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ABSTRACT

Introduction: Monosodium glutamate (MSG) is used as a food flavor enhancer all over the
world. However, it has adverse effects on human and experimental animals at different organs.
Aim: This is study designed to evaluate the histological and the ultrastructure effect of two different
doses of MSG on submandibular salivary gland (SMG) of albino rats.

Materials and Methods: Fifteen adult male albino rats (180 -200 gm). They were randomly
divided into three groups (n=5). The control group I: rats were received 1 ml distilled water orally
once daily for 8 weeks. The experimental groups, group II, group III: rats were received 15 mg/
kg and 30 mg/kg b. wt. respectively of MSG dissolved in 0.2 ml of distilled water orally once
daily for 8 weeks. Animals were sacrificed and two pairs of (SMG) were dissected out, left side
was processed for light microscopic examination LM and the right one for transmission electron
microscopic examination TEM.

Results: LM examination of group II revealed some serous acini lost their normal arrange-
ment. The acini were distended, their cytoplasm was vacuolated and some of them were degener-
ated. Nuclear changes appeared in form of large, hyperchromatic, pleomorphic and some pyknotic
nuclei. Dilated intercalated and striated ducts with ill-defined cell borders. Enlarged blood vessels
that engorged with red blood cells RBCs found between the acini and the striated ducts. Mucous
acini has irregular arrangement with vacuolated cytoplasm and nuclear changes. Group III revealed
loss of normal glandular architecture, abnormal shape of serous and mucous acini, obvious nuclear
changes. The ductal cells were dilated and blood vessels engorged with RBCs with inflammatory
cell infiltration in connective tissue. TEM examination of group II revealed mild changes as irregu-
lar outline of electron dense nucleus, occasional confluence of secretory granules. Marked dilata-
tion of ruff endoplasmic reticulum, few number of lysosomes and mild dilatation of intracellular
canaliculi. These changes were more obvious at group III.

Conclusion: From the present study we concluded that MSG has degenerative changes at acini
and ductal cells of (SMG). Therefore, we recommended that excessive consumption of food con-
taining this salt should be avoided.
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INTRODUCTION

Food additives that applied to the basic food
stuffs can produce a special color or taste where it
acts either as preservatives, or to alter the taste. One
of them is Monosodium glutamate (MSG) which is
present at sold form in most open market stalls and
stores in Nigeria as “Ajinomoto” marketed by West
African Seasoning Company Limited @- It is the
sodium salt of glutamic acid (GA) containing 78%
of glutamic acid, 22% of sodium and water and has
many market names such as Ajinomoto, Chinese
salt,and E621 ®- According to the United State Food
and Drug Administration (FDA), MSG is classified
as generally safe with no specified limit daily
intake requirement and described by the European
Union as a food additive (E621), describing it as a
“Flavouring” or “Hydrolysed vegetable protein” ¢

MSG is found in a wide variety of packaged foods
such as chocolate milk, cocoa, energy drink, milk
powder, cream powder, dried, canned vegetables
(including mushrooms), nuts, custard and chips @
Moreover, glutamate occurs naturally in various
foods including poultry, cheeses, meat broths,
seafood and vegetables - Also, MSG entered in
many processed foods such as prepared meats,
tuna, marinated meats, canned soups or sauces,
vegetarian burgers, luncheon chicken, turkey and
sausages ©@- It can produce a unique taste, known
as umami taste that improve the quality of food
intake by stimulating the chemosensory perception.
So, this taste enhancer is widely used in the food
industry, in restaurants and homes 7"

Many studies reported that MSG has adverse
effects on human and experimental animals at
different organs. Higher doses of MSG were
investigated to be neurotoxic in experimental
animals; as it destructs neurons in the hypothalamic
nuclei through their changes in the hypothalamo-
pituitary-adrenal axis ®, damage of liver, testes and
kidney ©- These findings could be explained that
unbound glutamate dissociated from MSG may
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act on certain receptors in the central or peripheral
neurons, causing histopathological changes 1*- Also,
intake of MSG has been associated with increased
risk of overweight independent of physical activity
and total energy intake 1V

Salivary glands secrete saliva which plays
a vital role in maintaining general health of the
oral tissues. It has a role in lubrication, digestion,
enamel preservation, antibacterial, antifungal and
anti-inflammatory effect. It acts as a first barrier
against infections as it contains proteins and
peptides. So that, the reduction in salivary flow may
lead to the oral mucosal inflammation, increased
incidence of dental caries, dry mouth, chewing and
swallowing disorders, loss of the sense of taste. The
submandibular salivary gland is the second largest
salivary gland, it produces about 60% of saliva 12

Oxidative stressis caused by excessive production
of free radicals which acting on unsaturated fatty
acids and proteins of cell membranes resulting
in production of lipid peroxidase and protein
carbonyl causing destruction of organelles and
macromolecules. Whereas, these oxidative-stress-
induced damage to DNA and macromolecules
resulting in development of many diseases including
cardiovascular disease, neurological degenerations
(e.g., Alzheimer’s disease, ischemic stroke), cancer
and the normal ageing processes - Thus, chronic
intake of MSG causing oxidative damage and
decreased levels of antioxidant enzymes resulting in
impairment in kidney, liver and brain functions 4"
It has been reported that long term administration
of MSG to male albino rats revealed neoplastic
changes in parotid salivary gland in form of loss of
glandular architecture 19,

In this regard, literatures investigating the effect
of MSG on the morphology and function of salivary
glands are few and controversial. So, the aim of
our study is to evaluate the histological and the
ultrastructure effect of two different doses of MSG
on submandibular salivary gland of rats.
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MATERIAL AND METHODS

Animals:

Fifteen adult male albino rats weighing between
180 -200 gm were obtained from animal house,
Mansoura University, faculty of medicine. The
rats were maintained adequate diet throughout the
experimental period and kept in separate stainless
steel cages under controlled conditions at constant
temperature (24°C), good ventilation.

Materials:

Monosodium glutamate (CSHONO4.-Na) Purity
99% NT. it is sold in most super markets in Egypt
under the license of Ajinomoto co. INC. Tokyo,
Japan.

Experimental Design:

Animals were adapted for one week. After that,
they were randomly divided into three groups with
five rats each.

The groups were classified into:

* Group I: rats were kept under normal condition
and were received 1 ml distilled water orally
once daily for 8 weeks and considered as control

group.
* Group II: rats were received 15 mg/kg body
weight of MSG dissolved in 0.2 ml of distilled

water orally once daily for 8 weeks.

* Group III: rats were received 30 mg/kg body
weight of MSG dissolved in 0.2 ml of distilled
water orally once daily for 8 weeks 19

At the end of the experiment, animals were
sacrificed under anesthesia. The two pairs of
submandibular salivary gland (SMG) were dissected
out and left one processed for light microscopic
examination LM and the right one was processed
for transmission electron microscopic examination
TEM.
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Specimen’s collection and preperation:

After dissection of (SMG) of all groups. The
left side was immediately fixed in 10 % in buffered
formalin for 24 h and embedded in paraffin. 5-um
thick were taken from paraffin-embedded tissues
and mounted on clean glass slides and stained by
H&E @7 Then, examined under a light microscope.

While, the right side of all groups were cut into
small parts of one cubic mm. Then were fixed in
glutraldehyde to be prepared for ultra structural
examination by the transmission electron microscope
(TEM). Specimens were washed at three changes of
phosphate buffer at pH 7.4. Secondary fixation was
done in 1% osmium tetraoxide at 40C, for 1.5 hours
followed by rinsing in phosphate buffer. Then,
they were dehydrated in ascending grades of ethyl
alcohol, cleared in propylene oxide and embedded
in epoxy resin. Semi thin sections of 1-2 microns
were cut and stained with 1% toluidine blue and
examined by light microscopy (LM) for detection
of the site to be examined by trans-mission-electron
microscopes (TEM) 8- Then, ultrathin sections
were cut using ultra-microtome, mounted on copper
grids and stained with uranyl acetate and lead citrate.
The grids were examined by Joel TEM 100 CX at
magnification of 4000x at (TEM) unit, Mycological
center, Al-azhar University.

RESULTS
I. Light microscope results

Group I:

Examination of (SMG) of this group showed
normal architecture of acinar and ductal cells with
the secretory terminal portions predominantly of the
serous cells that composed of pyramidal cells with
basophilic cytoplasm which surrounding a narrow
lumen and mucous cells composed of flattened
cells with wide lumen and clear cytoplasm. The
duct system has intercalated and striated ducts.
Also, it showed granular convoluted tubules that
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is characterized by their columnar cells containing
excretory granules. Whereas, striated ducts having
a wider lumen compared to intercalated ducts and
low columnar cells with centrally placed nucleus
and basal striation (Fig.1 a & b).

Group II:

Examination of (SMG) of this group revealed
that some serous acini lost their normal arrangement
with ill-defined margins. Acini appeared distended
and their cytoplasm was vacuolated, some of them
were degenerated. Nuclear changes appeared in
form of large, hyperchromatic, pleomorphic and
some pykontic nuclei, also many mitotic figure
were observed. Intercalated ducts were dilated
with ill-defined cell borders. The striated ducts
showed ill-defined borders, some pyknotic nuclei,
and interruption of basal striations. Enlarged blood
vessels that engorged with red blood cells (RBCs)
found between the acini and adjacent to the striated
ducts. Mucous acini appeared with irregular
arrangement, vacuolated cytoplasm and nuclear
changes, the striated duct showed ill-defined
margins and enlarged blood vessels adjacent to the

duct (Fig.1 ¢ &d).

Group II1:

Examination of (SMG) of this group revealed
loss of normal glandular architecture, abnormal
shape of serous acini and haphazard arrangement
with indistinct cell boundaries. Some acini showed
vacuolated

cytoplasm. Nuclear pleomorphism

and hyperchromatism with increased nuclear
cytoplasmic ratio were clearly appeared. Abnormal
mitotic figures were also observed. Intercalated
ducts, striated duct and excretory ducts became
dilated. Mucous acini has loss of cell borders
while striated ducts showed nuclear pleomorphism,
ill-defined cell borders and distortion of basal
striation. Blood vessels were markedly enlarged

with extravagated RBCs and inflammatory cell
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infiltration in connective tissue around excretory
duct. (Fig.1 e &f).

I1. Transmission electron microscopic results

Group I:

Examination of (SMG) at this group showed
normal pyramidal cells with basal round nuclei
which has dense areas of chromatin at the periphery
of the nucleus and defined nuclear envelop, intact
cell boundaries, normal intercellular canaliculi and
accumulated secretory granules of varying size
and density. Normal ductal cells (intercalated duct)
with abundant mitochondria and normal nuclei
and normal intercellular canaliculi. Mucous acini
showed normal low pyramidal cells with basal
flattened nucleus and radiolucent secretory granules
(Fig.2 a, b).

Group II:

Examination of (SMG) at this group showed
mild changes represented in electron dense nucleus
having an irregular outline, occasional confluence
of secretory granules. Their cytoplasm revealed
marked dilatation of ruff endoplasmic reticulum,
few number of lysosomes, few intracytoplasmic
intracellular

vacuoles and mild dilatation of

canaliculi. (fig. 2 ¢).

Group I11:

Examination of (SMG) at this group showed
obvious changes as wide perinuclar membrane,
distended rough endoplasmic reticulum cisternae
(RER),
margination of heterochromatin,

irregular nuclei with clumping and
degenerated
mitochondria, increased number of lysosomes,
marked dilated intracellular canaliculi and ill-
defined secretory granules outlines. Intercalated duct
and striated duct have ill-defined cell boundaries

and dilated lumen (fig. 2 f, d.e).



HISTOLOGICAL AND ULTRA STRUCTURAL STUDY OF THE EFFECT OF MONOSODIUM (323)

A %
" A l"
o 80,

Yiaat |

Fig. (1) A photomicrograph of (SMG) from all examined groups showing: a- Normal architecture of serous acini (double arrow)
with duct system composed of intercalated ducts (dashed arrow), striated ducts (arrow) together with granular convoluted
tubules at group I. b- Normal architecture of mucous acini (double arrow) with duct system composed of striated ducts
(arrow) at group I. c- Lose of normal arrangement of serous acini with ill-defined margins vacuolated cytoplasm, some
pyknotic nuclei (double arrow). Ill-defined borders of striated duct (arrow) and congested blood vessel (dashed arrow) at
group II. d- Mucous acini has irregular arrangement (double arrow), ill-defined margins of striated duct (arrow) and enlarged
blood vessels (dashed arrow) at group II. e- Abnormal shape of serous acini with indistinct boundaries and vacuolation of
the cytoplasm (double arrow), dilated striated duct (arrow) and excretory ducts (arrow head), inflammatory cell infiltrated
and congested blood vessel with extravagated RBCs (dashed arrow) at group III. f- Ill-defined margins of mucous acini
(double arrow), striated ducts (arrow) has nuclear pleomorphism, congested blood vessel with extravagated RBCs (dashed
arrow) and inflammatory cell infiltrated at group III.
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2 microns
TEM Mag = 6000x
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Fig. (2) TEM of SMG from all examined groups showing: a- SMG cells with intact cell boundaries, normal intercellular canaliculi
and electron dense basal nucleus with well intact and defined nuclear envelop and secretory granules of varying size
and density at group I. b- Intercalated duct of SMG with normal nuclei and normal intercellular canaliculi at group I. c-
SMG cells with electron dense nucleus having an irregular outline, cytoplasm has marked dilatation of ruff endoplasmic

reticulum, few number of lysosomes, occasional confluence of secretory granules, few intracytoplasmic vacuoles and mild
dilatation of intracellular canaliculi at group II. d- Intercalated duct of SMG with ill-defined cell boundaries and dilated
lumen at group III. e- Striated duct with ill-defined cell boundaries together with its dilated lumen at group III. f- SMG
cells with electron dense nucleus having ill-defined outline, fusion of several secretory granules, marked dilatation of rough

endoplasmic reticulum, degenerated mitochondria and marked dilated intracellular canaliculi at group III. (Uranyl acetate

and lead citrate Mag. x 6000)

DISCUSSION

Monosodium glutamate (MSG) is the sodium salt
of glutamic acid and the most applied food additives
in the modern nutrition usually used as a food flavor
enhancer all over the world 19 ?9- On the other side,
many previous studies done by Tawfik, Al-Badr,
2012 @Y who reported that (MSG) has hazards and
toxic effects in human and animals including aller-
gic reaction; flushing, sweating, numbness, weak-
ness, dizziness and headaches. It increases the ap-
petite therefore, it is considered as a cause of weight
gain - It has related decline effect in the overall

health of the body. It is toxic effects were occurred
due to its ability to generate reactive oxygen spe-
cies (ROS) and decrease the activites of the antioxi-
dant enzymes such as superoxide dismutase activity
(SOD) and glutathione metabolizing enzymes like
glutathione reductase and glutathione peroxidase as
stated by Soliman, 2011 ¥,

However, chronic administration of MSG more
than 4 mg/g body weight was found to induce
oxidative stressinexperimental animals as mentioned
by Diniz et al., 2004 ** These oxidative stress
cause biochemical disequilibrium propitiated by
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excessive production of free radicals (FR) and ROS,
which results in oxidative damage to biomolecules
that cannot be tolerated by antioxidative systems
as explained by Minibayeva, et al., 2009 - The
salivary glands produce peroxidase enzyme that
protect against toxic agents including carcinogenic
and mutagenic compounds in many respects to
Miletich, 2010 ?9-however, glandular hypofunction
can results in exposure of the gland tissue to these
agents and cause morphological alteration including
malignant transformation as stated by Jouzdani,
et al., 2010 ®”- As well as MSG administration
resulted in a decrease in ascorbic acid level which
leads to oxidative damage in rat different organs as
mentioned by Moreno, et al., 2005 ®®-

The present work aimed to evaluate the
histological and the ultrastructure effect of two
different doses of MSG on submandibular salivary
gland of adult albino rats.

In this study different doses of MSG were used
for eight weeks. The selected doses were chosen ac-
cording to the toxicity levels of MSG administra-
tion on different body organs as reported by Eweka,
Om’Iniabohs, 2011 *-

At the current study, light microscopical ex-
amination of group I showed granular convoluted
tubules that characterized by their columnar cells
containing excretory granules. This result is anal-
ogous in many respects to that of Amano, et al.,
2012 @ who found this granular duct (granular con-
voluted tubule, GCT) which is located between the
intercalated duct (ID) and striated duct (SD) in the
rodent submandibular salivary gland that is lined
by a simple columnar epithelium has secretory cell
containing many secretory granules in its supranu-
clear cytoplasm. These granules contain a variety of
active polypeptides such as cell growth factors and
hormones that are secreted in response to neural and
hormonal stimuli.

Histological results of group II, revealed some
serous acini lost their normal arrangement with ill-
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defined margins and nuclear changes in form of
large, hyperchromatic, pleomorphic and some pyk-
notic nuclei. Intercalated ducts and striated ducts
were dilated with ill-defined cell borders. Also,
Enlarged blood vessels engorged with RBCs found
between the acini and adjacent to the striated ducts.
However, at group III the histological results were
more apparent as serous and mucous acini has abnor-
mal shape with indistinct boundaries, more nuclear
changes, the ductal cells dilated and blood vessels
were markedly enlarged with extravagated RBCs
and inflammatory cell infiltration in connective tis-
sue. This findings were in agreement with Eweka,
and Om’Iniabohs, 2008 Y who explained the cel-
lular hypertrophy of hepatocyte in animal received
3gm and 6 gm of MSG. and also in agreement with
Eweka, et al., 2010 ©®? who revealed more cellu-
lar hypertrophy of fallopian tube in animals treated
with 0.08 mg/kg. b.wt more than animals treated
with 0.04 mg/kg MSG.

Examination of group II revealed vacuol-
ization of cytoplasm of both acini and ductal cells
was in accordance with Abou-Zeid, et al., 2014 ¢
Also, in accordance with

EL-Kenawya, et al., 2013 ¥ who demonstrated
these vacuoles in hepatocyte of rats treated with 6
mg/g. b.wt MSG, and explained this cytoplasmic
vacuolation due to mitochondrial damage induced
by MSG. This notion is supported by Farombi, On-
yema 2006 ®5 who stated that MSG was responsible
for production of O2 and O2-free radicals, which
lead to increase in lipid peroxidation and also acts as
important messenger for many pathological condi-
tions by increasing cytosolic-free calcium causing
increased in the membrane permeability and swell-
ing of cells. To maintain ATP levels, glycolysis oc-
curred to maintain ATP levels producing lactic acid
and causing decrease in the intra-cellular pH lead-
ing to dysfunction of sodium—potassium ATPase
and consequent cell membrane damage, mitochon-
drial and lysosomal damage.
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Regarding the nuclear hypertrophy which most
obvious findings at group II and more apparent at
group III. These observations were in agreement
with Leshchenko, et al., 2012 ¢® who found that
MSG intake at the same doses used in our study
significantly increases the cross-sectional area of
nuclei of exocrine and endocrine cells of pancreas.
Also, in agreement with Bhattacharya et al., 2011
" who examined the long term effect of MSG on
the liver. Moreover, nuclear hypertrophy of cell with
oxidative cell damaged DNA more correlated with
biosynthetic activities such as DNA repair/synthe-
sis, transcription activity and translation efficiency
as mentioned by Koda, et al., 2006 ©®:

In concern with nuclear pleomorphism detected
at group II and more apparent at group III, these
findings were somehow relevant to AL-Mosaibih,
2013 * who revealed that hepatocytes nuclei
showed pyknosis and pleomorphism in a study
carried on rat liver cells injected with 30 mg/kg body
weight of MSG. Also, in in agreement with Khalaf,
Arafat, 2015 “9 who investigated the effects of
different doses of MSG on the morphometric
and histological changes of the thyroid gland and
showed follicular hyperplasia in some follicles
with appearance of multiple pyknotic nuclei in
follicular and interfollicular cells. This is pyknosis
of cell nuclei might indicate the loss of functional
efficiency of the cells as suggested by Alalwani,
2013 @

Also, our histological results showed that there
were loss of normal glandular architecture which
more obvious at group III. This were in consistent
with Kumbhare, 2015 “? who revealed cyto-ar-
chitectural alternation in liver of adult rats treated
with MSG and in accordance with Dixit, 2014 ©3
who revealed the same finding in kidney. Moreover,
the same finding was reported in thyroid of MSG
treated group where some of the follicles appeared
distorted, triangular, and rectangular in shape as
demonstrated by Rani, 2013 ©4
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Meanwhile, the inflammatory cell infiltration
in connective tissue observed at group III which
agreed with the studies done by Kumbhare, et al.,
2015 “9 who stated that the migration of leucocytes
towards the area of inflammation known as chemo-
taxis occurred in response of body tissue to any in-
jurious agents. Furthermore, dilated and congested
blood vessels demonstrated at group II and group
III were in agreement with Alalwani, 2013 “® who
found dilated congested inter tubular blood vessels
of testis in MSG treated animals. This congestion
of blood vessels might be due to the inhibition of
prostaglandin synthesis, as these compounds are
known to be involved in regulation of blood flow as
explained by Oladipo, 2015 “7- Also, in agreement
with Eweka, 2011 “¥ who noted the presence of he-
molysis of RBCS in central vein and hemorrhagic
necrosis in centrilobular and disruption of architec-
ture of liver as a response of oral MSG in adult rats.

Our study ultrastructural findings showed
evidence of cell injury represented as dilated rough
endoplasmic reticulum (RER), wide perinuclear
membrane, irregular nuclei with, clumping and
margination of heterochromatin, degenerated
mitochondria and ill-defined secretory granules that
showed at group II and more obvious at group III.
These were in accordance with Lee, Sheen, 1994 ¢
who revealed degenerative ultrastructural changes
in pancreatic acinar cells of MSG treated rats in a
concentration of 1% MSG for 1 month and observed
the presence of numerous large size autophagic
vacuoles, dilatation of rough endoplasmic reticulum
and swollen vacuolated mitochondria. A similar
ultrastructure was previously described in proximal
convoluted renal tubules of MSG treated rats as
revealed by Afeefy, 2012 Y- Also, in agreement with
the results of Khalaf, Arafat, 2015 “” who revealed
follicular cells with irregular hyperchromatic nuclei,
marked dilatation of RER and increased lysosomes
with areas of short or lost apical microvilli when
applied doses of 3 g/kg, 6 g/kg respectively daily of
MSG for one month.
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Also our electron microscopic examination re-
vealed destruction in the cytoplasmic organelles
including lysosomes, ruff endoplasmic reticulum,
mitochondria and Golgi apparatus. These could be
due to the cytotoxic effects of MSG. as stated by
Thomas, 1988 Y who explained that Golgi appa-
ratus is responsible for the packaging of hydrolytic
enzymes which involved in the formation of sec-
retary products. Science the destruction of Golgi
apparatus leads to destruction of lysosomes which
leads to an increase in secretion of hydrolytic en-
zymes which may be responsible for destruction of
cytoplasmic organelles. This is in contrary to results
of Adejoke et al., 2013 ©? who reported that de-
spite the presence of biochemical derangements, no
morphologic evidence of liver or kidney injury was
observed in groups of animals fed with MSG/SD.

In consistence with our observations, Mou-
barak, et al., 2015 ®3 where they evaluated the
different doses of MSG on parotid gland of male
rats and concluded that long term administration of
MSG revealed neoplastic changes in form of loss of
glandular architecture with cellular atypia and ana-
plasia. Also, our findings were in agreement with
Shredah, Nagy, 2017 ¥ who investigated the two
different doses of MSG on sublingual salivary gland
histologically and immunohistochemically and con-
cluded that its degenerative changes.

From this study, we concluded that when Mono-
sodium glutamate MSG was applied in successive
doses, it revealed degenerative changes at acini and
ductal cells of submandibular salivary gland. There-
fore, we recommended that excessive consumption
of food containing this salt should be avoided.
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