 2 04 4 0.8 - - 16 32
MSG +
500 | 11* 22 5 1 5 1 3 0.6 4 0.8 5 1 - - 35 7
COS-NPs
** Highly significant (P< 0.01) * Significant (P< 0.05)
( ) ( )
45 25
T 4 - ]
: g
8 35- g ?
g 3 g i OControl
5o BGroup (2 0 S5 BGroup (3)
£9 25 5%
-
el 2 5L
o 5 g2 1
gﬁ 1.5 ge
; 05 5
= - o
o 0 0
GQQ
& J & J

Fig. (7): Percentages of metaphase cells of rats treated with
monosodium glutamate alone compared to the control.

DISCUSSION

MSG has got a popular flavor improvement in
foods of recent communities and great number of
Egyptians abusing it approximately everyday ©®. The
present research revealed that MSG induced marked
histopathological alterations, immunohistochemical
changes in the submandibular salivary gland tissues
and bone marrow chromosomal aberrations in rats.
Regarding the histopathological changes; there
were evidence of acini degeneration represented
by disfigured lobular structure, cytoplasmic
vacuolation and the secretory portions lost its

normal architecture. The acinar cells showed nuclei

Fig. (8): Percentages of metaphase cells of albino rats treated
with MSG + COS-NPs (Group III) compared to
control.

with different sizes and shapes. Large dilated blood
vessels appeared congested with blood were also
detected. Our results matches other studies, proved
that the gastric glands of MSG-treated rats were
noticeably disorganized, expanded parietal cells
with vacuolated cytoplasm, dilated and degenerated
luminal  epithelium, vesicular nuclei and
significantly condensed chief cells with dark stained
(pyknotic) nuclei®?. These findings were agreed
with other studies">*# that reported similar follicular
destruction of ovaries after MSG- treatment in rats.
The degeneration of ovarian follicles was attributed

to the increase of oxidative stress ®. The induction of
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oxidative stress is caused by increasing production
of reactive oxygen species (ROS), like hydrogen
peroxide, superoxide anion and hydroxyl radicals!'.
Consequently, ROS could stimulate production of
lipid peroxidation (LP) which is one of the major
manifestations of oxidative damage that leads
ROS
could suppress the cellular enzymes, depolymerize

to toxicity and carcinogenicity. Moreover,

polysaccharides, and motivate deoxyribonucleic
acid breaks and chromosome breakage which might
explain the pleomorphic, pyknotic, hyperchromatic
nuclei, structural and numerical chromosomal
aberrations in our study. Our result also agreed with
other studies which revealed nuclear hypertrophy of
cell with damaged DNA were precisely corelated
to biosynthetic activities of MSG in the myocytes
of the human hypertrophic hearts such as DNA
repair/synthesis, transcription power and translation
competence . Previous studies confirmed that
MSG could stimulate the production of oxygen
free radicals and oxidative stress, which increased
lipid peroxidation, increased cytochrome c escape
from the mitochondria to cytosol and also behaved
as critical messenger for several pathological
situations through exceeding cytosolic-free calcium.
One possible mechanism of MSG is glutamate
excitotoxicity that depended on an aggregation
of glutamate in the synapses; overstimulation
of both A-amino- methyl-4-
isoxazolepropionate (AMPA) and metabotropic

3-hydroxy-5-

glutamate receptors might be elicited. The elevation

of intracellular calcium levels consequently
stimulates the calcium based degradative enzymes
and apoptotic pathways ©7-2, Our findings of dilated
and congested blood vessels come in co-ordinance
with other studies reported dilated congested inter
tubular blood vessels of testis in MSG treated rats
@, Congestion of blood vessels might be due to
the inhibition of prostaglandin synthesis by MSG,
as these compounds are known to be involved in
regulation of blood flow ©¥. Dilatation of salivary

gland ducts might be due accumulation of toxins
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and ROS produced by MSG in their lining cells.
The ill-defined form and obvious missing of
pseudo-stratification of the excretory ducts lining
of the submandibular salivary gland sections was
attributed to loss of desmosomal junctions.

Apoptosis is a necessary physiological operation
through which multi-cellular organisms could
eliminate undesirable cells to confirm appropriate
development and preserve cellular equilibrium.
Caspases are sensitive mediators of programmed
cell death (apoptosis) and represented as signs of
apoptosis ®®. One of them; caspase-3 is a probably
triggered death protease, stimulating the selected
cleavage of numerous key cellular proteins,
therefore caspase-3 is known as a strong apoptotic
marker ¥, Previously, it was documented that
excessive consumption of MSG could exceed the
cellular apoptosis via DNA fragmentation and
suppression of Bcl-2 protein, where this component
prohibit apoptosis through isolating proforms of
death-driving cysteine proteases or caspases “V.
Our immunohistochemical results of submandibular
salivary glands of MSG treated rats showed mild to
strong caspase-3 immunoreactivity in the cytoplasm
of submandibular salivary gland tissues which
confirm the previous reports of increasing cell
damage, DNA fragmentations and chromosomal
aberrations under the influence of MSG treatment.
Bone marrow cells were most frequently used for
testing of mutagenicity and/or antimutagenicity
characteristics of chemicals, because they are highly
vulnerable to oxidative damage and most critical to
clastogenic chemicals ®¥. The current study, MSG
resulted in structural aberrations like: chromosomal
gap (Chg), chromatid gap (Cg), deletion (D) and
ring form(R), centric fusion (CF), fragment (F)
and centromeric attenuation (Ca) and numerical
chromosomal aberrations in the form of polyploidy.
Centromeric attenuation (Ca) was the most common
aberration, and is considered as an authenticated
biomarker of cancer risk in humans. Our results
were in harmony with other studies stated that MSG
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(50 mg/mL,100 mg/mL, 500 mg/mL; 6 and 24 h)
stimulate cytotoxicity and genotoxicity in Allium
Cepa by causing chromosomal aberrations “¥. Also
previous researches has demonstrated the genotoxic
effects of MSG utilizing Allium Cepa assay “®.
Roots of Allium Cepa were treated with 4 different
concentrations (0.01%, 0.005%, 0.1% and 0.5%)
of MSG for 4 various time intervals (Y2 h,1 h, 2 h
and3 h). An inhibitory effect has been shown on
cell division and generalized reduction in mitotic
index values in root tips that exposed to different
concentrations of MSG . However, treatment with
chitosan nanoparticles did not enhance the mean of
structural chromosomal aberrations to the control
level but there was significantly decrease in the
number and percentage of centromeric attenuation
(Ca). The current work showed the protective
efficiency of chitosan nanoparticles against
oxidative stress, cytotoxicity of submandibular
salivary glands and genotoxicity in the form of
chromosomal aberrations induced by monosodium
glutamate in rat model was evaluated. Our results
revealed significant improvement in both the
histological picture of submandibular salivary
gland tissue and DNA fragmentation in rats treated
with chitosan nanoparticles. In the same concern,
several studies reported that COS nanoparticles
could suppress free radicals through its antioxidant
properties, free radical scavenging activity and/or
their capabilities to prevent lipid aggregation via
its antilipidemic activity that indicates the chitosan
nanoparticles could keep the stability of the cell
membrane and consequently inhibit intracellular
enzymes leakage to the blood ©». Other studies
reported that COS-NPs have anticancer activity “9,
antimutagenic Y and immune-enhancing activity ¢V
than those of chitosan. Another research indicated
that COS-NPs could recover the activities of
endogenous antioxidants and capable of attenuation
hydrogen peroxide-causing stress damage in mouse
macrophage 0.
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CONCLUSION

It could be concluded that the extensive
consumption of MSG gave rise acute toxicity and
oxidative stress in submandibular salivary gland
as mentioned in our study by the histopathological
disturbances, immunohistochemical changes and
chromosomal aberration analysis. Treatment with
COS-NPs succeeded
impacts via its antioxidant properties and free

in reduction these toxic

radical scavenging characteristics of COS-NPs. As
a drug delivery system, further studies are required
to take advantages of chitosan and its derivatives as
drug carriers have potential for a wider application.
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