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ARTICLE INFO ABSTRACT
Article History One of the many adverse consequences of monosodium glutamate
Received:21/4/2025 (MSG), a common flavor enhancer, is swelling of the cartilage. Inflammation
Accepted:27/5/2025 in articular cartilage was assessed in the current investigation after MSG
Available:1/6/2025 administration, which may have contributed to the alterations in oxidative
stress indicators and articular cartilage histology seen in the animals. In this
Keywords: work, two primary groups of forty-two Swiss albino rats, male and female,
Monosodium were used. The first group's male and female rats were given distilled water
glutamate orally as their control. The male and female groups of rats in the second
chondroc;jtes group were given oral monosodium glutamate at a high dose of 7g/kg b.wt
cytokines re(iox For a duration of two months. A notable change in histology of chondrocytes
. in the joints of male and female rats stained using hematoxylin-eosin and
potential. Masson trichrome stains. A significant boost in IF-gamma and IL-6 as well as
a dramatic reduction in IL-4 levels in treated animals versus control. A slight
elevation of sodium level and significant raise of potassium levels in animals
groups consumed MSG. Furthermore, a significant rise in ALT, MDA and
creatinine levels in the treated animals as well as dramatic reduction in
catalase level in the treated animals versus control. The sequence of
oxidative stress development and inflammatory cytokine expression in the
animals suggests that MSG-induced cellular oxidation stress in the rat
cartilage tissues may have led to inflammation and cartilage matrix
disintegration.

INTRODUCTION

Monosodium glutamate (MSG) is a flavoring substance that is widely used in food
businesses and food outlets. It is available in an extensive range of processed food and is
incorporated into food in infinite amounts in eateries, healthcare facilities, and dining areas
(Nguyen et al., 2020). The producers of foods do not disclose the quantity of MSG within
their package, so it is impossible to estimate how much MSG a normal person uses in a day
(Zanfirescu et al., 2019). Naturally shape glutamic acid used in foods is not harmful, but
processed artificial glutamic acid is dangerous (Beyreuther et al., 2007). Industrial study
indicates that the ideal amount of MSG to add to food is 0.6%. The United States
Environmental Protection Agency states that food containing MSG should not be given to
infants or children below one-year-old (Chakraborty, 2019; Sedlak ez al., 2019).

Numerous researches demonstrated the potentially dangerous impact of MSG on the
liver and renal functions, fat cells, hepatic tissue, sexual organs, and the neurological system
(Nnadozie et al., 2019; Banerjee et al., 2021). According to these investigations, MSG raises
the incidence of several malignancies (Eid ef al., 2019), induces cytotoxicity (Pavlovic et al.,
2009; Eweka et al., 2011), and promotes oxidative injury to the renal system and other
organs (Pavlovic ef al., 2007). The immune system and associated organs such as the testes
(Abd-Elkareem et al., 2021), ovary (Rohmawati et al., 2014), pancreas (Ajibade et al., 2015),
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spleen (Alsalmi et al., 2019), hepatic, and heart tissue may be negatively impacted by MSG
(Al-Ghamdi, 2021). There have been reports that eating meals with additional MSG raises
the risk of developlng various diseases, including overweight (Araujo ef al., 2017), insulin
resistance, and cognitive impairment (Spolcova et al., 2015).
Bone contains a completely functional glutamate signaling system (Spencer et al.,

2007). The role of glutamate signaling in maintaining bone homeostasis is being 1ncreasmgly
understood (Hinoi et al., 2004). Several studies found that glutamate receptors in connective
tissues, chondrocytes, osteoclasts, and fibroblasts transporters (Flood et al., 2007). Diseased
regions of bone and cartilage in human arthritic tissue and rat antigen-induced arthritis
expressed AMPA and the NMDA receptor may be involved in biomechanical responses
(Piepoli et al., 2009). In this work the impact of MSG on histology of articular cartilage as
well as oxidative markers, elemental levels, inflammatory mediators and other physiological
markers in serum samples of male and female rats.

MATERIALS AND METHODS

Chemicals:

Monosodium glutamate (49621) was obtained from Sigma Aldrich.
Animal Model:

Forty-two young male and female albino rats (Age: 12 weeks, 130-140 gm) were
split into two groups. The first group: control group contained both male and female
animals, orally administrated by 1.0 ml distilled water. The second group, contained animals
from both sexes, orally administrated by at a high dose of MSG (7 g/kg b.wt) every day for
four months (Thomas et al., 2009). All animal work was done according to ethical guidelines
in Zoology Department, Women’s College for Arts, Science and Education, Ain Shams
University according to ARRIVE guidelines.

Histological Examination:

Rats from both groups were killed by cervical dislocation. Tibiofemoral joint
samples were collected, for decalcified by 6% nitric acid for 12 days. Sections of specimens
from both groups were processed at 6 um by a rotary microtome, put on slides, and dyed with
(Leica Auto-stained YZ00) with hematoxylin and eosin as mason trichrome to evaluate tissue
structure and images will have collected at X400 (Zeiss microscope., Germany) (Collins et al,
2015).

Mediators and Elemental Analysis:

Blood specimens were obtained from the eyes of animals in tubes contained EDTA
before killing the rats and rotated at 6000 rpm for 20 minutes at 6°C. The mediators including
IF-gamma, IL-4, IL-6 were examined using (Invitrogen kits, USA) by Elisa (Shimadzu,
Japan). Sodium and potassium were examined using (dlamond kits, UK) using flame
photometer (Agilent, USA). All steps were done according to instructions inserted in the
protocols inside the kits (Sundaram et al., 2015; Yosri et al., 2022).

Oxidative and Biochemical Markers:

The levels of ALT, creatinine, and catalase, malondialdehyde in serum of the tested
groups were examined by the instruction's steps through the used analysis kits (Invitrogen
kits, USA) (Garcia-Gonzalez et al., 2015; Mateen et al., 2016; Conti et al., 2020; Ioannidou
et al., 2024).

Statistical Testing:

All outcomes were reported as means + standard deviation (SD), the statistical
variance was calculated using the San Diego, California-based GraphPad Prism 5 software.
One way-Anova was employed. Where P < 0.05 is considered significant (Eweka et al.,
2011; Anbarkeh et al., 2019).

RESULTS

Microscopic Examination:

In this work, the classical shape of chondrocytes could be seen in normal specimens
of male and female animals with slight differences upon examination of the samples stained
by hematoxylin and eosin stain. The arrangement of chondrocytes could be confirmed by
examination of the slices stained by Masson trichrome stain as shown in (Figs. 1 A & B; 2 A
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& B). While administration of a high dose of MSG for long time led to enlargement of
chondrocytes size with apparent shrinkage of hyaline matrix in rat samples from box sexs
upon testing of the specimens stained by H&E as well as Masson trichrome stains as depicted
in (Figs. | C& D;2 C & D).

Fig. 1: Photomicrograph of Cartilage showing (A) Normal chonrocytes from normal female
rats arranged in Lacunae and seperated by hyaline matrix stained by H&E ; (B) Normal
chonrocytes from normal female rats where it took the blue color of Masson trichrome stain ;
(C) Inflammed chonrocytes from treated female rats with minimal amonut of hyaline matrix
stained by H&E ; (D) Inflammed and irregular chonrocytes arranged in bluish sheets and
stained Masson trichrome stain(Magnication X=400).
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Fig. 2: Photomicrograph of Cartilage showing (A) Normal chonrocytes from normal male
rats arranged in Lacunae and seperated by hyaline matrix stained by H&E ; (B) Normal
chonrocytes from normal male rats where it obtained the blue color of Masson trichrome
stain ; (C) Inflammed chonrocytes from trated female rats with condended chonrocytes with
minimal amonut of hyaline matrix stained by H&E ; (D) Inflammed and irregular
chonrocytes arranged in bluish sheets and stained Masson trichrome stain(Magnication
X=400).

Testing Levels of Cytokines and Elements:

In the current investigation, the assessment of the concentrations of pro-
inflammatory cytokines including IF-gamma and, IL-6 showed a dramatic rise (P<0.05) in
the levels of tested cytokines levels in male and female rats treated by a high dose of MSG
for long time relative to control. While, the assessment of the concentrations of anti-
inflammatory cytokines including IL-4 showed a significant reduction (P<0.05) in the levels
of tested cytokine level in male and female rats treated by a high dose of MSG for long time
relative to control as depicted in (Fig. 3 A-C).

On the other hand, evaluation of sodium and potassium concentrations revealed a
slight elevation in sodium levels as well as dramatic rise (P<0.05) in potassium
concentrations in male and female rats treated by a high dose of MSG for long time relative
to control as depicted in (Fig. 4 A & B).
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Fig. 3: Determination of pro-and anti-inflammatory mediators’ levels in various tested

groups (A) IF-gamma; (B) IL-4 and (C) IL-6. Results are represented as means + SD, where
(*) refer to significant difference where P< 0.05.
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Fig. 4: Determination of sodium (Na) and potassium (K) levels in various tested groups (A)

Na; and (B) K. Results are represented as means = SD, where (*) refer to significant
difference where P< 0.05.
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Evaluation of the Concentrations of Biochemical Markers:

In the present work, testing the renal function marker level (creatinine) as well as
the liver function enzyme level (ALT) showed a dramatic rise (P<0.05) in the levels of tested
renal and liver functions markers in in male and female rats treated by a high dose of MSG
for long time relative to control as illustrated in as illustrated in (Fig. 5 A, B).

Furthermore, measurement of catalase as an oxidative marker showed a significant
reduction (P<0.05) in the levels of tested renal and liver functions markers in in male and
female rats treated by a high dose of MSG for long time relative to control as illustrated in
(Fig. 5C). While testing MDA as peroxide enzyme showed a significant reduction (P<0.05)
in the levels of tested renal and liver functions markers in in male and female rats treated by a
high dose of MSG for long time relative to control as illustrated in (Fig. 5D).
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Fig. 5: Testing biochemical levels in various tested groups (A) ALT; (B) Creatinine; (C)
Catalase and; (D) MDA. Results are represented as means + SD, where (*) refer to
significant difference where P< 0.05.

DISCUSSION

In recent years, there has been controversy around the security and poisoning of
MSG due to reports of negative reactions ingestion of MSG-containing foods. Such
unfavorable effects have been demonstrated by Shosha et al., (2023).

According to Hall et al. (1996), MSG has been linked to migraines, nausea, diarrhea,
bowel dysfunction, and anxiety disorders. Furthermore, studies have demonstrated that MSG
has negative impacts on a variety of bodily systems. Specifically, diets containing nutritional
additives have been found to impact consciousness, behavior, and brain neural
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communication (Umukoro et al., 2015, Akataobi, 2020). In the current investigation, young
male and female albino rats were orally given a high dose of MSG every day for three
months to determine what would happen on the joints of rats as well as screening of some
representative markers.

In cartilage, extracellular matrix components such collagen, and proteoglycans are
combined with chondrocytes to form connective tissue (Sundaram et al., 2015). The human
articular cartilage's chondrocytes release reactive oxygen species that cause apoptosis in the
chondrocytes, including nitric oxide, and H>O» (Carlo and Loeser, 2003). Apoptotic cell
death, proteoglycan degradation, and lipid peroxidation occur when various doses of H20:
are applied to articular cartilage (Khan et al., 2008).

In this work a clear alteration in the histological structures of chondrocytes in treated
animals could be seen. By blocking inflammatory signalling and immune cell access into
tissue, pro-inflammatory and inflammatory cytokines and chemokines accumulated in tissue
would be crucial (Navarro and Boveris, 2004). The current study revealed a notably elevated
level of IL-6 and IF-gamma in MSG. Excessive use in MSG causes the body's inflammatory
response to be promoted, which in turn causes chondrocyte derangements and joint damage.
MSG dysregulates the levels of inflammatory cytokines. The immune response is therefore
related to variations in the amounts of specific chondrocyte forms. Furthermore, increased
ROS generation, which triggers the release of pro-inflammatory cytokines including IF-
gamma and IL-6, is indicative of MSG's pro-oxidative characteristics (Das et al., 2022).

Many studies assessed the toxicity of MSG reveal a considerable degree of variation
in the dosage and duration of administration (Banerjee et al., 2020; Kassab et al., 2022).
According to this study, which was done on rats, consuming large doses of MSG raised the
levels of creatinine, AST, and catalase and decreased the level of MDA. The modified
biological reactions could be explained by oxidative stress (Pruett et al., 2009). Oxidative
stress-mediated damage occurs within the body when redox-equilibrium is altered by raising
lipid peroxidation, NO generation, and CAT and GSH levels. Animals that experience
immune suppression due to chemicals may experience oxidative stress, immune cell death,
and pathological changes in several organs (Gao et al., 2008).

In this study, eating MSG significantly raised the levels of potassium and sodium. In
same line with (El-Meghawry et al., 2013) who reported that blood lactate levels rise upon
consuming high doses of MSG. Besides, Phosphate is moved from the intracellular to the
extracellular pool more readily during acidosis (Walwadkar et al., 2006). Furthermore, when
taking a high and recurrent dose of MSG orally, the effects of sex may be shown in all
evaluated parameters. In the treated female group, the majority of the examined markers were
greater than in the male group in the present work. (Katalinic ef al., 2005) linked the higher
level of oxidative injury in males compared to females to the higher level of radical
degradation of DNA in males Gonad hormones are the impacted factor. Additionally,
according to (Kataranovski et al., 2009) investigation into gender variations in the
inflammatory reaction as a result of cadmium in rats, as estrogen can reduce the synthesis of
interleukin-6 in mice.

The current report suggests that consuming MSG led to harmful impact in joints
which confirmed by various biochemical and inflammatory markers.
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