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Keywords: Background: Colon cancer is rising among younger population than elder people. About 50% of colon cancer
Monosodium glutamate cases attributed to dietary factors. Monosodium glutamate (MSG) widely used taste enhancer prevalent in fast
Dimethylhydrazine

foods and processed items.
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Objectives: The study investigated into the potential toxic and carcinogenic role of MSG in male Wistar rats of 1-3
months old and compared the effects with the Dimethyl hydrazine (DMH): by observing survival probability,
estimation of serum biochemical parameters, and analysis for colon beta catenin protein expression.

Methods: Rats were grouped into control, DMH (s.c), low- and high dose MSG (LDMSG, HDMSG) (p.0). Survival
rate statistically calculated using Kaplan-Meier plots and Log-rank tests. Biochemical analyses were done using
standard protocols and one-way ANOVA were performed for data analysis. Beta catenin protein expressions were

studied using immunohistochemistry and western blotting.

Results: Our study emphasizes that high dose MSG consumed male Wistar rats cause high decline in survival rate
compared to low dose MSG and DMH. Estimated serum biochemical parameters showed significantly increased
oxidative stress, altered liver and kidney function markers, alongside elevated serum sodium, total cholesterol,
triglycerides, LDL, and inflammatory markers. Observed, colon polyps formed in DMH and MSG rats. Rat’s colon
immunohistochemistry study expressed p- catenin whereas Western blotting results confirmed the altered f-
catenin and f-catenin phosphorylation ratios in cytosol and nuclear region were elevated in DMH-induced colon
cancer (p value of 0.0002), MSG low dose (p value of 0.003) and high dose (p value of 0.01) statistically sig-
nificant. These findings highlights declined survival probabilities and pronounced oxidative stress markers, organ
function changes, disrupted lipid profiles, and increased nuclear f-catenin expression reveals the potential toxic
and carcinogenic role of MSG is influencing colon cancer development in male Wistar rat models.
Conclusion: Based on the results, the study underscores the potential toxic and carcinogenic role of MSG,

particularly at neoplastic stages of colon cancer in male Wistar rat models.
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1. Introduction

Modern research highlights a surge in food additives to enhance taste
and appeal. A study revealed that about a quarter of packaged foods and
beverages contain six or more additives, suggesting potential health
risks (Montera et al., 2021). Monosodium glutamate (MSG) is a
commonly used additive, and its consumption has increased due to
frequent intake of processed foods and bakery items (Beyreuther et al.,
2007). Although MSG intake up to 16.0 mg/kg body weight is generally
considered safe (Kazmi et al., 2017), its usage and consumption vary by
individual. Recent research indicates that rats exposed to MSG during
pregnancy gave birth to male offspring with autism (Soltani et al.,
2024). Increased toxicity studies suggest MSG may harm the brain, liver,
kidney, and colon in Wistar rat models (Rajendran et al., 2023). Diet
significantly impacts intestinal health and colon cancer risk, with
around 50 % of cases linked to dietary changes (Kune et al., 1992). In
India, 2010 data projected 13,700 childhood cancer deaths, with a na-
tional rate of 37 deaths per million (Gupta et al., 2016), highlighting the
need to investigate dietary factors contributing to severe diseases like
cancer. Although colon cancer rates have declined in older adults, there
is a troubling increase among younger individuals (Willyard, 2021).
While rare, childhood colorectal cancer has been observed in ages 11 to
14 (Kim et al., 2013), emphasizing the need to recognize its potential
impact on children.

Colon cancer involves decreased survival rates, biochemical alter-
ations, and disruptions in molecular signaling. Even minor biochemical
changes can affect molecular pathways (Tripathi et al., 2022; Saudagar
and Tripathi, 2022), increasing risks and offering markers for treatment.
For example, lipid peroxidation and reactive oxygen species are linked
to colon cancer progression. Recent studies on ethanol-related colorectal
cancer (ER-CRC) showed that dietary sesaminol reduced CRC patho-
genesis in mice by mitigating ethanol-induced oxidative stress and
inflammation in the colon and rectum (Ohira et al., 2022). This dem-
onstrates the potential of targeting these pathways for cancer prevention
and treatment.

Colon cancer stem cells are thought to initiate tumor growth and
contribute to treatment resistance (Gopan et al., 2023). The progression
of colon cancer involves molecular alterations, including Wnt, KRAS,
TGF-B, and p53, in a sequential manner commonly known as the
“Vogelgram model” (Fearon, 2011). The Wnt pathway is implicated in
the early stages of cancer (adenoma to carcinoma), while p53 is asso-
ciated with later stages (carcinoma to metastasis) (Al Hargan et al.,
2021). The Wnt/p-catenin pathway plays a pivotal role in colon carci-
nogenesis, primarily through the regulation of two key genes: 1.
Adenomatous polyposis coli (APC), a tumor suppressor gene, and 2.
B-catenin (CTNNB1), an oncogene. In the presence of APC, p-catenin
undergoes ubiquitination in the cytosol, preventing its oncogenic ef-
fects. However, defective APC leads to the accumulation of f-catenin in
the nucleus, which drives colon carcinogenesis (Gopan et al., 2023).

Present, study investigated into the potential toxic and carcinogenic
role of MSG in male Wistar rats of 1-3 months old and compared the
effects with the Dimethylhydrazine (DMH): by observing survival
probability, serum biochemical estimations, observing colon polyp for-
mation and colon beta catenin protein expression analysis.

2. Materials and methods
2.1. DMH and MSG preparation

1,2-Dimethylhydrazine (DMH) was sourced from TCI Chemicals and
prepared as described by Nirmala and Ramanathan (2011). MSG, with
99.9 % purity, was purchased from a local Pollachi market (the same
brand used in restaurants). Fresh MSG preparations were used (Banerjee
et al., 2020; Das et al., 2024).
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Table 1
Experimental treatment regimens for colon cancer in rat models.

Animal group Dose and route of administration Treatment period

Control Water oral Daily
DMH induced colon 20 mg/kg b.w., s.c. (Nirmala & Once a week for 5
cancer Ramanathan, 2011) weeks
LDMSG 20 g/kg b.w., oral (Rajendran et al., Daily for 5 weeks
2023)
HDMSG 30 g/kg b.w., oral (Rajendran et al., Daily for 5 weeks
2023)

2.2. Ethical Approval

The study was approved by the Institutional Animal Ethical Com-
mittee (reference number: KAHEAAECt2021,/11-09J0).

2.3. Experimental design

Male Wistar rats aged 1 to 3 months, equivalent to human adoles-
cents aged 9 to 15 years (Zhang et al., 2019), were used. Twenty-four
rats were divided into four groups and individually housed in plastic
cages in the KAHE animal house, with standard temperature, humidity,
and a 12-hour light/dark cycle. They had unrestricted access to a stan-
dard diet and water for five weeks. The groups were: Control, DMH-
induced colon cancer (positive control), Low-Dose MSG (LDMSG), and
High-Dose MSG (HDMSG). Summary of dosage and administration for
colon cancer treatment study was shown in Table 1.

2.4. Survival monitoring

All animals were closely monitored until the end of their natural
lifespan or ethically euthanized. Overall survival was recorded from the
conclusion of the 5-week experimental period.

2.5. Sample collection and processing

After the 5-week treatment duration, rats underwent an overnight
fast before euthanasia. Euthanasia was performed by a humane method
(Avma, 2020). The animals were sacrificed by cervical dislocation under
mild chloroform (Hickman and Johnson, 2011). Blood samples collected
in three separate serum tubes from each group for triplicate measure-
ments. Colon tissue samples (Pooled) were processed immediately.

2.6. Serum biochemical analysis

Serum samples from the grouped rats were analyzed for various
biomarkers using assay kits purchased from Abbkine. Lipid peroxidation
(LPO) was assessed by measuring Malondialdehyde (MDA) (Catalog No:
KTB1050-EN) levels at OD532 nm with a microplate reader. Antioxidant
enzyme activities were measured as follows: catalase (CAT) (Catalog No:
KTB1040) at OD540 nm, superoxide dismutase (SOD) (Catalog No:
KTB1030) at OD450 nm, and glutathione peroxidase (GSH-Px) (Catalog
No: KTE101141) at OD450 nm, all using a microplate reader. Liver
enzyme levels were determined using a standard UV kinetic method,
with serum glutamic-oxaloacetic transaminase (SGOT) and serum glu-
tamic pyruvic transaminase (SGPT) measured at 340 nm. Kidney func-
tion was evaluated by measuring serum urea with the GLDH method at
0OD340 nm, uric acid with the Uricase-POD method at OD540 nm, and
creatinine with the Jaffe’s method at OD520 nm, while sodium levels
were assessed using a colorimetric method at OD530 nm. Lipid profiles
included low-density lipoprotein (LDL) measured by the LDL-Direct
method at OD600 nm, and total cholesterol (TC) and triglycerides
(TG) measured using the GPO-POD method at OD510 nm. Inflammatory
markers were quantified for interleukin-1 p (IL-1 f) (Catalog No:
KTE9001), tumor necrosis factor-o (TNF-a) (Catalog No: KTE9007), and
C-reactive protein (CRP) (Catalog No: KTE101074) using a microplate
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Fig. 1. Effects of MSG on Survival Rate: Survival analysis of experimental rat groups using Kaplan-Meier (KM) plots along with a Log-rank test. The x-axis represents
time in weeks, and the y-axis indicates survival probability (p-value). The number of animals alive at the end of the experiment is as follows: Control (n = 6), DMH (n

= 4), LDMSG (n = 4), and HDMSG (n = 3).
reader at OD450 nm.

2.7. Immunohistochemistry

Paraffin-embedded colon tissue sections (3 um) were used in the
study and placed on positively charged Bio SB Hydrophilic Plus Slides
(BSB 7028). The slides were air-dried for 2 h at 58 °C, then deparaffi-
nized in xylene and rehydrated through graded alcohols. For heat-
induced epitope retrieval, the slides were placed in a Coplin jar con-
taining ImmunoDNA Retriever with Citrate and set on a trivet in a
pressure cooker with 1-2 in. of distilled water. The heat was turned to
high and the slides were incubated for 15 min. Afterward, the pressure
cooker was opened, and the slides were immediately transferred to room
temperature and allowed to stand for 15-20 min. Immunohistochemical
staining for p-catenin was performed manually according to the manu-
facturer’s protocol (Doc# PI3756). After staining, the slides were
washed with deionized water, mounted with DPX, covered with a cover
slip, and visualized using a CILIKA digital microscope. Immunoreac-
tivity of the colon tissues was scored as either positive or negative,
quantified p catenin expression using imageJ software (version 1.43,
NIH, USA).

2.8. Western blotting

Colon sample preparation followed the methodology described by
Baghirova et al. (2015). Briefly, 25 pg of protein extract (cytosolic and
nuclear fractions) was separated by SDS-PAGE, and the resolved pro-
teins were transferred to nitrocellulose membranes. The membranes
were blocked with a blocking solution, then incubated overnight with
specific primary antibodies: Phospho-p-catenin (Ser33/37/Thr41)
(Catalog No: 9561, Cell Signaling Technology), Non-Phospho-f-catenin
(Catalog No: mab1329, R&D Systems), and p-Actin (Catalog No: A3854,
Sigma). After washing, the membranes were treated with secondary
HRP-conjugated antibodies (Catalog Nos: 7074, 7075, 7076, Cell

Signaling Technology) and incubated with ECL reagent (Catalog No:
6883, Cell Signaling Technology). The relative abundance of each band
was quantified using ImageJ software (version 1.43, NIH, USA).

2.9. Statistical analysis

Each experimental condition was independently repeated three
times, with each sample obtained from three animals per group.
Biochemical analyses were performed using separate tubes for each
sample to avoid cross-contamination. Kaplan-Meier (KM) survival
analysis and Log-rank tests were conducted using R Software (version
4.1.2) to assess survival curves and compare differences between
groups. Western blot experiments were performed using pooled colon
samples from the animals to consolidate the data. Data were expressed
as mean + SD with n = 3, where n refers to the number of independent
experiments. Comparisons were made between the control group and
the treatment groups (DMH and MSG), as well as between the DMH and
MSG groups. Statistical significance was assessed using the Student’s t-
test for comparisons between two groups and one-way analysis of
variance (ANOVA) followed by Dunnett’s multiple comparison tests for
multiple group comparisons. Significance levels were defined as follows:
p < 0.05, *p < 0.01, **p < 0.001, and ***p < 0.0001. GraphPad Prism®
statistical software version 6 (GraphPad, San Diego, CA) was used for
statistical analysis and graph production.

3. Results
3.1. Survival rate

Rat models were administered at both low and high doses of MSG
(LDMSG, and HDMSG) compared to among Control and DMH groups
survival rates using KM plot. No deaths were recorded in the control
group, while survival probabilities between the LDMSG and DMH
groups appeared similar (n = 4). However, rats exposed to HDMSG
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Fig. 2. a-j: Effects of MSG on oxidative stress markers and antioxidant enzymes. 2a-Malondialdehyde (MDA). 2b- Super oxide dismutase (SOD). 2c-Catalase (CAT).
2d-GSH-Px. 2e-Serum glutamic oxaloacetic transaminase (SGOT). 2f-Serum glutamic pyruvate transaminase (SGPT). 2 g-Sodium. 2 h-Urea. 2i-Creatinine. 2j-Uric
acid. Data are expressed as mean + SD with n = 3, where n refers to the number of independent experiments. Error bars represent standard deviation. Statistical
significance is indicated by asterisks: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.
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< 0.0001.

exhibited lower survival probabilities (n = 3) compared to the others.
This suggests that exposure to high doses of MSG may heighten negative
health effects, increase childhood colon cancer risk. Despite observed
trends in the data (Fig. 1), the reported p-value of 0.7 indicates that the
differences in survival probabilities did not reach statistical significance.

3.2. Biochemical analysis

Serum biochemical profiles were estimated for all grouped animals,
and mean values were graphically plotted and compared with the con-
trol (Fig. 2.& Fig. 3).The present research investigated serum MDA levels
and the activity of AO enzymes, including CAT, SOD, and GSH-Px.
Fig. 2a-d presents the results, indicating a significant increase (p <
0.0001 to 0.001) in MDA concentration among the DMH and HDMSG

groups, suggesting a notable rise in LPO potentially due to oxidative
stress, while the increase was insignificant for LDMSG rats (Fig. 2a). In
Fig. 2b, SOD enzyme activity was decreased significantly in DMH and
HDMSG rats but showed non-significant decreases in the LDMSG group.
Notably, Fig. 2c indicates a decreased catalase activity in both DMH and
LDMSG animals, significantly higher in the HDMSG group (p < 0.001 to
0.01). Conversely, GSH-Px activity (Fig. 2d) showed a significant in-
crease (p < 0.0001 to 0.001) in both MSG groups (LDMSG and HDMSG),
and DMH rats exhibited a higher significant increase (p < 0.001 to 0.01).
Moreover, the study evaluated SGOT and SGPT activities and serum
concentrations of urea, uric acid, creatinine, and sodium to analyse liver
and kidney functions in the grouped animals. Fig. 2e indicates a sig-
nificant increase (p < 0.0001) in serum SGOT (U/L) in all three test
groups (DMH, LDMSG, and HDMSG), while Fig. 2f reports decreased
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immunohistochemical staining of f-catenin, indicating its expression associated with cancer. (C) LDMSG Rat Colon: Positive staining for f-catenin expression. (D)
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models also exhibit significant increases (p < 0.01 to 0.05), indicates
that there is an impact on sodium levels, to a lesser extent compared to
the MSG rat groups. The assessment of kidney functions revealed
increased urea levels in all three experimental rat groups (Fig. 2h) with
statistical significance (p < 0.0001), indicating altered kidney function.
Fig. 2i depicts increased creatinine levels with significance (p < 0.0001)
in both MSG rat groups, while Fig. 2j shows increased uric acid levels
with significance (p < 0.0001 to 0.001) in DMH rats and with signifi-
cance (p < 0.001 to 0.01) in LDMSG and HDMSG rat groups.

Analysis on lipid profile, TC levels (Fig. 3a) were found significantly
increased (p < 0.0001) exclusively for MSG rat groups (LDMSG and
HDMSG) but not for DMH-induced colon cancer rats. Conversely, TG
(Fig. 3b) and LDL levels (Fig. 3c) exhibited significant increases (p-value
< 0.0001) across all three DMH, LDMSG, and HDMSG compared to the
control.

Examining inflammatory markers, the study reports significant ele-
vations in serum CRP (Fig. 3d) and TNF-u level (Fig. 3e) (p-value <
0.00001) for the experimental rat groups (DMH, LDMSG, HDMSG)
compared to the control rats. Furthermore, serum IL-1f levels (Fig. 3f)
increased significantly (p-value < 0.00001), specifically in the HDMSG
rat group.

3.3. Colon polyps

The investigation observed and confirmed the development of colon
polyps in rats from the DMH and MSG groups (Fig. 4 b-d). The number of
polyp formations was greater in the DMH group compared to the MSG
group. These findings confirm that MSG has the potential to induce
colon polyp formation in rats, though to a lesser extent compared to
DMH, which is used as a positive control for colon cancer.

3.4. Immunohistochemistry

The impact of MSG on colon f-catenin expression was analysed
through immunohistochemistry (IHC). The findings depicted in Fig. 5
revealed positive staining for p-catenin expression in the colon cells of
the experimental rats (B-D), except for the control group (A). Quantified

B-catenin expression represented in Fig. SE.
3.5. Western blotting

Western blotting of phosphorylated f-catenin (ser 33/35 and Thr41
sites) and the free active p-catenin in both the cytosol (Fig. 6a) and
nuclear (Fig. 6b) results in the subcellular localization. The densitometry
analysis reports (Fig. 6¢) on the phosphorylation ratio of cytosolic and
nuclear p-catenin revealed significant bands in the colons of DMH-
induced colon cancer rats (p-value of 0.0002), the LDMSG group (p-
value of 0.003), and the HDMSG group (p-value of 0.01).

4. Discussion

Previously, Sajjaviriya et al. (2019) reported that MSG-treated zebra
fish embryos (100 mg/L) had a significantly lower survival rate
compared to controls. Histological analysis revealed higher lesion scores
(p = 0.05) in the liver and kidneys and reduced reproductive perfor-
mance after 60 days of MSG exposure. In a recent study, Gigola et al.
(2021) investigated the effects of capecitabine, a probiotic treatment, on
DMH-induced colon cancer in rats. They found that capecitabine
improved overall survival and life quality in these models. To our
knowledge, our study is the first to compare the survival rates of MSG-
treated versus DMH-treated male Wistar rats, focusing on childhood
colon cancer risk (Fig. 1). Interestingly, in our study, survival rates were
compared across the Control, DMH, LDMSG, and HDMSG groups. Ani-
mals in the DMH group and LDMSG group showed similar survival rates,
with four animals alive in each group. In contrast, the HDMSG group had
a lower survival rate, with only three animals remaining. However, the
difference in survival rates between the DMH and HDMSG groups was
not statistically significant (p = 0.7). This lack of significance may be
attributed to limitations in the study design, including a small sample
size and short trial duration. Therefore, the findings should be inter-
preted with caution.

Sahin et al. (2023) reported that exposure to MSG in male Sprague-
Dawley rats increased LPO and ROS production, as evidenced by higher
MDA levels and decreased SOD activity, consistent with our findings.
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Fig. 7. Summarizing the impact of MSG consumption on biochemical changes andWnt/ p-catenin pathways linked to colon cancer development. 1. Increased MSG
consumption increases lipid peroxidation by increased MDA which increase ROS generation and antioxidant enzyme GPX, decreased antioxidant enzyme activity of
SOD and catalase; 2. Increased ROS generation and defective antioxidant enzyme action provokes inflammation resulting in increased serum inflammatory markers
namely CRP,TNFo,IL-1B; 3.increased ROS influence the defective organ functions there by altering the liver and kidney metabolism: Increased SGOT increases
glutamate and oxaloacetate; 4. Due to defective kidney function glutamate metabolise with ornithine and increase the urea level; 5. Creatinine increase due to
Creatine defect metabolism;6. Glutamate is metabolised through TCA cycle where the higher ATP production supplies energy to the cancer cell progression; 7. If
glutamate go through the production of glucose via gluconeogenesis again the glucose enters TCA cycle; this triangular effect of glutamate, glucose and TCA cycle is
well defined by the Warburg effect for cancer cell initiation and progression; 8.another metabolite namely oxaloacetate converts to PEP and then to pyruvate enters to
pentose phosphate pathway and increase uric acid; 9. Pyruvate converts to acetyl-coA which enter to cholesterol synthesis and 10. Lipogenesis where the synthesis of
TG, VLDL and LDL occurs and get increased 11. At this point, our hypothetical pathway focuses on the LDL increase; where the LDL increase could alter the lipid
modifiable protein namely Wnt/f catenin. Assuming, from the obtained research results of biochemical and f catenin expression and subcellular localization and
propose that LDL binds with LRP receptor in the presence of which is involved in the activation of p catenin mediated oncogenic pathway of colon cancer.

Similarly, Banerjee et al. (2020) found that rats fed MSG and a high-lipid
diet had increased ROS and reduced levels of SOD, catalase, and gluta-
thione, aligning with our results. Our study indicates that MSG con-
sumption elevates LPO, leading to increased free radicals and cell
damage. The decreased catalase activity suggests heightened ROS levels,
though these are partially mitigated by increased GSH-Px activity. A
similar pattern was observed in the DMH-induced colon cancer groups.
Higher MSG intake results in colon cell damage due to free radicals,
which are partially scavenged by GSH-Px.

Our findings, Fig. 2e-j, are consistent with earlier studies investi-
gating the chronic toxicity of MSG in Wistar albino rats (Nnadozie et al.,
2019). We observed significant elevation of SGOT and SGPT enzyme
activities and increased levels of urea, creatinine, uric acid, and sodium
in MSG-treated rats. These results corroborate recent research high-
lighting MSG’s impact on hepatic and renal systems as well as the gut
microbiome (Nahok et al., 2019; 2021).A significant increase in creati-
nine was observed in the HDMSG group compared to the DMH group (p
< 0.0001). In contrast, no significant difference in creatinine levels was
found between the DMH and control groups. This suggests that MSG has
a more pronounced effect on renal function than DMH. SGOT and SGPT
elevation were comparable between the MSG and DMH groups, high-
lighting that both treatments affect liver function similarly. Significant
increases in urea, uric acid, and sodium levels were observed in the MSG
group, with trends that were consistent between MSG and DMH groups.
This suggests that while MSG and DMH both impact renal function, MSG
may induce more severe alterations. The significant differences in
creatinine levels between MSG and DMH groups suggest that MSG has a

greater impact on renal function. These findings underscore the poten-
tial adverse effects of MSG on liver and kidney health, particularly when
compared to DMH.

An altered lipid profile can lead to dyslipidemia, a risk factor for
colon cancer. Activation of MAPK and ROS signaling pathways by LDL
can induce intestinal inflammation and promote colon cancer progres-
sion (Wang et al., 2017). Dyslipidemia markers, such as reduced HDL
and increased LDL, TG, and TC levels, are associated with higher colon
cancer risk (Li et al., 2020). In this study, elevated LDL and TC levels
were observed in the LDMSG and HDMSG rat groups, while increased
TG levels were seen in DMH, LDMSG, and HDMSG groups. These al-
terations in lipid profiles, resulting from deregulated lipid metabolism,
contribute to a cancer-promoting environment in both DMH-induced
colon cancer and MSG rat models.

CRP, TNF-a, and IL-1p are key indicators of systemic inflammation
and cancer severity. Elevated levels of these markers reflect the
connection between inflammation and cancer growth. In this study,
serum levels of CRP, TNF-a, and IL-1p were measured in experimental
rats to assess their role in systemic inflammation. Banerjee et al. (2020)
demonstrated that MSG increases serum CRP, TNF-a, and IL-1p levels in
rats, indicating potential liver and heart pathology. Our study compared
the effects of MSG with the carcinogenic chemical DMH and found that
serum CRP and TNF-u levels were significantly higher in both LDMSG
and HDMSG groups, as well as in the DMH group (p-value < 0.0001). IL-
1B levels were significantly increased only in the HDMSG group (p-value
< 0.01 to 0.05), but decreased in the LDMSG and DMH groups. Elevated
levels of these markers are associated with chronic inflammation and
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cancer.

Although the study observed the formation of colon polyps (Fig. 4),
the tumor incidence rate could not determined due to limitations
including small sample size, declining survival rate and short study
period.

Wnt pathway, oncogenic mutations are predominant in colon cancer.
About > 80 % mutation in regulatory component (APC) of Wnt occurs
10 % in beta catenin involved in early colon carcinogenesis (Fearon,
2011). In presence of Wnt ligand APC forms destruction complex
phosphorylates beta catenin (ser33, ser37 and Thr41) enters ubiquiti-
nation act as tumor suppressor (Novellasdemunt et al., 2015). Either
point mutations at these amino acid sites or in absence of “Wnt” acti-
vates low density lipoprotein (LRP) receptor encourage p-catenin nu-
clear translocation an oncogenic process (Novellasdemunt et al., 2015).

Present study established that consumption of MSG could alter the
expression of f-catenin at subcellular level comparably to DMH.
Recently, Bhattacharya et al. (2020) reported a cross section study of
colorectal cancer patients to demonstrate the role of p-catenin expres-
sion in cell membrane, cytoplasm and nuclear region and established a
statistically significant (p < 0.0001) result showed that IHC beta-catenin
expression subsequent presence of a higher nuclear beta-catenin score in
the malignant neoplasms due to the gradual shift of beta-catenin from
the membranous to cytoplasm to the nucleus. Al Hargan et al. (2021)
conferred that MSG increased APC, BECN1 gene expressions and
decreased TP53 gene expression in colon cancer cell lines which deci-
sively supports the current findings on higher MSG consumption with
childhood colon cancer risk. p-catenin protein coded by CTNNB1gene is
the key transcription modulator of Wnt signaling pathway and the
hotspot mutation of this gene change the regulatory serine residues
(S45F) and threonine (T41A) at NH2-terminals are established in MSI
CRC (Morin et al., 1997). Our study quantified colon immunohisto-
chemistry for B-catenin expression, revealing positive p-catenin immu-
nostaining in the DMH and MSG groups (Fig. 5E), while the normal
control showed negative staining (Fig. 5A). Additionally, Western
blotting results indicated p-catenin nuclear translocations due to phos-
phorylation at Ser33/37/Thr4 (Fig. 6C), which aligns with the afore-
mentioned findings.

The present study reveals that intake of MSG at specified doses in rat
models resulted in decreased survival rates and changes in serum
biochemical measures associated with the development of colon polyps.
These alterations contributed to the progression of colon cancer by
affecting p-catenin protein expression and further complicating the
Wnt/p-catenin molecular pathway (Fig. 7), thereby increasing the risk of
colon cancer. These findings suggest the potential for MSG to induce
changes in the Wnt/B-catenin signaling pathway, highlighting the need
for caution regarding the use of MSG as a food additive. The present
study results were summarized in Fig. 7.

5. Conclusion

In conclusion, based on the results, the study underscores the po-
tential toxic and carcinogenic role of MSG, particularly at neoplastic
stages of colon cancer in male Wistar rat model.
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