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Abstract

Background: Monosodium glutamate (MSG), a common food additive, has demonstrated potential
organotoxic effects in animal studies. Cinnamic acid (CA), a naturally occurring phenylpropanoic acid,
is known for its antioxidant and anti-inflammatory properties.

Objective: This research aimed to evaluate the protective role of CA against MSG-induced toxicity in rat
models.

Methods: The study utilized twenty-five male adult albino rats weighing from 145 to 150 grams, divided
into five groups (n=5 each). The groups were: group I - control (basal diet); group II - MSG oral admin-
istration (3.0 g/kg body weight); group III - MSG oral administration with CA (40 mg/kg body weight);
group IV - MSG via intraperitoneal injection (4 mg/kg body weight); group V - MSG intraperitoneal injec-
tion with CA (40 mg/kg body weight). Post-treatment, serum was analyzed for biochemical changes.

Results: CA administration significantly reduced blood glucose and leptin levels while elevating in-
sulin levels in MSG-treated rats. Furthermore, CA markedly reduced malondialdehyde (MDA) levels and
increased superoxide dismutase (SOD) and glutathione (GSH) levels, indicating a reduction in oxidative
stress.

Conclusion: The study reveals CA’s capability in ameliorating MSG-induced metabolic alterations and
oxidative stress, underscoring its potential as a therapeutic agent in managing biochemical disturbances
related to MSG exposure.

Keywords: Cinnamic acid, Monosodium glutamate (MSG), Toxicity, Oxidative stress, antioxidant, Lipid
profile

1. Introduction:

Numerous artificial pollutants, encompassing
food additives and industrial chemicals, are as-
sociated with negative health impacts [1]. The
burgeoning working class and urban lifestyles have
led to a widespread reliance on commercial foods,
prized for their time and resource efficiency, yet of-
ten lacking in nutritional value. These commercial
food products frequently contain additives serving
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as preservatives or flavor enhancers [2]. One preva-
lent additive in processed foods is Monosodium
Glutamate (MSG), known for enhancing taste and
appeal [3].

While MSG is effective in intensifying flavor and
stimulating appetite, it is deemed harmful to hu-
mans and laboratory animals [4]. Its use not only
improves the taste of food but also activates the
appetite center, potentially leading to increased
body weight [5]. Research has pointed to MSG’s
role in prompting metabolic alterations, poten-
tially causing serious health issues such as obe-
sity, liver damage, central nervous system and re-
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productive dysfunctions [6]. One such issue is the
induction of oxidative stress following MSG con-
sumption [7]. This stress exacerbates conditions
like hypercholesterolemia, hypertension, diabetes,
and chronic kidney disease [8, 9]. Oxidative stress
arises from an imbalance in the production and
elimination of free radicals, primarily oxygen rad-
icals and other reactive oxygen species (ROS) [10].
Studies have shown that chronic exposure to MSG
in rats leads to reduced levels of key antioxidant en-
zymes and an increase in lipid peroxidation, partic-
ularly in the kidneys [11].

Cinnamic acid (CA), an organic compound be-
longing to the phenylpropanoic acid family, is pri-
marily found in plants such as Cinnamomum cas-
sia (commonly known as Chinese cinnamon) and
Panax ginseng, along with a presence in vegetables,
whole grains, fruits, and honey [12]. This com-
pound is noted for its antioxidative capabilities, at-
tributed to its vinyl fragment structure, enabling
it to halt radical chain reactions by donating elec-
trons and thereby forming stable compounds [13].
CA is recognized for its diverse biological activi-
ties, including anti-inflammatory [14], antimicro-
bial, antitumoral, and antifungal properties [15].
Furthermore, it demonstrates significant roles in
diabetes management and blood sugar regulation
by influencing glycogenesis and gluconeogenesis
and improving glucose tolerance and insulin secre-
tion [16].

The focus of this research is to explore the pro-
tective effects of cinnamic acid against the detri-
mental impacts caused by monosodium glutamate
(MSG) in a rat model. This exploration involves the
assessment of serum biomarkers, analysis of oxida-
tive stress levels, and conducting histopathological
examinations of the liver, kidneys, and pancreas.

2. Materials and methods

2.1. Chemicals

In the study presented, the chemicals used were
of the highest purity and acquired from reputable
sources. Specifically, monosodium Glutamate
(MSG) with a purity greater than 99%, and Cin-
namic Acid (CA), also exceeding 99% purity, were
obtained from LOBA CHEMIE PVT LTD.

2.2. Animals

Twenty-five male adult albino rats ( sprague-
Dawley strains), each with a body weight ranging
from 145 to 150 grams, were acquired from the
National Research Center of Egypt’s (NRC) animal
facility. These rats were accommodated in metal
enclosures, with five animals per cage, within the
NRC’s Laboratory Animal House in Egypt. The
rats were kept under conditions mimicking natural
daylight, with ambient temperatures maintained at
25±2 ◦C. A two-week acclimatization period was
provided prior to the commencement of experi-
mental procedures. The rats had unrestricted ac-
cess to water and standard rodent feed. All experi-
mental practices involving these animals were con-
ducted in strict compliance with the ethical stan-
dards and protocols set by both the National Re-
search Center Ethics Committee and the Faculty of
Science Ethics Committee (REC56/2021).

2.3. Experimental Design

Following a 14-day acclimatization period, the
subjects were allocated into five distinct groups,
each consisting of five rats. Group I acted as the
normal control, receiving only the standard diet.

Group II was provided with the standard diet,
enhanced with 3 g/kg of Monosodium Glutamate
(MSG) administered daily through oral gavage for a
duration of 45 days [17].

Group III received a similar diet to Group II, but
with the addition of 40 mg/kg Cinnamic Acid, also
administered daily via oral gavage for 45 days [19].

Group IV was subjected to daily intraperitoneal
(IP) injections of 4 mg/kg MSG for 45 days [18].

Lastly, Group V was treated with daily IP injec-
tions of 4 mg/kg MSG [18] and oral of 40 mg/kg
Cinnamic Acid, continued over 45 days [19].

2.4. Sampling

At the end of the experiment, the rats were fasted
for 12 h, then blood will be drained and collected
under effect of tetrahydrofuran inhalation anesthe-
sia. Blood was drawn from the retro-orbital ve-
nous plexus, followed by centrifugation at 3000 rev-
olutions per minute for 10 minutes. The serum
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obtained was clear, promptly separated, and pre-
served at -20◦C for later biochemical analyses. Sub-
sequent to the blood collection, the rats were hu-
manely euthanized. Organ tissues, specifically
from the pancreas, liver, and kidneys, were then
surgically removed. These tissue samples were pre-
served in 10% neutral buffered formalin in prepa-
ration for histopathological evaluation.

2.5. Blood glucose, insulin levels and HOMA-IR

The concentration of glucose in the serum
was measured through an enzymatic colorimet-
ric method, utilizing a kit available for purchase
(Catalog Number GL 46861, DIACHEM LTD). Lev-
els of serum insulin were quantified using an
ELISA method tailored for rats, employing a spe-
cific kit (Catalog Number CSB-E05070r, CUSABIO
Company), in accordance with the instructions
provided by the manufacturer. Insulin resistance
was quantitatively assessed using the homeostasis
model assessment (HOMA-IR). This was calculated
using the formula: fasting serum insulin (µU/ml)
× fasting plasma glucose (mmol/L) / 22.5 [20].

2.6. Lipid profile

Referring to [21]. The serum concentrations
of total cholesterol (TC), high-density lipopro-
tein cholesterol (HDL-c), low-density lipoprotein
cholesterol (LDL), and triglycerides (TG) were eval-
uated using enzymatic colorimetric kits provided
by DIACHEM Ltd Company, Egypt.

2.7. Assay for leptin (ng/ml

Leptin, identified as a peptide hormone, origi-
nates from adipose tissue. Its functions are pri-
marily associated with the control of appetite, neu-
roendocrine activities, and the maintenance of en-
ergy balance [22]. The quantification of leptin is
performed using a rat leptin ELISA kit provided
by CUSABIO Company, under the catalog number
CSB-E07433r.

2.8. Determination of reduced glutathione (GSH
(mmol/L

Glutathione, an essential intracellular tripeptide
comprising glutamic acid, cysteine, and glycine,

plays a pivotal role as an antioxidant, safeguard-
ing cells from the detrimental effects of free radi-
cals [23]. The concentration of reduced glutathione
was assessed using the Colorimetric Method, uti-
lizing kits from CELL BIOLABS Company (Catalog
Number STA-312).

2.9. Assay for lipid peroxide (malondialdehyde
(µmol/L

Malondialdehyde (MDA), a product of polyun-
saturated fatty acid peroxidation within cells, is in-
dicative of increased free radical activity [24]. MDA
levels are commonly used to gauge oxidative stress
and the antioxidant status, particularly in patients
with cancer. The serum level of MDA was deter-
mined through a Colorimetric Method, using com-
mercially available MDA kits (Catalog Number MD
STA-330, CELL BIO LABS Company, Egypt).

2.10. Assay for superoxide dismutase (SOD (U/µL

Superoxide, a by-product of oxygen metabolism,
can lead to various forms of cellular damage if not
adequately regulated [25]. The levels of superox-
ide dismutase were measured using Colorimetric
Method kits (Catalog Number STA-340, CELL BIO-
LABS Company, Egypt).

2.11. Histopathological examination

After euthanasia, the pancreas, liver, and kidneys
were extracted from the rats and then fixed in a 10%
neutral-buffered formalin solution for histopatho-
logical examination.

2.12. Statistical analysis

The data were analyzed using Graph Pad Prism
version 8 for Windows, with results presented as
Mean ± SD (n = 5). Statistical analysis involved
one-way ANOVA followed by the Tukey test. A p-
value of less than 0.05 was considered statistically
significant []

3. Results

3.1. Fasting blood glucose level (FBG , insulin Level
and HOMA-IR

Administration of MSG, both orally and via in-
traperitoneal (IP) routes, markedly elevated fasting
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blood glucose (FBG) levels as compared to healthy
control group (P < 0.05), with the oral route induc-
ing a more pronounced increase. Treatment with
Cinnamic Acid (CA) notably lowered FBG (P < 0.05)
in contrast to the MSG-treated groups (groups 2
and 4). In relation to the control group, the MSG-
administered groups (groups 2 and 4) showed a
significant reduction in insulin levels (P < 0.05).
In contrast, rats receiving CA treatment for a du-
ration of 45 days demonstrated significantly ele-
vated insulin levels (P < 0.05) compared to those
subjected to MSG. The IP administration of MSG
resulted in a substantial rise in the homeostasis
model assessment of insulin resistance (HOMA-IR)
relative to the control group (P < 0.05). Neverthe-
less, a month-long CA treatment in rats adminis-
tered with MSG significantly diminished HOMA-
IR, bringing it to levels similar to those in the con-
trol group, as illustrated in table 1.

The data presented indicates the average value
(mean) with its standard deviation (SD) based on
five samples (n = 5). In the dataset, values that have
different superscript letters in the same row show
a significant difference, with a p-value of less than
0.05 (P<0.05). FBG refers to Fasting Blood Glucose.

3.2. Lipid profile

Administration of monosodium glutamate
(MSG) orally resulted in a notable rise in serum
total cholesterol (TC), triglycerides (TG), and low-
density lipoprotein cholesterol (LDL-c) levels,
when compared to the control group (P < 0.05).
Concurrent treatment with Cinnamic Acid (CA)
effectively reduced the elevations in TC, TG, and
LDL-c caused by MSG (P ≤ 0.05), as detailed in
Table 2.

3.3. Leptin level

The administration of Monosodium Glutamate
(MSG) led to a marked increase in the levels of cir-
culating leptin compared to the rats in the nega-
tive control group. Treatment with Cinnamic Acid
(CA) significantly decreased leptin concentrations
in groups III and V, in comparison to groups II and
IV, which were their respective counterparts.

Every value is indicative of the mean ± standard
deviation (SD) for a group size of five (n = 5). Within
each row, values having unique superscript letters
demonstrate a statistically significant variation at
a p-value less than 0.05 (P<0.05). TC refers to to-
tal cholesterol, TG to triglycerides, HDL-C to high-
density lipoprotein cholesterol, and LDL-C to low-
density lipoprotein cholesterol.

3.4. Lipid Peroxidation and Antioxidants

Oral administration of Monosodium Glutamate
(MSG) resulted in a statistically significant eleva-
tion (P < 0.05) in the level of Malondialdehyde
(MDA) when compared with the control group.
The administration of Cinnamic Acid (CA) led to
a considerable reduction (P < 0.05) in MDA levels
in comparison to both groups II and IV. Intraperi-
toneal (IP) administration of MSG at a dosage of
4mg/kg body weight significantly diminished the
levels of Superoxide Dismutase (SOD) and Glu-
tathione (GSH) relative to the control rats. There
was no notable difference in SOD and GSH levels
between the control group and group V, as depicted
in Table 3.

Each reported value represents the average ±
standard deviation (SD) with a sample size of five
(n = 5). In the same row, values having distinct su-
perscript letters indicate a significant difference at
a p-value of less than 0.05 (P<0.05). The abbre-
viations MDA, SOD, and GSH stand for malondi-
aldehyde, superoxide dismutase, and reduced glu-
tathione, respectively.

3.5. Histopathology :

3.5.1. Liver

The liver of (group I) showed normal histo-
logical structure of hepatic lobules, each lobule
had a centrally located central vein and radiat-
ing cords of hepatic cells. Each hepatic cell con-
tained homogenous eosinophilic cytoplasm with
prominent centrally located nucleus . On the other
hand, Group II revealed multiple perilobular vac-
uolar degeneration of hepatocytes typical to fatty
change. Congestion of central veins, mild prolifer-
ation of bile ducts and mild focal lymphocytic in-
filtrations Group III exhibited moderate degree of
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Table 1: The effect of Cinnammic acid on Glucose, Insulin, and HOMA IR.

Groups experiment Group I Group II Group III Group IV Group V
FBG (mg/dL) 115.5c± 3.78 171.5a±2.24 134.0b±2.23 136.8b±1.79 118.6c±1.38
Insulin (nIU/ml) 68.66a±1.19 45.86c±0.80 61.15b±0.64 61.12b±0.78 68.15a±0.55
HOMA IR 19.50±0.63b 19.39±0.19b 20.22±0.53ab 20.70±0.38a 19.95±0.24b

Figure 1: Effect of Cinnamic Acid on Glucose, Insulin, and HOMA-IR in experimental groups.

Table 2: :The effect of Cinnammic acid on Leptin and lipid profile.

Groups experiment Group I Group II Group III Group IV Group V
TC (mg/dL) 55.27d±0.67 100.0a±2.58 64.67c±1.34 71.51b±1.42 57.41d±1.40
TG (mg/dL) 61.42d±1.04 117.8a±3.67 69.16c±1.88 79.70b±1.49 64.93d±1.23
HDL-C (mg/dL) 15.08d±0.19 19.48a±0.15 16.56b±0.15 16.80b±0.13 15.65c±0.14
LDL-C (mg/dL) 27.88d±0.77 57.00a±2.00 34.34c±1.02 38.78b±1.01 28.78d±1.11
Leptin (ng/ml) 2.726d±0.08 4.168a±0.06 3.208c±0.11 3.480b±0.08 2.830d±0.08

Table 3: The effect of cinammic acid on lipid peroxidation and antioxidant parameters

Groupsof experiment Group I Group II Group III Group IV Group V
MDA (µmol/L) 0.12e± 0.006 0.54a± 0.01 0.25b± 0.008 0.22c± 0.008 0.15d± 0.006
SOD (U/µL) 5.202a± 0.03 3.810c± 0.08 4.804b± 0.05 4.764b± 0.06 5.032a± 0.11
GSH (mmol/L) 18.89a± 0.10 14.07c± 0.13 18.08b± 0.12 18.04b± 0.16 18.89a± 0.09
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Figure 2: Effect of Cinnamic Acid on Leptin and Lipid Profile in different experimental groups.

Figure 3: Effect of Cinnamic Acid on Lipid Peroxidation and Antioxidant Parameters in experimental groups
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improvements characterized mild to moderate fo-
cal areas of fatty infiltration. Group IV revealed hy-
perplasia of bile ducts, perivascular edema and fo-
cal vacuolar degeneration of hepatocytes. Group
V revealed prominent degrees of improvement of
the hepatic tissue with mild degenerative changes
of some hepatocytes.

3.5.2. Kidney

Kidneys of group I showed normal glomeruli
and normally intact proximal and distal convo-
luted tubules that had intact basement membranes
and maintained brush borders. The glomeruli of
group II revealed marked thickening of glomerular
capillaries, multifocal degeneration of renal tubu-
lar epithelium with indistinct epithelial outlines
and loss of brush borders of proximal convoluted
tubules. Also, there were focal periglomerular
leukocytic infiltrations along with congestion
of blood vessels.Group III demonstrated pro-
nounced improvement of the kidney lesions. The
glomeruli of Group IV revealed marked thickening
of glomerular capillaries, multifocal degenera-
tion of renal tubular epithelium with indistinct
epithelial outlines and loss of brush borders of
proximal convoluted tubules. Also, there were fo-
cal periglomerular leukocytic infiltrations along
with congestion of blood vessels. Group V demon-
strated pronounced improvement of the kidney
lesions.

3.5.3. Pancreas

The pancreas of group I showed normal lob-
ules of exocrine glands and normal distribution of
well-defined islets of Langerhans that had promi-
nent beta cells . Group II revealed marked re-
duction in both numbers and sizes of pancreatic
islets of Langerhans. Islets had poorly defined
outlines along with degenerated beta cells, focal
area of lymphocytic infiltrations and destruction of
necrotic and degenerative changes in exocrine and
endocrine cells. Group III exhibited both hyper-
plasia and hypertrophy in the islets of Langerhans,
accompanied by a reduction in their quantity. Fur-
thermore, the islet cells demonstrated vacuolation
within the cytoplasm and pyknosis in the nuclei.
Additionally, the acinar cells revealed slight alter-

ations in their typical structure, alongside vascu-
lar congestion and dilation, coupled with the oc-
currence of edema in the surrounding areas. The
pancreas of rats treated with Group IV revealed
mild degenerative changes of pancreatic cells and
normal exocrine parts. Whereas the group treated
with CA showed well demarcated islets outline with
mild focal necrotic changes of beta cells. Rats
treated with Group V demonstrated well defined
pancreatic outlines and mild degeneration of beta
cells with focally necrotic nuclei.

4. Discussion

Numerous studies have linked MSG consump-
tion, a common flavor enhancer, with the develop-
ment of obesity and metabolic syndrome in both
humans and animals [26]. This research delved
into the metabolic disruptions caused by MSG in
rat models and examined the potential mitigating
effects of cinnamic acid. The study focused on al-
terations in critical metabolic indicators such as
glucose, insulin, leptin, lipid profiles, and antioxi-
dant markers.

Assessing fasting blood glucose is crucial for di-
agnosing and treating carbohydrate metabolism
disorders. The results revealed a significant rise
in glucose levels in rats administered with MSG
(groups II and IV), in contrast to control rats. These
increases varied between groups, attributed to dif-
fering MSG doses and administration methods. A
primary factor for hyperglycemia in these rats was
a reduction in GLUT 4 protein in adipocytes [27].
These findings align with previous research [28],
which showed elevated FBG levels in rats given var-
ious MSG doses over eight weeks, due to insulin
deficiency. However, these findings contrast with
other studies [29] that reported no significant dif-
ferences in serum insulin levels and glucose toler-
ance between MSG-treated and untreated rats.

Cinnamic acid (CA) effectively lowered glu-
cose levels, potentially by inhibiting dipeptidyl
peptidase-IV and enhancing glucose uptake [30].
These results are consistent with studies suggesting
CA derivatives boost glucose uptake in adipocytes
and muscle cells [31], indicating CA’s anti-diabetic
properties through improved glucose tolerance
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Figure 4: Histopathology of liver tissue in groups I, II, III, IV, and V. Normal intact radiating cords of hepatocytes around normal
central veins. H&E was observed in the group I (A). Cytoplasmic fatty vaculation and necrosis of the centrilobular hepatocytes,
fatty vaculation of the interlobular hepatocytes in group II (B). Hyperplasia of bile ducts and focal lymphoctic infiltrations in
hepatic area in group III (C). Multifocal fat infiltration of hepatocytes along with focal necrosis of some hepatic cells in group
IV (D). Mild cytoplasmic vacuolation of hepatic cells in group V (E).
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Figure 5: Histopathology ofkidney tissue in groups I, II, III, IV, and V .Normal intact renal tubules and normal glomeruli in group
I (A) Dilatation and congestion of blood vessels perivascular edema, lymphocytic infiltration and edema, fatty change and
necrosis of some tubules in group II (B). Mild degenerative changes of renal tubule in group III (C).Dilatation and congestion
of blood vessels perivascular glomerular lymphocytic infiltration degeneration of some tubules with cystic dilatation in group
IV (D).Mild congestion of renal blood vessels and mild degeneration of renal tubulessome tubules in group V (E).

and insulin secretion. CA enhances glucose ab-
sorption via PPARγ-mediated GLUT4 transloca-
tion in mature 3T3-L1 adipocytes [32] and exhibits
insulin-like activity, enhancing hormone pathway
functionality [33].

Insulin plays a role in lipid as well as carbohy-
drate metabolism, with its deficiency linked to hy-
percholesterolemia and hypertriglyceridemia. This

study showed that MSG led to a significant de-
crease in insulin levels, corroborating with findings
that MSG reduces insulin secretory response to
glucose [34]. This explains the hyperglycemic state
resulting from MSG exposure, though it contrasts
with studies indicating MSG-induced hyperinsu-
linemia [35]. Conversely, CA significantly raised
insulin levels compared to MSG-treated rats, sup-
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Figure 6: Fig (3) depicts histopathological observations of pancreatic tissues in groups I, II, III, IV, and V. In group I (A), the
islets of Langerhans (IL) display typical architecture, interspersed among normal pancreatic acini (SA) and regular blood ves-
sels (BV). Group II (B) shows a disruption in the normal structure of both exocrine and endocrine regions, along with extensive
focal necrosis and lymphocytic infiltrations replacing damaged areas. Group III (C) presents with hyperplasia and hypertro-
phy in the islets of Langerhans, characterized by pyknotic nuclei (P), mild vacuolation (V), edema (E), and congested, dilated
blood vessels. Group IV (D) exhibits a loss of normal exocrine and endocrine structure with mild focal necrosis and lympho-
cytic infiltrations supplanting some acinar cells. Lastly, group V (E) demonstrates hyperplasia and hypertrophy in the islets of
Langerhans, along with pyknotic nuclei, mild vacuolation, edema, and congested, dilated blood vessels

porting the hypothesis that CA’s anti-diabetic ac-
tion is mediated by increased insulin secretion [16].
Phenolic compounds, like CA, have been found to
alleviate insulin resistance in the liver of high-fat
diet-fed rats by unlocking the insulin pathway and
ameliorating pro-inflammatory and redox imbal-
ances [36].

Leptin, secreted by adipocytes, is crucial in reg-

ulating appetite and body fat. The study found a
significant increase in leptin levels in MSG-treated
groups (II and IV) compared to controls, with vari-
ations due to different MSG doses and administra-
tion methods. These findings agree with research
suggesting that MSG’s toxicity-related hyperphagia
might stem from leptin’s inability to bind its re-
ceptor, thereby raising serum leptin levels [37, 38].
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Leptin levels in rats closely correlate with fat depot
size [39].

CA reduced leptin levels in groups III and V,
aligning with evidence that CA inhibits lipase activ-
ity [40], supporting its potential in obesity preven-
tion by hindering key fat metabolism enzymes [41].
This inhibition limits the conversion of dietary
triglycerides into absorbable free fatty acids and
monoglycerides in the intestine.

Lipid and lipoprotein abnormalities significantly
contribute to the development and progression of
atherosclerosis and cardiovascular diseases [42].
The study observed a substantial increase in lipid
profiles in MSG-treated groups (II and IV) com-
pared to controls, varying due to different MSG
doses and administration methods. This aligns
with research showing MSG’s role in enhancing
HMG CoA reductase activity, increasing choles-
terol, TG, HDL, and LDL synthesis [43]. Dyslipi-
demia, a key cardiovascular disease risk factor, pri-
marily arises from metabolic disturbances [44].

CA effectively improved TC, TG, HDL, and LDL
levels in groups III and V. Studies have shown
that CA, especially at doses like 50mg/kg, reduces
cholesterol, TG, and LDL levels [45]. CA reduces
dietary TG absorption by inhibiting pancreatic li-
pase [41], up-regulates LCAT essential for choles-
terol esterification [46], and modifies lipoprotein
levels [47]. Additionally, CA regulates lipogenic and
lipolytic genes [48].

Moderate ROS levels are vital in physiological
processes, but excess ROS production causes ox-
idative stress by disrupting cellular oxidation bal-
ance. MDA, an indicator of lipid peroxidation, sig-
nifies oxidative damage initiated by ROS, affecting
membrane function [49]. This study recorded a sig-
nificant MDA increase in MSG-treated groups (II
and V) compared to controls, matching findings
that MSG heightens MDA formation in rat livers
and brains [18, 50]. MSG’s reactivity induces lipid
peroxidation, forming low molecular weight reac-
tive substances like MDA.

CA mitigated oxidative stress (lowered MDA lev-
els) in groups III and V, thanks to its potent antiox-
idative activity that inhibits cell membrane lipid
peroxidation [51]. SOD, produced during oxygen
metabolism, prevents various cell damages. The

study noted a significant decrease in SOD levels
in MSG-treated groups (II and IV), consistent with
theories that reduced SOD activity leads to uncon-
trolled MDA increase due to antioxidant system
failure [52].

CA raised SOD levels in groups III and V, sup-
porting previous findings on CA’s ability to alle-
viate oxidative stress in various pathological con-
ditions [53]. CA’s ameliorative effect on oxidative
stress is attributed to its ROS scavenging activ-
ity [54] and its role in upregulating mRNA expres-
sion of antioxidant enzymes.

The study observed a significant GSH level de-
crease in MSG-treated groups (II and IV), align-
ing with research suggesting MSG-induced lipid
peroxidation contributes to GSH depletion [55].
CA’s antioxidative properties are mainly due to its
lipid oxidation inhibition and free radical scav-
enging effects. CA derivatives’ antioxidant activ-
ities stem from the presence of a vinyl fragment,
with the strongest properties found in phenyl ring-
substituted hydroxyl group compounds [56]. The
compound’s hydrophobicity determines its antiox-
idant effectiveness in lipid peroxidation assays,
with more hydrophobic compounds generally ex-
hibiting stronger properties [57].

5. Conclusion

The present study demonstrates the potentially
detrimental effects of Monosodium Glutamate
(MSG) on peripheral organs, particularly the liver,
kidney, and pancreas. MSG administration re-
sulted in: diminished antioxidant enzyme levels,
signifying reduced cellular defense against reactive
oxygen species, decreased insulin secretion, po-
tentially leading to impaired glucose homeostasis,
elevated lipid peroxidation, indicative of oxida-
tive stress and potential membrane damage and
Increased glucose, lipid profile, and leptin lev-
els, suggestive of metabolic dysregulation. These
findings suggest that MSG exposure may induce
oxidative stress in the liver, potentially contribut-
ing to the development of liver disorders (e.g.,
dyslipidemia). Notably, this study also presents the
first-ever evidence of Cinnamic Acid’s (CA) potent
ameliorative effects against MSG toxicity.
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