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ABSTRACT

Monosodium glutamate is a well-known food flavor additives that is widely used all over the

world but its chronic intake leads to many reported side effects.

Objectives : The goal of this study was to evaluate the prophylactic role of chitosan and
curcumine extract, as a well-known antioxidant, against the submandibular salivary gland (SMG)

damage induced by chronic intake of monosodium glutamate (MSG).

Material and methods: 36 adult male Albino rats were randomly divided into 4 groups;
Group 1 (control) group, group 2 (MSG group): rats received a daily dose of MSG only by oral
gavage, group 3 (MSG + Chitosan treated group): rats received a daily dose of MSG + chitosan and
finally group 4 ( MSG + curcumin treated group): rats received a daily dose of MSG + curcumin.
After 6 weeks, the submandibular salivary glands were excised and processed for histological and

caspase 3 immunohistochemical examination.

Results: histological examination by H&E stain of group 3 and 4 revealed improvement of
secretory portion architecture in addition to decreased vaculation and pleomorphism than group 2.
There were a high statistical significant difference of caspase 3 immuno-expression between the
treated chitosan and curcumin groups (group3 and 4) and MSG group (group 2) as p values were
0.005 and 0.017 respectively.

Conclusion: administration of chitosan or curcumin has a protective effect on SMG toxicity

induced by chronic intake of MSG.

KEY WORDS: monosodium glutamate toxicity, curcumin extract, chitosan and submandibular

salivary gland.
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INTRODUCTION

Monosodium glutamate (MSG) is a flavor
enhancer widely used in the food industry all over
the world; it is present at solid crystals form in
most open market. It is the sodium salt of glutamic
acid (GA) containing 78% of glutamic acid, 22%
of sodium!!l. Its obesogenic properties have been
studied by many authors '3 | It is also associated
with insulin resistance ¥ and hyperinsulinemia *!.
At the systemic level, the harmful effect of MSG
has been reported in several structures, as central
nervous system, liver, fatty tissues , digestive tract
and cardiovascular system “I”_ Its chronic intake of
MSG causes oxidative damage and decreased levels
of antioxidant enzymes resulting in impairment in
kidney, liver and brain functions®®. It has been also
reported that long term administration of MSG to
albino rats showed neoplastic changes in parotid

salivary gland™.

Oxidative stress is a state of imbalance between
generation of reactive oxygen species and levels of
antioxidant defense system. It plays an important
role in the chronic complications of many diseases.
Antioxidants constitute the foremost defense
system that limit the toxicity associated with free
radicals !. Organisms have evolved a wide range
of endogenous antioxidant defenses to balance
the physiological generation of free radicals. But
in case of increased free radical generation the
reinforcement of endogenous antioxidants with
natural dietary antioxidants may be essential to
decrease the cumulative effects of oxidatively

damaged molecules!'?.

Curcumin is an important constituent of the plant
Curcuma longa roots which is a member of the
family (Zingiberaceae). It is used as a spice to give

specific flavor and yellow color to food "' .

Curcumin, has received attention as a promising

natural dietary supplement for protection against
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many diseases. it was found to exhibit a variety
of biological activities including antitumor M,
antioxidant "2, anti-inflammatory  properties
and antiviral activities!®). The protective effects
of curcumin against hazardous chemicals were
studied in different animals !'*!3!. Hepatoprotective,
antimutagenic, oxidative and anticarcinogenic
effect of curcumin have been also investigated by

Premkumar 61,

Chitosanisanatural polymer,derived fromshrimp
and lobster shells, with excellent properties such as
biocompatibility, biodegradability, non-toxicity and
adsorptive abilities. Because of its indigestibility by
digestive enzymes, chitosan is classified as a dietary
fiber 7. Chitosan has many biological activities as
antioxidant ", antitumor features in human liver [
and free radical scavenging activity in vivo and ex
vivo 29211 antihypertensive, chemopreventive and
immuno-potentiating *? in addition to antimicrobial
and antiviral activity®®.

Therefore, the aim of the present study was to
assess the possible protective effects of curcumin
and chitosan on the submandibular salivary gland
toxicity induced by monosodium glutamate and
to compare between them histologically and

immunohistochemically.

MATERIALS AND METHODS

Materials used

a) Monosodium Glutamate preparation: the
chemical used was Monosodium glutamate
salt (CSHINO4 .-Na) Purity 99% NT. A stock
solution was prepared by dissolving 3g of MSG
crystals in 100 ml of distilled water to obtain a
concentration of 30 mg/ml. then, oral doses of
30mg/kg /day were given to the rats according
to their weights 121,

b) Curcumin Extract preparation: high purity
curcumin powder was purchased from BIO
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BASIC INC. it was dissolved in distilled water
by a concentration of 30mg/ml. doses of 30mg/

kg /day were orally given to the rats >,

¢) Chitosan preparation: high molecular weight
chitosan was obtained from LOBA CHEMIE
PVT. LTD. 15gm was dissolved in 100 ml of
3% diluted acetic acid ' to obtain a viscous
solution with concentration of 15mg/ml. then
oral doses of 30mg/kg /day were given orally
to the rats.

Experimental design

36 adult male Albino rats weighing between 200
-250 gm were obtained and bred at animal house
of Nahda University. The rats kept in separate
stainless steel cages under good ventilation and
kept in the laboratory under constant conditions of
temperature (24 + 2°C) and (50 = 5°%) humidity
for at least one week before the experiment. After
the acclimatization period, the animals were divided
into 4 groups (9 rats in each gr.):

*  Group 1: rats were kept under normal condition
and received 2 ml of distilled water orally once

daily and considered as control group.

*  Group 2: (MSG group) rats were received 30
mg/kg/ day of MSG by oral gavage.

¢ Group 3: (MSG + chitosan treated group) rats
were received 30 mg/kg/ day of MSG + 30 mg/
kg/day of chitosan by oral gavage.

e  Group 4: (MSG +curcumin treated group) rats
were received 30 mg/kg/ day of MSG + 30 mg/
kg/day of curcumin by oral gavage.

At the end of the study period (6 weeks), all
rats were anesthetized and scarified by cervical
dislocation; submandibular salivary glands (SMG)
of both sides were excised and processed for:

* Routine histological examination by hematoxy-
lin and eosin (H & E).
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* Immunohistochemical examination by using
avidin-biotin technique for Caspase 3 immuno
stain.

Immunohistochemical statistical analysis:

1%, the histological sections were examined
by light microscope to evaluate the incidence of
positive reactions. Positive Caspase-3-labelled cells
were determined by brown cytoplasmic staining.
Then, digital image analysis was performed using
image-j software to calculate the mean and area
percentage of +ve cytoplasmic immunoreaction in
5 different fields for each specimen. Finally, all data
were tabulated and analyzed statistically using SPSS
(statistical package for social sciences) software
version 19.0 for Windows to calculate the mean and
standard deviation for each group. The statistical
significance between all groups were calculated
using paired sample T test; a probability value (p
value) less than 0.05 was considered statistically
significant.

RESULTS
Histological results

Group 1

Examination of the control group showed
normal architecture of the submandibular salivary
gland (SMG) with predominantly serous acini. It
consisted of seromucous acini, intercalated, striated,
excretory ducts and granular convoluted tubules
(GCTs; is a segment of the duct system of all rodents,
situated between the striated and intercalated duct).
in addition to connective tissue stroma. The serous
acini were regular in shape with a narrow lumen
having pyramidal cells with basophilic cytoplasm
and rounded basally located nuclei. On the other
hand, mucous acini composed of flattened cells
having clear cytoplasm and basally flattened
nuclei surrounding a wide lumen. The intercalated
ducts have low cuboidal cells with basophilic
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cytoplasm and centrally situated rounded nuclei.
The GCTs revealed tall columnar cell lining having
large rounded basally located nuclei and filled
with apical eosinophilic excretory granules. The
striated ducts revealed columnar cells lining with
centrally located rounded nuclei and extensively
eosinophilic cytoplasm with characteristics basal
striations. While the excretory ducts were lined by
pseudostratified columnar epithelium and located in
c.t. stroma adjacent to variable sized blood vessels
(Fig. 1A,2A and 3A).
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Group 2:

SMG examination of monosodium glutamate
group revealed loss of normal glandular architecture.
Irregular shape of serous acini with indistinct
boundaries and acinar fusion were observed,
Some acini showed vacuolated cytoplasm. Nuclear
pleomorphism, hyperchromatism with increased
nuclear cytoplasmic ratio and abnormal mitotic
figures were clearly appeared in the acinar and
duct cells. Some striated duct and GCTs showed

degeneration with ill-defined borders. Excretory

Fig. (1): A photomicrograph of SMG serous acini of all examined groups: (A) group 1;Normal architecture of serous acini (red
arrow) with duct system composed of intercalated ducts (yellow arrow), granular convoluted tubules (black arrow).
(B) group 2; Lose of normal arrangement of serous acini with ill-defined margins, Loss of acinar outline(green arrow),
vacuolated cytoplasm (black arrow), nuclear pleomorphism (red arrow), ducts undergoing degeneration with ill-defined
borders (notched blue arrow) and degenerated acinus leaving large vacuole (yellow arrow). (C) group 3; striated duct
(black arrow), more arranged acini than gr. 2 with less apparent nuclear pleomorphism (red arrow) and Loss of acinar
outline(yellow arrow). (D) group 4; marked nuclear pleomorphism (red arrow), degenerated duct (notched black arrow) and

acinar fusion (notched yellow arrow) (H&E x400).
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ducts became dilated. Mucous acini became irregular
in shape and acinar fusion appeared in some areas.
Also, striated ducts showed nuclear pleomorphism,
ill-defined cell borders
striation. Blood vessels were congested (Fig. 1B,
2B and 3B).

and distortion of basal

Group 3:

SMG examination of chitosan treated group
showed significant improvement in acinar and duct
cells compared to the monosodium glutamate group.

The acini returned their uniformity and regularly

(1191)

structured, striated ducts returned their basal stria-
tion and other ducts showed normal architecture and
proper alignment. Also, the nuclear pleomorphism
decreased significantly (Fig. 1C, 2C). Mucous acini
also revealed improvement in their shape and ar-
rangement (3C).

Group 4:

Examination of curcumin treated group showed

also improvement in glandular architecture

compared to group 1. The nuclear pleomorphism

decreased to some extent, vacuolated cytoplasm

Fig. (2): A photomicrograph of SMG showing the nuclear shape of all examined groups: (A) Group 1; Normal rounded nucleus

of the serous acini (white arrow). (B) pleomorphism in Group 2 in the form of; crescent shaped nucleus (red arrow),

large irregular shaped hyperchromatic eccentric nucleus (white arrow), prominent nucleolus (black arrow), pyknotic nuclei

(yellow arrow) , abnormal mitotic figures (blue arrow) and asymmetrical mitosis (green arrow). (C) Group 3; prominent

nucleolus (black arrow), nucleus doubling (green arrow). (D) Group 4; large irregular shaped hyperchromatic eccentric

nucleus (white arrow) and giant nucleus (green arrow) (H&E x1000).
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Fig. (3): A photomicrograph of SMG mucous acini showing: (A) Group 1; regularly arranged mucous acini. (B) Group 2; acinar
fusion (red arrow) and congested blood vessels (yellow arrow). (C)Group 3; regular shaped acini (D) Group 4; ;acinar
fusion (red arrow) and congested blood vessels (yellow arrow) (H&E x400).

disappeared and acinar fusion decreased (Fig. 1D,
2D and 3D).

Immunohistochemical results:

Immunohistochemical ~ examination  using
caspase-3 antibodies of SMG of group 1 showed
negative to mild caspase-3 immunoreactivity in the
secretory portion and mild +ve reaction in the ductal
cells; the image analysis revealed that 9.06% of the
specimen surface area gave positive reaction. On
the other hand, group 2 showed strong nuclear and

cytoplasmic reaction of caspase-3 immunoreactivity

in the acinar and duct cells (28.74%). The treated
groups 3 and 4 showed mild Immuno-reactivity
caspases-3 in the acinar cells and moderate reaction
in the duct cells (12.85% and 14.19% respectively)
(Fig. 4 and 5). the improvement of the chitosan and
curcumin treated groups were observed especially
in chitosan group (group 3) as there was a statistical
significant difference between the treated groups 3,
4 and the untreated group 2 (0.005 and 0.017 p value
respectively). In addition there was no statistical
significant difference between the control group and
chitosan group (0.062 p value) (table 1)
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Fig. (4): A photomicrograph of SMG showing caspase-3 Immunohistochemical reaction for all examined groups; A: group 1, B:
group 2, C: group 3, D: group 4 (caspase 3 X 400)

TABLE (1): paired sample t test comparing between caspase 3 immuno-expression in all groups. (the

difference is considered statistically significant if p value is less than 0.05).

Paired Samples Test
Paired Differences
95% Confidence Interval
of the Difference
Std. Std. Error Sig.
Mean Deviation Mean Lower Upper t df (2-tailed)
Pair1 | grl-gr2 | -9646040 | 32.83667 | 14.68500 -137.23251 | -55.68829 | -6.569 8 003
Pair2 | grl-gr3 | -12.90920 | 11.25515 5.03346 -26.88431 1.06591 -2.565 8 062
Pair3 | gr.l-grd4 | -30.69880 | 1523291 6.81236 -49.61296 | -11.78464 | -4.506 8 011
Pair4 | gr2-gr3 | 8355120 | 33.23098 | 14.86135 42.28948 12481292 | 5.622 8 005
Pair5 | gr2-grd | 65.76160 | 37.35213 | 16.70438 19.38280 112.14040 3937 8 017
Pair6 | gr3-grd | -17.78960 | 14.75042 6.59659 -36.10467 52547 -2.697 8 054
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Fig (5): graph showing the surface area percentage of +ve
caspase 3 immuno-expression in each group

DISCUSSION

Monosodium glutamate (MSG) is the sodium
salt of glutamic acid and the most applied food
additives used as a food flavor enhancer all over
the world®® 2”1, On the other hand, many previous
studies reported its hazards and toxic effects on
human and animals including allergic reaction;
flushing, sweating, weakness, numbness, dizziness
and headache in addition to increase the appetite
and subsequently weight gain'* 2%,
approved the cytotoxic effect of MSG on different
organs as Ortiz et al. ™ who investigated its effect

Many authors

on liver and kidney and Sakr & Badawy %' who
investigated its effect on male rat reproductive
system. Roa & del B! also found that exposure
to MSG caused morphofunctional alterations at
the parotid level represented by reduction in the
volume of the gland , changes in the adenomere and
striated ducts in the gland. in addition, it decreased
pH levels and salivary flow, increased a-amylase
enzyme and changed the percentages of salivary
elements.

In the present study we used a dose of 30 m/
kg every day of MSG that was approved to cause
salivary gland toxicity™!"l. This toxicity was
manifested histologically by loss of serous acini
normal arrangement with ill-defined margins and
acinar fusionin addition to nuclear changes in the
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form of large hyperchromatic, pleomorphic and
some pyknotic nuclei. Intercalated and striated
ducts were dilated with ill-defined cell borders.
These findings were in agreement with some
authors who investigated the effect of MSG on
the submandibular salivary gland as El Imam and
Adb El salam "' and Mahmoud et. al. *?!, parotid
salivary gland as Mubarak et al. ?' and subligual
salivary gland as Shredah& Nagy 1. Some
author regarded the cytotoxic effect of MSG to its
ability to generate reactive oxygen species (ROS)
and to decrease the antioxidant enzymes activity
as superoxide dismutase activity (SOD) and

glutathione metabolizing enzymes¥.

It was noticed that chitosan in the present study
decreased the cytotoxic effect of MSG on SMG as
it decreased vaculation, acinar changes and nuclear
pleomorphism and that was confirmed by decreased
caspase 3 immunoexpression which was statisti-
cally significant than group 2 and non-significant
to control group 1. These finding exactly coincided
with Mahmoud et al. B? who investigated the effect
of nanochitosan on the cytotoxicity of MSG on sali-
vary gland with differences in the dose and duration
of the experiment. Many authors tried to explain the
curative effect of Chitosan; some found that it can
regulate innate and adaptive immune responses. As
it has the ability of stimulating the immune response
against tumors and using it as an adjuvant in the
preparation of various vaccines was reported™>-3l,

Nam et al.
effects of hydrolyzed form of chitosan; chitosan
oligosaccharide (COS) on colon cancer cells and
reported that
effect by increasing the level of antioxidant
enzymes, as quinone reductase (QR), glutathione
S-transferase (GST ) and GSH, and by inhibiting
renal ornithine decarboxylase (ODC) activity and
COX-2 expression in vitro. Quan et al.*” also have
discovered that COS have antiangiogenic activity

examined chemo-preventive

COS exerts its chemopreventive

and they regarded its effect due to inhibition of
heparenase enzyme.
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In the present study it was observed that co-
administration of curcumin with MSG also led to
decreasing the acinar changes and the degree of
pleomorphism in SMG. That was confirmed by
presence of statistical significant difference of
caspase 3 immunoexpression between the curcumin
treated groupand MSG group.Theseresults coincides
with Sakr & Badawy % study; as they found that
co-administration of curcumin to MSG-treated rats
improved the histopathological alterations induced
by MSG in rat reproductive system. Walvekar et
al. % also found that the curcumin was effective
antioxidant that can protect mice SMG cells from

free radicals induced oxidative stress.

It is well known that MSG exerts its cytotoxic
effect due to production of oxygen free radicals and
oxidative stress in different tissues of experimental
animals”®®*. Some authors attributed the protective
effect of curcumin to its free radical scavenging
activity ability, as it significantly reduced the levels
of these free radicals, and induction of detoxification
enzymes “J. Chan and Yu ™! also stated that
curcumin exerted a good ability to scavenge
oxygen free radicals and could protect DNA from
damage.

Some authors reported that protective effect of
curcumin was due to its ability to protect against
mitochondrial injury and to inhibit apoptosis by
inhibition the intrinsic apoptotic pathway “?I and
other authors have reported that it is effective in
reducing the dysregulation of the cellular redox

balance 3.

CONCLUSION

Within the extent of this study, it was concluded
that both chitosan and curcumin have a protective
effect on the submandibular salivary gland against
the cytotoxic effect of chronic intake of monosodium

glutamate salt.
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