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Astragalus membranaceus extract
reduces functional knee joint
pain: a randomized, double-
blinded, placebo-controlled trial
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Introduction: Concerns regarding the side effects of pharmacotherapy in the
management of joint pain have led to increased interest in dietary supplements.
Astragalus membranaceus root extract (AME) has been proposed as an
alternative approach to relieving knee joint pain. The present study evaluated the
efficacy and safety of a standardized AME in patients with functional knee joint pain.
Methods: A double-blind, randomized controlled trial was conducted with 90
adults (18-60 years of age) from Rajalakshmi Hospital and Research Center,
Karnataka, India. Participants were randomly assigned to receive either 480 mg of
AME (n =45) or placebo (n=45) for 28 days. The primary outcome was knee
pain reduction, which was assessed using a visual analog scale (VAS) after a 6-
min walk test. Secondary outcomes included the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC), Stair Climb Test (SCT), knee range of
motion (ROM), and treatment compliance, evaluated at baseline and at follow-up
on days 5, 14, and 28. Patient satisfaction and safety were also assessed.

Results: The AME group exhibited a significant 30% reduction in knee pain (p <
0.0001), with mean VAS scores dropping from 6.7 + 0.5 to 1.2 + 0.6. Significant
improvements were observed in the WOMAC, SCT score, and ROM (p<
0.0001). Patient satisfaction was higher in the active-treatment group, and no
serious adverse events were reported.

Discussion: AME was a safe and effective alternative for the management of
knee joint pain and merits further longer-term investigation.

Clinical Trial Registration: https://ctrinic.in/Clinicaltrials/pmaindet2.php?
EncHid=OTE3MTU=&Enc=&userName=, identifier CTRI/2023/09/057317.

KEYWORDS

joint pain, knee, Astragalus membranaceus, dietary supplements, phytotherapy,
rehabilitation

1 Introduction

Joint issues represent highly prevalent conditions affecting 35 million individuals
worldwide, with significant implications for activities of daily living (ADL) and health-
related quality of life (1-3). While it often manifests in individuals with underlying
conditions, knee pain may also be related to biomechanical imbalances, muscular
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weakness, overuse activities, or lifestyle factors such as sedentary
behavior (4-7). Furthermore, knee pain may significantly affect
physical functioning and mobility, with negative implications for
overall well-being (8).

Traditional approaches to the management of knee pain have
mainly focused on symptoms, and include pharmacological and
Nonsteroidal
inflammatory drugs (NSAIDs) are first-line therapies for pain relief.

non-pharmacological  interventions  (9). anti-

However, the prolonged use of NSAIDs or analgesics is associated

with a high risk for potential adverse effects, including
gastrointestinal ~ complaints and cartilage damage (10).
Consequently, the potential side effects associated with

pharmacotherapy underscore the need for alternative strategies that
offer effective symptom relief without affecting long-term health (11).

Dietary supplements have emerged as promising adjunctive
therapies for managing knee issues in healthy individuals,
offering a natural—and, potentially, safer—alternative to
conventional medications (12). Several nutraceuticals have been
proposed  to health,

glucosamine sulfate, chondroitin, omega-3 fatty acids, vitamin D,

improve joint including  collagen,
probiotics, curcumin, Boswellia, and other botanical extracts (13-
). These supplements often contain ingredients with anti-
inflammatory, antioxidant, and cartilage-supporting properties,
which offer natural alternatives to conventional medications (16).
In this context, astragalus extract derived from the roots of
Astragalus membranaceus (Fisc.) Bunge (Fabaceae) is widely used
(TCM) Dbecause of its
multifaceted health benefits and high safety profile (17). Recently

included in the European Pharmacopoeia, A. membranaceus root

in Traditional Chinese Medicine

extract(s) (AME) has demonstrated various biological functions,
including immunomodulatory and hepatoprotective effects (18-
). Interestingly, the primary active components of AME
include flavonoids, saponins, and polysaccharides, which exhibit
anti-inflammatory and anti-arthritic properties (17, 21).

The bioactive components of A. membranaceus, such as
flavonoids, polysaccharides, and saponins [particularly astragaloside
(AST) 1IV], have multifaceted effects on the oxidative and
inflammatory pathways linked to joint degeneration (22). By
blocking the activation of nuclear factor-kappa B (NF-xB), AST IV
has been demonstrated to downregulate the expression of
important pro-inflammatory cytokines, including tumor necrosis
factor-alpha (TNF-0), interleukin (IL)-1 beta (IL-1B), and IL-6 (23).
Inhibition of NF-xB signaling may reduce cartilage matrix
degradation, chondrocyte apoptosis, and synovial inflammation (23).

In parallel, Astragalus polysaccharides have demonstrated
activity by
and macrophage polarization, thereby creating an overall anti-

immunomodulatory regulating T-cell responses
inflammatory environment (24). Furthermore, these polysaccharides
have been linked to the inhibition of matrix metalloproteinases
(MMP-1, MMP-3, and MMP-13), which mediate the breakdown of
collagen and proteoglycans in articular cartilage (25) and helps to
maintain the integrity of the extracellular matrix.

The enhancement of the endogenous defense system is one way in
which A. membranaceus exerts its antioxidant potential. Its
phytochemical components have been shown to specifically

upregulate antioxidant enzymes, such as glutathione peroxidase,
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catalase, and superoxide dismutase (26). An important pathological

characteristic of both inflammatory and degenerative joint
conditions is the oxidative stress-induced damage to chondrocytes
and synovial tissues, which can be mitigated by neutralizing reactive
oxygen species (ROS).

These mechanisms suggest that AME synergistically modulates
immune, oxidative, and catabolic pathways to produce
chondroprotective and anti-inflammatory effects, offering a tenable
biological justification for its use in the treatment of joint disorders (27).

Interestingly, Maresca et al. (17) assessed the effects of
hydroalcoholic extract administration on joint pain in rats and
reported significant benefits in terms of pain severity. Although this
preclinical evidence supports the efficacy of AME supplementation
in the management of joint health, to the best of our knowledge, its
effects on human joint health have not been widely explored to
date. Moreover, although AME supplementation has been studied
in other clinical conditions, including cancers and cardiac and
metabolic disorders ( ), its impact on patients with knee pain
remains unclear and, moreover, no randomized controlled trial
addressing this topic is currently available.

As such, the present randomized, double-blinded, placebo-
controlled trial aimed to assess the effects of the standardized
hydroalcoholic extract obtained from A. membranaceus root
(Axtragyl, Giellepi S.p.A., Milan, Italy) on pain severity, joint
function, and mobility, as well as safety among individuals

affected by functional knee pain.

2.1 Participants

This double-blind, randomized, placebo-controlled trial
adhered to the CONSORT guidelines (31), and the study
protocol was registered with the Clinical Trial Registry of India
(CTRI/2023/09/057317).

A consecutive series of patients referred to the Rajalakshmi
Hospital and Research Center of Karnataka, India, were assessed.
The inclusion criteria were as follows: 18-60 years of age;
functional knee joint pain (not linked to acute injury or chronic
disease); pain intensity during activities, such as ADL and/or
low-intensity physical activity, between moderate and severe
[visual analog scale (VAS) 4-7]; body mass index (BMI) <27 kg/
m% no abnormalities on electrocardiographic screening; no
abnormalities on creatine kinase screening; and informed written
consent to adhere to the study protocol.

The exclusion criteria were as follows: use of other herbal
supplements, anti-inflammatory, or analgesic drugs during the
study period, potentially interfering with the investigational
product and study outcomes; occurrence of soft tissue injuries in
the upper or lower limbs; severe medical or psychological
conditions, chronic inflammation, or infections; joint surgery
within the previous 3 months; pregnancy, lactation, or lack of
effective contraceptive methods among females of childbearing
potential; and participation in another clinical study within 30
days before the start of this study.
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The trial protocol was approved by the Institutional Review Board
and adhered to the principles of the Declaration of Helsinki (32) and
relevant national and international regulatory requirements. Written
and oral information regarding the study procedures was provided to
all participants. Before the screening evaluation, each participant was
informed about the purpose of the clinical trial, including the possible
risks and benefits, and informed consent was documented in the
participants’ charts. Participants were informed about the potential
adverse events associated with the treatment, with each providing
informed written consent before entering the study or initiating any
study-related procedures.

2.2 Intervention and procedures

At baseline, 124 participants were screened for demographic
characteristics and underwent physical examination, including vital
signs, and medical and medication histories. Laboratory investigations
were performed, including complete blood count (CBC), serum
glutamic-pyruvic transaminase (SGPT), serum glutamic-oxaloacetic
transaminase (SGOT), creatinine kinase, urine for pregnancy, and
serum creatinine level. Knee pain using the VAS was assessed after a
6-min walk test. Any concomitant medications were recorded.

After all baseline assessments, participants who fulfilled the
eligibility criteria were enrolled and randomly assigned by
computer-generated simple randomization into two groups with a
The
randomization method with a fixed block length of 4 participants,

1:1 allocation. randomization sequence used a block
ensuring an equal distribution of participants between the groups
within each block. The randomization list was computer-generated
using SAS version 9.4 (SAS Institute, Cary, NC, USA) by an
independent operator who was not involved in any other part of
the study. Blinding was ensured because both participants and
study personnel were unaware of the group allocation. Additionally,
a placebo (i.e., control) that resembled every study intervention was
used. Sealed envelopes were used, with each indicating the
randomization number and specific test product.

Participants in the active group were orally administered 2
capsules containing 240 mg AME per day, whereas subjects in
the placebo group received two capsules containing 240 mg
placebo daily for 28 consecutive days. Both the active and
placebo capsules were tasteless, odorless, and identical in shape,
color, and dimensions.

The investigational product (Axtragyl, Giellepi S.p.A., Milan,
Italy) is a proprietary hydroalcoholic extract obtained from A.
membranaceus root, standardized to the main phytochemical
components  (including flavonoids, and

terpenes, typical

astragalus polysaccharides) found in the plant (33).
2.3 Outcome measures

Primary and secondary endpoints were evaluated at baseline (T0),
and after 5+ 2 (T1), 14 £2 (T2), and 28 + 2 (T3) days. The primary

endpoint was improvement in knee pain according to the VAS after
a 6-min walk test between the active and placebo groups from
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baseline to the end of treatment. The secondary endpoints included
improvement in knee function and discomfort, assessed according
to the following clinical outcome measures:

- Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) (
of 24 items designed to assess the symptoms and physical

): This scale is a questionnaire consisting

function of individuals with hip or knee pain. The index
comprises 3 main domains: pain (5 items), stiffness (2 items),
and physical function (17 items). Participants rated their
experiences on a scale ranging from 0 (no symptoms or
difficulty) to 10 (extreme symptoms or difficulty).

- Stair Climb Test (SCT) (35): The SCT a performance test used to
evaluate lower limb strength, endurance, and mobility. Participants
ascended and descended a set of 10 stairs as quickly and safely as
possible, with time measured by the operator.

- Knee range of motion (ROM): A goniometer was used to
measure flexion and extension angles of the knee joint with
the participant positioned supine. Knee flexion was measured
by asking the participant to bend the knee and slide the heel
as far as possible toward the buttocks. Subsequently, to
measure knee extension, participants were asked to slide their
heels, actively extend the knee, and bring it to maximum
extension. Normal knee ROM is typically 0°-135° of flexion.
These assessments aid in diagnosing joint issues, tracking the
progress of rehabilitation, and evaluating interventions.

Other secondary endpoints included safety and tolerability
assessments of the different markers at baseline and end of the
study period. Physical examination, vital signs, and laboratory
investigations, including CBC, SGPT, SGOT, creatinine kinase, and
serum creatinine, were considered for safety evaluations. C-reactive
protein (CRP) level was assessed as a marker of inflammation.
Tolerability and satisfaction were assessed using a self-
assessment questionnaire and five-point Likert scale (36).

2.4 Statistical analysis

Sample size was calculated using G*Power3 software based on
the primary endpoint. With a statistical power (1-B) of 90% and a
significance level (o) of 0.05 (5%), the calculated sample size was 43
for each group. However, a drop-out rate of 5% was projected,
resulting in an overall sample size requirement of 90 for the
study, with 45 in each group. The level of significance (two-
sided) was set at 5% with a power of 90%.

Statistical analyses were performed using Prism version 9.0
(GraphPad Inc., San Diego, CA, USA). Continuous variables are
expressed as mean +standard deviation, while categorical
variables are expressed as number and percentage. Non-
parametric tests were chosen due to the non-normal distribution
of variables, which was assessed using the Shapiro-Wilk test.
According to the intention-to-treat principle, the participants
were analyzed based on their originally assigned groups to
account for missing data and preserve randomization integrity.
Intragroup differences were evaluated using the Wilcoxon signed-

rank test, and differences between groups were assessed using the
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Mann-Whitney U test. Descriptive statistics were used to
summarize the adverse effects of the treatment.

3 Results

Of 92 individuals assessed for eligibility, 2 were excluded
because they did not fulfil the inclusion criteria; as such, 90 were
randomly assigned to either the intervention group [AME
(Axtragyl (n=45)] or control group [placebo (n=45)]. The
CONSORT 2010 flow-diagram illustrating the enrolment and
allocation processes is presented in Figure 1. The active group
included 23 females and 22 males, with a mean age of 48.2+
6.30 years and a mean BMI of 23.67 +2.16 kg/m>. The placebo
group included 22 females and 23 males, with a mean age of
47.4+498 years and a mean BMI of 23.68+1.93 kg/m>. A
comprehensive summary of the baseline characteristics of both
groups is presented in Table 1. No dropouts were reported

10.3389/fpain.2025.1595957

during the study period and all participants completed the
outcome analysis without protocol deviations.

Analysis of the primary outcome measure revealed that
88.9% of participants in the AME group experienced a 30%
reduction in knee pain after the activity, with a statistically
significant difference between the groups (p <0.0001). Moreover,
the mean VAS score in the active-treatment group decreased,
from 6.7+0.5 at baseline, to 1.2+0.6 after 28 days, with
significant differences between groups at each time point
(Figure 2). In the placebo group, VAS score decreased, from 6.7
+0.5 at baseline, to 5.6 + 0.9 after 28 days.

The secondary outcome analysis revealed significant changes in
WOMAC score in the active-treatment group, indicating an
3).
Statistically significant differences were observed between the
groups on days 14 and 28 (p<0.0001). Similarly, SCT results
revealed significant improvement over placebo in the active-

improvement in knee function from baseline (Figure

treatment group on days 14 and 28 (p <0.0001) (Figure 4).

Enrollment

Assessed for eligibility (n=92)

Excluded (n=2)

+ Not meeting inclusion criteria (n=2)
+ Declined to participate (n=0)

+ Other reasons (n=0)

Randomized (n=90)

!

3 [ Allocation ] Y
Allocated to intervention (n=45) Allocated to intervention (n=45)
+ Received allocated intervention (n=45) + Received allocated intervention (n=45)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)
v [ Follow-Up ] \
Q@ J
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
3 [ Analysis ] 3
Analysed (n=45) Analysed (n=45)
+ Excluded from analysis (n=0) + Excluded from analysis (n=0)
FIGURE 1
Consort study nflow chart.
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TABLE 1 Anamnestic, demographical, and clinical characteristics of the
study population. Continuous variables are expressed as

means + standard deviations, categorical variables are expressed as
counts (percentages).

Sample Axtragyl®

characteristics (n =45)

Age (years) 48.2 +6.30 47.4+498
Gender (female/male) 23/22 22/23
Weight (kg) 66.1 +6.45 63.1+8.77
Height (cm) 167.2 £5.40 162.8 £7.01
BMI (kg/m?) 23.67+2.16 23.68+1.93
VAS 6.7+0.5 6.7+0.5

BMI, body mass index; VAS, visual analogue scale.
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FIGURE 2
Improvement of knee pain (VAS) from baseline to the end of the
study. Black: Axtragyl”; grey: placebo. TO: Baseline; T1: day 5; T2:
day 14; T3: day 28. *p < 0.05 vs. placebo; ***p <0.0001 vs. placebo.

In contrast, no significant differences in either the WOMAC score
or SCT results were observed in the between-group analysis after 5
days of supplementation. Participants in the active-treatment group
exhibited superior improvement in pain-free ROM compared with
those in the placebo group, with statistically significant differences
at each time point (p <0.0001) (Figure 5).

In addition, the patient satisfaction assessment revealed a
higher satisfaction rate in the active therapy group than in the
placebo group (p<0.0001). Overall tolerability was rated as
“Excellent” by 91.1% of participants in the active-treatment
group and 82.2% in the placebo group. The remaining
participants (8.9% in the active-treatment group and 17.8% in
the placebo group) rated it as “Good”, with no reports of “Fair”
or “Poor” in either group.

The mean adherence rates in the active-treatment and placebo
groups was 100%, with no significant intergroup differences.

In this study, 5 non-serious adverse events were observed, 4 of
which were in the active-treatment group and 1 in the placebo
group. These were minor events (gastrointestinal complaints and
nausea) that resolved within 1 day without any medication. Each
event was classified as unrelated to the study treatment, based on
a clinical assessment performed by blinded medical personnel.
All adverse events resolved without any complications.

There were no abnormal changes in physical examination or
vital signs throughout the study. Hematochemical parameters
were within normal limits from baseline to the end of the study.

Frontiers in Pain Research

10.3389/fpain.2025.1595957

WOMAC Score

FIGURE 3

Improvement of WOMAC from baseline to the end of the study.
Black: Axtragyl™; grey: placebo. TO: Baseline; T1: day 5; T2: day 14;
T3: day 28. ***p <0.0001 vs. placebo.
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FIGURE 4
Improvement of SCT from baseline to the end of the study. Black:
Axtragyl®; grey: placebo. TO: Baseline; T1: day 5; T2: day 14; T3:
day 28. ***p <0.0001 vs. placebo.

100

80—

ROM

40

20

FIGURE 5

Improvement of ROM from baseline to the end of the study. Black:
Axtragyl”; grey: placebo. TO: Baseline; T1: day 5; T2: day 14; T3:
day 28. *p < 0.05 vs. placebo; ***p <0.0001 vs. placebo.

4 Discussion

In recent years, increasing attention has been devoted to the
benefits of dietary supplements in healthy individuals, with the
aim of promoting joint health and improving mobility, physical
functioning, and overall well-being. Although several studies have
highlighted the positive effects of different nutraceuticals on the

frontiersin.org
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skeletal muscle system, the effects of A. membranaceus on human
joint health remain largely unexplored.

As such, this randomized controlled trial provides promising data
supporting the potential role of the hydroalcoholic extract of A.
membranaceus root in managing functional knee pain in healthy
participants. Interestingly,
demonstrated a significant reduction in pain severity, according to

the primary outcome assessment

the VAS, in the active-treatment vs. the placebo group, with 88.9%
of participants experiencing a clinically meaningful (ie., 30%)
improvement. In contrast, 7 participants in the placebo group
recorded only slight and no clinically relevant pain relief.

The results of our investigation are consistent with those of
previous preclinical studies (17, 33), reporting that a single
administration of AME significantly reduced joint pain, joint
inflammatory infiltrate, and plasma levels of pro-inflammatory
cytokines in an experimental rat model of arthritis. Although
these results were obtained from studies involving animal
models, they provide insights for further clinical research
investigating the treatment of human joint discomfort.

Moreover, secondary outcome measures further supported the
beneficial effects of supplementation with the investigational product
in terms of knee pain, stiffness, and physical function, as assessed
using the WOMAC. In particular, the WOMAC assessment revealed
a significant improvement in the AME group vs. the placebo group,
indicating enhanced overall joint health and function. Similarly,
performance measures, such as SCT and knee ROM, demonstrated
superior outcomes in the active-treatment group, underscoring the
positive impact of treatment on lower limb strength, mobility, and
flexibility. These data are consistent with previous preclinical studies
suggesting the positive effects of AME on joint pain and function
(17). In particular, it has been reported that its components,
including isoflavones, flavonoids, and saponins, may have intriguing
implications in the management of joint damage and inflammation
(17, 20, 21). Huh et al. (21) identified a controversial effect of A.
membranaceus on human subchondral osteoblasts from both
healthy individuals and those diagnosed with osteoarthritis.
Although the isoflavones found in AME may increase osteolytic
activity under normal conditions, they interfere with osteoblast
metabolism, restricting subchondral remodeling related to cartilage
disorders (21). In contrast, flavonoids in AME are mainly composed
of calycosin, which reduces synovial fluid production and mitigates
subchondral bone damage (37).

Additionally, astragalus saponins [such as astragaloside(s)
(AST)] have potential implications in immunomodulation at the
joint level, with evidence suggesting a reduction in plasma levels
of TNF-o. and IL-1B, and alleviation of inflammation in knee
synovial tissue in rat models (38, ). Moreover, articular
diseases are frequently characterized by oxidative stress, which
results in increased production of local ROS production and
inflammatory responses (13, 40, 41). In contrast, isoflavones,
flavonoids, and saponins exhibit significant activity against
oxidative imbalances (42), with positive implications for their
effects.
findings reported in the literature clearly demonstrate that AME,

antioxidant and analgesic Moreover, experimental
through its specific active components (such as AST and

flavonoids), exert their anti-inflammatory—and, potentially pain-
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relieving—effects by modulating key inflammatory pathways and
reducing various inflammatory biomarkers.

An AME was found to decrease the serum levels of TNF-o and
IL1-B in a dose-dependent manner in a rat model of adjuvant-
induced arthritis (AIA) (43).

Similar results were found in a different study performed in a mouse
model of osteoarthritis, as well as in patient-derived chondrocytes (44).
In particular, AST
inflammatory mediators, including IL-6, TNF-o, nitric oxide (NO),
and prostaglandin E2 (PGE2). AST inhibits the activation of NF-kB
signaling, a central pathway in inflammatory responses.

) focused on the effects of AST IV, one of the
most active secondary metabolites of A. membranaceus root, on the

induced a dose-dependent inhibition of

A previous study (

inflammatory response in a rat AIA model. The authors found that
treatment with AST suppressed joint inflammation by inhibiting IL-
1B, TNFo, and NO production in ATA model rats. Macrophages are
the main targets of AST. Moreover, the treatment exerted a protective
effect against IL-1B-induced damage of cartilage, and sustained both
proteoglycan synthesis and chondrocyte proliferation. Collectively,
these findings suggest that AST may be involved in the prevention of
IL-1p-induced joint inflammation and cartilage destruction.

Several key differences emerged when comparing AME with
other dietary supplements commonly used for joint health.
Collagen supplementation is frequently used in joint pain
management due to its potential role in supporting joint structure
and function by providing essential building blocks for cartilage
repair and maintenance (45). While collagen has yielded promising
results for improving joint pain and function in several studies,
evidence remains uncertain due to variability in outcome measures,
differences in the tested formulations, and heterogeneous study
populations (46,
used supplement that may exert its effects by enhancing cartilage

). Similarly, chondroitin sulfate is another widely

hydration and resilience, thereby mitigating joint pain and stiffness
(48). Similar to collagen, chondroitin sulfate has demonstrated
efficacy, particularly when used in combination with glucosamine
( > )'

limitations in clinical trials have raised questions regarding overall

However, conflicting results and methodological
effectiveness in individuals without joint degeneration (51, 52).
Unlike collagen and chondroitin sulfate, which primarily focus
on providing structural support to joints, AME may target both
anti-inflammatory and antioxidant pathways (17, ). In
addition, the supplement tested in the present trial demonstrated
statistically significant fast action within merely 5 days, as
evidenced by improvements in VAS scores and ROM, in contrast
to other natural compounds requiring longer periods to achieve
). In this context, the

diverse array of bioactive compounds found in the astragalus

clinically perceptible relief (46, 47, 51,

root phytocomplex of the investigational product (i.e., Axtragyl)
may synergistically contribute to its health benefits, offering a
holistic approach to joint health (54).

Furthermore, the high adherence to treatment recorded in our
trial reflects the tolerability and acceptability of the treatment
among the study participants, whereas the low dropout rate may
be related to rapid relief. Finally, the low incidence of adverse
events underscores the safety profile of the investigational
supplement as a well-tolerated intervention for knee disorders.
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In recent years, increasing research has focused on the benefits of
combined rehabilitation, including physical therapy and nutritional
intervention with dietary supplements, to enhance rehabilitation
outcomes (55, 56). By modulating inflammatory pathways and
oxidative stress, the investigational supplement may synergize with
rehabilitation or therapeutic exercises, creating a more favorable
physiological environment for tissue repair and remodeling and
optimizing outcomes in individuals experiencing knee pain (57).

This was the first double-blind, placebo-controlled trial to assess
the effects of AME on knee pain, providing clinical evidence
supporting its safety and effectiveness in reducing pain intensity
and increasing physical joint functioning. These findings may have
positive implications for quality of life because knee joint issues
have been associated with impaired independence in ADLs and
reduced overall well-being (8, 58, 59). Despite these considerations,
this study had several limitations. The lack of follow-up does not
provide insight into the long-term effects or durability of the pain
relief provided by the intervention. Thus, future studies with
extended follow-up periods are warranted to evaluate the
sustainability of these therapeutic benefits. Additionally, although
the sample size was adequate to detect significant differences in the
primary and secondary outcomes, further multicenter studies with
additional
generalizability of these findings. An additional limitation was the

larger cohorts may provide insights into the
absence of inflammatory biomarker measurements.

However, further research is required to explore these inflammatory
markers in greater detail, investigate the relevant inflammatory
pathways more comprehensively, and elucidate the underlying
mechanism(s) associated with the observed clinical effects. Notably,
the current study included healthy adults experiencing functional
knee pain, which may differ substantially in pathophysiology and
symptomatology from the degenerative joint conditions typically
encountered in the elderly population. In patients with osteoarthritis,
factors such as cartilage degradation, osteophyte formation, and
chronic synovial inflammation may modulate symptom severity and
treatment responsiveness. Therefore, although the anti-inflammatory
and antioxidant properties of AME may theoretically confer benefits
against osteoarthritis, these effects need to be empirically tested in
populations with clinically and radiologically confirmed joint
degeneration. Future clinical trials are needed to evaluate whether the
findings of this study can be extrapolated to older individuals or to
those with varying degrees of structural joint damage to establish the

efficacy across a broader patient spectrum.

5 Conclusions

To the best of our knowledge, this is the first double-blind
randomized controlled trial to provide insights into the role of
AME in preserving joint health. Results of this study support its
efficacy and safety as a promising dietary supplement for
managing functional knee pain in healthy individuals. Further
research exploring its long-term effects, mechanism(s) of action,
and potential synergies with conventional treatments may be
useful for improving the current understanding of its role in
long-term joint pain management.

Frontiers in Pain Research

10.3389/fpain.2025.1595957

Data availability statement

Baseline characteristics of the study population are provided as
Supplementary Material. The full dataset is the property of Giellepi
S.p.A.,, which retains all rights regarding data access and
distribution. The raw data supporting the conclusions of this
article will be made available by the Giellepi S.p.A upon request.
The company is solely responsible for data stewardship,
including its availability, integrity, and governance.

Ethics statement

The studies involving humans were approved by Rajalakshmi
Hospital Institutional Ethics Committee. The studies were
accordance with the local

conducted in legislation and

institutional requirements. The participants provided their

written informed consent to participate in this study.

Author contributions

LL: Conceptualization, Methodology, Writing - original draft,
Writing - review & editing. AT: Writing — original draft. GHR:
Investigation, Formal analysis, Data curation. SM: Writing -
original draft. AdS: Methodology, Writing — review & editing. MI:
Conceptualization, Methodology, Writing — review & editing.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. Giellepi S.p.A.
sponsored the clinical trial.

Acknowledgments

The authors are grateful to all the participants involved in this
clinical trial. Moreover, the authors acknowledge Syncretic Clinical
Research Services Pvt. Ltd. Bangalore, Karnataka (India) for trial
management and clinical operations.

Conflict of interest

Giellepi S.p.A is the owner of the investigational product but
the company was not involved in study design, data analysis and
manuscript preparation.

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fpain.2025.1595957
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Lippi et al.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Briggs AM, Cross MJ, Hoy DG, Sanchez-Riera L, Blyth FM, Woolf AD, et al.
Musculoskeletal health conditions represent a global threat to healthy aging: a
report for the 2015 world health organization world report on ageing and health.
Gerontologist. (2016) 56(suppl_2):5243-55. doi: 10.1093/geront/gnw002

2. Lippi L, de Sire A, Folli A, D’abrosca F, Grana E, Baricich A, et al
Multidimensional effectiveness of botulinum toxin in neuropathic pain: a systematic
review of randomized clinical trials. Toxins (Basel). (2022) 14(5):308. doi: 10.3390/
toxins14050308

3. Bernetti A, Agostini F, de Sire A, Mangone M, Tognolo L, Di Cesare A, et al.
Neuropathic pain and rehabilitation: a systematic review of international guidelines.
Diagnostics (Basel). (2021) 11(1):74. doi: 10.3390/diagnostics11010074

4. Zdzieblik D, Oesser S, Gollhofer A, Kénig D. Improvement of activity-related
knee joint discomfort following supplementation of specific collagen peptides. Appl
Physiol Nutr Metab. (2017) 42(6):588-95. doi: 10.1139/apnm-2016-0390

5. Zdzieblik D, Brame J, Oesser S, Gollhofer A, Kénig D. The influence of specific
bioactive collagen peptides on knee joint discomfort in young physically active adults:
a randomized controlled trial. Nutrients. (2021) 13(2):523. doi: 10.3390/nu13020523

6. Sisk D, Fredericson M. Update of risk factors, diagnosis, and management of
patellofemoral pain. Curr Rev Musculoskelet Med. (2019) 12:534-41. doi: 10.1007/
$12178-019-09593-z

7. Mahmoudian A, Van Assche D, Herzog W, Luyten FP. Towards secondary
prevention of early knee osteoarthritis. RMD open. (2018) 4(2):¢000468. doi: 10.
1136/rmdopen-2017-000468

8. Wojcieszek A, Kurowska A, Majda A, Liszka H, Gadek A. The impact of chronic
pain, stiffness and difficulties in performing daily activities on the quality of life of
older patients with knee osteoarthritis. Int J Environ Res Public Health. (2022)
19(24):16815. doi: 10.3390/ijerph192416815

9. van Doormaal MCM, Meerhoff GA, Vliet Vlieland TPM, Peter WE. A
clinical practice guideline for physical therapy in patients with hip
or knee osteoarthritis. Musculoskeletal Care. (2020) 18(4):575-95. doi: 10.1002/msc.
1492

10. Sengupta K, Alluri KV, Satish AR, Mishra S, Golakoti T, Sarma KV, et al. A
double blind, randomized, placebo controlled study of the efficacy and safety of
5-loxin for treatment of osteoarthritis of the knee. Arthritis Res Ther. (2008) 10(4):
R85. doi: 10.1186/ar2461

11. Machado GC, Abdel-Shaheed C, Underwood M, Day RO. Non-steroidal anti-
inflammatory drugs (nsaids) for musculoskeletal pain. Br Med J. (2021) 372.
doi: 10.1136/bmj.n104

12. Quilisadio JEC, Salido EO, Carillo RJD, Del Mundo DAA. Bamboo node as an
unusual cause of dysphonia in a Filipino patient with mixed connective tissue disease.
Phillipp ] Intern Med. (2020) 58(1):34-8.

13. Lippi L, Uberti F, Folli A, Turco A, Curci C, d’Abrosca F, et al. Impact of
nutraceuticals and dietary supplements on mitochondria modifications in healthy
aging: a systematic review of randomized controlled trials. Aging Clin Exp Res.
(2022) 34(11):2659-74. doi: 10.1007/s40520-022-02203-y

14. Ferrillo M, Giudice A, Migliario M, René F, Lippi L, Calafiore D, et al. Oral-gut
microbiota, periodontal diseases, and arthritis: literature overview on the role of
probiotics. Int ] Mol Sci. (2023) 24(5):4626. doi: 10.3390/ijms24054626

15. Lim YZ, Hussain SM, Cicuttini FM, Wang Y. Nutrients and dietary supplements
for osteoarthritis. In: Watson RR, Preedy VR, editors Bioactive Food as Dietary
Interventions for Arthritis and Related Inflammatory Diseases. London, Academic
Press (2019). p. 97-137.

16. Aghamohammadi D, Dolatkhah N, Bakhtiari F, Eslamian F, Hashemian M.
Nutraceutical supplements in management of pain and disability in osteoarthritis: a

Frontiers in Pain Research

10.3389/fpain.2025.1595957

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpain.2025.

1595957/full#supplementary-material

systematic review and meta-analysis of randomized clinical trials. Sci Rep. (2020)
10(1):20892. doi: 10.1038/541598-020-78075-x

17. Maresca M, Micheli L, Cinci L, Bilia AR, Ghelardini C, Di Cesare Mannelli L.
Pain relieving and protective effects of astragalus hydroalcoholic extract in rat
arthritis models. J Pharm Pharmacol. (2017) 69(12):1858-70. doi: 10.1111/jphp.12828

18. Bedir E, Pugh N, Calis I, Pasco DS, Khan IA. Immunostimulatory effects of
cycloartane-type triterpene glycosides from Astragalus species. Biol Pharm Bull.
(2000) 23(7):834-7. doi: 10.1248/bpb.23.834

19. Chan JY, Lam FC, Leung PC, Che CT, Fung KP. Antihyperglycemic and
antioxidative effects of a herbal formulation of radix astragali, radix Codonopsis
and Cortex lycii in a mouse model of type 2 diabetes mellitus. Phytother Res.
(2009) 23(5):658-65. doi: 10.1002/ptr.2694

20. Qin Q, Niu J, Wang Z, Xu W, Qiao Z, Gu Y. Astragalus membranaceus inhibits
inflammation via phospho-P38 mitogen-activated protein kinase (mapk) and nuclear
factor (nf)-Kb pathways in advanced glycation end product-stimulated macrophages.
Int J Mol Sci. (2012) 13(7):8379-87. doi: 10.3390/ijms13078379

21. Huh JE, Seo DM, Baek YH, Choi DY, Park DS, Lee JD. Biphasic positive effect of
formononetin on metabolic activity of human normal and osteoarthritic subchondral
osteoblasts. Int Immunopharmacol. (2010) 10(4):500-7. doi: 10.1016/j.intimp.2010.01.012

22. Dong M, Li ], Yang D, Li M, Wei J. Biosynthesis and pharmacological activities
of flavonoids, triterpene saponins and polysaccharides derived from Astragalus
membranaceus. Molecules. (2023) 28(13):5018. doi: 10.3390/molecules28135018

23. Chen M, Fu B, Zhou H, Wu Q. Therapeutic potential and mechanistic insights
of astragaloside iv in the treatment of arrhythmia: a comprehensive review. Front
Pharmacol. (2025) 16:1528208. doi: 10.3389/fphar.2025.1528208

24. Li C-x, Liu Y, Zhang Y-z, Li J-c, Lai J. Astragalus polysaccharide: a review of its
immunomodulatory effect. Arch Pharmacal Res. (2022) 45(6):367-89. doi: 10.1007/
§12272-022-01393-3

25. Verma V. The herbal treatment of osteoarthritis. Curr Tradit Med. (2024)
10(2):1-18. doi: 10.2174/2215083809666230308093244

26. Abdel-Latif HMR, Ahmed HA, Shukry M, Chaklader MR, Saleh RM, Khallaf
MA. Astragalus membranaceus extract (ame) enhances growth, digestive enzymes,
antioxidant capacity, and immunity of pangasianodon hypophthalmus juveniles.
Fishes. (2022) 7(6):319. doi: 10.3390/fishes7060319

27. Li S, Hu X, Liu F, Hu W. Bioactive components and clinical potential of
Astragalus species. Front Pharmacol. (2025) 16:1585697. doi: 10.3389/fphar.2025.
1585697

28. Huang M, Cople-Rodrigues CDS, Waitzberg DL, Rocha I, Curioni CC. Changes
in the gut microbiota after the use of herbal medicines in overweight and obese
individuals: a systematic review. Nutrients. (2023) 15(9):2203. doi: 10.3390/
nul5092203

29. Chen S, Tian X, Li S, Wu Z, Li Y, Liao T, et al. Evaluating traditional Chinese
medicine (TCM) Jie Geng and Huang Qi combination on reducing surgical site
infections in colorectal cancer surgeries: a systematic review and meta-analysis. Int
Wound J. (2024) 21(2):e14769. doi: 10.1111/iwj.14769

30. Han X, Yu T, Chen X, Du Z, Yu M, Xiong J. Effect of Astragalus membranaceus
on left ventricular remodeling in hfref: a systematic review and meta-analysis. Front
Pharmacol. (2024) 15:1345797. doi: 10.3389/fphar.2024.1345797

31. Schulz KF, Altman DG, Moher D. Consort 2010 statement: updated guidelines
for reporting parallel group randomised trials. BMC Med. (2010) 8:18. doi: 10.1186/
1741-7015-8-18

32. World Medical Association. World Medical Association declaration of Helsinki:
ethical principles for medical research involving human subjects. JAMA. (2013)
310(20):2191-4. doi: 10.1001/jama.2013.281053

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fpain.2025.1595957/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpain.2025.1595957/full#supplementary-material
https://doi.org/10.1093/geront/gnw002
https://doi.org/10.3390/toxins14050308
https://doi.org/10.3390/toxins14050308
https://doi.org/10.3390/diagnostics11010074
https://doi.org/10.1139/apnm-2016-0390
https://doi.org/10.3390/nu13020523
https://doi.org/10.1007/s12178-019-09593-z
https://doi.org/10.1007/s12178-019-09593-z
https://doi.org/10.1136/rmdopen-2017-000468
https://doi.org/10.1136/rmdopen-2017-000468
https://doi.org/10.3390/ijerph192416815
https://doi.org/10.1002/msc.1492
https://doi.org/10.1002/msc.1492
https://doi.org/10.1186/ar2461
https://doi.org/10.1136/bmj.n104
https://doi.org/10.1007/s40520-022-02203-y
https://doi.org/10.3390/ijms24054626
https://doi.org/10.1038/s41598-020-78075-x
https://doi.org/10.1111/jphp.12828
https://doi.org/10.1248/bpb.23.834
https://doi.org/10.1002/ptr.2694
https://doi.org/10.3390/ijms13078379
https://doi.org/10.1016/j.intimp.2010.01.012
https://doi.org/10.3390/molecules28135018
https://doi.org/10.3389/fphar.2025.1528208
https://doi.org/10.1007/s12272-022-01393-3
https://doi.org/10.1007/s12272-022-01393-3
https://doi.org/10.2174/2215083809666230308093244
https://doi.org/10.3390/fishes7060319
https://doi.org/10.3389/fphar.2025.1585697
https://doi.org/10.3389/fphar.2025.1585697
https://doi.org/10.3390/nu15092203
https://doi.org/10.3390/nu15092203
https://doi.org/10.1111/iwj.14769
https://doi.org/10.3389/fphar.2024.1345797
https://doi.org/10.1186/1741-7015-8-18
https://doi.org/10.1186/1741-7015-8-18
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.3389/fpain.2025.1595957
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

Lippi et al.

33. Santoro V, Parisi V, D’Ambola M, Sinisgalli C, Monné M, Milella L, et al.
Chemical profiling of Astragalus membranaceus roots (fish.) bunge herbal
preparation and evaluation of its bioactivity. Nat Prod Commun. (2020)
15(5):1934578X20924152. doi: 10.1177/1934578X20924152

34. Angst F, Ewert T, Lehmann S, Aeschlimann A, Stucki G. The factor
subdimensions of the western Ontario and Mcmaster universities osteoarthritis
index (womac) help to specify hip and knee osteoarthritis. A prospective evaluation
and validation study. ] Rheumatol. (2005) 32(7):1324-30.

35. Bennell K, Dobson F, Hinman R. Measures of physical performance assessments:
self-paced walk test (spwt), stair climb test (sct), six-minute walk test (6mwt), chair
stand test (cst), timed up & go (tug), sock test, lift and carry test (Ict), and car task.
Arthritis Care Res (Hoboken). (2011) 63(S11):5350-70. doi: 10.1002/acr.20538

36. Guyatt GH, Townsend M, Berman LB, Keller JL. A comparison of Likert and
visual analogue scales for measuring change in function. J Chronic Dis. (1987)
40(12):1129-33. doi: 10.1016/0021-9681(87)90080-4

37. Wang B, Chen MZ. Astragaloside iv possesses antiarthritic effect by preventing
interleukin 1B-induced joint inflammation and cartilage damage. Arch Pharm Res.
(2014) 37(6):793-802. doi: 10.1007/s12272-014-0336-2

38. Huang LF, Yao YM, Li JF, Zhang SW, Li WX, Dong N, et al. The effect of astragaloside
iv on immune function of regulatory T cell mediated by high mobility group box 1 protein
in vitro. Fitoterapia. (2012) 83(8):1514-22. doi: 10.1016/j fitote.2012.08.019

39. Liu M, Li P, Zeng X, Wu H, Su W, He J. Identification and pharmacokinetics of
multiple potential bioactive constituents after oral administration of radix astragali on
cyclophosphamide-induced immunosuppression in balb/C mice. Int ] Mol Sci. (2015)
16(3):5047-71. doi: 10.3390/ijms16035047

40. de Sire A, Lippi L, Marotta N, Ferrillo M, Folli A, Turco A, et al. Myths and
truths on biophysics-based approach in rehabilitation of musculoskeletal disorders.
Ther Adv Musculoskelet Dis. (2023) 15:1759720X231183867. doi: 10.1177/
1759720X231183867

41. de Sire A, Marotta N, Sconza C, Lippi L, Drago Ferrante V, Respizzi S, et al.
Oxygen-ozone therapy for pain relief in patients with trapeziometacarpal
osteoarthritis: a proof-of-concept study. Disabil Rehabil. (2024) 47(2):452-8. doi: 10.
1080/09638288.2024.2342491

42. Wang P, Wang Z, Zhang Z, Cao H, Kong L, Ma W, et al. A review of the botany,
phytochemistry, traditional uses, pharmacology, toxicology, and quality control of the
Astragalus memeranaceus. Front Pharmacol. (2023) 14:1242318. doi: 10.3389/fphar.
2023.1242318

43. Jiang JB, Qiu JD, Yang LH, He JP, Smith GW, Li HQ. Therapeutic effects of
Astragalus polysaccharides on inflammation and synovial apoptosis in rats with
adjuvant-induced arthritis. Int ] Rheum Dis. (2010) 13(4):396-405. doi: 10.1111/j.
1756-185X.2010.01555.x

44.Li H, Peng Y, Wang X, Sun X, Yang F, Sun Y, et al. Astragaloside inhibits il-1B-
induced inflammatory response in human osteoarthritis chondrocytes and ameliorates
the progression of osteoarthritis in mice. Immunopharmacol Immunotoxicol. (2019)
41(4):497-503. doi: 10.1080/08923973.2019.1637890

45. Martinez-Puig D, Costa-Larrion E, Rubio-Rodriguez N, Galvez-Martin P.
Collagen supplementation for joint health: the link between composition and
scientific knowledge. Nutrients. (2023) 15(6):1332. doi: 10.3390/nu15061332

46. Kumar P, Bansal P, Rajnish RK, Sharma S, Dhillon MS, Patel S, et al. Efficacy of
undenatured collagen in knee osteoarthritis: review of the literature with limited meta-
analysis. Am ] Transl Res. (2023) 15(9):5545-55.

Frontiers in Pain Research

09

10.3389/fpain.2025.1595957

47. Lugo JP, Saiyed ZM, Lane NE. Efficacy and tolerability of an undenatured type ii
collagen supplement in modulating knee osteoarthritis symptoms: a multicenter
randomized, double-blind, placebo-controlled study. Nutr J. (2016) 15:14. doi: 10.
1186/512937-016-0130-8

48. Monfort J, Pelletier JP, Garcia-Giralt N, Martel-Pelletier J. Biochemical basis of
the effect of chondroitin sulphate on osteoarthritis articular tissues. Ann Rheum Dis.
(2008) 67(6):735-40. doi: 10.1136/ard.2006.068882

49. Lila AM, Alekseeva LI, Baranov AA, Taskina EA, Kashevarova NG, Lapkina NA,
et al. Chondroitin sulfate and glucosamine combination in patients with knee and hip
osteoarthritis: a long-term observational study in Russia. World ] Orthop. (2023)
14(6):443-57. doi: 10.5312/wjo.v14.i6.443

50. Hochberg MC, Martel-Pelletier J, Monfort J, Méller I, Castillo JR, Arden N, et al.
Combined chondroitin sulfate and glucosamine for painful knee osteoarthritis: a
multicentre, randomised, double-blind, non-inferiority trial versus celecoxib. Ann
Rheum Dis. (2016) 75(1):37-44. doi: 10.1136/annrheumdis-2014-206792

51. Roman-Blas JA, Castafieda S, Sdnchez-Pernaute O, Largo R, Herrero-Beaumont
G, Group CGCTS. Combined treatment with chondroitin sulfate and glucosamine
sulfate shows No superiority over placebo for reduction of joint pain and functional
impairment in patients with knee osteoarthritis: a six-month multicenter,
randomized, double-blind, placebo-controlled clinical trial. Arthritis Rheumatol.
(2017) 69(1):77-85. doi: 10.1002/art.39819

52. Simental-Mendia M, Sanchez-Garcia A, Vilchez-Cavazos F, Acosta-Olivo CA,
Pena-Martinez VM, Simental-Mendia LE. Effect of glucosamine and chondroitin
sulfate in symptomatic knee osteoarthritis: a systematic review and meta-analysis of
randomized placebo-controlled trials. Rheumatol Int. (2018) 38(8):1413-28. doi: 10.
1007/s00296-018-4077-2

53. Adesso S, Russo R, Quaroni A, Autore G, Marzocco S. Astragalus membranaceus
extract attenuates inflammation and oxidative stress in intestinal epithelial cells via nf-
Kb activation and Nrf2 response. Int ] Mol Sci. (2018) 19(3):800. doi: 10.3390/
ijms19030800

54. Chen G, Jiang N, Zheng J, Hu H, Yang H, Lin A, et al. Structural
characterization and anti-inflammatory activity of polysaccharides from Astragalus
membranaceus. Int J Biol Macromol. (2023) 241:124386. doi: 10.1016/j.ijbiomac.
2023.124386

55. Invernizzi M, Lippi L, Folli A, Turco A, Zattoni L, Maconi A, et al. Integrating
molecular biomarkers in breast cancer rehabilitation. What is the current evidence?
A systematic review of randomized controlled trials. Front Mol Biosci. (2022)
9:930361. doi: 10.3389/fmolb.2022.930361

56. de Sire A, Lippi L, Marotta N, Folli A, Calafiore D, Moalli S, et al. Impact of
physical rehabilitation on bone biomarkers in non-metastatic breast cancer women:
a systematic review and meta-analysis. Int ] Mol Sci. (2023) 24(2):921. doi: 10.3390/
ijms24020921

57. Lippi L, de Sire A, Mezian K, Curci C, Perrero L, Turco A, et al. Impact of
exercise training on muscle mitochondria modifications in older adults: a systematic
review of randomized controlled trials. Aging Clin Exp Res. (2022) 34(7):1495-510.
doi: 10.1007/s40520-021-02073-w

58. Araujo ILA, Castro MC, Daltro C, Matos MA. Quality of life and functional
independence in patients with osteoarthritis of the knee. Knee Surg Relat Res.
(2016) 28(3):219-24. doi: 10.5792/ksrr.2016.28.3.219

59. Maresova P, Hruska J, Klimova B, Barakovic S, Krejcar O. Activities of daily
living and associated costs in the most widespread neurodegenerative diseases: a
systematic review. Clin Interv Aging. (2020) 15:1841-62. doi: 10.2147/CIA.S264688

frontiersin.org


https://doi.org/10.1177/1934578X20924152
https://doi.org/10.1002/acr.20538
https://doi.org/10.1016/0021-9681(87)90080-4
https://doi.org/10.1007/s12272-014-0336-2
https://doi.org/10.1016/j.fitote.2012.08.019
https://doi.org/10.3390/ijms16035047
https://doi.org/10.1177/1759720X231183867
https://doi.org/10.1177/1759720X231183867
https://doi.org/10.1080/09638288.2024.2342491
https://doi.org/10.1080/09638288.2024.2342491
https://doi.org/10.3389/fphar.2023.1242318
https://doi.org/10.3389/fphar.2023.1242318
https://doi.org/10.1111/j.1756-185X.2010.01555.x
https://doi.org/10.1111/j.1756-185X.2010.01555.x
https://doi.org/10.1080/08923973.2019.1637890
https://doi.org/10.3390/nu15061332
https://doi.org/10.1186/s12937-016-0130-8
https://doi.org/10.1186/s12937-016-0130-8
https://doi.org/10.1136/ard.2006.068882
https://doi.org/10.5312/wjo.v14.i6.443
https://doi.org/10.1136/annrheumdis-2014-206792
https://doi.org/10.1002/art.39819
https://doi.org/10.1007/s00296-018-4077-2
https://doi.org/10.1007/s00296-018-4077-2
https://doi.org/10.3390/ijms19030800
https://doi.org/10.3390/ijms19030800
https://doi.org/10.1016/j.ijbiomac.2023.124386
https://doi.org/10.1016/j.ijbiomac.2023.124386
https://doi.org/10.3389/fmolb.2022.930361
https://doi.org/10.3390/ijms24020921
https://doi.org/10.3390/ijms24020921
https://doi.org/10.1007/s40520-021-02073-w
https://doi.org/10.5792/ksrr.2016.28.3.219
https://doi.org/10.2147/CIA.S264688
https://doi.org/10.3389/fpain.2025.1595957
https://www.frontiersin.org/journals/pain-research
https://www.frontiersin.org/

	Astragalus membranaceus extract reduces functional knee joint pain: a randomized, double-blinded, placebo-controlled trial
	Introduction
	Materials and methods
	Participants
	Intervention and procedures
	Outcome measures
	Statistical analysis

	Results
	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


