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Abstract

Monosodium glutamate (MSG), widely used as a flavor enhancer, has garnered increasing attention
regarding its potential effects on bone health. This systematic review synthesizes current evidence
examining MSG’s impact on bone metabolism, mineral density, and skeletal integrity. A comprehensive
literature search revealed contrasting effects: beneficial outcomes in protein-deficient states through
glutamine-mediated osteoblast stimulation, and detrimental effects via oxidative stress and inflammatory
pathways. Animal studies demonstrate that MSG supplementation can improve bone mineral density
and microarchitecture in protein-restricted models, while excessive doses may induce bone loss through
calcium dysregulation and hormonal disruption. Human data remains limited, with epidemiological
studies suggesting potential associations between high MSG consumption and reduced bone health in
specific populations. The evidence indicates dose-dependent, context-specific effects that warrant careful
consideration in dietary recommendations. Future research should prioritize well-designed clinical trials
to establish safe consumption thresholds and identify vulnerable populations. Understanding MSG’s
dual mechanisms on bone health is crucial for developing evidence-based guidelines and targeted
interventions.
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1. Introduction physiology that extend beyond its established

Monosodium glutamate represents one of the role as a flavor enhancer[6][11]. The relationship

most widely consumed food additives globally, between MSG consumption and bone health has

with average daily intake ranging from 0.4 grams become 1nc‘reasmgly releva.nt as populajuons age and
. . . . osteoporosis prevalence rises worldwide[12][13].
in European populations to 1.5 grams in Asian

countries[10][1]. While regulatory agencies Bone homeostasis depends on the delicate balance
including the U.S. Food and Drug Administration ~ between osteoblast-mediated bone formation and
and World Health Organization have classified  osteoclast-mediated bone resorption[14][15]. This
MSG as “Generally Recognized as Safe,” emerging ~ process is influenced by numerous factors including

research suggests complex interactions with human ~ hormonal status, nutritional intake, oxidative
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stress levels, and inflammatory mediators[16][17].
Glutamate, the primary component of MSG,
functions not only as an excitatory neurotransmitter
but also as a fundamental amino acid involved in
protein synthesis, energy metabolism, and cellular
signaling pathways[18][19]. Recent investigations
have revealed glutamate receptors and transporters in
bone cells, suggesting direct mechanisms by which
MSG might influence skeletal health[19][20].

The scientific literature presents seemingly
contradictory findings regarding MSG’s effects on
bone tissue[3]. Some studies demonstrate beneficial
outcomes, particularly in contexts of protein
restriction, where MSG supplementation enhances
bone mineral density and promotes osteoblast
activity[3][5]. Conversely, other research indicates
potential detrimental effects through oxidative stress
induction, calcium homeostasis disruption, and
inflammatory response activation[2][21][22]. This

review aims to critically evaluate the available
evidence, elucidate underlying mechanisms, and
provide clinically relevant insights for healthcare
professionals and researchers.

2. Molecular Mechanisms of MSG Action
on Bone Cells

2.1 Glutamate-Glutamine Metabolic Pathway

The beneficial effects of MSG on bone health appear
primarily mediated through the glutamate-glutamine
metabolic axis[3][5]. Following oral administration,
MSG undergoes extensive first-pass metabolism in
intestinal epithelial cells, where glutamate serves
as a substrate for glutamine synthesis[18][5]. This
process is particularly significant because glutamine
represents a crucial energy substrate for osteoblasts,
supporting both cellular metabolism and protein
synthesis required for bone matrix formation[23]

[11].

Beneficial Effects

Gluta
Enhang

Collygen
Synthesis

B‘e
Formation
Ta Matrix
Evidence: Strang

MSG Dual Effects on Bone Health

Detrimental Effects

Ca'um
Dysredulation

Inﬂan‘atory

Resgonse

B'e
Resorption

Figure 1: Dual mechanisms of monosodium glutamate (MSG) effects on bone health. The diagram
illustrates both beneficial (green pathway) and detrimental (red pathway) mechanisms by which MSG
influences bone metabolism. Line thickness indicates strength of scientific evidence: thick lines = strong

evidence, medium lines = moderate evidence, thin/dashed lines = limited evidence
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Experimental evidence demonstrates that MSG
supplementation significantly increases plasma
glutamine concentrations in a dose-dependent
manner[3][5]. Glutamine synthetase activity in
perivenous hepatocytes facilitates this conversion,
while glutamate simultaneously inhibits glutaminase
activity in intestinal cells, creating a sparing effect
that enhances circulating glutamine availability[24]
[25]. This mechanism explains how relatively modest
increases in dietary glutamate can substantially
impact bone cell function through improved energy
substrate availability[26][27].

2.2 Direct Effects on Osteoblast Function

Glutamate exerts direct effects on osteoblast
differentiation and activity through multiple
signaling pathways[19][20]. Bone-forming cells
express both ionotropic and metabotropic glutamate
receptors, enabling them to respond to changes
in local glutamate concentrations[19][6]. In vitro
studies demonstrate that physiological glutamate
concentrations promote osteoblast proliferation,
enhance alkaline phosphatase activity, and stimulate
collagen synthesis[13][20].

The molecular mechanisms underlying these effects
involve activation of intracellular calcium signaling
cascades and mitogen-activated protein kinase
pathways[19][28]. Glutamate receptor activation
triggers calcium influx, which subsequently
activates calmodulin-dependent protein kinases and
transcription factors essential for osteogenic gene
expression[13][6]. Additionally, glutamate transport
mechanisms in osteoblasts facilitate intracellular
accumulation, supporting protein synthesis and
energy metabolism required for bone matrix
formation[4][11].

2.3 Oxidative Stress and Inflammatory Pathways

The detrimental effects of MSG on bone health
primarily involve oxidative stress mechanisms
and inflammatory response activation[2][14].
Excessive glutamate exposure can trigger reactive
oxygen species production through mitochondrial
dysfunction and excitotoxicity pathways[16][22].

In bone tissue, oxidative stress disrupts the balance
between osteoblast and osteoclast activity, promoting
bone resorption while inhibiting bone formation[16]
[17].

MSG-induced oxidative stress activates nuclear
factor-kappa B signaling pathways, leading
to increased production of pro-inflammatory
cytokines including tumor necrosis factor-alpha
and interleukin-6[29][14]. These mediators enhance
osteoclastogenesis through receptor activator
of nuclear factor-kappa B ligand upregulation,
accelerating bone resorption and contributing to
net bone loss[16][15]. The inflammatory response
also impairs osteoblast function by disrupting
cellular signaling pathways essential for bone matrix
synthesis[14][30].

3. Experimental Evidence from Animal
Studies

3.1 Beneficial Effects in Protein-Restricted Models

The most compelling evidence for MSG’s beneficial
effects on bone health comes from studies using
protein-restricted animal models[3][5]. Blais and
colleagues demonstrated that MSG supplementation
at concentrations of 5-20 grams per kilogram of
diet significantly improved bone mineral density
and microarchitecture in mice consuming protein-
restricted diets[3]. These eftfects were comparable to
those achieved with parathyroid hormone treatment,
indicating robust anabolic activity[5].

Micro-computed tomography analyses revealed
that MSG supplementation preserved trabecular
bone volume, thickness, and connectivity while
maintaining cortical bone area and moment of
inertia[3][4]. Biochemical markers of bone formation,
including procollagen type I N-terminal propeptide
and osteocalcin, increased significantly with MSG
treatment[3][5]. Additionally, bone collagen content,
measured by hydroxyproline levels, was restored
to normal values, indicating enhanced osteoblast
synthetic activity[3].

The dose-response relationship demonstrated
threshold effects, with concentrations below 5 grams
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per kilogram providing minimal benefit, while higher
doses produced progressively greater improvements
in bone parameters[3][5]. Importantly, these effects
occurred independently of insulin-like growth
factor-1 levels, suggesting direct mechanisms rather
than systemic growth factor modulation[5].

3.2 Detrimental Effects in High-Dose Models

Conversely, studies employing high-dose MSG
administration have documented adverse effects
on bone health[2][21][7]. Daily subcutaneous
injections of MSG at doses of 4-8 milligrams per
gram body weight for extended periods resulted
in reduced bone mineral density and impaired
bone microarchitecture[7][8]. These effects were
associated with increased oxidative stress markers,
including elevated malondialdehyde levels and
reduced glutathione concentrations[7].

Neurotoxicity studies revealed that MSG-sensitive

hypothalamic neurons play crucial roles in bone
mass regulation[6]. Chemical lesioning experiments
demonstrated that destruction of arcuate nucleus
neurons leads to complex alterations in bone
metabolism, including increased bone resorption
coupled with compensatory increases in bone
formation[6]. However, the net effect remained
detrimental to overall bone integrity, particularly
under conditions of hormonal deficiency[6].

The temporal aspects of MSG exposure appear
critical in determining outcomes[2][8]. Acute high-
dose administration produces immediate oxidative
stress and inflammatory responses, while chronic
low-level exposure may allow adaptive mechanisms
to minimize adverse effects . Gender differences have
also been observed, with female animals showing
greater susceptibility to MSG-induced bone loss,
particularly in post-ovariectomy models[31].

MSG Bone Health Research Quality
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Figure 2: Quality assessment of research evidence on MSG effects on bone health. Bubble chart
showing study categories plotted against quality scores, with bubble size representing sample size.
Colors indicate study types. The chart demonstrates the predominance of animal studies and highlights
the need for more high-quality human research in this field.
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4. Human Studies and Clinical Evidence
4.1 Epidemiological Associations

Human studies investigating MSG effects on bone
health remain limited in scope and quality[1][32].
Large-scale epidemiological investigations have
identified potential associations between high MSG
consumption and reduced bone mineral density in
specific populations[1][9]. Cross-sectional analyses
of Asian populations, where MSG consumption is
traditionally higher, suggest increased osteoporosis
prevalence among individuals with the highest
dietary intake levels[1].

However, these observational studies face significant
methodological limitations, including difficulties in
accurately quantifying MSG exposure, confounding
by other dietary factors, and lack of prospective
follow-up data[32]. The heterogeneity in study
populations, outcome measures, and analytical
approaches has prevented definitive conclusions
regarding causality[1][9].

4.2 Clinical Intervention Studies

Controlled clinical trials specifically examining
MSG effects on bone health are virtually absent
from the literature[33][34]. Available human
studies have focused primarily on MSG’s impact on
calcium absorption and metabolic parameters[35].
One randomized trial demonstrated that vitamin
D supplementation enhances calcium absorption
efficiency, but the interaction with MSG consumption
was not specifically evaluated[35].

The paucity of human intervention studies represents
a critical knowledge gap that limits clinical
translation of animal study findings[33]. Factors
including ethical considerations regarding long-
term MSG administration, difficulties in blinding
due to taste effects, and requirements for extended
follow-up periods have contributed to this research
deficit[36].

4.3 Mechanisms of Calcium Homeostasis Disruption

MSG consumption can significantly impact calcium
homeostasis through multiple mechanisms affecting

both absorption and excretion[37][38][21]. Intestinal
calcium absorption appears particularly susceptible
to glutamate-induced alterations in cellular transport
systems[38][35]. High MSG concentrations may
interfere with calcium channel function and vitamin
D-dependent absorption mechanisms, leading to
reduced calcium bioavailability[37][21].

Maternal MSG consumption during pregnancy and
lactation has been shown to decrease calcium levels
in offspring teeth and alveolar bones in animal
models[38]. This transgenerational effect suggests
that MSG exposure during critical developmental
periods may have lasting consequences for skeletal
health[38]. The mechanisms likely involve alterations
in placental calcium transport and modifications of
fetal bone development programs[38].

Renal calcium handling also appears affected by
MSG consumption, with studies demonstrating
increased urinary calcium excretion following
high-dose administration[21][7]. This effect may
result from direct glutamate action on renal tubular
cells or indirect effects mediated through hormonal
changes[21]. The net result is negative calcium
balance, which can contribute to bone mineral
density reduction over time[37][21].

5. Therapeutic Implications and
Interventions

5.1 Antioxidant Strategies

Given the role of oxidative stress in MSG-induced
bone damage, antioxidant supplementation
represents a logical therapeutic approach[39][30]
[40]. Experimental studies have demonstrated
that compounds such as quercetin, vitamin C, and
vitamin E can mitigate MSG-related bone loss by
reducing reactive oxygen species production and
enhancing cellular antioxidant capacity[39][30].

The nuclear factor E2-related factor 2 pathway
appears particularly important in mediating
antioxidant protection against MSG-induced bone
damage[30][40]. Activation of this pathway enhances
expression of antioxidant enzymes including
superoxide dismutase and glutathione peroxidase,
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which neutralize harmful reactive oxygen species[40]
[41]. Natural compounds that activate this pathway
may therefore provide protective effects against
MSG-related bone loss[30][15].

5.2 Calcium and Vitamin D Supplementation

Ensuring adequate calcium and vitamin D intake
represents a fundamental strategy for counteracting
potential MSG-induced disruptions in calcium
homeostasis[42][35]. Clinical studies demonstrate
that vitamin D supplementation enhances calcium
absorption efficiency across a range of serum
25-hydroxyvitamin D concentrations[35]. However,
the magnitude of improvement is relatively modest,
suggesting that addressing underlying causes of
absorption impairment may be equally important[35].

The timing and dosing of calcium supplementation
relative to MSG consumption may influence
therapeutic efficacy[21]. Experimental evidence
suggests that concurrent administration of calcium-
based supplements can ameliorate MSG-induced
organ damage through enhancement of endogenous
antioxidant mechanisms[21]. This protective effect
appears mediated through improved cellular calcium
homeostasis and reduced oxidative stress[21].

5.3 Dietary Modifications and Lifestyle Interventions

Reducing dietary MSG intake represents the most
direct approach to minimizing potential adverse
effects on bone health[42][43]. Public health
initiatives focused on food labeling and consumer
education can help individuals make informed
choices regarding MSG consumption[23][44].
However, the ubiquitous presence of glutamate
in both natural foods and processed products
complicates complete avoidance strategies[1][44].

Physical activity interventions may provide
synergistic benefits by enhancing bone mineral
density through mechanical loading while
simultaneously improving antioxidant capacity[45]
[46]. Weight-bearing exercises stimulate osteoblast
activity and promote bone formation, potentially
counteracting MSG-induced bone loss[45].
Additionally, regular exercise enhances cellular
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stress resistance mechanisms that may protect
against oxidative damage[46].

6. Clinical Implications and Future
Directions

6.1 Vulnerable Populations

Certain population groups may be particularly
susceptible to MSG-induced bone effects and require
targeted monitoring[12][32][31]. Postmenopausal
women represent a high-risk group due to estrogen
deficiency-related bone loss and potential for MSG
to exacerbate existing skeletal fragility[12][31].
The combination of hormonal changes and dietary
MSG exposure may create synergistic effects that
accelerate bone deterioration[31][47].

Elderly individuals with marginal protein intake
may paradoxically benefit from controlled MSG
supplementation, provided adequate monitoring
and appropriate dosing are maintained[3][43]. The
protein-sparing effects of glutamate metabolism
could theoretically improve bone health in this
population, though clinical validation remains
necessary[5][23].

Children and adolescents during peak bone accrual
periods require particular attention regarding MSG
exposure[38][48]. The potential for transgenerational
effects and interference with optimal peak bone mass
achievement could have lifelong consequences
for skeletal health[38]. Pregnant and lactating
women also warrant special consideration
due to demonstrated effects on offspring bone
development[38].

6.2 Research Priorities

The current evidence base reveals significant gaps
that must be addressed through well-designed clinical
research[33][49]. High-priority studies should
include randomized controlled trials examining
dose-response relationships in human populations,
with particular attention to vulnerable groups[36]
[49]. Long-term follow-up studies are essential to
understand the cumulative effects of chronic MSG
exposure on bone health outcomes[33].
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Mechanistic studies investigating the interaction
between MSG consumption and other dietary
factors could provide insights for developing
protective strategies[1][44]. The role of genetic
polymorphisms in glutamate metabolism and
bone cell function represents another important
research direction[28][50]. Additionally, studies
examining the effectiveness of various intervention
strategies, including antioxidant supplementation
and dietary modifications, are needed to guide
clinical practice[39][15].

7. Conclusion

The relationship between monosodium glutamate
consumption and bone health reveals remarkable
complexity, with evidence supporting both
beneficial and detrimental effects depending on
context, dosage, and physiological conditions[3].
In protein-restricted states, MSG supplementation
can enhance bone mineral density and promote
osteoblast activity through glutamine-mediated
mechanisms[3][5]. However, excessive consumption
may induce bone loss through oxidative stress,
inflammatory responses, and calcium homeostasis
disruption[2][14].

The predominance of animal studies over human
research represents a critical limitation in current
understanding[1][33]. While experimental evidence
provides valuable mechanistic insights, clinical
translation requires well-designed human studies
that account for real-world exposure patterns and
individual susceptibility factors[36][49]. The dose-
response relationship appears particularly important,
with therapeutic windows potentially existing
between beneficial and harmful effects[3].

Current evidence suggests that moderate MSG
consumption within typical dietary ranges is unlikely
to significantly impact bone health in healthy
individuals with adequate nutrition[6]. However,
vulnerable populations including postmenopausal
women, elderly individuals with poor nutritional
status, and developing children may require more
careful monitoring and potentially modified exposure
recommendations[12][38][31].

Future research should prioritize randomized
controlled trials in human populations, mechanistic
studies investigating individual susceptibility
factors, and development of evidence-based
guidelines for safe consumption levels[33][49].
Until such data become available, a precautionary
approach emphasizing balanced nutrition, adequate
calcium and vitamin D intake, and moderate MSG
consumption appears most prudent for optimal bone
health maintenance[42][35][15].
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