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ABSTRACT

Musculoskeletal diseases (MSDs), including osteoarthritis, rheumatoid arthritis, and
osteoporosis, represent major contributors to chronic pain, functional impairment, and
disability worldwide. Chronic inflammatory activity and disrupted redox balance are
increasingly recognized as important drivers of disease development and worsening in these
conditions, and may therefore offer relevant avenues for therapeutic intervention. Natural
bioactive agents have drawn considerable interest in recent research, particularly [6]-gingerol
([6]-G), the principal pungent phenolic compound found in fresh ginger (Zingiber officinale
Roscoe). Its well-documented antioxidant and anti-inflammatory activities have made [6]-G a
compound of growing interest in the context of MSDs. This review summarizes the chemistry,
pharmacological activities, pharmacokinetic characteristics, and delivery strategies of [6]-G,
with particular emphasis on its potential applications in MSDs. Experimental studies suggest
that [6]-G modulates interconnected processes involved in inflammatory signaling, oxidative
stress regulation, extracellular matrix preservation, and bone remodeling, contributing to
its protective effects in joint and bone disorders. However, most available data come from
preclinical studies, with limited clinical validation of purified [6]-G. Overall, [6]-G shows
promise as a multitarget natural compound for MSDs, although further research is needed to
confirm its efficacy, tolerability, and clinical applicability.

Implication for health policy/practice/research/medical education:

[6]-Gingerol ([6]-G), a major bioactive constituent of ginger, represents a promising therapeutic candidate for musculoskeletal
diseases, particularly through its ability to modulate inflammation and oxidative stress, which are key and interconnected
contributors to disease onset and progression. This evidence provides a rationale for advancing [6]-G research toward therapeutic
development and exploring its potential role as a complementary strategy for the prevention and management of musculoskeletal
diseases.

Please cite this paper as: Nguyen PTN, Ton THV. Therapeutic potential of [6]-gingerol in musculoskeletal diseases through
modulation of inflammation and oxidative stress: A mini-review. ] Herbmed Pharmacol. 2026;15(4):407-419. doi: 10.34172/

jhp.54013.

Introduction

Musculoskeletal diseases (MSDs) encompass a broad
spectrum of conditions involving the bones, joints,
muscles, and associated connective tissues. Common
forms of MSDs include osteoarthritis (OA), rheumatoid
arthritis (RA), and osteoporosis (OP) (1). According to
the 2019 Global Burden of Disease assessment, MSDs
affect an estimated 1.71 billion individuals globally, with
an age-standardized prevalence of 210 cases per 1,000
people, marking a 62% rise from 1990 (2). The global
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aging trend is likely to further increase the prevalence
and overall burden of these diseases in the coming years.
Owing to their high prevalence, chronic course, and
disability, MSDs impose substantial socioeconomic and
healthcare burdens worldwide (3).

Current management strategies for MSDs primarily
focus on alleviating pain, suppressing inflammation,
delaying disease progression, preserving musculoskeletal
function, and improving patients’ quality of life (4).
Although pharmacological options are widely available,
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their prolonged administration can be constrained by
safety issues and unwanted effects (4,5). Consequently,
natural compounds sourced from therapeutic herbs
are receiving growing interest as potential alternatives
to conventional drugs, owing to their diverse bioactive
constituents, multitarget actions, and generally favorable
safety profiles (6). Among therapeutic herbs, Zingiber
officinale Roscoe (ginger), a member of the Zingiberaceae
family, has long been recognized for its use as a flavoring
ingredient and natural remedy in the prevention and
management of a range of disorders (7). Evidence from
experimental research indicates that ginger and its
principal constituents exhibit both antioxidant and anti-
inflammatory activities (8,9). The biological activities
attributed to ginger are largely linked to its rich content of
phenolic constituents, particularly gingerols and shogaols
(10). Among the phenolic constituents identified in
ginger, [6]-gingerol ([6]-G; Ci,H2604 molecular weight
294.39 g/mol) is the predominant pungent compound in
fresh ginger and has consequently received the greatest
research attention among ginger-derived phytochemicals.
Growing evidence suggests that [6]-G may influence
both inflammatory and oxidative processes, which are
closely interconnected and implicated in the development
and worsening of OA, RA, OP, and other MSDs (11,12).
This growing body of evidence has positioned [6]-G as
a promising candidate for therapeutic applications in
MSDs. Taken together, this review examines the available
evidence regarding the anti-inflammatory and antioxidant
properties of [6]-G, focusing on its underlying biological
actions and its possible use in managing MSDs.

Materials and Methods

Literature search strategy

A structured search of the published literature was
undertaken to locate reports examining the therapeutic
actions and underlying molecular pathways associated
with 6-gingerol in MSDs. Studies published up to March
2026 were retrieved from PubMed, Web of Science,
ScienceDirect, Scopus, and Google Scholar. The literature
search was performed using the keywords “ginger’,
“extract ginger”, “6-gingerol’, “gingerol”, “musculoskeletal
diseases”, “osteoarthritis’, “osteoporosis’, “rheumatoid
arthritis’, “anti-inflammatory”, “antioxidant’, “oxidative
stress’, and “inflammation”. Studies were included if the
specified terms appeared in the title, abstract, or keywords

of the retrieved publications.

Study selection

Eligible publications consisted of peer-reviewed
experimental and clinical research conducted in cell-based
or animal models, as well as studies involving human
participants, that examined the effects of 6-gingerol on
MSDs. Studies were selected based on their relevance to
the topic and the availability of information regarding the
disease model, treatment conditions, pharmacological

activities, and underlying molecular mechanisms. Review
articles were included to provide supporting background
information.

Data extraction

For each eligible publication, data were recorded on the
first author, year of publication, research design, disease
model, 6-gingerol dose or concentration, administration
route where relevant, identified molecular targets and
signaling pathways, and key therapeutic outcomes.

Overview of [6]-gingerol

[6]-Gingerol: chemistry, pharmacological activities and
pharmacokinetic characteristics

Ginger is extensively consumed worldwide as a dietary
spice and has also been traditionally recognized as a
medicinal plant (13,14). Historically, ginger has been
applied in traditional Chinese medicine, Ayurveda, and
Western herbal practices to treat arthritis, rheumatic
disorders, and musculoskeletal discomfort (11,15-17).

Phytochemical investigations of ginger rhizomes have
revealed two principal groups of bioactive constituents:
phenolic compounds, including gingerols, shogaols,
and paradols, and volatile terpenes such as zingiberene,
a-farnesene, o-curcumene, [-sesquiphellandrene, and
B-bisabolene (18). In fresh ginger, phenolic constituents are
largely represented by gingerols, with [6]-G occurring as
the predominant homolog and contributing substantially
to the characteristic pungency of the fresh rhizome. The
abundance and stability of these bioactive constituents
are not constant, as they can be influenced by handling
practices after harvest as well as by the conditions under
which the rhizomes are stored. Ghasemzadeh et al (19)
reported that extended storage and elevated temperatures
decreased the levels of [6]-G, [6]-shogaol, phenolic
acids, and flavonoids in ginger rhizomes, accompanied
by reduced antioxidant capacity as assessed using the
ferric reducing antioxidant potential and 1,1-diphenyl-2-
picrylhydrazyl assays.

From a chemical perspective, [6]-G (1-[4'-hydroxy-3'-
methoxyphenyl]-5-hydroxy-3-decanone) is considered
a key bioactive compound that contributes to the
pharmacological properties of fresh ginger (20,21). Its
structure consists of a substituted vanillyl group linked
to an aliphatic side chain containing a hydroxyl group, a
structural feature considered to contribute to its biological
activity (22). Experimental evidence indicates that [6]-
G exhibits a broad range of biological effects, including
anti-inflammatory, antioxidant, antidiabetic, anti-obesity,
and anticancer activities (23-28). Among these biological
effects, particular attention has been given to the anti-
inflammatory and antioxidant activities of [6]-G, as both
are closely linked to major pathological mechanisms
underlying the development and progression of chronic
diseases, including MSDs.
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Despite its diverse pharmacological activities, the
clinical translation of [6]-G is constrained by unfavorable
pharmacokinetic properties. Owing to its relatively
high lipophilicity (logP./w=3.13), [6]-G has limited
water solubility, resulting in inadequate dissolution in
gastrointestinal fluids and subsequently restricting its
oral bioavailability (29). Furthermore, [6]-G undergoes
extensive presystemic biotransformation in both the
intestinal tract and liver, where it is predominantly
converted into glucuronide and sulfate conjugates.
This rapid metabolism contributes to its short systemic
persistence and results in relatively low circulating plasma
concentrations after oral administration (29,30). In rats,
orally administered [6]-G was absorbed rapidly, reaching
peak plasma exposure at approximately 10 minutes.
Thereafter, its plasma concentration declined in two
phases, with an estimated terminal elimination half-life
of about 1.8 hours. Despite its rapid systemic clearance,
it exhibits extensive tissue distribution, with particularly
high concentrations detected in the gastrointestinal tract
(31). Collectively, these pharmacokinetic characteristics
are considered major barriers limiting the therapeutic
application of [6]-G. Several approaches have been
investigated to enhance the bioavailability of [6]-G and
support its further clinical development (32). A range
of advanced formulation approaches, including self-
microemulsifying systems, liposomes, nanostructured
lipid carriers, cyclodextrin complexes, polymeric micelles,
and solid dispersions, has been explored to enhance
the solubility, stability, and oral absorption of [6]-G in
preclinical research (29,32-40).

Beyond conventional formulation approaches, emerging
biomimetic delivery platforms have recently attracted
attention as potential strategies to modulate the biological
performance of phytochemicals. Kaneta etal (41) reported
that [6]-G encapsulated in ginger-derived extracellular
vesicles (GDEVs) produced stronger anti-inflammatory
effects than unencapsulated [6]-G in a mouse model
of collagen antibody-induced arthritis. These findings

Table 1. Anti-inflammatory effects of [6]-gingerol reported in preclinical studies

[6]-Gingerol in musculoskeletal diseases

suggest that GDEV's may serve as a promising biomimetic
platform for enhancing the therapeutic efficacy of [6]-
G. Further development of such biomimetic delivery
platforms may provide new opportunities to optimize
the therapeutic potential of [6]-G. Nevertheless, evidence
supporting most [6]-G delivery platforms remains
largely limited to preclinical research. Additional
investigations are required to establish their long-term
safety, pharmacokinetic profiles, and therapeutic efficacy,
while also overcoming formulation and manufacturing
challenges that may hinder their transition into clinical
use.

Biological activity of [6]-gingerol
[6]-G is a naturally occurring phenolic compound of plant
origin that has been associated with diverse biological
effects and potential health benefits. In this review,
however, particular emphasis is placed on its antioxidant
and anti-inflammatory activities.

Anti-inflammatory effects

Ginger has a long history of use in traditional medicine for
managing and relieving a range of inflammation-related
conditions (42). Ginger exerts anti-inflammatory activity
through multiple molecular mechanisms, involving
reduced activity of cyclooxygenase-1, cyclooxygenase-2,
and 5-lipoxygenase (5-LO), modulation of nuclear factor
kappa B (NF-«B) signaling, and decreased production
of inflammatory mediators, including prostaglandins,
leukotrienes, pro-inflammatory cytokines, and nitric
oxide (NO) (43,44). Within the bioactive compounds
found in ginger, [6]-G stands out as the predominant
pungent phenolic constituent of the fresh rhizome and is
considered an important mediator of its anti-inflammatory
activity  (45-47). Consequently, numerous studies
conducted using both cell-based and animal models have
investigated the anti-inflammatory activity of [6]-G and
provided insights into the signaling mechanisms that may
account for these effects (Table 1).

Method of study

Mechanism of action [6]-gingerol Reference

In vivo— Male ICR mice and female Wistar rats were examined in

experimental models involving acetic acid—evoked writhing, formalin-related

nociceptive responses, and carrageenan-associated paw swelling.

In vitro— Murine peritoneal macrophages subjected to LPS stimulation

In vitro— LPS exposure in murine macrophage cultures

In vitro— Hepatocyte hypoxia/reoxygenation models
In vivo— Mouse hepatic ischemia/reperfusion

The anti-inflammatory effect may involve inhibition of
prostaglandin release and regulation of inflammatory (48)
mediators associated with inflammatory pain

Reduced the release of pro-inflammatory cytokines,

including TNF-g, IL-1B, and IL-12, while preserving antigen- (49)
presenting and immune cell functions

Suppressed I-kBa phosphorylation, NF-kB nuclear activation,
PKC-a translocation, and intracellular Ca2* mobilization;
prevented mitochondrial membrane potential disruption;
reduced TNF-a and iNOS expression

Anti-inflammatory effects were associated with increased
MKP5 expression and attenuation of p38 MAPK/JNK (51)
signaling, resulting in lower cytokine release

LPS: lipopolysaccharide; TNF-a: tumor necrosis factor-o; IL-1p: interleukin-1p; IL-12: interleukin-12; I-kBa: inhibitor of nuclear factor kappa B alpha; NF-«B:
nuclear factor kappa B; PKC-a: protein kinase C-o; iNOS: inducible nitric oxide synthase; MKP5: mitogen-activated protein kinase phosphatase 5; p38 MAPK/

JNK: p38 mitogen-activated protein kinase/c-Jun N-terminal kinase.
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In an animal study, Young et al (48) examined the
analgesic and anti-inflammatory activity of [6]-G using
several experimental models, namely acetic acid- and
formalin-evoked nociception in mice and rats, together
with the carrageenan-induced paw edema model.
After intraperitoneal administration, [6]-G reduced
the frequency of acetic acid-evoked writhing, lessened
nociception during the later phase of the formalin assay,
and decreased carrageenan-associated paw swelling in
a dose-dependent fashion. At a dose of 100 mg/kg, [6]-
G produced a reduction in carrageenan-associated paw
swelling that was comparable to the effect achieved with
10 mg/kg indomethacin. At 25 mg/kg, [6]-G elicited an
analgesic effect comparable to that of indomethacin in the
acid-evoked writhing model. Collectively, these findings
imply that the anti-inflammatory action of [6]-G may be
linked to reduced prostaglandin biosynthesis together
with the regulation of inflammatory mediators involved
in pain-related inflammatory processes. A separate study
by Tripathi et al (49) explored the immunoregulatory
potential of [6]-G using mouse peritoneal macrophages
challenged with lipopolysaccharide (LPS). Treatment
with [6]-G substantially reduced the levels of tumor
necrosis factor-a (TNF-a), interleukin (IL)-1f, and IL-12,
indicating a dampening effect on macrophage-associated
inflammatory mediator release. By comparison, [6]-G did
not alter the expression levels of major histocompatibility
complex class II (MHC II) or the co-stimulatory markers
B7.1 and B7.2. Notably, macrophage antigen-presenting
cell (APC) function was preserved, indicating that [6]-
G may selectively regulate inflammatory activation of
macrophages without causing broad impairment of
immune responses. Additionally, Lee et al (50) investigated
how [6]-G mediates its anti-inflammatory effects in LPS-
activated mouse macrophages. They reported that [6]-
G suppressed inhibitor of nuclear factor kappa B alpha
(I-kBa) phosphorylation, thereby limiting NF-«B activity
in the nucleus and reducing the expression of TNF-a and
nitric oxide synthase (iNOS). In addition, [6]-G reduced
protein kinase C (PKC)-a translocation and intracellular
Ca*" accumulation while mitigating the disruption of
mitochondrial membrane potential. These observations
indicate that [6]-G may exert its anti-inflammatory
effects by modulating signaling cascades involving NF-
kB and PKC. More recently, Yu et al (51) found that
[6]-G enhanced the expression of mitogen-activated
protein kinase phosphatase 5 (MKP5) while concurrently
suppressing the p38 mitogen-activated protein kinase (p38
MAPK)/c-Jun N-terminal kinase (JNK) signaling cascade
in mice subjected to liver injury caused by ischemia
followed by reperfusion and in hepatocytes exposed to
hypoxia followed by reoxygenation. The enhanced MKP5
expression, along with reduced activation of inflammation-
related signaling pathways, was associated with decreased
levels of inflammatory mediators. These findings indicate
that modulation of the MKP5-mitogen-activated protein

kinase (MAPK) signaling axis may contribute to the anti-
inflammatory activity of [6]-G.

Overall, the available evidence suggests that [6]-G
may exert its anti-inflammatory activity by limiting the
production of cytokines and related mediators and by
influencing several key signaling cascades, including NF-
kB, PKC, and MAPK. The broad regulatory effects of [6]-
G on these molecular networks may underlie its potential
therapeutic value in various inflammatory disorders.

Antioxidant effects

Oxidative stress arises when the generation of reactive
oxygen species (ROS) exceeds the capacity of endogenous
antioxidant defenses and has been implicated in aging-
associated alterations and the development of chronic
disorders, including MSDs (52,53). Excessive ROS
accumulation can surpass the capacity of cellular
antioxidant systems, thereby promoting membrane
lipid oxidation, DNA injury, protein modification, and
ultimately disrupting normal cellular function (54-56).
Considering the substantial contribution of oxidative
stress to pathological development, increasing attention
has been directed toward compounds that may help
restore cellular redox balance. Among these compounds,
[6]-G has been extensively investigated due to its potent
antioxidant properties.

Experimental evidence indicates that [6]-G may confer
tissue protection under oxidative stress by curbing ROS
buildup, reducing damage to cellular macromolecules,
and strengthening intrinsic antioxidant defenses
(Table 2). Kuhad et al (57) demonstrated that [6]-G exerted
arenoprotective effect in rats exposed to cisplatin-induced
oxidative stress and kidney damage. [6]-G treatment
lowered lipid peroxidation and replenished reduced
glutathione (GSH) levels, while also boosting antioxidant
enzyme activity, ultimately contributing to better renal
function. These observations indicate that [6]-G may help
preserve renal integrity by attenuating oxidative injury
and reinforcing the kidney’s intrinsic antioxidant capacity.
Similarly, Yang et al (58) assessed the antioxidant activity of
purified [6]-G in HepG2 cells exposed to patulin-induced
genotoxic stress. Pretreatment with [6]-G significantly
reduced intracellular ROS generation, oxidative DNA
damage, DNA strand breaks, and micronucleus formation,
while restoring intracellular GSH levels. These findings
indicate that [6]-G protects cells against oxidative stress-
induced genotoxicity by enhancing cellular antioxidant
defense. More recently, Ganjikunta et al (59) showed
that purified [6]-G mitigated alcohol-related oxidative
stress in cardiac tissue and reduced associated myocardial
damage and apoptosis. In a rat model of alcohol-
related cardiac injury, [6]-G lowered myocardial ROS
accumulation and reduced DNA oxidation, as evidenced
by decreased 8-hydroxydeoxyguanosine (8-OHdG) and
protein carbonyl levels. It also helped restore antioxidant
enzyme function, including that of superoxide dismutase

410 Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

Table 2. Antioxidant effects of [6]-gingerol reported in preclinical studies

[6]-Gingerol in musculoskeletal diseases

Method of study Mechanism of action [6]-gingerol Reference
In vivo— Rat model of cisplatin-associated renal dysfunction and  Alleviates oxidative damage in renal tissue by lowering oxidative stress (57)
oxidative stress and strengthening intrinsic antioxidant defenses
. . . - Mitigates genotoxic effects associated with oxidative stress through
In vitro—HepG2 cells in a patulin-induced genotoxicity model . L (58)
reinforcement of cellular antioxidant defenses
Mitigated ROS accumulation, DNA oxidation, and protein carbonylation,
In vivo—Alcohol-induced cardiac inj del in rat 59
1 VIVO—AICOnoTInduced cardiac injury modet in rats with reduced 8-OHdG levels and restoration of SOD and CAT activities 69
In vitro—Primary chicken embryo hepatocytes in H.Oz-induced Exerts antioxidant activity through Nrf2 activation, enhancing antioxidant 62)

oxidative stress model

gene expression and reducing ROS accumulation

ROS: reactive oxygen species; 8-OhdG: 8-hydroxydeoxyguanosine; SOD: superoxide dismutase; CAT: catalase; Nrf2: nuclear factor erythroid 2-related factor 2.

(SOD) and catalase (CAT). Taken together, the available
evidence supports the antioxidant potential of [6]-G
across diverse experimental settings, primarily through
limiting oxidative injury and reinforcing endogenous
cellular defense mechanisms.

More recent evidence indicates that [6]-G can
strengthen intrinsic antioxidant defenses by engaging
redox-responsive signaling mechanisms. Among these
pathways, nuclear factor erythroid 2-related factor 2 (Nrf2)
serves as a major transcription factor that helps preserve
intracellular redox balance. Under normal physiological
conditions, Nrf2 activates the transcription of antioxidant
and phase II detoxification genes, such as heme
oxygenase-1 (HO-1), NAD(P)H quinone oxidoreductase
1 (NQOL1), and glutamate-cysteine ligase (GCL), thereby
strengthening cellular defenses against oxidative stress
(60,61). Yang et al (62) assessed the antioxidant activity
of [6]-G in a cellular model of H,O,-triggered oxidative
stress using cultured chicken embryonic liver cells. Their
findings showed that [6]-G promoted Nrf2 nuclear
translocation, leading to increased levels of downstream
antioxidant genes, particularly HO-1 and NQOL.
Importantly, pharmacological blockade of Nrf2 with
ML385 substantially weakened the cytoprotective effect of
[6]-G, supporting a role for Nrf2 activation in mediating
its antioxidant properties. In addition, [6]-G treatment
reduced intracellular ROS accumulation and enhanced
antioxidant enzyme activities.

Opverall, the available evidence supports the antioxidative
capacity of [6]-G, characterized by reduced oxidative
injury and strengthened cellular defense mechanisms,
with Nrf2-associated signaling likely contributing to these
effects.

Inflammation and oxidative stress in musculoskeletal
diseases

Inflammation in musculoskeletal diseases

Inflammation has emerged as an important contributor
to the pathogenesis and progression of several MSDs,
including OA, RA, and OP. Nevertheless, the extent to
which inflammation contributes to disease pathology,
as well as the nature of its involvement, differs across
individual disorders (63-65). Although inflammation
plays a physiological role in tissue healing and host

immune protection, persistent or dysregulated
inflammatory responses can disrupt tissue homeostasis
and promote progressive structural damage (23,66). In
addition, age-related, persistent low-level inflammation—
often termed inflammaging—is increasingly recognized
as an important contributor to both the development and
progression of these diseases. Inflammaging is associated
with  disrupted mitochondrial function, defective
autophagic processes, and metabolic imbalance, which
may collectively exacerbate oxidative stress and accelerate
tissue deterioration in age-related disorders, including
sarcopenia, OA, and OP (66-68).

OA involves progressive cartilage deterioration
accompanied by sustained low-grade inflammation,
which is primarily triggered by factors such as mechanical
overload, aging-related changes, and joint injury.
Following activation or cellular injury, chondrocytes,
synovial tissue-derived cells, and infiltrating immune
populations can release various inflammatory mediators,
with IL-1p, TNF-q, and IL-6 serving as major drivers of
the inflammatory response. These inflammatory signals
can activate NF-kB signaling, thereby increasing the
expression of enzymes responsible for cartilage breakdown,
particularly matrix metalloproteinases (MMPs) and
members of the a disintegrin and metalloproteinase
with thrombospondin motifs (ADAMTSs) family, and
consequently interfere with normal chondrocyte function.
As aresult, type II collagen and aggrecan are progressively
degraded, leading to cartilage degeneration and OA
progression  (69,70).

In postmenopausal and age-related forms of OP, estrogen
deficiency and aging can disturb immune homeostasis,
thereby eliciting immune responses and increasing the
local abundance of inflammatory cytokines within the
bone microenvironment (71,72). This disruption of
immune balance enhances the production of TNF-a, IL-
6, and IL-1P, subsequently disturbing the regulation of
the receptor activator of nuclear factor kappa-B ligand
(RANKL)/osteoprotegerin (OPG) system. An elevated
RANKL/OPG ratio favors osteoclast formation and
accelerates bone resorption, whereas inflammatory
cytokines negatively affect osteoblast differentiation and
reduce bone-forming capacity (73,74). This disruption
of bone remodeling homeostasis ultimately results in
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continuous bone loss, compromised bone mechanical
strength, and a higher susceptibility to osteoporotic
fractures (75).

In RA, an autoimmune-mediated dysregulation of
immune responses primarily occurs within the synovial
membrane, resulting in persistent synovial inflammation
that drives disease initiation and progression. Activated
immune cells, particularly macrophages, along with
fibroblast-like synoviocytes, help sustain chronic
inflammation through the release of key inflammatory
mediators, notably TNF-a, IL-6, and IL-1B. These
mediators can drive synovial tissue expansion and pannus
development, thereby contributing to ongoing joint
damage. They may also increase RANKL expression in
synovial cells and stimulate osteoclast activity, ultimately
promoting bone erosion and further deterioration
of the affected joints. Meanwhile, persistent NF-kB
activation in immune and synovial cells further amplifies
inflammatory responses and maintains the pathogenic
microenvironment of RA (63,76-80).

In summary, although the inflammatory mechanisms
differ among MSDs, chronic inflammation is a common
pathological process that contributes to tissue degeneration
and disease progression, making inflammatory signaling
pathways attractive therapeutic targets.

Oxidative stress in musculoskeletal diseases
Oxidative stress is widely regarded as a critical pathological
factor involved in the initiation and advancement of a
variety of chronic diseases (81). Under physiological
conditions, ROS produced at relatively low levels during
cellular metabolism serve as important signaling mediators
and contribute to the regulation of cellular processes and
the preservation of homeostasis. A moderate increase in
ROS can activate the Kelch-like ECH-associated protein
1 (Keapl)-Nrf2 signaling axis, thereby inducing the
transcription of genes involved in antioxidant defense and
cellular protection. This adaptive response contributes to
the restoration of redox balance and helps protect cells
from oxidative injury (55,82,83). However, under chronic
pathological or environmental conditions, a variety of
pathological and environmental factors can promote
persistent ROS production. Oxidative stress occurs when
oxidant production surpasses the ability of intrinsic
antioxidant defense systems to sustain cellular redox
balance (84,85). This imbalance in cellular redox status
can cause oxidative injury and engage redox-responsive
pathways, notably NF-kB and MAPK, which in turn
exacerbate inflammation, impair cellular function, and
contribute to progressive tissue deterioration (81,86,87).
While oxidative stress is widely observed across MSDs,
the underlying sources and pathways driving excessive
ROS accumulation vary according to the specific disease.
In OA, several factors—including aging, excessive or
abnormal mechanical stress, obesity, and persistent low-
grade inflammation—may increase ROS accumulation

through mitochondrial impairment and NADPH oxidase-
dependent mechanisms, ultimately contributing to
chondrocyte dysfunction and extracellular matrix (ECM)
degradation (88). Accumulating evidence indicates that
impaired Nrf2 signaling contributes to OA progression by
weakening the antioxidant defense of chondrocytes (89-
91). To further support this finding, Li et al showed that
modulation of the Nrf2/HMGBI1/NF-«kB axis decreased
chondrocyte apoptosis and suppressed the expression of
cartilage-destructive mediators, including MMP-13 and
ADAMTS-5, thereby attenuating cartilage deterioration
(92,93). Consistent with these results, Zhang et al reported
that Nrf2 stimulation by phillygenin reduced oxidative
stress and NF-kB activity, limited ECM breakdown, and
attenuated OA progression in both IL-1p-challenged
chondrocytes and mice subjected to DMM-induced OA
(93).

In RA, oxidative stress mainly results from persistent
autoimmune inflammation. Activated macrophages,
neutrophils, and synovial fibroblasts continuously
produce large amounts of ROS in the inflamed synovium,
creating a cycle in which oxidative stress further enhances
inflammation and joint damage (94). Clinical studies
consistently show that individuals with RA generally
exhibit greater oxidative stress and a weaker antioxidant
defense profile than healthy individuals, including reduced
activities of SOD, CAT, and glutathione peroxidase (95,96).
Experimental studies further demonstrate that loss of
Nrf2 aggravates oxidative damage and inflammatory joint
injury, whereas activation of Nrf2 reduces oxidative stress
and improves arthritis severity (97,98).

In OP, excessive ROS are mainly produced as a result
of aging, estrogen deficiency, glucocorticoid exposure,
and mitochondrial dysfunction, leading to disruption of
bone redox homeostasis (99-101). Sustained oxidative
stress negatively affects osteoblast differentiation and
viability, while simultaneously enhancing RANKL-
mediated osteoclast formation, ultimately disturbing the
dynamic equilibrium between bone generation and bone
resorption (102). Nrf2 is a central regulator of cellular
antioxidant defenses and contributes substantially to
the maintenance of redox equilibrium in bone tissue
(100,103). By preserving intracellular redox balance, Nrf2
also supports osteoblast differentiation and function (103-
105). Studies in mice lacking Nrf2 have demonstrated
that Nrf2 deficiency can exacerbate skeletal loss, an effect
associated with increased expression of RANKL (106).
Furthermore, findings from in vitro studies suggest
that the absence of Nrf2 intensifies oxidative stress and
promotes osteoclast differentiation driven by RANKL,
accompanied by enhanced NF-kB and MAPK signaling
and increased expression of the transcription factors c-Fos
and c-Jun (107).

In general, current evidence indicates that oxidative
stress represents a shared pathogenic mechanism
underlying multiple MSDs despite their distinct etiologies.
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Although the sources of excessive ROS differ among OA,
RA, and OP, persistent oxidative stress disrupts cellular
homeostasis, activates inflammatory signaling pathways,
and accelerates tissue degeneration. Accordingly, targeting
the Nrf2-dependent antioxidant response may offer a
potential therapeutic approach for re-establishing redox
balance and slowing the progression of MSDs.

[6]-Gingerol in musculoskeletal diseases
[6]-Gingerol in arthritis
Arthritis comprises a range of disorders affecting the joints
and represents a major contributor to musculoskeletal
pain and impaired mobility. Arthritis encompasses a broad
spectrum of inflammatory joint disorders, with OA and
RA representing the two most prevalent forms (78,108).
OA is among the most prevalent joint disorders associated
with advancing age. The prevalence of OA is 16.05%,
and the incidence is over 500 million people worldwide
(109). OA pathogenesis involves the interplay of oxidative
stress, inflammatory responses, and apoptosis, which
collectively impair the balance between the synthesis
and breakdown of the ECM. Meanwhile, RA is a long-
standing autoimmune inflammatory disease characterized
by abnormal proliferation within the synovium,
accompanied by progressive damage to joint cartilage and
the underlying bone. RA development is shaped by the
combined influence of genetic predisposition and various
environmental triggers. RA affects roughly 1% of the
worldwide population, and its pain is strongly associated
with inflammatory activity and oxidative imbalance (110).
Untreated RA causes disability and early mortality (111).
Although OA and RA arise through different disease
processes, both can result in persistent pain, impaired joint
function, and a diminished quality of life. Conventional
pharmacological treatment for arthritis, encompassing
anti-inflammatory medications, glucocorticoid therapy,
and disease-modifying agents, has shown efficacy in
alleviating clinical symptoms and limiting disease activity
in affected patients (112,113). Nevertheless, prolonged
pharmacological management may be constrained by
treatment-related adverse effects, substantial financial
burden, and variable therapeutic efficacy (114). These
therapeutic limitations have encouraged increasing
interest in naturally derived compounds as potential
complementary options for arthritis management.
Among plant-derived constituents explored for
arthritis, ginger phenolics, particularly [6]-G, have
received substantial research interest because of their
reported anti-inflammatory and antioxidant activities.
[6]-G has been reported to regulate inflammatory
mediator production through modulation of arachidonic
acid metabolism, including inhibition of cyclooxygenase
(COX), 5-LO, and prostaglandin E synthase activities
(115). In addition, accumulating evidence suggests that
[6]-G modulates inflammatory signaling pathways and
oxidative stress responses, which are central mechanisms

[6]-Gingerol in musculoskeletal diseases

involved in arthritis progression. The effects of [6]-G
in experimental arthritis models are reviewed below,
emphasizing its potential anti-inflammatory, antioxidant,
and joint-preserving properties.

Recently, Yao et al (116) examined the anti-
inflammatory activity of [6]-G in synovial cells, GES-1
gastric epithelial cells, and an experimental rat model of
arthritis. The authors found that treatment with [6]-G
markedly lowered inflammatory mediator levels while
enhancing the viability of both synovial and GES-1 cells.
At the mechanistic level, [6]-G increased miR-30c-2-3p
expression, which directly targeted transforming growth
factor-p activated kinase 1-binding protein 1 (TAB1),
thereby suppressing NF-kB pathway activation and
attenuating inflammatory responses. In arthritic rats, [6]-
G alleviated pathological changes in the synovium and
gastric mucosa; notably, blocking miR-30c-2-3p with an
antagomir weakened these beneficial effects, supporting a
role for the miR-30c-2-3p/TAB1/NF-«B axis in mediating
the anti-inflammatory action of [6]-G.

Abusarah et al (117) examined protandim and [6]-G
in IL-1p-challenged human OA chondrocyte cultures,
and further evaluated protandim in mice with DMM-
induced OA. Both treatments maintained chondrocyte
viability, promoted Nrf2 expression and phosphorylation,
restored glutathione S-transferase A4-4 (GSTA4-4)
levels, and suppressed IL-1P-triggered 4-hydroxynonenal
accumulation, suggesting their ability to alleviate
oxidative stress. Moreover, both agents dose-dependently
reduced IL-1pB-stimulated release of inflammatory and
ECM-degrading mediators, including NO, prostaglandin
E2 (PGE2), and MMP-13. Notably, [6]-G exhibited
greater inhibitory effects on NO, PGE2, and MMP-13
than protandim at the highest tested concentration.
Interestingly, [6]-G did not affect IL-1p-triggered MAPK
or NF-kB activation, suggesting that its protective activity
may be mediated mainly through Nrf2/GSTA4-4-
dependent antioxidant defense instead of direct regulation
of these inflammatory signaling cascades.

[6]-Gingerol in osteoporosis

OP is a common metabolic disorder of the skeleton
characterized by disruption of the normal balance between
osteoblast-mediated bone formation and osteoclast-driven
bone resorption. The disruption of this physiological
balance gradually reduces bone mass and weakens the
structural properties of bone, ultimately making the
skeleton more vulnerable to fragility fractures (118). The
prevalence of OP globally is 18.3% based on data from
2021, and is significantly higher in women (23.1%) than
in men (11.7%) (119). Despite their established benefits in
treating OP, medications that promote bone formation or
suppress bone resorption may still cause unwanted effects,
including digestive disturbances, elevated blood calcium
levels, jawbone necrosis, and atypical fractures of the
femur. For this reason, natural compounds have attracted
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growing interest as adjunctive options for OP treatment,
particularly because they can act on multiple biological
targets while having favorable safety profiles (120,121).

Among these natural compounds, [6]-G has attracted
particular interest for its potential role in maintaining bone
homeostasis by modulating both osteoblast differentiation
and inflammation-related osteoclastogenesis. Although
evidence remains limited, current studies consistently
support its osteoprotective potential. To explore
the influence of [6]-G on osteoclastogenesis under
inflammatory conditions, Hwang et al (122) employed
IL-1-treated primary calvarial osteoblasts from mice co-
cultured with bone marrow cells, along with RANKL-
stimulated bone marrow-derived macrophages (BMM:s)
as an additional experimental model. The authors found
that [6]-G attenuated osteoclast differentiation triggered
by IL-1 in the osteoblast-osteoclast precursor co-culture
model, but had no significant influence on osteoclast
formation when BMMs were directly stimulated with
RANKL. Mechanistically, [6]-G reduced PGE2 synthesis
in IL-1-stimulated osteoblasts through the inhibition of
COX and PGE synthase activity, which was subsequently
accompanied by decreased RANKL expression. Notably,
supplementation with exogenous RANKL or PGE2
abolished the suppressive effects of [6]-G, leading to
the recovery of RANKL expression in osteoblasts and
osteoclast differentiation. These findings indicate that
[6]-G inhibits inflammation-induced osteoclastogenesis
primarily by regulating the osteoblast-derived PGE2/
RANKL pathway.

In a separate investigation, Fan et al (123) examined
how [6]-G influences the growth and osteogenic
differentiation of human MG-63 osteoblast-like cells
under both normal and inflammatory conditions. They
found that [6]-G was non-cytotoxic at concentrations of
up to 50 uM and promoted osteoblastic differentiation, as
reflected by enhanced alkaline phosphatase (ALP) levels

and greater collagen synthesis after 48 h of treatment.
Under TNF-a stimulation, MG-63 cells exhibited
reduced viability, lower ALP levels, and diminished
collagen synthesis; however, these detrimental changes
were partially alleviated by [6]-G, indicating its potential
to counteract inflammation-related impairment of
osteoblast differentiation. In addition, [6]-G decreased
IL-6 release and limited the nuclear translocation of NF-
kB in TNF-a-challenged cells, effects that may underlie
its ability to alleviate inflammation-related dysfunction
in osteoblast-like cells. Collectively, these findings suggest
that [6]-G promotes osteoblast differentiation under both
physiological and inflammatory conditions and may have
potential relevance for OP.

In conclusion, the available evidence indicates
that [6]-G exerts osteoprotective effects through
complementary actions on both bone-forming and bone-
resorbing processes (Table 3). By promoting osteoblast
differentiation while suppressing inflammation-driven
osteoclastogenesis, [6]-G may help sustain the balance of
bone remodeling, highlighting its potential as a natural
candidate for further research in OP and other disorders
of bone metabolism. However, the available evidence
remains largely confined to in vitro research. Further
rigorously designed animal studies and clinical trials are
therefore required to verify its therapeutic efficacy and
provide deeper insight into how [6]-G exerts its effects in
vivo.

Conclusion

Accumulating evidence suggests that [6]-G might be
a promising natural bioactive compound for MSDs
because it can modulate chronic inflammation and
oxidative stress, two interconnected pathological
processes that are commonly implicated in OA, RA,
and OP. Through regulation of multiple signaling
pathways involved in inflammatory responses, redox

Table 3. Effects of [6]-gingerol in musculoskeletal diseases reported in preclinical studies

Model Disease/condition

Mechanism of action [6]-gingerol

References

In vitro— Synovial and GES-1 cells

. . Arthritis
In vivo—Rat arthritis model

In vitro—IL-1p-stimulated primary human OA
chondrocytes
In vivo—DMM-induced mouse OA model

Osteoarthritis

Inflammation-associated
osteoclastogenesis

In vitro—IL-1-stimulated POB/BMC co-culture
and RANKL-induced BMM differentiation

TNF-a-induced
suppression of osteoblast
differentiation

In vitro— Cultured human MG-63 osteoblast-
like cells

| Inflammatory factors; 1 cell viability; 1 miR-30c-2-3p expression;
suppression of TABT/NF-«B signaling; protected synovial tissue and (116)
gastric mucosa

1 Nrf2 expression and phosphorylation; 1 GSTA4-4 expression;
| 4-hydroxynonenal production, NO, PGE2, and MMP-13
production; preserves chondrocyte viability and attenuates
oxidative stress

(117)

| PGE2 generation in response to IL-1 through COX/PGES
suppression — | RANKL expression in IL-1-exposed osteoblasts — (122)
attenuation of inflammation-related osteoclastogenesis.

1 Osteoblast differentiation, ALP activity, and type | collagen
synthesis — attenuation of TNF-a-induced inhibition of osteoblast
differentiation — | 1L-6 production and NF-kB p65 nuclear
translocation

(123)

TAB1: transforming growth factor-p activated kinase 1-binding protein 1; NF-kB: nuclear factor kappa B; IL-1p: interleukin-1B; DMM: destabilization of the medial
meniscus; OA: osteoarthritis; Nrf2: nuclear factor erythroid 2-related factor 2; GSTA4-4: glutathione S-transferase A4-4; NO: nitric oxide; PGE2: prostaglandin
E2; MMP-13: matrix metalloproteinase-3; IL-1: interleukin-1; POB: primary mouse calvarial osteoblasts; BMC: bone marrow cells; RANKL: receptor activator of
nuclear factor kappa-B ligand; BMM: bone marrow-derived macrophage; COX: cyclooxygenase; PGES: prostaglandin E synthase; TNF-a: tumor necrosis factor-o;

ALP: alkaline phosphatase; IL-6: interleukin-6.
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homeostasis, ECM degradation, osteoblast differentiation,
and osteoclastogenesis, [6]-G exerts a broad range of
pharmacological effects that may collectively support the
preservationofjointandskeletalhomeostasis. Nevertheless,
although a growing body of research has documented the
biological activities of [6]-G, its value as a therapeutic
agent remains to be conclusively established. To date,
most findings have come from preclinical research, while
direct clinical investigations evaluating purified [6]-G in
MSDs remain scarce Furthermore, many previous studies
have evaluated ginger preparations or ginger extracts
rather than isolated [6]-G, the extent to which [6]-G itself
accounts for the reported therapeutic benefits remains
difficult to establish. In addition, poor aqueous solubility,
extensive metabolism, and limited oral bioavailability
represent important pharmacokinetic challenges that
may restrict systemic exposure and therapeutic efficacy.
Therefore, future research should further characterize the
pharmacological actions and pharmacokinetic profile of
[6]-G while pursuing improved formulation and delivery
approaches to enhance its solubility, stability, absorption,
and overall bioavailability. Further rigorous preclinical
investigations and well-conducted randomized studies
in human populations are needed to establish the most
appropriate formulation and dose of [6]-G, confirm its
therapeutic efficacy and long-term safety, and support its
development as an evidence-based treatment candidate for
MSDs. Nevertheless, this review has several limitations.
The current evidence specifically focusing on purified [6]-
G in MSDs remains limited, with most studies based on
preclinical models and with insufficient clinical validation.
Furthermore, heterogeneity in experimental models,
doses, formulations, and outcome assessments may limit
direct comparison and comprehensive interpretation of
the available findings.

Authors’ contribution

Conceptualization: Phuong Thao Nhi Nguyen.

Data curation: That Hoan Vu Ton.

Methodology: Phuong Thao Nhi Nguyen.

Project administration: Phuong Thao Nhi Nguyen and
That Hoan Vu Ton.

Resources: Phuong Thao Nhi Nguyen and That Hoan Vu
Ton.

Software: That Hoan Vu Ton.

Supervision: Phuong Thao Nhi Nguyen and That Hoan
Vu Ton.

Validation: That Hoan Vu Ton.

Visualization: That Hoan Vu Ton.

Writing-original draft: Phuong Thao Nhi Nguyen.
Writing-review & editing: Phuong Thao Nhi Nguyen
and That Hoan Vu Ton.

Conflict of interests
The authors reported no conflicts of interest related to the
research, authorship, or publication of this article.

[6]-Gingerol in musculoskeletal diseases

Declaration of AI-assisted tools in the writing procedure
To improve the readability and linguistic quality of this
manuscript, ChatGPT (OpenAl, San Francisco, USA)
and Grammarly were used by the author for grammar
refinement and sentence-level language enhancement.
These tools were used exclusively for language editing
purposes.

Ethical considerations

This review article does not use human or animal-derived
samples. The manuscript adheres to accepted ethical
publication practices and contains no plagiarized material,
as confirmed through thorough screening. The findings
presented here are based on an impartial synthesis of
existing literature and were prepared in accordance with
principles of academic integrity.

Funding/Support
None.

References

1. Belluzzi E, Pozzuoli A, Ruggieri P. Musculoskeletal diseases:
From molecular basis to therapy. Biomedicines. 2024;12:32.
doi:10.3390/biomedicines12010032.

2. Cieza A, Causey K, Kamenov K, Hanson SW, Chatterji S,
Vos T. Global estimates of the need for rehabilitation based
on the Global Burden of Disease study 2019: A systematic
analysis for the Global Burden of Disease Study 2019.
Lancet. 2021;396(10267):2006-2017. doi: 10.1016/S0140-
6736(20)32340-0.

3.  Moradi-Lakeh M, Forouzanfar MH, Vollset SE, El Bcheraoui
C, Daoud F, Afshin A, et al. Burden of musculoskeletal
disorders in the Eastern Mediterranean Region, 1990-2013:
findings from the Global Burden of Disease Study 2013.
Ann Rheum Dis. 2017;76(8):1365-1373. doi: 10.1136/
annrheumdis-2016-210146.

4. Lin I, Wiles L, Waller R, Goucke R, Nagree Y, Gibberd
M, et al. What does best practice care for musculoskeletal
pain look like? Eleven consistent recommendations
from high-quality clinical practice guidelines: systematic
review. Br J Sports Med. 2020;54(2):79-86. doi: 10.1136/
bjsports-2018-099878.

5. El-Tallawy SN, Nalamasu R, Salem GI, LeQuang JAK,
Pergolizzi JV, Christo PJ. Management of musculoskeletal
pain: An update with emphasis on chronic musculoskeletal
pain. Pain Ther. 2021;10(1):181-209. doi: 10.1007/s40122-
021-00235-2.

6. Rajalekshmi R, Agrawal DK. Therapeutic -efficacy
of medicinal plants with allopathic medicine in
musculoskeletal diseases. Int ] Plant Anim Environ Sci.
2024;14(4):104-129. doi: 10.26502/ijpaes.4490170.

7. Ujang Z, Nordin NI, Subramaniam T. Ginger species and
their traditional uses in modern applications. Journal of
Industrial Technology. 2015;23(1):59-70. doi: 10.21908/
jit.2015.4.

8. Jafarzadeh A, Nemati M. Therapeutic potentials of ginger
for treatment of multiple sclerosis: A review with emphasis
on its immunomodulatory, anti-inflammatory and anti-
oxidative properties. ] Neuroimmunol. 2018;324:54-75. doi:
10.1016/j.jneuroim.2018.09.003.

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026 ~ 415


http://www.herbmedpharmacol.com

Nguyen and Ton

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Nikkhah Bodagh M, Maleki I, Hekmatdoost A. Ginger in
gastrointestinal disorders: A systematic review of clinical
trials. Food Sci Nutr. 2018;7(1):96-108. doi: 10.1002/
fsn3.807.

Mao QQ, Xu XY, Cao SY, Gan RY, Corke H, Beta T, Li HB.
Bioactive compounds and bioactivities of ginger (Zingiber
officinale Roscoe). Foods. 2019;8(6):185. doi: 10.3390/
foods8060185.

Ali BH, Blunden G, Tanira MO, Nemmar A. Some
phytochemical, pharmacological and toxicological
properties of ginger (Zingiber officinale Roscoe): A review
of recent research. Food Chem Toxicol. 2008;46(2):409—
420. doi: 10.1016/.fct.2007.09.085.

Baliga MS, Haniadka R, Pereira MM, D’Souza JJ, Pallaty PL,
Bhat HP, Popuri S. Update on the chemopreventive effects
of ginger and its phytochemicals. Crit Rev Food Sci Nutr.
2011;51(6):499-523. doi: 10.1080/10408391003698669.
Seran TH. In vitro propagation of ginger (Zingiber officinale
Rosc.) through direct organogenesis: A review. Pak ] Biol Sci.
2013;16(24):1826-1835.d0i:10.3923/pjbs.2013.1826.1835.
Verma R, Bisen PS. Ginger—A potential source of
therapeutic and pharmaceutical compounds. ] Food Bioact.
2022;18:67-76. doi: 10.31665/JFB.2022.18309.
Chrubasik S, Pittler MH, Roufogalis BD. Zingiberis
rhizoma: a comprehensive review on the ginger effect and
efficacy profiles. Phytomedicine. 2005;12(9):684-701. doi:
10.1016/j.phymed.2004.07.009.

Ghayur MN, Gilani AH, Afridi MB, Houghton PJ.
Cardiovascular effects of ginger aqueous extract and its
phenolic constituents are mediated through multiple
pathways. Vascul Pharmacol. 2005;43(4):234-241. doi:
10.1016/j.vph.2005.07.003.

Kubra IR, Rao LJ. An impression on current developments
in the technology, chemistry, and biological activities of
ginger (Zingiber officinale Roscoe). Crit Rev Food Sci Nutr.
2012;52(8):651-688. doi: 10.1080/10408398.2010.505689.
Prasad S, Tyagi AK. Ginger and its constituents: role
in prevention and treatment of gastrointestinal cancer.
Gastroenterol ~ Res  Pract.  2015;2015:142979.  doi:
10.1155/2015/142979.

Ghasemzadeh A, Jaafar HZ, Rahmat A. Changes
in antioxidant and antibacterial activities as well as
phytochemical constituents associated with ginger storage
and polyphenol oxidase activity. BMC Complement Altern
Med. 2016;16(1):382. doi: 10.1186/s12906-016-1352-1.
Bode AM, Ma WY, Surh YJ, Dong Z. Inhibition of
epidermal growth factor-induced cell transformation and
activator protein 1 activation by [6]-gingerol. Cancer Res.
2001;61(3):850-853.

Surh Y], Cancer chemoprevention with dietary
phytochemicals. Nat Rev Cancer. 2003;3(10):768-780. doi:
10.1038/nrc1189.

Yang G, Zhong L, Jiang L, Geng C, Cao J, Sun X, Ma Y.
Genotoxic effect of 6-gingerol on human hepatoma G2
cells. Chem Biol Interact. 2010;185(1):12-17. doi: 10.1016/].
cbi.2010.02.017.

de Lima RMT, Dos Reis AC, de Menezes APM, Santos JVO,
Filho JWGQO, Ferreira JRO, et al. Protective and therapeutic
potential of ginger (Zingiber officinale) extract and
[6]-gingerol in cancer: A comprehensive review. Phytother
Res. 2018;32(10):1885-1907. doi: 10.1002/ptr.6134.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Manjunathan T, Guru A, Arokiaraj J, Gopinath P. 6-Gingerol
and semisynthetic 6-gingerdione counteract oxidative
stress induced by ROS in zebrafish. Chem Biodivers.
2021;18(12):2100650. doi: 10.1002/cbdv.202100650.
Zhao M, Yao Y, Du J, Kong L, Zhao T, Wu D, et al
6-Gingerol alleviates neonatal hypoxic-ischemic cerebral
and white matter injury and contributes to functional
recovery. Front Pharmacol. 2021;12:707772. doi: 10.3389/
fphar.2021.707772.

Adetuyi BO, Farombi EO. 6-Gingerol, an active constituent
of ginger, attenuates lipopolysaccharide-induced oxidation,
inflammation, cognitive deficits, neuroplasticity, and
amyloidogenesis in rat. ] Food Biochem. 2021;45(4):e13660.
doi: 10.1111/jtbc.13660.

Gonzalez-Gonzalez M, Yerena-Prieto BJ, Carrera C,
Vazquez-Espinosa M, Gonzélez-de-Peredo AV, Garcia-
Alvarado MA, et al. Determination of gingerols and
shogaols content from ginger (Zingiber officinale Rosc.)
through  microwave-assisted ~ extraction. ~Agronomy.
2023;13(9):2288.  doi:  10.3390/agronomy13092288.
Samota MK, Rawat M, Kaur M, Garg D. Gingerol: extraction
methods, health implications, bioavailability and signaling
pathways. Sustain Food Technol. 2024;2(6):1652-1669. doi:
10.1039/d4fb00135d.

Amouee M, Montazeri S, Zadeh RA, Ghorbani M. The
Effect of Ginger Capsule on Nausea and Vomiting during
and after Caesarean Section under Spinal Anesthesia. Int J
Clin Med. 2016;7(1):106-112. doi: 10.4236/ijcm.2016.71011.
Salari Z, Khosravi A, Pourkhandani E, Molaakbari E,
Salarkia E, Keyhani A, et al. The inhibitory effect of
6-gingerol and cisplatin on ovarian cancer and antitumor
activity: In silico, in vitro, and in vivo. Front Oncol.
2023;13:1098429.  doi:  10.3389/fonc.2023.1098429.
Jiang SZ, Wang NS, Mi SQ. Plasma pharmacokinetics and
tissue distribution of [6]-gingerol in rats. Biopharm Drug
Dispos. 2008;29(9):529-537. doi: 10.1002/bdd.638.

Xu Y, Wang QL, Feng YS, Firempong CS, Zhu Y,
Omari-Siaw E, et al. Enhanced oral bioavailability of
[6]-gingerol-SMEDDS: Preparation, in vitro and in vivo
evaluation. ] Funct Foods. 2016;27:703-710. doi: 10.1016/j.
jf£.2016.10.007.

Wang Q, Wei Q, Yang Q, Cao X, Li Q, Shi E et al. A novel
formulation of [6]-gingerol: Proliposomes with enhanced
oral bioavailability and antitumor effect. Int J Pharm.
2018;535(1-2):308-315. doi: 10.1016/j.ijpharm.2017.11.006.
Wei Q, Yang Q, Wang Q, Sun C, Zhu Y, Niu Y, et al.
Formulation, characterization, and pharmacokinetic
studies of 6-gingerol-loaded nanostructured lipid carriers.
AAPS PharmSciTech. 2018;19(8):3661-3669. doi: 10.1208/
§12249-018-1165-2.

Vichakshana GAD, Young DJ, Choo WS. Extraction,
purification, food applications, and recent advances for
enhancing the bioavailability of 6-gingerol from ginger: A
review. Qual Assur Saf Crops Foods. 2022;14(4):67-83. doi:
10.15586/qas.v14i4.1043.

Mazyed EA, Badria FA, ElNaggar MH, El-Masry SM,
Helmy SA. Development of cyclodextrin-functionalized
transethoniosomes of 6-gingerol: Statistical optimization,
in vitro characterization and assessment of cytotoxic and
anti-inflammatory effects. Pharmaceutics. 2022;14(6):1170.
doi: 10.3390/pharmaceutics14061170.

416

Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Arcusa R, Villaho D, Marhuenda J, Cano M, Cerda B,
Zafrilla P. Potential role of ginger (Zingiber officinale
Roscoe) in the prevention of neurodegenerative diseases.
Front Nutr. 2022;9:809621. doi: 10.3389/fnut.2022.809621.
Gangavarapu A, Tapia-Lopez LV, Sarkar B, Pena-
Zacarias J, Badruddoza AZM, Nurunnabi M. Lipid
nanoparticles for enhancing oral bioavailability. Nanoscale.
2024;16(39):18319-18338.  doi:  10.1039/d4nr01487a.
Chauhan D, Yadav PK, Sultana N, Agarwal A, Verma
S, Chourasia MK, Gayen JR. Advancements in
nanotechnology for the delivery of phytochemicals. J Integr
Med. 2024;22(4):385-398. doi: 10.1016/j.joim.2024.04.005.
Rahat I, Yadav P, Singhal A, Fareed M, Purushothaman
JR, Aslam M, et al. Polymer lipid hybrid nanoparticles for
phytochemical delivery: challenges, progress, and future
prospects. Beilstein ] Nanotechnol. 2024;15:1473-1497. doi:
10.3762/bjnano.15.118.

Kaneta H, Nakasa T, Yimiti D, Moriwaki D, Kawasaki R,
Ogura T, et al. Oral ginger-derived extracellular vesicles
ameliorate arthritis via anti-inflammatory actions of
microRNA-149 and 6-gingerol. Mol Ther Nucleic Acids.
2026;37(1):102840. doi: 10.1016/j.omtn.2026.102840.
Grzanna R, Lindmark L, Frondoza CG. Ginger--an herbal
medicinal product with broad anti-inflammatory actions. J
Med Food. 2005;8(2):125-132. doi: 10.1089/jmf.2005.8.125.
Lantz RC, Chen GJ, Sarihan M, Soélyom AM, Jolad
SD, Timmermann BN. The effect of extracts from
ginger rhizome on inflaimmatory mediator production.
Phytomedicine. 2007;14(2-3):123-128. doi: 10.1016/j.
phymed.2006.03.003.

Aktan F, Henness S, Tran VH, Duke CC, Roufogalis BD,
Ammit AJ. Gingerol metabolite and a synthetic analogue
Capsarol  inhibit macrophage NF-kappaB-mediated
iNOS gene expression and enzyme activity. Planta Med.
2006;72(8):727-734. doi: 10.1055/5-2006-931588.
Kawamoto Y, Ueno Y, Nakahashi E, Obayashi M, Sugihara
K, Qiao S, et al. Prevention of allergic rhinitis by ginger and
the molecular basis of immunosuppression by 6-gingerol
through T cell inactivation. ] Nutr Biochem. 2016;27:112-
122. doi: 10.1016/j.jnutbio.2015.08.025.

Wang S, Zhang C, Yang G, Yang Y. Biological properties
of 6-gingerol: A brief review. Nat Prod Commun.
2014;9(7):1027-1030. doi: 10.1177/1934578X1400900736.
Zahoor A, Yang C, Yang Y, Guo Y, Zhang T, Jiang K, et al.
6-Gingerol exerts anti-inflammatory effects and protective
properties on LTA-induced mastitis. Phytomedicine.
2020;76:153248. doi: 10.1016/j.phymed.2020.153248.
Young HY, Luo YL, Cheng HY, Hsieh WC, Liao ]C,
Peng WH. Analgesic and anti-inflammatory activities of
[6]-gingerol. ] Ethnopharmacol. 2005;96(1-2):207-210. doi:
10.1016/j.jep.2004.09.009.

Tripathi S, Maier KG, Bruch D, Kittur DS. Effect of
6-gingerol on pro-inflammatory cytokine production and
costimulatory molecule expression in murine peritoneal
macrophages. ] Surg Res. 2007;138(2):209-213. doi:
10.1016/j.jss.2006.07.051.

Lee TY, Lee KC, Chen SY, Chang HH. 6-Gingerol inhibits
ROS and iNOS through the suppression of PKC-alpha and
NF-kappaB pathways in lipopolysaccharide-stimulated
mouse macrophages. Biochem Biophys Res Commun.
2009;382(1):134-139. doi: 10.1016/j.bbrc.2009.02.160.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

[6]-Gingerol in musculoskeletal diseases

Yu Q Li J, Cui M, Mei C, He Q, Du X. 6-Gingerol
attenuates hepatic ischemia/reperfusion injury through
regulating MKP5-mediated P38/JNK pathway. Sci Rep.
2024;14(1):7747.  doi:  10.1038/s41598-024-58392-1.
Al Hroob AM, Abukhalil MH, Alghonmeen RD, Mahmoud
AM. Ginger alleviates hyperglycemia-induced oxidative
stress, inflammation and apoptosis and protects rats
against diabetic nephropathy. Biomed Pharmacother.
2018;106:381-389. doi: 10.1016/j.biopha.2018.06.148.
Sheikhhossein F, Borazjani M, Jafari A, Askari M, Vataniyan
E, Gholami E, Amini MR. Effects of ginger supplementation
on biomarkers of oxidative stress: A systematic review and
meta-analysis of randomized controlled trials. Clin Nutr
ESPEN. 2021;45:111-119. doi: 10.1016/j.clnesp.2021.07.010.
Sies H. Hydrogen peroxide as a central redox signaling
molecule in physiological oxidative stress: Oxidative
eustress. Redox Biol. 2017;11:613-619. doi: 10.1016/j.
redox.2016.12.035.

Yamamoto M, Kensler TW, Motohashi H. The KEAP1-
NRF2 system: a thiol-based sensor-effector apparatus
for maintaining redox homeostasis. Physiol Rev.
2018;98(3):1169-1203. doi: 10.1152/physrev.00023.2017.
Tonelli C, Chio IIC, Tuveson DA. Transcriptional regulation
by Nrf2. Antioxid Redox Signal. 2018;29(17):1727-1745.
doi: 10.1089/ars.2017.7342.

Kuhad A, Tirkey N, Pilkhwal S, Chopra K. 6-Gingerol
cisplatin-induced acute renal failure in
2006;26(3):189-200. doi:  10.1002/

prevents
rats.  Biofactors.
biof.5520260304.
Yang G, Zhong L, Jiang L, Geng C, Cao J, Sun X, et al.
6-Gingerol prevents patulin-induced genotoxicity in
HepG2 cells. Phytother Res. 2011;25(10):1480-1485. doi:
10.1002/ptr.3446.

Ganjikunta VS, Maddula RR, Bhasha S, Sahukari R,
Kondeti Ramudu S, Chenji V, et al. Cardioprotective effects
of 6-gingerol against alcohol-induced ROS-mediated tissue
injury and apoptosis in rats. Molecules. 2022;27(23):8606.
doi:  10.3390/molecules27238606.

Ma Q. Role of Nrf2 in oxidative stress and toxicity. Annu
Rev Pharmacol Toxicol. 2013;53:401-426. doi: 10.1146/
annurev-pharmtox-011112-140320.

He F, Ru X, Wen T. NRF2, a transcription factor for stress
response and beyond. Int ] Mol Sci. 2020;21(13):4777. doi:
10.3390/ijms21134777.

Yang KG, Lu YQ, Yue ZG, Jin §J, Wang P, Liu CQ, et
al. 6-Gingerol activates the Nrf2 signaling pathway to
alleviate hydrogen peroxide induced oxidative stress on
primary chicken embryo hepatocytes. ] Funct Foods.
2024;122:106535.  doi:  10.1016/j.jff.2024.106535.
Mclnnes IB, Schett G. The pathogenesis of rheumatoid
arthritis. N Engl J Med. 2011;365(23):2205-2219. doi:
10.1056/NEJMral004965.

Robinson WH, Lepus CM, Wang Q, Raghu H, Mao R,
Lindstrom TM, Sokolove ]. Low-grade inflammation
as a key mediator of the pathogenesis of osteoarthritis.
Nat Rev Rheumatol. 2016;12(10):580-592. doi: 10.1038/
nrrheum.2016.136.

Franceschi C, Garagnani P, Parini P, Giuliani C, Santoro
A. Inflammaging: a new immune-metabolic viewpoint for
age-related diseases. Nat Rev Endocrinol. 2018;14(10):576-
590. doi: 10.1038/s41574-018-0059-4.

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026 417


http://www.herbmedpharmacol.com

Nguyen and Ton

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Gallo ], Raska M, Kriegova E, Goodman SB. Inflammation
and its resolution and the musculoskeletal system. ] Orthop
Translat. 2017;10:52-67. doi: 10.1016/j.jot.2017.05.007.
Cesari M, Penninx BW, Pahor M, Lauretani E, Corsi AM,
Rhys Williams G, et al. Inflammatory markers and physical
performance in older persons: The InCHIANTI study.
] Gerontol A Biol Sci Med Sci. 2004;59(3):242-248. doi:
10.1093/gerona/59.3.m242.

Lopez-Otin C, Blasco MA, Partridge L, Serrano M,
Kroemer G. Hallmarks of aging: An expanding universe.
Cell. 2023;186(2):243-278. doi: 10.1016/j.cell.2022.11.001.
Okamoto K, Nakashima T, Shinohara M, Negishi-Koga T,
Komatsu N, Terashima A, et al. Osteoimmunology: The
conceptual framework unifying the immune and skeletal
systems. Physiol Rev. 2017;97(4):1295-1349. doi: 10.1152/
physrev.00036.2016.

Walsh MC, Takegahara N, Kim H, Choi Y. Updating
osteoimmunology: regulation of bone cells by innate and
adaptive immunity. Nat Rev Rheumatol. 2018;14(3):146-
156. doi: 10.1038/nrrheum.2017.213.

Yao Y, Cai X, Chen Y, Zhang M, Zheng C. Estrogen
deficiency-mediated osteoimmunity in postmenopausal
osteoporosis. Med Res Rev. 2025;45(2):561-575. doi:
10.1002/med.22081.

Mi B, Xiong Y, Knoedler S, Alfertshofer M, Panayi AC,
Wang H, et al. Ageing-related bone and immunity changes:
insights into the complex interplay between the skeleton
and the immune system. Bone Res. 2024;12(1):42. doi:
10.1038/541413-024-00346-4.

Xu ], Yu L, Liu E Wan L, Deng Z. The effect of cytokines
on osteoblasts and osteoclasts in bone remodeling in
osteoporosis: A review. Front Immunol. 2023;14:1222129.
doi:  10.3389/fimmu.2023.1222129.

Sobacchi C, Menale C, Crisafulli L, Ficara E Role of RANKL
signaling in bone homeostasis. Physiology (Bethesda).
2025;40(1):46-66. doi: 10.1152/physiol.00031.2024.
Compston JE, McClung MR, Leslie WD. Osteoporosis.
Lancet. 2019;393(10169):364-376. doi: 10.1016/S0140-
6736(18)32112-3.

Firestein GS. Evolving concepts of rheumatoid arthritis.
Nature. 2003;423(6937):356-361. doi: 10.1038/nature01661.
Nygaard G, Firestein GS. Restoring synovial homeostasis
in rheumatoid arthritis by targeting fibroblast-like
synoviocytes. Nat Rev Rheumatol. 2020;16(6):316-333. doi:
10.1038/s41584-020-0413-5.

Schett G, Rahman P, Ritchlin C, McInnes IB, Elewaut D,
Scher JU. Psoriatic arthritis from a mechanistic perspective.
Nat Rev Rheumatol. 2022;18(6):311-325. doi: 10.1038/
s41584-022-00776-6.

Boyle WJ, Simonet WS, Lacey DL. Osteoclast differentiation
and activation. Nature. 2003;423(6937):337-342. doi:
10.1038/nature01658.

Tak PP, Firestein GS. NF-kappaB: a key role in inflammatory
diseases. J Clin Invest. 2001;107(1):7-11. doi: 10.1172/
JCI11830.

Schieber M, Chandel NS. ROS function in redox signaling
and oxidative stress. Curr Biol. 2014;24(10):R453-462. doi:
10.1016/j.cub.2014.03.034.

Cuadrado A, Rojo AI, Wells G, Hayes JD, Cousin SP,
Rumsey WL, et al. Therapeutic targeting of the NRF2 and
KEAP1 partnership in chronic diseases. Nat Rev Drug

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

Discov. 2019;18(4):295-317. doi:
0008-x.

Bellezza I, Giambanco I, Minelli A, Donato R. Nrf2-Keap1
signaling in oxidative and reductive stress. Biochim Biophys
Acta Mol Cell Res. 2018;1865(5):721-733. doi: 10.1016/j.
bbamcr.2018.02.010.

Sies H, Mailloux RJ, Jakob U. Fundamentals of redox
regulation in biology. Nat Rev Mol Cell Biol. 2024;25(9):701-
719. doi: 10.1038/s41580-024-00730-2.

Sies H, Jones DP. Reactive oxygen species (ROS) as
pleiotropic physiological signalling agents. Nat Rev Mol
Cell Biol. 2020;21(7):363-383. doi: 10.1038/s41580-020-
0230-3.

Sies H. Oxidative stress: Concept and some practical
aspects. Antioxidants (Basel). 2020;9(9):852. doi: 10.3390/
antiox9090852.

Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB.
Oxidative stress, inflammation, and cancer: how are they
linked? Free Radic Biol Med. 2010;49(11):1603-1616. doi:
10.1016/j.freeradbiomed.2010.09.006.

Lepetsos P, Papavassiliou AG. ROS/oxidative stress signaling
in osteoarthritis. Biochim Biophys Acta. 2016;1862(4):576-
591.doi: 10.1016/j.bbadis.2016.01.003.

Sheng W, Yue Y, Qi T, Qin H, Liu P, Wang D, Zeng H. The
multifaceted protective role of nuclear factor erythroid
2-related factor 2 in osteoarthritis: Regulation of oxidative
stress and inflammation. J Inflamm Res. 2024;17:6619-
6633. doi: 10.2147/JIR.S479186.

Zhang X, Li H, Chen L, Wu Y, Li Y. NRF2 in age-
related musculoskeletal diseases: Role and treatment
prospects. Genes Dis. 2023;11(6):101180. doi: 10.1016/j.
gendis.2023.101180.

Taylor EL, Collins JA, Gopalakrishnan P, Chubinskaya S,
Loeser RE. Ageand oxidative stress regulate Nrf2 homeostasis
in human articular chondrocytes. Osteoarthritis Cartilage.
2023;31(9):1214-1223. doi: 10.1016/j.joca.2023.05.004.

Li W, Tao C, Mao M, Zhu K. The Nrf2/HMGB1/NF-xB
axis modulates chondrocyte apoptosis and extracellular
matrix degradation in osteoarthritis. Acta Biochim
Biophys Sin (Shanghai). 2023;55(5):818-830. doi: 10.3724/
abbs.2023078.

Zhang P, Jin Y, Xia W, Wang X, Zhou Z. Phillygenin inhibits
inflammation in chondrocytes via the Nrf2/NF-kB axis
and ameliorates osteoarthritis in mice. ] Orthop Translat.
2023;41:1-11. doi: 10.1016/j.jot.2023.03.002.

Phull AR, Nasir B, Haq IU, Kim S§J. Oxidative stress,
consequences and ROS mediated cellular signaling in
rheumatoid arthritis. Chem Biol Interact. 2018;281:121-
136. doi: 10.1016/j.cbi.2017.12.024.

Mateen S, Moin S, Khan AQ, Zafar A, Fatima N. Increased
reactive oxygen species formation and oxidative stress in
rheumatoid arthritis. PLoS One. 2016;11(4):e0152925. doi:
10.1371/journal.pone.0152925.

Datta S, Kundu S, Ghosh P, De S, Ghosh A, Chatterjee M.
Correlation of oxidant status with oxidative tissue damage
in patients with rheumatoid arthritis. Clin Rheumatol.
2014;33(11):1557-1564. doi: 10.1007/s10067-014-2597-z.
Wruck CJ, Fragoulis A, Gurzynski A, Brandenburg
LO, Kan YW, Chan K, et al. Role of oxidative stress in
rheumatoid arthritis: insights from the Nrf2-knockout
mice. Ann Rheum Dis. 2011;70(5):844-850. doi: 10.1136/

10.1038/s41573-018-

418

Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026

http://www.herbmedpharmacol.com


http://www.herbmedpharmacol.com

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

ard.2010.132720.

Maicas N, Ferrandiz ML, Brines R, Ibafiez L, Cuadrado
A, Koenders MI, et al. Deficiency of Nrf2 accelerates the
effector phase of arthritis and aggravates joint disease.
Antioxid Redox Signal. 2011;15(4):889-901. doi: 10.1089/
ars.2010.3835.

Farr JN, Khosla S. Cellular senescence in bone. Bone.
2019;121:121-133.  doi:  10.1016/j.bone.2019.01.015.
Domazetovic V, Marcucci G, lantomasi T, Brandi ML,
Vincenzini MT. Oxidative stress in bone remodeling:
role of antioxidants. Clin Cases Miner Bone Metab.
2017;14(2):209-216. doi: 10.11138/ccmbm/2017.14.1.209.
Atashi F, Modarressi A, Pepper MS. The role of reactive
oxygen species in mesenchymal stem cell adipogenic
and osteogenic differentiation: A review. Stem Cells Dev.
2015;24(10):1150-1163. doi: 10.1089/scd.2014.0484.
Lean]M, Davies ] T, Fuller K, Jagger CJ, Kirstein B, Partington
GA, et al. A crucial role for thiol antioxidants in estrogen-
deficiency bone loss. J Clin Invest. 2003;112(6):915-923.
doi: 10.1172/JCI18859.

Sun YX, Xu AH, Yang Y, Li J. Role of Nrf2 in bone
metabolism. ] Biomed Sci. 2015;22:101. doi: 10.1186/
§12929-015-0212-5.

Kanzaki H, Shinohara F, Kajiya M, Kodama T. The Keapl/
Nrf2 protein axis plays a role in osteoclast differentiation by
regulating intracellular reactive oxygen species signaling.
J Biol Chem. 2013;288(32):23009-23020. doi: 10.1074/jbc.
M113.478545.

Lee NK, Choi YG, Baik JY, Han SY, Jeong DW, Bae SY, et
al. A crucial role for reactive oxygen species in RANKL-
induced osteoclast differentiation. Blood. 2005;106(3):852-
859. doi: 10.1182/blood-2004-09-3662.

Rana T, Schultz MA, Freeman ML, Biswas S. Loss
of Nrf2

accelerates  ionizing  radiation-induced
bone loss by wupregulating RANKL. Free Radic
Biol Med. 2012;53(12):2298-2307. doi: 10.1016/j.

freeradbiomed.2012.10.536.

Hyeon S, Lee H, Yang Y, Jeong W. Nrf2 deficiency induces
oxidative stress and promotes RANKL-induced osteoclast
differentiation. Free Radic Biol Med. 2013;65:789-799. doi:
10.1016/j.freeradbiomed.2013.08.005.

Kin-Hoo Koo K, Chinoy H, Creaney L, Hayton M.
Inflammatory arthropathy in the elite sports athlete.
Curr Sports Med Rep. 2021;20(11):577-583. doi: 10.1249/
JSR.0000000000000903.

Kloppenburg M, Namane M, Cicuttini F Osteoarthritis.
Lancet. 2025;405(10472):71-85. doi:  10.1016/S0140-
6736(24)02322-5.

Aryaeian N, Djalali M, Shahram F, Djazayery A, Eshragian
MR. Effect of conjugated linoleic acid, vitamin E, alone
or combined on immunity and inflammatory parameters
in adults with active rheumatoid arthritis: a randomized
controlled trial. Int J Prev Med. 2014;5(12):1567-1577.
Guo Q, Wang Y, Xu D, Nossent J, Pavlos NJ, Xu J.
Rheumatoid arthritis:

pathological mechanisms and

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

[6]-Gingerol in musculoskeletal diseases

modern pharmacologic therapies. Bone Res. 2018;6:15. doi:
10.1038/s41413-018-0016-9.

Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A,
Sepriano A, Aletaha D, et al. EULAR recommendations for
the management of rheumatoid arthritis with synthetic and
biological disease-modifying antirheumatic drugs: 2022
update. Ann Rheum Dis. 2023;82(1):3-18. doi: 10.1136/
ard-2022-223356.

Bruyere O, Honvo G, Veronese N, Arden NK, Branco J,
Curtis EM, et al. An updated algorithm recommendation
for the management of knee osteoarthritis from the
European Society for Clinical and Economic Aspects of
Osteoporosis, Osteoarthritis and Musculoskeletal Diseases
(ESCEO). Semin Arthritis Rheum. 2019;49(3):337-350.
doi:  10.1016/j.semarthrit.2019.04.008.

Firestein GS, Mclnnes IB. Immunopathogenesis of
rheumatoid arthritis. Immunity. 2017;46(2):183-196. doi:
10.1016/j.immuni.2017.02.006.

Chando A, Basudkar V, Gharat S, Momin M, Khan T.
Development and preclinical assessment of nanoemulgel
loaded with phytoconstituents for the management of
rheumatoid arthritis. Drug Deliv Transl Res. 2024;14(2):524-
541. doi: 10.1007/s13346-023-01416-6.

Yao X, Wang Q, Yuan X, Luo E Ling Y, Chen C, Ma W.
Anti-inflammatory effects of 6-gingerol on arthritis in
rats by inhibition of the NF-kB TABI1 signaling pathway.
Inflammopharmacology.  2025;33(9):5599-5619.  doi:
10.1007/s10787-025-01920-w.

Abusarah ], Benabdoune H, Shi Q, Lussier B, Martel-
Pelletier J, Malo M, et al. Elucidating the role of Protandim
and 6-gingerol in protection against osteoarthritis. J Cell
Biochem. 2017;118(5):1003-1013. doi: 10.1002/jcb.25659.
Wang L, Li Y, Gu J, Xiao L, Wang J. Knowledge, awareness
and perception towards osteoporosis risk in China: A
systematic review. Iran J Public Health. 2024;53(5):1009-
1020. doi: 10.18502/ijph.v53i5.15581.

Salari N, Ghasemi H, Mohammadi L, Behzadi MH,
Rabieenia E, Shohaimi S, Mohammadi M. The global
prevalence of osteoporosis in the world: a comprehensive
systematic review and meta-analysis. ] Orthop Surg Res.
2021;16(1):609. doi: 10.1186/s13018-021-02772-0.
Rachner TD, Khosla S, Hofbauer LC. Osteoporosis: now
and the future. Lancet. 2011;377(9773):1276-1287. doi:
10.1016/S0140-6736(10)62349-5.

Black DM, Rosen CJ. Clinical practice. Postmenopausal
osteoporosis. N Engl ] Med. 2016;374(3):254-262. doi:
10.1056/NEJMcp1513724.

Hwang YH, Kim T, Kim R, Ha H. The natural product
6-gingerol inhibits inflammation-associated osteoclast
differentiation via reduction of prostaglandin E, levels. Int
Mol Sci. 2018;19(7):2068. doi: 10.3390/ijms19072068.
Fan JZ, Yang X, Bi ZG. The effects of 6-gingerol on
proliferation, differentiation, and maturation of osteoblast-
like MG-63 cells. Braz ] Med Biol Res. 2015;48(7):637-643.
doi: 10.1590/1414-431X20154494.

Copyright © 2026 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

http://www.herbmedpharmacol.com

Journal of Herbmed Pharmacology, Volume 15, Number 4, October 2026 419


http://www.herbmedpharmacol.com
http://creativecommons.org/licenses/by/4.0

