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a b s t r a c t

Knee Osteoarthritis (OA) is a progressive degenerative joint disease affecting the quality of life of the
elderly population. There is considerable evidence that nutraceuticals from natural herbs may play a
significant role in inflammation and joint destruction in OA. We review the current status of some of the
commonly used nutraceuticals in Indian market e Boswellia, Aflapin, Chondroitin sulphate, Glucosamine
sulphate, Collagen peptide, Curcumin, Fish Oil, Ginger, Green tea, and Rosehip extract. We have sum-
marized their mechanism of action, biological effects, toxicities and efficacy in the management of Knee
OA. These supplements have been found to be effective in knee OA in various studies. No serious side
effects have been reported for any of these supplements. Overall, our study identifies and support the use
of these nutraceuticals to provide symptomatic relief to patients with knee OA and justify their use as an
adjunct therapy for the management. More good quality trials are needed to provide definitive answers
to questions related to their efficacy and safety for OA prevention and treatment.

© 2018
1. Introduction

Osteoarthritis (OA) is a common degenerative disorder affecting
elderly population and characterized by cartilage and synovium
inflammation.1,2 Pathological changes in later stage of OA include
softening, ulceration, and disintegration of the articular cartilage.3,4

The prevalence of OA of the knee in India is found to be 28.7%.5 The
prevalence of OA increases with age.6,7 Almost, 45% of women over
the age of 65 years are suffering from OA of knee.8,9 The recent high
incidence of OA is observed in younger age group also.10 Analgesics
and anti-inflammatory drugs are the most common agents in the
management of knee OA.11 These only act as symptomatic treat-
ment and do not provide a cure of OA12 and are associated with
serious adverse events on gastrointestinal, renal and cardiovascular
systems.

The ideal treatment should modify the natural history of OA and
alter the articular cartilage destructive process. Such substances
which protect the articular cartilage during OA are termed as
‘chondroprotective agents,’ and when these modify the course of
. Vaishya), amitkumar_a@
@gmail.com (A. Shah), dr_
ail.com (A. Vaish).
the disease, these are called as ‘disease-modifying OA drugs’.13 In
the recent times, Nutraceuticals are used commonly in the man-
agement of OA knee in India and abroad. The term ‘nutraceutical’
was coined from ‘nutrition’ and ‘pharmaceuticals’ in 1989 by
DeFelicen14 and was described as food that provides medical or
health benefits.

In the current study, we have investigated the role of 10
commonly used nutraceuticals in the management of knee OA in
India, to evaluate their role and efficacy, based on the available
literature. In this review article, extensive pubmed search has been
done in each category and studies have been selected based on the
level of the study and clinical relevance but the list may not be
complete. The agents discussed herewith in the text and tables
(Table 1) are in alphabetical order and they neither show the
preference of our usage nor do these depict their popularity in the
market.
2. Review

2.1. Boswellia and Aflapin

The role of Boswellia in various health conditions like inflam-
matory diseases, cancers, wound healing and antimicrobial activity
is well known. The gum resin is extracted from the ancient herb,
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Table 1
Table showing the Nutraceuticals used in the management of knee osteoarthritis, their source, active ingredient, mechanism of action and side effects.

Nutraceuticals Source Active ingredient Mechanism of action Side effects

Boswellia Boswellia serrata gum resin 3-O-Acetyl-11-keto-beta-
boswellic acid18

Inhibit 5-lipoxygenase,18 inhibit complement
system at the level of conversion of C3 in to C3a
and C3b, also inhibit proinflammatory
cytokines17

Gastrointestinal
symptoms17

Aflapin Synergistic composition of Boswellia serrata
extract enriched in AKBA and non-volatile oil
portion of B.serrata gum resin29

AKBA 5-lipoxygenase inhibition and Matrix
Metalloproteinase 3 inhibition26

Nausea and Headache

Glucosamine Glucosamine can be extracted from the
chitosan and chitin exoskeleton of
crustaceans such as shelfish and can be
stabilized by salt32

Glucosamine Sulfate,
Glucosamine Hydrochloride

GlcN penetrates into cells by means of glucose
transporters.
GlcN associate to O-GlcNAcylate proteins and
modulates their activity, e.g. decrease nuclear
factor-kB nuclear translocation. GlcN may also
affect the transcription of pro-inflammatory
cytokines by epigenetic mechanisms.34

Shelfish allergy,36,37

Affect glucose metabolism
and can induce insulin
resistance,35

Administered as a salt:
Naþ and CL- can affect
blood pressure and renal
function in those pt.36,37

Chondroitin Can be obtained from shark or bovine
cartlige33

Chondroitin 4 and 6 sulfate CS do not penetrate into chondrocytes,
synoviocytes, and elicit the anti-inflammatory
effect by engaging membrane receptors, e.g.
CD44, TLR4, and ICAM1, with a resulting dual
effect: impede the fragments of extracellular
matrix engaging these receptors, cause of
inflammatory reaction, and block the signal
transduction pathways activated by the
fragments and so diminish the nuclear
translocation of pro-inflammatory transcription
factors.34

Epigastric pain, diarrhea,
heart burn, nausea38

Collagen
peptide

Derived from gelatinization and subsequent
enzymatic hydrolysis of native collagen and it
contains small peptide with a molecular
weight lower than 5000 Da53

Collagenic animal tissue53 Stimulates collagenic tissue regeneration by
increasing collagen synthesis,
glycosaminoglycans and hyaluronic acids53

Curcumin Curcumin is derived from turmeric, a popular
spice used in India, South Asia, and Japan,
which is the grounded root and rhizome of
the plant Curcuma Longa58,59

Curcumin Suppression of NF-kappaB mediated IL-1beta/
TNF-alpha catabolic signaling pathways in
chondrocytes60,61

Dyspepsia, abdominal pain,
nausea, loose stool67

Fish Oil Obtained from the body of fatty fish75 n-3fatty acids,
eicosapentaenoic acid,
docosahaexaenoic acid75

Dose dependant decrease in inflammatory
destruction of cartilage tissue75

Intolerance, diarrhea and
gastroesophageal reflux76

Ginger Ginger is rhizome of Z.officinale Reduces inflammatory markers like nitric oxide,
hs-C reactive protein,81 TNF-alpha and IL-
1beta82

Green tea Polyphenols:
epigallocatechin-3-gallate88

Inhibit expression of TNF alpha, MMP-13 and
NF-kappaB, inhibit IL-1beta90,91 and modulate
miRNAs expressions92

Rose Hip
Extract

RHP, prepared from dried Rosa canina fruitsof
a selected cultivar, obtained from Hyben
Vital, Langeland, Denmark.94

galactolipid (2 S)-1,2-di-O-
[(9Z,12Z,15Z)-octadeca-
9,12,15-trienoyl]-3-O-beta-d-
galactopyranosyl glycerol95

Proposed M/A: Rose hip extract inhibited the
chemotaxis and chemiluminescence of
peripheral blood polymorphonuclear leucocytes
and also reduces the level of serum creatinine
and acute phase protein CRP96
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Boswellia serrata (Fig. 1a). It has been found to be a potent anti-
inflammatory, anti-arthritic and analgesic agent.15,16 Ammon HP
et al.17 also reviewed literature for the side effect of Boswellia and
concluded that the number and severity of side effects are meager.
The most active component of Boswellia extract is 3-O-Acetyl-11-
keto-beta-boswellic acid (AKBA), which inhibits 5-lipoxygenase
(5-LOX) and complement system involved in cellular inflamma-
tory cascade.18,19 These have also been found to reduce production
of proinflammatory cytokines involved in the cartilage destruction.

Blain EJ et al.20 concluded that Boswellia decreases MMP-9 and
MMP-13mRNA levels; inhibit MMP9 expression and activation. It
also decreases the production of nitrite (the stable end product of
nitric oxide), prostaglandin E2 and cyclooxygenase-2. Sengupta
et al.21 found that 5-Loxinwhich is a novel Boswellia Serrata extract
enriched with 30% 3-O-acetyl-11-keto-beta-boswellic acid (AKBA)
is efficient and safe in OA patients. It was also observed that the
MMP-3 of synovial fluid was also reduced significantly.

Belcaro G et al.22 also found that at the end of 4 weeks, the
Karnofski Scale was improved more in the Boswellia group
compared to control group. The WOMAC Score considering pain,
stiffness and physical functions were decreased significantly more
in the treatment group in comparison with controls. Belcaro G
et al.23 did another similar study with 12 weeks follow-up instead
of 4 weeks of the previous study. These findings were similar to the
earlier survey.

Different studies have shown that the Boswellia extracts exhibit
poor intestinal absorption.24,25 (Table 2) Aflapin is a synergistic
composition derived from Boswellia serrata gum resin.26e29 Aflapin
contains B. serrata extract enriched in AKBA and non-volatile oil
portion of B. Serrata gum resin. The bioavailability of AKBA
increased when given in the form of Aflapin.

Sengupta K et al.30 did 90-days, randomized, double-blind,
placebo-controlled study to evaluate the efficacy of 5-Loxin and
Aflapin in osteoarthritis (OA) of the knee. Both 5-Loxin and Aflapin
showed significant improvements in pain scores and physical
function scores in patients with knee OA. Vishal et al.31 also found
similar results.



Fig. 1. Figure showing various nutraceuticals a) Aflapin, b) Curcumin, c) Fish Oil, d) Ginger, e) Green Tea, f) Rose Hip.
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2.2. Chondroitin sulfate and glucosamine sulfate

Glucosamine sulfate (GS), and Chondroitin sulfate (CS) are gly-
cosaminoglycans (GAGs) synthesized by chondrocytes and syno-
viocytes. These are essential components of the extracellular
matrix and synovial fluid. GS is extracted from the chitosan and
chitin exoskeleton of crustaceans such as shellfish and is stabilized
by a salt.32 The CS is obtained from shark or bovine cartilage.33

The proposed mechanism of GlcN is by penetration into cells by
glucose transporters. GS associated with O-GlcNAcylate proteins
are responsible for modulating the inflammatory process like
decreasing nuclear factor-kB nuclear translocation. GlcN also affects
the transcription of pro-inflammatory cytokines by epigenetic
mechanisms. The mechanism of action of CS differs from that of
GlcN. Being large molecules; CS does not penetrate into cells,e.g.,
chondrocytes and activates the anti-inflammatory effect by asso-
ciating membrane receptors, e.g., CD44, TLR4, and ICAM1. It ob-
structs the fragments of extracellular matrix engaging these
receptors, and blocks the signal transduction pathways activated by
the fragments to reduce the nuclear translocation of proin-
flammatory transcription factors.34

Dostrovsky NR et al.35 noted that GS can affect glucose meta-
bolism and may induce insulin resistance. GlcN may also cause
shellfish allergy (Table 3). The GS is administered as salt and may
affect the hypertensive and renal patients.36,37 Other side effects
include epigastric pain, heartburn, diarrhea, and nausea.38 Kahan
et al.39 concluded that CS has structure and symptom modifying
effect in patients with knee OA. Gruenwald J et al.40 Also found that
GS reduces pain symptoms significantly in patients with knee OA.

There are variable reports about the efficacy of GS and CS in knee
OA. Kanzaki et al.41 in a comparative study of 16 weeks duration
over 100 patients found improvement in the treatment group.
Kanazaki et al.42 in a pilot study concluded that these supplement
increases walking speed in the patient of OA knee patients. Roman-
Blas JA et al.43 in their study found results of GS and CS to be inferior
compared to placebo therapy. Provenza JR et al.44 found that any of
the combinations provide clinically significant pain relief in knee
OA irrespective of dose fractionation and capsule or sachet for-
mulations. Vangsness CT Jr et al.45 reviewed literature for the same
and found that both the drugs were found safe compared to pla-
cebo. As an individual drug, there are inconsistent results, but in
combination, they found to be effective.46e48 Henrotin et al.49 also
reviewed the literature and concluded that there is an evidence of a
reduction in the rate of joint space narrowing.

There are several reasons for these inconsistent results which
include that current treatment dose of GlcNbarely reaches the
required therapeutic concentration in plasma and tissue. There is
no standard formulation available in the market for these supple-
ments. Bruy�ere et al.50 examined patented crystalline GS (PCG)
formulation and found it to be superior to other GS formulations.
PCGs also showed a delay in joint structural changes in various
studies, indicating potential benefit in altering disease course of OA
knee. Raynauld JP et al.51 indicated that treatment with GS/CS
significantly reduces the cartilage volume loss in the knee. Haris S

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kanzaki%20N%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26604721
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Table 2
Table showing the review of literature of commonly used nutraceuticals used in the management of knee osteoarthritis.

Nutraceuticals Author and year Type of Study Number
of
patients

Outcome scoring
system used

Results Conclusion Remarks

Boswellia
Krishanu
Sengupt,21 et al.

Randomized
double-blind
placebo controlled
study

75 VAS, Lequesne's
Functional Index,
WOMAC,
Cartilage degrading
enzyme from
synovial fluid

Statistically and clinically
significant improvement in
pain score and physical
function score, and reduction
of cartilage degradation
enzyme in synovial fluid

5-Loxin® reduces pain and
improves physical functioning
significantly in OA patients;
and it is safe for human
consumption. 5-Loxin®may
exert its beneficial effects by
controlling inflammatory
responses through reducing
proinflammatory modulators,
and it may improve joint
health by reducing the
enzymatic degradation of
cartilage in OA patients.

5-Loxin is
Boswellia serrata
extract enriched
with 30% 3-O-
acetyl-11-keto-
beta-boswellic
acid.

Belcaro G,22

et al.
Supplement
registry

55 Kamofsky scale,
WOMAC score,
Treadmill test

The effect of supplement is
significant higher than only
using standard medicine

The difference between
standard medicine and suppl.
To SM was significant in favor
of suppl. For all target
measurement used in registry

Belcaro G,23

et al.
A comparative
study

66 WOMAC Score,
treadmill test

In supplement plus standard
medicine group WOMAC score
reduced significantly.

The difference between SM
and the flexiqule þ SM was in
favor of the management with
supplement.

Flexiqule:
Boswellia extract
in capsule: safe
and well
tolerated.

Aflapin
Krishanu
Sengupt30 et al.

Randomized
double-blind
placebo controlled
trial

60 VAS, Lequesene's
Functional Index,
WOMAC

Significant improvement in
pain score and physical
function score. Significant
improvement in pain score and
functional ability were
recorded at the 7th day of
treatment.

Aflapin and 5-Loxin reduce
pain and improve physical
functions significantly in OA
subjects. Aflapin exhibited
better efficacy compared to 5-
Loxin. Both were safe.

Amar A,31 et al. Randomized
double-blind
placebo controlled
trail

152 VAS score, Lequesne's
functional index,
WOMAC score

Significant reduction in all the
pain score is observed in
aflapin group by day 30.
Significne reduction of VAS and
LFI observed by day 5

Aflapin is effective and safe in
treatment of OA pt. and its
effect shows as early as 5th
day of starting treatment.

Collagen paptide
Kumar S55 et al. Double-blind,

placebo-controlled
randomized trial

WOMAC, VAS,
Quality of life (QOL)

Scores reduced significantly in
collagen peptide group
compared to placebo group

Collagen peptide found to be
effective in reducing pain of
OA knee

Collagen paptide
was isolated from
pork skin and
bovine bone

Lugo JP,56 et al. Multicenter,
randomized,
placebo-controlled,
double-blind trail

191 WOMAC, VAS,
Lequesne Functional
Index (LFI)

Significant improvement in
UC]II group compared to
other GS and placebo group

UC¼II improved symptoms in
OA patients and well tolerated

Undenatured type
II collagen
obtained from
chiken sternum
cartilage
However, further
studies required
for establishing its
effect and
mechanism of
action

Figueres Juher
T53 et al.

Review study 60
scientific
studies

Hydrolyzed collagen reduces
collagen damage and loss
causing reduction in joint pain

Hydrolyzed collagen found to
be effective in OAknee

Curcumin
Madhu K65 et
al.

A Randomized
placebo-controlled
trail

WOMAC
subscalesand total
score

Improved WOMAC score, joint
temderness, crepitation,
effusion, limitation of
move,ents

Curcumin found effective in
treatment of OA knee patients

Single blinded,
small sample size,
short duration

Kuptniratsaikul
V,67 et al.(2014)

Comparative study
between curcuma
domestica extract
and ibuprofen

345 WOMAC score Both group showed significant
improvement in WOMAC score

Curcuma domestic a extract is
an effective in treatment of OA
with less side effects

Large sample size,
proper blinding
and
randomization
but short duration

Henrotin Y,68

et al.
Exploratory clinical
trail

22 VAS score and blood
markers

Significantly reduced
circulating markers of collagen
degradation, Coll2-1,Fib3-
1,Fib3-2, Myeloperoxidase and
VAS score reduced significantly

Flexofytol reduce inflation
and thus reduce pain in OA
patient

Flexofytol:
another
optimized
curcumin
formation with

(continued on next page)
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Table 2 (continued )

Nutraceuticals Author and year Type of Study Number
of
patients

Outcome scoring
system used

Results Conclusion Remarks

emulsifier
polysorbate 80,
Sample size of this
study was small

Nakagawa Y,71

et al.
Randomized,
double-blind,
placebo-controlled
prospective study

Kellgren and
Lawrence scale.
Japanese Knee
Osteoarthritis
Measure

Reduced severity of pain and
rate of concomitant celecoxib
use. No difference in JKOM

Theracurmin reduces pain
significantly.

Large sample and
longer duration
required.

Panahi Y,73 et al. Randomized
double-blind
placebo-controlled
trial

WOMAC,VAS,
Lequesne's pain
functional index

Significant reduction in all the
score compare to placebo

Curcuminoids represent an
effective and safe alternative
treatment in OA.

Kok-Yong
Chin,62 et al.

Review study Reduction in pain and
improvement in physical
function

Patients has better quality of
life after taking curcumin

More well
planned
randomized
control trails and
enhanced
curcumin
formulation
required

Daily JW74et al. Systematic review 8 RCTs Pain Visual Analog
score, WOMAC score

Reduction of PVAS compared to
placebo (p< .00001) in 3 RCTs,
Reduction of WOMAC score in
4 RCTs,
No significant difference in
PVAS in 5 RCTs

1000mg/day is effective for
treatment of arthritis.
It is difficult to draw definitive
conclusion due to total sample
size, quality of primary study

More rigorous
and larger studies
are needed to
confirm
therapeutic
efficacy of
turmeric for
arthritis

Fish Oil
Nuria Caturla,77

et al.
Randomized,
double-blinded,
placebo-controlled
study

45 WOMAC, Lequesne's
score

WOMAC, Lequesne's total score
reduced 53% and 78%
respectively

Standardized lemon verbena
extract and Fish oil omega-3
fatty acid reduced pain and
stiffness significantly

May be
considered for
further
investigation as a
alternative
treatment.

Peanpadungrat
P,78 et al.

Comparative study 75 VAS score, 100m
walking velocity,
three steps walking
time

Average score of patient
satisfaction was 9.06 of 10. all
parameters improved
significantly

Safe and effective in mild to
moderate OA knee pts.

Hill CL,79 et al. Randomized clinical
trial of low dose
versus high dose of
fish oil

WOMAC pain and
function score

Improvement in both the
group, greater improvement in
pain and functions score at 2
years in low-dose patients. No
difference in cartilage volume
loss.

Fish oil is an effective
treatment in OAknee

Boe C,75 et al. Review study In vitro studies: anti-
inflammatory action,
Canine trial: reduction in
symptoms
Human clinical trial: Not
consistently sigmificant

Long-term, well-
designed studies
required, and
standardization of
fish oil industry
required

Senftleber NK,80

et al.
Systematic review 42 Grading of

Recommendation
Assessment,
Development, and
Evaluation (GRADE)

The standardized mean
difference suggested
unfavorable effect in OA
patients

Evidence ofmarine oil using in
alleviate pain arthritis
patients was over all of the
low quality

Ginger
Naderi Z81 et al. double-blind

randomized
placebo-controlled
clinical trial

120 Serum concentration
of nitric oxide (NO)
and hs-C reactive
protein (hs-CRP

concentration of these markers
declined more in the Ginger
containing group

Ginger powder
supplementation can reduce
inflammatory markers

Mozafarri e
Khosravi82 et al.

randomized
double-blind
clinical trial

120 serum TNF-a and IL-
1b level

both cytokines decreased in the
Ginger containing group
relative to the Placebo group

benefit in reducing
inflammatory biomarkers

Bartels EM83

et al.
Meta analysis of
randomised placebo
controlled trials

593 Hedges' standardized
mean difference
(SMD), and safety by
risk ratio (RR)

Statistically significant pain
reduction and a statistically
significant reduction in
disability were seen, both in
favor of ginger.

modestly efficacious and
reasonably safe but moderate
quality evidence

Paramdeep
G84et al.

randomized open
label study

60 VAS SCORE,
WOMAC
SCORE

statistically significant
improvement with time in all
groups with patients who

Ginger powder has add-on
effect with acceptable safety
profile.
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Table 2 (continued )

Nutraceuticals Author and year Type of Study Number
of
patients

Outcome scoring
system used

Results Conclusion Remarks

received both ginger and
diclofenac treatments

Amorndoljai P85

et al.
comparative study
comparing paired t
score before and
after treatment

60 KOOS, ISOA, PGA statistically significant
improved patient's global
assessment, knee joint pain,
symptoms, daily activities,
sports activities, and quality of
life

Application of Ginger extract
nanoparticles relieves joint
pain with symptomatic and
improved quality of life

Rondanelli M,86

et al.
A pilot study Tegner Lysholm Knee

Scoring,VAS,SF-36),
anthropometric
parameters,hydration

significant improvement of
pain by Lysholm scale score,
SF-36

This study shows feasibility
and safety data for the use of
highly standardized ginger.

Green tea
Hashempur
MH,93 et al.

Randomized open-
label active-
controlled clinical
trial,
Intervention group:
green tea
extract þ diclofenac
Control group:
diclofenac

VAS, total WOMAC Mean difference of VAS pain,
total WOMAC, and WOMAC
physical functional score
shows significant reduction
compared with the control
group. No significant difference
between two groups in mean
differences of WOMAC pain
and stiffness scores.

Green tea extract can be
considered as an adjunctive
treatment for control of pain
and betterment of knee joint
physical function in OA knee
pt.

Duration and
sample size of this
study is small.

Rose Hip Extract
Winther99 K
et al.

Randomized,
double-blind,
placebo-controlled
trail

WOMAC pain,
stiffness, global
assessment of
severity of the
disease

Significant reduction in
WOMAC pain, and global
assessment of severity of the
disease

Reduces symptom of
osteoarthritis

Rossnagel K,100

et al.
Meta-analysis of
RCT

2 RCTs
revied

1st RCT:no improvement in
knee flexion
2nd RCT: reduction of pain in
RHP group

In both studies RHP has
moderate effect in OA patients

1st RCT: parallel
design
2nd RCT:
crossover design
In both studies
sample size was
small

Christensen
R,101 et al.

Meta analysis of RCT 3 RCT
reviewed

Reduction of pain score in RHP
compared to placebo

Although sparse amount of
data available, RHP reduces
pain in OA pt.

In future, large-
scale/long term
trail require
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Vassiliadis et al.52 observed that despite a significant number of
available RCTs, the question of the effectiveness of GS and CS is still
not answered. They also noted that which group of patients with
the specific grading of OA gets the most benefit of this supplement
is not clear.
2.3. Collagen peptide

Hydrolysate Collagen (HC) is derived from gelatinization and
enzymatic hydrolysis of native collagen derived from collagenic
animal tissue and contained small peptide with a molecular weight
lower than 5000 Da.53 In preclinical studies, it is found that HC
stimulates collagenic tissue regeneration by increasing collagen
synthesis and also by increasing glycosaminoglycans and hyal-
uronic acids.53 Poole et al.54 found that HC has a therapeutic target
for controlling degeneration of articular cartilage and also have
analgesic and anti-inflammatory properties.55

Kumar et al.55 used collagen peptides in their study and results
were evaluated by WOMAC, VAS and Quality of Life (QOL) score
from starting of study to 13 weeks of the study. These scores
reduced significantly in collagen peptide group compared to pla-
cebo group. Lugo et al.56 carried out a study to evaluate the
Undenatured type II collagen (UC]II) derived from chicken ster-
num cartilage in modulating knee OA symptoms. UC]II was found
to be effective in patients with OA knee and was well tolerated.
Figueres Juher T et al.53 did a review of the effect of hydrolyzed
collagen on the joint in 60 scientific studies and found that HC
intake reduces collagen damage and loss causing a reduction in
joint pain. Schadow et al.57 found that the pharmacological effect of
the various compositions is different on human chondrocytes. So,
standardization of CHs formulation is required.
2.4. Curcumin

The grounded root and rhizome of the plant Curcuma longa
provides Turmeric which is used to treat the biliary digestive dis-
order, healing wounds and in rheumatic diseases (Fig. 1b). Curcu-
min (77%) is the main constituent of Turmeric but also contains
bisdemethoxycurcumin (17%), and bisdemethoxycurcumin (3%). All
these together are called “curcuminoids”.58,59 Curcumin inhibits
NF-kappa B mediated IL-1beta/TNF-alpha catabolic signaling
pathway in chondrocytes and acts as an anti-inflammatory
agent.60,61 Curcumin acts as a chondroprotective agent by inhibit-
ing apoptosis of chondrocytes; proteoglycans and metal metal-
loproteases release inhibition and inhibition of cyclooxygenase,
prostaglandin E-2, and inflammatory cytokines expression in
chondrocytes.62 (Fig. 2).

The oral bioavailability of curcumin is low63 which can be

https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=24852756
https://www.ncbi.nlm.nih.gov/pubmed/?term=Figueres%20Juher%20T%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26267777
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schadow%20S%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=23342047


Table 3
Table showing the various studies related to the Glucosamine.

Nutraceuticals Author Type of study Number
of
patients

Outcome scoring
system used

Result Conclusion Remarks

Glucosamine and Chondroitin Sulphate
Sherman
AL,38 et al.,

Review article GL and CS showed anti-
inflammatory action in in vitro
study on human chondrocyte,
Beneficial effect of CS and GL on
pain and function. Small but
significant reduction in rate of
joint space narrowing.

This review clarifies the
role of these compounds
in the therapeutic
arsenal for OA knee pt.

Kahan A,39

et al.,
Randomized,
double-blind,
placebo-
controlled trial

Assessed medial
compartment of
tibio-femoral
joint

Significant minimum loss of joint
space, pain also improved
significantly in OA knee Pt.

CS has structure and
symptom modifying
effect in pt. with knee
OA.

Gruenwald
J,40 et al.,

RCT Glucosamine reduces
pain symptoms
significantly.

Kanzaki
N,41 et al.,

Randomized,
double-blind,
placebo-
controlled study

100 Japanese Knee
Osteoarthritis
Measure, VAS,
Normal walking
speed, knee-
extensor strength

Knee extensor strength and
walking speed is better in
treatment group.

This supplement is
effective for relieving
knee pain and improving
locomotor function.

However, along with GL, CS: type
II collagen peptide, quercetin
glycoside, imidazole, vitamin D
also used.

Kanzaki
N,42 et al.,

Pilot study of
gait analysis

Gait analysis Supplement increases walking
speed through increased stride
length and angle of kicking from
the ground during steps.

Reduction of knee pain
leads to improvement in
locomotor function

However, along with GL, CS: type
II collagen peptide, quercetin
glycoside, imidazole also used.

Jorge A.
Roman-
Blas,43

et al.,

Multicenter,
randomized,
double-
blind,placebo-
controlled trail

164 Global pain score,
VAS, WOMAC

19% reduction in VAS global pain
score compare to 33% reduction
in placebo group.
Similar improvement in WOMAC
score in both group

CS/GS combination of
therapy was not superior
to placebo in controlling
pain and functional
limitation in pt. with
knee OA.

Sample was small, confounding
factor of analgesic effect
conferred by using pain killer as a
rescue medication.

Vangsness
CT,45 et al.

Review Article All trials have found the
safety of these
compounds to be equal
to placebo.
Inconsistent efficacy in
reducing OA pain and
improving joint function.

Because of many studies
confirmed OA pain relief with
GL þ GS and their excellent
safety, these supplements may
serve a role as an initial
treatment modality for OA knee
pt.

Bishnoi
M,47 et al.

Review study CS, either alone or in
combination with other
drugs has potential to be
effective in treatment of
OA knee

Mantovani
V,48 et al.

Review arthicle CS and GL can modify the
disease progression

No absolute certainities on their
efficacy in modifying the course
of the disease.

Bruyere
O,50 et al.

Compared
Patented
crystalline
GS(PGS) with
other GS and
Glucosamine
hydrochloride

PCG found superior over
other GS and
Glucosamine
hydrochloride.
Also alter the disease
course when started in
early stage of disease

Various formulation of
Glucosamine present in market
but standardization of
formulation is required

Raynauld
JP,51 et al.,

Jonckheere-
Terpstra trend
test, Multivariant
analysis

Significantly reduced the
cartilage volume loss in the
global knee. The protective effect
at 6 years being significant in
participants exposed to 2 or more
years of treatment.

These findings provide
future support for the
long-term protective
structure-modifying
effects of GL/CS
treatment in OA knee pt.

Haris S.,52

et al.,
Review study 1)trial should to

methodological standard
(CONSORT)
2)systematic review
should follow similar
standards (MECIR)

The best dosage, duration of
dosage that provide symptom
relief is still unknown.
More advanced tools (e.g. MRI)
should be used to assess the joint.
The quality and quantity of
cartilage should also be more
accurately defined. (DGRMRIC)
Group of pt. who get benefit
should be clearly defined.

R. Vaishya et al. / Journal of Clinical Orthopaedics and Trauma 9 (2018) 338e348344



Fig. 2. Figure showing the mechanism of action of Curcumin.
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increased by delivering curcumin in liposomes or solid lipid
nanoparticles, polymeric micelles, or nanoparticles.64 Madhu K
et al.65 observed that Curcumin was effective in improving all
WOMAC score and other clinical outcomes in patients with knee
OA. Kertia et al.66 compared curcuminwith Diclofenac Sodium, and
they found curcumin to be equally efficient in suppressing the
synthesis of COX-2. Kuptniratsaikul et al.67 did a randomized
multicentric study and observed similar results. Adverse effect
profile observed include dyspepsia, abdominal pain, nausea, loose
stool, and edema. Henrotin et al.68 found significant improvement
in their study.

In a study, it was found that the peak plasma Curcumin con-
centration of Theracurmin (Curcumin formulation dispensed with
colloidal submicron-particles) was higher compared to other for-
mulations in the market.69e71 In humans, concurrent administra-
tion of Curcumin and Piperine enhanced the bioavailability of
Curcumin by 2000%.72 Panahi et al.73 and Kok-Yong Chin62 et al.also
concluded that the improvements in the treatment group were
better significantly after taking curcumin. Daily et al.74 systemati-
cally reviewed all RCTs and found that three RCTs showed a
reduction of PVAS with curcumin in comparison with placebo.
2.5. Fish oil

The effect of fish oil in knee OA patients is still not well under-
stood. It is postulated that the fatty acids present in fish oil alter
metabolic pathways by reducing the inflammatory process (Fig. 1c).
Various studies showed the reduction in inflammatory destruction
of cartilage tissue.75 The anti-inflammatory actions of n-3 fatty
acids, eicosapentaenoic acid (EPA), and docosahexaenoic acid
(DHA) from fish oil were observed on human cartilage cells. Some
adverse effect like intolerance, diarrhea, and gastroesophageal
reflux have reported76 with its use.
Caturla et al.77 in their study found improved physical function

in patients with knee OA. Peanpadungrat et al.78 also concluded
that the fish oil is efficient and safe in mild to moderate stages of
knee OA patients, however, the higher dose of 2000mg did not
show greater efficacy than 1000mg of fish oil. Hill et al. and March
et al.79 also concluded that the low-dose fish oil group showed
better pain and functional score improvement. Standardization of
the fish oil formulations is required for consistency of therapy.
Senftleberet al.80 searched database systematically and suggested
unfavorable effect in knee OA patients. They concluded that the
evidence for using marine oil to alleviate pain in arthritis patients
was over all of the low quality.
2.6. Ginger

Ginger is one of the ancient herbs used in India for cooking and
for the treatment of different diseases. Ginger has anti-
inflammatory action which helps in treating knee OA (Fig. 1d).
Naderi et al.81 in their study found that inflammatory markers like
nitric oxide and C- reactive protein were reduced significantly in
the serum of patients who were given ginger as a treatment
compared to placebo. The similar study was done by Mozaffari-
Khosravi et al.82 assessing the levels of proinflammatory after
ginger supplementation and suggested that Cytokines were
decreased in the Ginger Group relative to the Placebo Group. The
efficacy and safety of ginger are evaluated in various studies. Meta-
analyses of randomized placebo-controlled trials by Bartels EM
et al.83 showed statistically significant pain reduction and disability,
both in favor of ginger. Paramdeep G et al.84 did randomized, open-
label study and found that the group which received both ginger
and diclofenac showed better improvement than the individual

https://www.ncbi.nlm.nih.gov/pubmed/?term=Peanpadungrat%20P%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=26387397
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senftleber%20NK%5BAuthor%5D&amp;cauthor=true&amp;cauthor_uid=28067815
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treatments. The exact dosage and the duration of treatment with
Ginger extract still need to be validated. Local application of ginger
is also found to be effective in reducing symptoms of OA knee.
Amorndoljai P et al.85 concluded that local application of ginger
extract relieves joint pain and improves quality of life. Rondinelli
et al.86 also found significant improvement in pain relief in patients
with Ginger with knee OA who have a poor response with NSAIDs.
2.7. Green tea

The tea is one of the most commonly consumed beverage
worldwide. Green tea is 'non-fermented,' and contains more Cat-
echins which are potent antioxidants as compared to black tea
(Fig. 1e). There is an increasing interest to evaluate the role of green
tea in various diseases including knee OA. “Polyphenols” present in
green tea inhibits the inflammatory response at cellular levels.
Epigallocatechin-3-gallate (EGCG), is the most important type of
polyphenol which inhibits enzyme activities and signal trans-
duction pathways.87,88 Rasheed et al.89 have done in vitro study on
human chondrocytes. EGCG significantly reduces advanced glyca-
tion end products (AGEs) which induce pro-inflammatory sub-
stances in chondrocytes through various mechanisms. EGCG
inhibits expression of TNF alpha, MMP-13 and NF-kappaB and also
IL-1beta-induced glycosaminoglycan (GAG) release from human
cartilage explants.90,91 Newer studies have shown that the role of
EGCG in OA might be related to its ability to inhibit inflammatory
response by modulating micro RNAs expressions.92,93Green tea has
shown potent anti-inflammatory action in various in vitro studies.
2.8. Rosehip extract

Rosehip is derived from dried Rosa canina fruits obtained from
Hyben Vital, Langeland, Denmark.94 Rosehip extract95 contains
Galactolipid (2 S)-1, 2-di-O-[(9Z, 12Z, 15Z)-octadeca-9, 12, 15-
trienoyl]-3-O-b-D-galactopyranosyl glycerol, Mono-galactosyl
diglyceride, Di-galactosyl diglyceride, Betulinic acid, oleanolic
acid, ursolic acid, vitamin C, vitamin E, b-Carotene, Lycopene,
Linoleic acid, EPA, and DHA. These agents modulate inflammatory
response and prevent cartilage destruction (Fig. 1f).

Kharazmi A et al.96 found that rose hip extract inhibits the pe-
ripheral blood polymorphonuclear leucocytes (PMNs) and also
reduce the level of acute phase protein CRP and serum creatinine. It
was observed that the gene expression of CCL5/RANTES, CCL20/
MIP-3a, CXCL2/MIP-2 and CXCL10/IP-10 on target cells like chon-
drocytes, was reduced by Rosehip. The expression of genes that
degrade ECM was also reduced, and thus RHP showed a chon-
droprotective effect on the cartilage tissue. J€ager AK et al.97 re-
ported from an in vitro study that component of rose hip powder:
(Linoleic acid and alpha-linolenic acid) inhibit COX-1 and COX-2
and contribute anti-inflammatory property. Saaby Let al98 evalu-
ated the immunomodulatory effect of Rosehip powder and found
that it inhibits the lipopolysaccharide-induced interleukin-6
release. Winther K et al.99 noticed a reduction in pain, stiffness, and
severity of the disease, with the use of Rose-hip. Rossnagel K
et al.100 and Christensen R et al.101 found that Rose hip powder is an
effective nutraceutical for the treatment of OA knee patients.
Chrubasik C et al.102 also conducted a comprehensive review, ac-
cording to which anti-oxidative and anti-inflammatory properties
of various preparations of the Rosehip have been demonstrated.
Chrubasik-Hausmann S et al.103 performed a 3-month investigation
and found the rose hip shell powder to be as effective as pseudo-
fruit powder Litozin (®). However, future research is required to
elaborate the importance of the reported promising experimental
effects in clinical use.
3. Conclusion

Knee OA is one of the most prevalent diseases in the elderly
population. Lifestyle modification and physical therapy forms the
first line of management follows by Analgesics and NSAIDs, but
these agents only give symptomatic relief and do not affect the
natural history of the disease. Nutraceuticals are dietary com-
pounds that are considered to alter inflammatory process and
change the natural course of the disease process of OA. However,
the term nutraceuticals is not recognized by the US Food and Drug
Administration (FDA), which uses the term ‘dietary supplements’
instead. The responsibility of framing and regulating standards for
nutraceuticals rests with the Food Safety and Standards Authority
of India (FSSAI) as outlined in the Food Safety Act 2006.

Anti-inflammatory, anti-arthritic and analgesic action of Bos-
wellia has been observed in many studies, but the bio-availability is
found to be low. Aflapin have shown better bio-availability than
Boswellia. The effect of Aflapinwas observed as early as the 5th day
of starting treatment. Ginger and green tea extract are also found to
be effective and safe for OA knee patients. However, further studies
required confirming these results. Collagen peptide is also found to
be effective in the treatment of OA but different formulations are
available in the market, and each formulation has a different
pharmacological effect, so standardization of collagen peptide
formulation required before using it in the treatment of OA knee.

GS and CH supplements are found to be safe, but results of their
effects were inconsistent. However, the European Society for Clin-
ical and Economic Aspects of Osteoporosis and Osteoarthritis has
recommended them as first-line therapy in the treatment algo-
rithm for knee OA. In future, more specific studies are required to
evaluate the exact dosage of these drugs, which formulation is most
effective, which group and stage of patients get most benefited,
duration of treatment required, when to stop medicine if no
response and the exact role of GS/CH in modifying disease process.

Rosehip powder is an effective nutraceutical for treatment of OA
patients because of its anti-inflammatory, chondroprotective and
immune-modulatory action but the only sparse amount of data is
available. In future, more extensive studies are required for estab-
lishing its efficacy. Curcumin also has shownpositive results but the
bio-availability of curcumin found to be low. In future, well-
planned RCTs required with enhanced Curcumin formulation to
overcome low bio-availability. The low dose of fish oil (1000mg) is
found to be more efficacious than the higher dose. Overall, it is
found to be safe, but some side effects like diarrhea, intolerance and
gastro-esophageal reflux also have been observed.
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