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Abstract

Background The most widely used food additive monosodium glutamate (MSG) has been linked to immunopathology.
Conversely, quercetin (Q), a naturally occurring flavonoid has been demonstrated to have immunomodulatory functions.
Therefore, the purpose of the study is to determine if quercetin can mitigate the deleterious effects of MSG on immune cells,
and the possible involvement of TLR, if any.

Methods and Results This study was conducted on Q, to determine how it affects the inflammatory response triggered by
MSG in primary cultured thymocytes and splenocytes from rats (n=5). Q shielded cells by augmenting cell survival and
decreasing lactate dehydrogenase leakage during MSG treatment. It decreased IL-1p, IL-6, IL-8, and TNF-a expression
and release by hindering NF-kB activation and by inhibiting the JAK/STAT pathway. Moreover, Q prevented NLRP3
activation, lowered IL-1p production, and promoted an anti-inflammatory response by increasing IL-10 production. Q
reduced MSG-induced cellular stress and inflammation by acting as an agonist for PPAR-y and LXRa, preventing NF-kB
activation, and lowering MMP-9 production via increasing TIMP-1. Additionally, Q neutralized free radicals, elevated
intracellular antioxidants, and impeded RIPK3, which is involved in inflammation induced by oxidative stress, TNF-a, and
TLR agonists in MSG-treated cells. Furthermore, it also modulated TYK2 and the JAK/STAT pathway, which exhibited an
anti-inflammatory effect.

Conclusions MSG exposure is associated with immune cell dysfunction, inflammation, and oxidative stress, and Q modulates
TLR to inhibit NF-kB and JAK/STAT pathways, providing therapeutic potential. Further research is warranted to understand
Q’s downstream effects and explore its potential clinical applications in inflammation.
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Catalase

Committee for the purpose of control and
supervision of experiments on animals
Dimethyl sulfoxide

Enzyme-linked immunosorbent assay
Glutathione

Institutional animal ethics committee
Interleukin

IL-1 receptor-associated kinase 4
Intracellular reactive oxygen species
Janus kinase

Lactate dehydrogenase

Liver X receptor

Matrix metalloproteinases

Monosodium glutamate
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide)

Nitroblue tetrazolium

Nuclear factor kappa B

Nod-like receptor protein 3

Nitric oxide

Peroxisome proliferator-activated receptor

Q Quercetin

RIPK3 Receptor-interacting protein kinase 3

SOD Superoxide dismutase

STAT Signal transducer and activator of transcription
TBA Thiobarbituric acid

TBARS  TBA reactive substances

TIMP Tissue inhibitors of metalloproteinases

TLR Toll-like receptor

TNF Tumor necrosis factor

TRIF Toll/IL-1 receptor domain containing adapter

inducing interferonf
TYK2 Tyrosine kinase 2

Introduction

Monosodium glutamate (MSG), a flavoring agent frequently
found in food items, has been linked to immunological
dysregulation and the escalation of immune-related diseases
[1, 2]. Concerns have been raised regarding MSG’s possible
impact on immune system function due to the adverse effects
of food additives (e.g., MSG) on thymocytes and splenocytes.
Thus, it is necessary to investigate methods to reduce the
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immunological aggravation caused by MSG. MSG has
reportedly been linked to cellular assaults by activating pro-
inflammatory cytokines and free radicals to cause oxidative
stress and an inflammatory response [3, 4]. The nuclear factor
(NF)-kB, Janus kinase (JAK), and signal transducer and
activator of transcription (STAT) signaling cascades, which
are triggered by a variety of events, produce these signaling
molecules [5, 6]. On the other hand, damage-associated
molecular pattern molecules are generated when there is
oxidative stress; as a result, the toll-like receptor (TLR) gets
activated which in turn activates the innate immune system
during infiltration of toxic chemicals, like MSG. Sudden
interruptions in intracellular redox homeostasis can cause
a proinflammatory condition. Redox stress can trigger an
inflammatory response, but the exact processes by which it
does so are still unclear. TLRs may be involved in triggering
this reaction [7].

On the contrary, quercetin (Q), a naturally occurring
flavonoid that is widely present in a variety of fruits
and vegetables, has drawn interest for its possible
immunomodulatory properties [2, 8]. It has been
demonstrated that a combination therapy including
natural substances with anti-inflammatory and antioxidant
properties is beneficial in reducing oxidative damage
and regulating the immunological response caused by
MSG [2]. Quercetin has been shown in several studies to
influence immunological responses and control immune
cell activities [2, 8, 9]. According to studies, quercetin
reduces inflammation brought on by lipopolysaccharide
by preventing NF-kB activation via TLR [10, 11]. The
effectiveness of quercetin in reducing MSG-induced
immunological dysregulation in primary rat thymocytes and
splenocytes has not been fully investigated yet. Therefore,
the purpose of this investigation is to determine if quercetin
has any immunomodulatory effects on MSG-induced
aggravation in primary rat thymocytes and splenocytes.
To better understand the potential of quercetin in reducing
the negative effects of MSG on immune cells, the present
study evaluates several immunological markers, such as cell
viability, cytokine production, oxidative stress parameters,
and gene expression. Therefore, the present study looked at
possible mechanisms by which MSG-induced free radicals
in primary cultured thymocytes and splenocytes initiate
the inflammatory signals to cause immunotoxicity and the
possible involvement of TLR, if any, in the activation of the
inflammatory response by targeting NF-kB and JAK/STAT
signaling pathways.

Materials and methods
Chemicals and reagents

Quercetin was acquired from Sigma-Aldrich, MO, USA,
while monosodium glutamate was bought from SRL, India.
The study utilized high-grade chemicals and reagents from
Merck, Germany, and Sigma Aldrich, USA. Gibco, USA
provided all the cell culture medium, buffer, and other
reagents.

Experimental animals

Five male albino Wistar rats that were >90 days old and
weighed 110+ 10 g were utilized in the investigation for each
group for the isolation and primary culture of thymocytes
and splenocytes (n=5). Each of the experiments was carried
out in line with ethical standards advised by the Serampore
College (affiliated to University of Calcutta) Institutional
Animal Ethics Committee (IAEC), West Bengal, India
(Project Approval No. 25/P/S/SC/IAEC/2019), and
registered with the Committee for the Purpose of Control
and Supervision of Experiments on Animals (CPCSEA),
Government of India (Register No. 1946/PO/Re/S/17/
CPCSEA).

Isolation and culture of thymocytes and splenocytes

The rats’ thymus and spleens were removed and cleaned in
ice-cold D-PBS. Collagenase was used to mince the thymus
tissues in a cell culture dish, and Alsever’s solution was
used to macerate the spleen pieces. Both cell suspensions
underwent centrifugation, filtering, and RBC lysis buffer
incubation. The thymocytes and splenocytes were collected
in RPMI-1640 medium with 10% fetal bovine serum,
100 pg/mL penicillin, and 100 U/mL streptomycin after
being washed with D-PBS. Primary thymocytes and
splenocytes were cultured in a 5% CO, incubator at 37 °C.
MSG and quercetin were separately dissolved and diluted
using RPMI-1640 [2]. This work was performed initially
in 8 groups: control, MSG (100 mM) [12, 13], quercetin (5
pM (Q1), 10 pM (Q2), and 20 pM (Q3), respectively) [10],
MSG+Q1, MSG+Q2, and MSG + Q3. The experimental
plan is depicted in Fig. 1A (Experimental period: 24 h).

Biochemical assay
According to the manufacturer’s instructions, lactate
dehydrogenase (LDH) was determined using a standard

kit as a cytotoxicity assay from Span Diagnostics Ltd. in
Mumbai, India.
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Fig. 1 Experimental plan A
(BioRender was used to make
the Figure: https://biorender.
com) A; the restorative role

of quercetin on MSG-induced
cellular toxicity via LDH
leakage from the thymocytes
and splenocytes B-E: B

and C-cytotoxicity and cell
viability of thymocytes, D and
E-cytotoxicity and cell viability
of splenocytes. Significance
level based on Mann—Whitney
U multiple comparison tests:
Control vs. MSG: a, Control
vs. Q1/Q2/Q3: b, Q1 vs. Q2 vs.
Q3: ¢, MSG vs. MSG+Ql: d,
MSG vs. MSG +Q2: e, MSG
vs. MSG+Q3: f, MSG+Ql
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Cell viability assay

The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide) test was used to assess the viability
of the cells by the instructions provided by the MTT
assay kit from Thermo Fisher Scientific, Waltham,
Massachusetts, USA. In short, thymocytes and splenocytes
were seeded individually in 96-well plates at a density of
1 x 10* cells/well and subjected to three different quercetin
doses (final concentration at 5 pM, 10 pM, and 20 pM,
respectively) with or without MSG (final concentration
at 100 mM) for 24 h. Next, 20 pL of MTT (5 mg/mL)

@ Springer

was added to each well, and each well was incubated for
an additional 4 hours at 37 °C with 5% CO,. Following
the removal of the medium, 150 pL of dimethyl sulfoxide
(DMSO) was given to each well to dissolve the insoluble
formazan crystals in the living cells. The absorbance at
450 nm was then measured with a microplate reader to
determine the formazan concentrations. Relative to the
untreated control group, which was taken to be 100%, cell
viability was expressed.
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Estimation of pro-inflammatory
and anti-inflammatory cytokines

Commercially available rat enzyme-linked immunosorbent
assay (ELISA) kits (MyBioSource, San Diego, CA, USA)
were used to determine the levels of tumor necrosis factor
(TNF)-a, interleukin (IL)-6, IL-8, IL-1p, IL-10, matrix
metalloproteinases (MMP)-9, and tissue inhibitors of
metalloproteinases (TIMP)-1, respectively.

Determination of intracellular reactive oxygen
species (iROS)

Utilizing DCFH-DA with excitation at 488 nm (blue
filter) by the manufacturer’s instructions (Thermo Fisher
Scientific, Waltham, MA, USA), iROS were quantified
using flow cytometry. A 527/32 nm bandpass filter was
used to record the emission, and the results were then
examined [2, 3].

Estimation of free radicals and antioxidants

The thiobarbituric acid (TBA) assay [14] and Griess
reaction [15], respectively, were used to quantify free
radicals such as TBA reactive substances (TBARS) and
nitric oxide (NO). Utilizing the nitroblue tetrazolium
(NBT) [16], Beer’s [17], and Elman methods [18],
antioxidants such as superoxide dismutase (SOD), catalase
(CAT), and glutathione (GSH) were assessed.

Real-time quantitative PCR

Thymocytes and splenocytes were seeded in a 6-well
plate at a density of 1x 10° cells/well and treated for
24 h with quercetin at final concentrations of 5 pM, 10
pM, and 20 pM, respectively, with or without MSG (100
mM). After that, PBS buffer was used to wash the cells
three times. The Trizol reagent (Invitrogen, Carlsbad,
CA, USA) was used to extract RNA from thymocytes and
splenocytes by the manufacturer’s instructions. Thermo
Fisher Scientific, Waltham, Massachusetts, USA, ND-1000
spectrophotometer was used to determine the amounts
of the extracted RNA at 260 nm wavelength. Reverse
transcribes RNA into cDNA using the high-capacity
cDNA reverse transcription Kit from Applied Biosystems
in Foster City, California. Real-time PCR was carried
out using the SYBR Green Real-time PCR Master Mixes
(Invitrogen). mRNA levels of IL-1f, IL-6, IL-8, TNF-
a, IkB, NF-kB (p50 and p65), peroxisome proliferator-
activated receptor (PPAR)-y, liver X receptor (LXR) a,
TLR4, JAKI1, JAK2, JAKS3, tyrosine kinase 2 (TYK2),

STAT1, STAT2, STAT3, STAT4, STATS, STAT®6, Toll/
IL-1 receptor (TIR) domain-containing adapter inducing
interferon f (TRIF), IL-1 receptor-associated kinase
(IRAK) 4, receptor-interacting protein kinase 3 (RIPK3),
and nod-like receptor protein 3 (NLRP3) in thymocytes
and splenocytes were evaluated by real-time quantitative
PCR. The 2722C technique was utilized to determine
the mRNA levels of these targets, and they were then
normalized against the internal reference gene p-actin
[2]. The primers employed in this investigation were made
available in Supplementary Material 1.

Statistical analysis by StatsDirect 3.0 software

The data were presented as Mean + SE. Statsdirect
3.0 (United Kingdom) was utilized to perform the
Kruskal-Wallis nonparametric analysis of variance and the
Mann-Whitney U multiple comparison tests. When p < 0.05,
differences were considered significant.

Results

Restorative impact of quercetin on thymocytes
and splenocytes against the cytotoxic effects of MSG

This study revealed that MSG affects thymocytes and
splenocytes negatively, as evidenced by LDH leakage and
reduced cell viability (Fig. 1B-E). Cell viability indicates
the general health and survival of the cells, whereas LDH
leakage acts as a marker of cellular damage as shown by
cytotoxicity [19]. However, the inclusion of quercetin as
a preventive supplement in vitro significantly reversed the
cytotoxic effects of MSG. The amount of intracellular LDH
leaked when exposed to MSG increased noticeably in the
absence of quercetin. This leaking is a sign of damaged
cells and weakened membrane integrity as an indication
of cytotoxicity. In addition, cell viability was dramatically
decreased, indicating a detrimental effect on the cells’
general health and capacity to survive. On the other hand,
cytotoxicity was dramatically decreased by reducing the
LDH leakage when quercetin was added to the media.
Here, quercetin protects thymocytes and splenocytes by
avoiding cellular deterioration and preserving membrane
integrity to increase cell survival. Additionally, neither the
quercetin groups alone compared to the control group nor
the three different dosages of quercetin alone showed any
statistically significant changes. This shows that quercetin
conserves the general well-being and survival of thymocytes
and splenocytes in addition to protecting against cellular
damage.

@ Springer
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Quercetin mitigates the inflammatory response
by regulating the cytokine level

It has been demonstrated that quercetin protects against
the inflammatory response that MSG causes in thymocytes
and splenocytes. TNF-a, IL-6, IL-8, IL-1p, IL-10, MMP-
9, and TIMP-1 cytokines and inflammatory enzymes are
modulated to provide their protective effects (Fig. 2). In
MSG-induced inflammation, quercetin has been shown
to inhibit the production of TNF-«, a pro-inflammatory
cytokine. Quercetin aids in reducing inflammation by
preventing the release of TNF-a [10]. During MSG-induced
inflammation, quercetin has been demonstrated to reduce

@ Springer

the production of IL-6, another pro-inflammatory cytokine,
in thymocytes and splenocytes. The anti-inflammatory
effects of quercetin are influenced by this decline in IL-6
levels [8, 9]. The generation of IL-8, a chemokine involved
in attracting immune cells to the site of inflammation, has
been reported to be inhibited by quercetin [10]. Quercetin
aids in modulating the inflammatory response by lowering
IL-8 levels. IL-1p, a pro-inflammatory cytokine involved in
the onset and severity of inflammation, is produced by cells
less frequently when quercetin is present [20]. Quercetin
helps mitigate the inflammatory response by suppressing
the production of IL-1p. There is evidence that quercetin
stimulates IL-10 production, a cytokine that inhibits
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«Fig.4 Quercetin  attenuated MSG-induced inflammation by
regulating the mRNA expression level in the thymocytes A-B.
Significance level based on Mann—Whitney U multiple comparison
tests: Control vs. MSG: a, MSG vs. MSG+QIl: d, MSG vs.
MSG+Q2: e, MSG vs. MSG+Q3: f, MSG+Q1 vs. MSG+Q2 vs.
MSG+Q3: g (*p<0.05, **p<0.01)

inflammation [21]. The pro-inflammatory cytokines are
balanced by IL-10, which functions as a negative regulator
of inflammation. Quercetin provides anti-inflammatory
effects by increasing the synthesis of IL-10. According to
studies, quercetin lowers the levels of MMP-9, an enzyme
implicated in inflammation and tissue remodeling [20].
Quercetin assists in preventing excessive tissue deterioration
and inflammation by blocking MMP-9. It has been
established that quercetin raises the levels of TIMP-1, an
MMP-9 inhibitor [22]. Quercetin serves to control MMP-9
activity and uphold cellular homeostasis by increasing
the synthesis of TIMP-1. It has been shown that quercetin
protects thymocytes and splenocytes against MSG-induced
inflammation by modulating cytokine and chemokine levels.

Quercetin attenuates the generation of iROS
in MSG-treated cells to counterbalance free radicals
and intracellular antioxidants

This study offers molecular insights into the antioxidant
properties of quercetin, which protects thymocytes and
splenocytes from the oxidative stress caused by MSG.
The effects of MSG administration on thymocyte and
splenocyte cultures included higher levels of NO, TBARS
(Fig. 3B and C), and iROS (Fig. 3A). Additionally, a
decrease in antioxidant enzymes, such as GSH, CAT,
and superoxide dismutase (SOD), was also found after
MSG exposure (Fig. 3B and C). These results show that
oxidative stress is induced in the cells by MSG, which is
strongly supported by a recent in vivo investigation [1, 2].
Nevertheless, these effects were completely reversed when
quercetin was added as a preventive supplement. Quercetin
has antioxidant capabilities since it drastically decreases
intracellular ROS levels. Quercetin supplementation also
induced a considerable drop in TBARS and NO levels,
indicating that it can lessen the oxidative injury from MSG.
The levels of antioxidant enzymes, including CAT, GSH,
and SOD, were also recovered by quercetin supplementation.
This shows that the natural antioxidant defense systems
were strengthened by quercetin, shielding thymocytes and
splenocytes from oxidative damage brought on by MSG.

Immunomodulatory role of quercetin
on MSG-induced inflammation by suppressing
NF-kB, JAK/STAT through TLR

The mRNA levels changed as a result of MSG administration
in both thymocytes and splenocytes causing an inflammatory
response. In response to MSG treatment, IL-1p, IL-6, IL-8,
and TNF-a mRNA levels increased (Figs. 4 and 5). This
shows that MSG causes thymocytes and splenocytes to
produce an inflammatory response. IkBa and NF-kB (p50
and p65) (Figs. 4 and 5), two molecules involved in the
NF-kB signaling pathway, were shown to have elevated
mRNA levels. This implies that NF-kB signaling, a crucial
pathway involved in the synthesis of pro-inflammatory
cytokines, is activated. Furthermore, there was a reduction
in the mRNA levels of the anti-inflammatory transcription
factors PPAR-y and LXRa (Figs. 4 and 5). The inflammatory
response can become more pronounced as a result of this
decline. Additionally, the mRNA levels of JAK/STAT
pathway subunits JAK1, JAK2, JAK3, TYK2, STATI,
STAT2, STAT3, STAT4, STATS, and STAT6 (Figs. 4 and 5)
were investigated. In cytokine signaling and immunological
responses, these elements are essential. The findings
revealed changes in their mRNA levels, suggesting possible
dysregulation of JAK/STAT signaling in response to
inflammation brought on by MSG. Additionally, the mRNA
levels of the TLR4, TRIF, IRAK4, RIPK3, and NLRP3
(Figs. 4 and 5) were measured. The results imply that TLR
is activated in response to the late activation of NF-kB and
JAK/STAT induced by MSG.

Notably, quercetin supplementation suggested possible
anti-inflammatory benefits against MSG-induced
inflammation in primary cultured thymocytes and
splenocytes. The pro-inflammatory IL-1p, IL-6, IL-8,
and TNF-a were significantly downregulated by quercetin
treatment (Figs. 4 and 5). Quercetin thereby reduced the
inflammatory reaction produced by MSG. The mRNA levels
of multiple signaling molecules implicated in inflammatory
pathways were also modulated by quercetin treatment.
Additionally, the quercetin supplementation resulted in a
reduction in IkBa and NF-kB (p50 and p65) mRNA levels,
indicating its capacity to suppress NF-kB activation (Figs. 4
and 5). The downregulation of inflammatory mediators may
be aided by this inhibition. Additionally, the application
of quercetin increased PPAR-y and LXRa (Figs. 4 and
5) mRNA levels, demonstrating its capacity to promote
the production of anti-inflammatory transcription factors.
Additionally, quercetin administration resulted in a reduction
in TLR4 mRNA levels (Figs. 4 and 5), indicating its capacity
to modify TLR signaling and perhaps lessen the response
to inflammation. In response to quercetin administration,
IkBa, NF-kB (p50 and p65), TLR4, TRIF, IRAK4, RIPK3,
and NLRP3 (Figs. 4 and 5) mRNA levels decreased. This
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«Fig.5 Quercetin modulated the mRNA expression level in the

splenocytes to reduce the inflammation caused by MSG A-B.
Significance level based on Mann—Whitney U multiple comparison
tests: Control vs. MSG: a, MSG vs. MSG+Ql1: d, MSG vs.
MSG+Q2: e, MSG vs. MSG+Q3: f, MSG+Q1 vs. MSG+Q2 vs.
MSG+Q3: g (*p<0.05, **p<0.01)

suggests that quercetin may interfere with the NF-kB and
TLR signaling pathways to produce its protective effects.
According to these results, MSG causes inflammation
in thymocytes and splenocytes, as seen by changes in
mRNA levels. The findings demonstrate that MSG-induced
inflammation in thymocytes and splenocytes involves
NF-kB, JAK/STAT, and TLR signaling. By modulating
mRNA expression, quercetin is demonstrated to exert its
protective effects by modulating these pathways. In the
context of inflammation caused by MSG, these findings offer
physiological insights into the possible anti-inflammatory
actions of quercetin.

Discussion

Quercetin modulates several signaling pathways,
transcription factors, and enzyme activities to reduce the
inflammatory response that MSG causes in thymocytes
and splenocytes. Quercetin reduces the leakage of LDH
to promote cell survival, protecting cells from MSG-
induced cytotoxicity [23], which was similarly seen in the

Fig.6 Hypothetical target
pathway by which quercetin
mitigates inflammation by
inhibiting the activation of @

current investigation. By regulating several cytokines and
inflammatory enzymes, quercetin also showed a protective
impact in reducing the inflammatory response in the
MSG-treated group. The release of TNF-« is inhibited by
quercetin blocking the activation of NF-kB [24]. In MSG-
treated thymocytes and splenocytes, quercetin decreases
the production and release of IL-6, IL-8, TNF-a, and
IL-1p, decreasing the inflammatory response, which is
well supported by previous studies [2, 10]. Quercetin
also reduced IL-6 production by impeding the JAK/STAT
signaling pathway, which helped alleviate the inflammation
induced by MSG. Additionally, the formation and release
of IL-1 are controlled by the NLRP3 inflammasome [25].
Furthermore, TRIF regulates the activation of NLRP3 and
IL-1p in response to TLR ligands, which in turn activates
NF-kB through TLR4 and releases inflammatory mediators
[26, 27]. TLR signaling in this situation entails activating
IRAK4 to further affect NF-kB activation [28, 29].

On the other hand, quercetin reduces inflammation by
inhibiting NLRP3 activation in MSG-exposed cells, which
in turn reduces IL-1p production. Quercetin also increases
the synthesis of IL-10 by suppressing NLRP3 activation,
which helps develop an anti-inflammatory milieu [2, 30].
Furthermore, by serving as anti-inflammatory transcription
factors, PPAR-y and LXRa can both be activated to limit
the immune response and inflammation [10]. Similar
results were obtained in the current investigation, which
demonstrates quercetin’s ability to decrease inflammation by
activating PPAR-y and LXRa as agonist molecules, which

on
oH

HO. o.
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o ON

NF-kB and JAK/STAT via
TLR in MSG-treated primary

cultured thymocytes and
splenocytes; apricot color with
round shape: monosodium
glutamate (MSG), red cross:
inhibited/blocked/suppressed by
quercetin (Q), (—): activation,
(1): inhibition (BioRender was
used to make the Figure: https://
biorender.com)
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subsequently hinder the activation of NF-kB. Additionally,
PPAR-y activation reduces NF-kB, which in turn decreases
MMP?9 release [31]. Quercetin induces TIMP-1 to inhibit
MMP-9 through the activation of PPAR-y, which in turn
inhibits MMP-9 in MSG-treated cells, thus reducing cellular
assaults and inflammation.

A pro-inflammatory condition can result from
disturbances in the redox balance [1-4, 7]. The link between
oxidation and inflammation is multifaceted, ranging from
cellular harm brought on by oxidative stress that triggers
TLR4-mediated inflammation and cellular damage to
precisely regulated signaling by iROS during TLR4
activation that activates the NF-kB and JAK/STAT signaling
pathways [7]. According to this study, quercetin strengthens
the cellular antioxidant defense system by neutralizing
free radicals and increasing the activity of antioxidant
enzymes like SOD and CAT. Additionally, quercetin raises
intracellular levels of GSH, a cellular redox buffer that is
essential for neutralizing iROS and preserving cellular
redox equilibrium. The activation of RIPK3 by TNF-a,
TLR agonists, and oxidative stress increases inflammation
by activating NF-kB and NLRP3 inflammasomes [32];
it was significantly restored by quercetin. This work was
well corroborated with the recent study where quercetin
regulates the TLR4-mediated NF-kB activation by MSG to
cause inflammatory response in rat models [2]. Furthermore,
the anti-inflammatory effects of quercetin on inflammatory
cells have been linked to its regulation of TYK?2 and JAK/
STAT [33]. Here, quercetin markedly diminished TYK?2
and JAK/STAT signaling components that were activated
by MSG in thymocytes and splenocytes. This study explored
the processes behind the benefits of quercetin that were
identified, but it did not completely define the downstream
consequences and possible therapeutic applications. It may
be possible to design treatments to prevent the negative
effects of MSG on immunological function by understanding
the immunomodulatory characteristics of quercetin in the
setting of MSG-induced immune aggravation. Additionally,
examining quercetin’s potential as an immunomodulatory
drug may have wider ramifications for treating immune-
related conditions linked to MSG usage. Furthermore, to
find out if quercetin is safe and effective as a treatment for
human illnesses related to inflammation, more investigation
is required, including clinical studies.

Conclusions

As a result, it can be argued that quercetin modulates
TLR to regulate the NF-kB and JAK/STAT signaling
pathways involved in inflammation brought on by MSG
in primary cultured thymocytes and splenocytes (Fig. 6).
The therapeutic immunomodulatory potential of quercetin

@ Springer

in reducing immune cell dysfunction, inflammation,
and oxidative stress linked to MSG exposure is explored
mechanistically in this work. To completely comprehend the
downstream effects of quercetin on these signaling pathways
and to investigate its therapeutic uses in inflammation-
related disorders, more study is required.
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$11033-024-09245-7.
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