Biomolecules
& Biomedicine

REVIEW

Efficacy and mechanisms of curcumin in the treatment of
osteoarthritis: A scoping review

Xiaodong Ma ®'*, Wenjian Zhao ®23#, Fan Yang ®*>*, and Kok-Yong Chin ®2*

Osteoarthritis (OA) is a degenerative joint disease that primarily affects the elderly worldwide. It is characterized by local
inflammation, which can be targeted therapeutically using natural anti-inflammatory compounds such as curcumin. This scoping
review explores the therapeutic effects and mechanisms of curcumin in OA management. A total of 50 relevant original studies
published in English were selected from PubMed, Web of Science, and Scopus using specific search strings, regardless of study type.
These studies demonstrated curcumin’s anti-inflammatory, protective, and anti-apoptotic effects on chondrocytes. Curcumin has been
shown to stimulate chondrocyte proliferation and collagen production while inhibiting matrix metalloproteinase activity.

These mechanisms contribute to curcumin’s ability to alleviate pain and improve joint function in OA patients. While the findings
highlight curcumin’s potential in OA management, further research is needed to enhance its bioavailability and determine optimal

formulations, dosages, and administration routes.
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Introduction

Osteoarthritis (OA) is a common and chronic degenerative joint
disease characterized by progressive changes in articular car-
tilage degradation, subchondral bone sclerosis, osteophyte for-
mation, angiogenesis within the subchondral bone, and joint
inflammation [1]. The condition primarily impacts middle-aged
and elderly individuals, with a higher prevalence in women
compared to men, and its frequency increases significantly with
age [2]. Approximately 303 million individuals worldwide are
affected by OA, with a prevalence rate of around 37% in indi-
viduals aged 50 and above, increasing to approximately 80% in
those aged 75 and older [3].

OA is associated with a high morbidity, which significantly
impacts the quality of life for patients and exerts significant
burdens on families and society. Common symptoms of OA
include joint pain, swelling, stiffness, and limited mobility,
which can progress to joint deformities and loss of function in
severe cases [3, 4]. Initial symptoms of OA are typically mild
but worsen gradually, impacting the ability of patients to per-
form daily activities and work effectively [4]. While the precise
etiology of OA is not yet fully understood, it is recognized as a
complex condition influenced by various factors, such as genet-
ics, age, gender, body mass, and occupational exposures [5, 6].
Pathological processes in OA include degradation of articular
cartilage, inflammation in the synovial membrane, alterations
in subchondral bone structure and modifications in the joint
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environment [5-7]. In the pathogenesis of OA, inflammatory
cytokines, including interleukin (IL)-1B, IL-6, and tumor necro-
sis alpha (TNF)-q, are vital in activating downstream signal-
ing pathways, such as nuclear factor kappa B (NF-«B) and
phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt),
which in turn impact chondrocyte function and viability,
ultimately resulting in matrix degradation and chondrocyte
apoptosis [5, 8, 9].

Therapeutic approaches for OA include pharmacother-
apy, physical therapy, or surgical procedures. Pharma-
cological interventions typically consist of mnonsteroidal
anti-inflammatory drugs and chondroprotective agents to
manage pain and enhance joint function [10-13]. Physical
therapies, such as extracorporeal shockwave therapy and
intermediate-frequency pulse electrotherapy, improve blood
flow and decrease inflammation [10, 11]. In cases of severe
OA, joint replacement surgery may be warranted. The use
of traditional Chinese Medicine (TCM) in treating OA is on
the rise. TCM treatment emphasizes restoring homeostasis
through herbal remedies, acupuncture, and massage to alleviate
symptoms [12, 13].

Recent advancements in the understanding of the pathologi-
cal mechanisms of OA have significantly influenced the devel-
opment of therapeutic strategies [14]. Research focusing on
the Wnt signaling pathway, the interplay between autophagy
and apoptosis and synovial inflammation has provided new
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opportunities for treating OA [8]. For instance, Wnt signal-
ing activation is essential for cartilage homeostasis. However,
its aberrant activation in OA leads to chondrocyte apoptosis
and matrix degradation [15]. Inhibition of Wnt signaling has
been shown to improve OA in clinical trials [16]. Addition-
ally, the emergence of innovative technologies, such as gene
engineering and cell-based therapies, offers potential for novel
approaches to managing OA [17]. Although the etiology of OA
is complex, a cure has not yet been discovered. Therefore,
the current treatments primarily focus on alleviating symp-
toms, slowing disease progression, and improving quality of
life [8, 14,17, 18].

Curcumin, a polyphenolic compound derived from turmeric
rhizomes, is well-recognized for its potent anti-inflammatory,
antioxidant, and anticancer properties [19]. It inhibits the
synthesis of diverse proinflammatory cytokines, neutralizes
free radicals, and elicits extensive pharmacological impacts
via numerous signaling cascades [20]. Additionally, curcumin
exhibits neuroprotective and cardioprotective capabilities,
improving cognitive functions and mitigating cardiovascular
ailments [21,22]. Research indicates that curcumin exhibits
beneficial effects in the management of OA, with clinical data
supporting its ability to reduce symptoms and enhance the
quality of life in patients, particularly in the initial to moderate
phases of the condition [19]. Considering the involvement of
inflammation and antioxidants in the development of OA, cur-
cumin may have the potential as a functional dietary component
for preventing this disease [20].

This review aims to provide a comprehensive understanding
of curcumin’s potential as a disease-modifying intervention for
OA, potentially informing the development of novel therapeutic
strategies. Since many systematic reviews and meta-analyses
on the efficacy of curcumin in treating OA are available [23-27],
this review will focus on the mechanisms through which cur-
cumin may enhance joint health and mitigate the onset of OA
from preclinical studies as well, potentially bridging the gap
between preclinical findings and clinical applications.

Materials and methods

This scoping review adhered to the guidelines outlined in
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) for scoping reviews (Table S1). The
scoping review methodology was specifically chosen to investi-
gate the relationship between curcumin and OA, enabling the
exploration of a diverse range of studies to comprehensively
understand the current research landscape in this area.

Defining research question

The primary research question for this scoping review
was: “What are the protective effects of curcumin against
osteoarthritis?” The population, intervention, comparator,
outcome, and study design (PICOS) criteria for studies included
in this review are summarized in Table 1.

Literature search
A systematic literature search was conducted across three
databases—PubMed, Web of Science, and Scopus—up to
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Table1. PICOS of the current review

Item Description

Cellular studies
Animal studies
Human studies

Population (P)

Intervention (I) ~ Curcumin (oral, injection or topical application)

Comparator (C) Placebo, vehicle, analgesics, or no treatment

Outcome (O) Cellular studies: Chondrocyte viability and proliferation
Animal studies: Cartilage or subchondral bone structure
Human studies: Pain and functional scales, radiographic
imaging

Applicable to all studies: Expression of cartilage health,
inflammatory and redox markers, molecular signaling

pathway regulation

Study design (S)  All study designs
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October 2024. The search strategy utilized a combina-
tion of keywords and Boolean operators: (Osteoarthritis
OR Osteoarthritides OR Osteoarthrosis OR Osteoarthroses
OR “Degenerative arthritis”) AND (Curcumin OR Turmeric OR
Curcuminoid).

Literature selection

Inclusion criteria for articles were: (1) primary studies investi-
gating the effects of curcumin on OA, and (2) studies conducted
using cellular systems, animal models, or human subjects.
Exclusion criteria included: (1) conference abstracts, review
articles, letters to the editor, commentaries, or opinion pieces
lacking original data; (2) studies that did not use pure curcumin
as the treatment; and (3) publications in languages other than
English.

Three authors (X.M., W.Z., and F.Y.) independently
searched the databases using the specified keywords. Retrieved
literature was organized using Endnote version X9 (Clarivate,
Philadelphia, PA, USA). Duplicate items were identified both
automatically by Endnote and manually by the researchers.
The authors screened the titles and abstracts of each article,
retrieving full texts for further evaluation only when deemed
relevant. Decisions regarding inclusion were made through
mutual agreement among the three authors. In cases of
disagreement, input from K.Y.C. was sought.

Data extraction and synthesis

Relevant data were systematically extracted by the authors
(X.M., W.Z., and F.Y.) using structured data extraction sheets.
Extracted information included authorship, publication year,
study methodology, dosage, treatment duration, results, and
limitations. The data were synthesized qualitatively and cate-
gorized into thematic areas for analysis.

Results

Selection of literature

The initial literature search yielded 852 articles from the
PubMed (n = 269), Web of Science (n = 266), and Sco-
pus (n = 317) databases. After eliminating duplicated records

www.biomolbiomed.com


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules
& Biomedicine

o
Records searched through
_E PubMed (7=269), Records excluded according to
E Web of Science(n=266) »| duplication (#=600)
:E: Scopus (n=317)
] Total=852
—
M
v
Records excluded:
Records after duplication Not original research articles (#=78)
removal | Out of scope (#=36)
(n=252) Not written in English (»=1)
Mixture/formulation (n=87)
g
‘s
[
o
3]
7]
Reports assessed for
eligibility
(n=50)
~—
y

Studies included in review
(n=50)

Figure 1.

(n = 600), 252 articles were included for further screen-
ing. Subsequently, 202 articles were excluded from the study
because they did not meet the inclusion criteria (not original
research article = 78; not within the scope = 36; not written
in English = 1, not using pure curcumin = 87). Ultimately, 50
articles that met all the inclusion criteria were included in the
analysis and summarized in Tables 2-4. Figure 1 displays the
flowchart illustrating the selection process.

Study characteristics

This scoping review includes 50 studies published between
2004 and 2024, which investigate the effectiveness and under-
lying mechanisms of curcumin in treating OA. The review
encompasses a range of in vitro and in vivo studies, utilizing
diverse cell types and animal models to evaluate the potential
therapeutic impact of curcumin on OA. Of note, five preclinical
studies adopted both in vitro and in vivo approaches. Human
trials investigating the clinical efficacy of curcumin in patients
with OA are also included.

In vitro studies used primary chondrocytes from humans,
rats, and cows, human osteoarthritic synoviocytes, chondro-
cyte cell lines HC-a and C28/12, and mesenchymal stem cells for
differentiation experiment. These cells were exposed to proin-
flammatory cytokines (IL-1B), oxidative stressors (tert-butyl
hydroperoxide), and TNF-a to mimic OA-related inflammation
and oxidative stress. Curcumin was given in concentrations of
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PRISMA flowchart on the article selection process. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

1.25-50 M to evaluate its protective effects on chondrocyte
function, with treatment durations tailored to each study’s
goals, typically lasting from 24 h to several weeks. These
studies assessed curcumin’s impact on chondrocyte activities,
showing it inhibited apoptosis, enhanced autophagy, reduced
inflammatory cytokines, and modulated metalloproteinase
(MMP) expression. Curcumin also activated key cellular path-
ways for chondroprotection, including AMPK/PINK1/Parkin
for mitophagy, NF-«B signaling, and Wnt/p-catenin.

Fifteen in vivo studies were performed using male
Wistar or Sprague-Dawley rats (10-12 weeks old) and
C57BL/6 mice (5-6 months old). OA was induced through
methods like intra-articular mono-iodoacetate (MIA) injections
(50-100 L), anterior cruciate ligament (ACL) transection,
and medial meniscus destabilization. Subjects received cur-
cumin doses of 50-200 mg/kg via oral gavage, intraperi-
toneal, or intra-articular injection for 35-60 days. Curcumin’s
efficacy was evaluated through serum levels of C-reactive
protein and cartilage oligomeric matrix protein, levels of
histone deacetylase 3, MMP1, and MMPI3, and inflamma-
tory markers NF-«B, IL-18, and TNF-a. Motor function and
cartilage protection were evaluated through knee joint rota-
tion time, miR-130a, and PPAR-y. Curcumin’s impact on
cartilage integrity, inflammation, and pain behaviors was
measured using histological, biochemical, and molecular
assessments.

www.biomolbiomed.com


https://www.biomolbiomed.com
https://www.biomolbiomed.com

(panunuo))

ICcine

Biomolecules
& Biomed

ON :9A13ISOd
(W 08) vS1wvay Juswieal) op :2A1eSaN
‘€dWW Jo uoissaidxy :JoJ3u0)
(Wl g) z102 40 D9V (w og) (Wl 0g ‘Wl G) uwnoun) juswieal |
"SUOJ3EJIUBIU0D JaYSIY (wrig) SONeJ T102/210D (w/8u OT) J1-11 :u0INpU]
1 5192 3Y3 padellep 3| 'SUOIIBIIUDIUOD  AJIAIIOE BAIjEIRYI 04 (W 09) sa1£204puoyd [s£] (8007)
JaMO0] 1B 9AI294J3 10U S| UIUNDIND  PUB JUN02 (]2 810 S]}92 peap jo ealy VN 21/82-D pazijerioww] ;190 ‘le1s 19820
q1X033]3) :DAI}ISOd
1uawieal) op :2A13e3aN
"gIX033]32 :]0J3u0)
Aq sisoydode jo uondnpui ayy (W 0g) uiwnaund :uawies. |
S92UBYUS PUE §]]32 JUdJaYpe |BIAOUAS Z-X0D sisayIuAs z3nd ON :uonaNpu| [£] (9002)
VO J0 yimou3 ay3 s3qiyul uiunaind 1-X0D sisojdody S]192 JUBJBYPE |BIAOUAS YO JO YIMOJD S92 JUBIBYPE |BIAOUAS YO UBWINH (19D ‘e 19 Uy-Ad7]
ON :9A1}ISOd
1uawieal] op :2A13e3aN
:]0J3u0)
"uoissaidxa (WY T ‘T ‘T°0) uIwnaan) :Juawies. |
uedA|30a30.d paseadul pue (1w/8u 07)T-11 :uoPINPU| [€£] (9007)
uoissaldxa JWWw sassasddns uiwnain) VN uedAj30a10.4 €-dWW ‘T-dWW 91420.1puoyd aulroq Alewlid :)9) ‘|e 12 uosyaef
ON :9A1}ISOd
1uawieal] op :dA13e3aN
:]0J3u0)
‘sa3h204puoyd sisayjuAs ulidajul-1g (Wl 0G) uiwinaan) ;Juswies. |
Jenaiie pajejnwils-gr-| sassado4d 1wse)dolfd ulw € ‘GT ‘G ‘0 404
uo $32343 dIjogeied-iue aY1]-11A0IIN ¢-asedsed pajealldy g1-11 Tw/3u o1 £q paanpuj :uondNpu| [z€] (£00?)
pue dp303dode-j3ue spsXe UIWIN2IND VN |I-9dAy uage)jo) saunjea} annesauadap jedrdojoydiopy sa1420.4puoyd uewny Asewid ;190 ‘|e 19 1aeqgieys
Ply-d ON :3A1}ISOd
uonepes3ap Juswieal) op :2AIReSaN
pue uoleunninbign ‘uoie)Kioydsoyd ngm :]0J3u0)
G9d-oydsoyd (Wl 0g) ulwnaun) uswiesd |
'sa3d04puoyd ul skemyed Pa1eAI12E JO UOIBI0|SUEL) JBS]INN Y doj auoje
3uijeusdys onoqeied -3NL/9T-11 (62@D) unsaul-tg G9d g3-4N jo s]oA3) uonejfioydsoyd 0-4N L 40 ¢T-7| Jw/8u 0T :uoanpuy [2£](s007)
pajelpaw gi-4N sassaiddns uiwnain) VN || 2dAy uae)jon 6-dWW pue z-X0d s91420.4puoyd uewny Alewld ;190 ‘e 19 19eq{RYS
ON :9A1}ISOd
1uawieal] op :dA13e3aN
‘sisayuAs uieroad xuuyew :]0J3u0)
Jo uoissaiddns paanpui-auy01Ad (Wl 0G) uiwinaan) ;Juswies. |
sanaljaJ pue ‘uonen3aidn g-dWw (Yvziozr ‘e v 0404 [t£] (¥002)
Se (ans ‘g T-7] Jo $12943 d1joge1ed ayl g>-4N 4o uopedojsues seapnyN  Jw/8u 1) 1-11 Aq paanpu| :uoiaNpu| e
wouy sa3kd04puoyd s399304d UILINDIND VN |I-9dAy uage)jo) €-dWW sa1£204puoyd uewny Aewtid ;190 |izue | -sZ)nyds

uoisnjpuo)

padueyoun sasipu| paseaJoul sadipu|

paseatdap sadipu|

(1043u03 ann3edau "sa sadueyd) sSulpuy Jofeyy

udisap Apnis

saIpn3s a4n3nd 1))

?.‘_mm\c sioyiny

Yajeay Juy

{ uo uiwn2.no jo s12aya ay3 Buipaedal saipnis Jenjd) g 9)qeL

www.biomolbiomed.com

764

Curcumin and osteoarthritis

Ma et al.


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules

ICcine

& Biomed

%w:c:couv

‘uoljeAllde gx-4N pue uof3dnpoid SOy

(uoneaoisue
Jea1anu god) uopeainde gai-4N
‘uonyepes3ap pue uonejfioydsoyd ng|

VN :9A}Isod

juawieal} oN :aAi3e3aN

:]o43u0)

(W 0G-0T) Ulwnaun) :juswieas |

3uissauddns Aq sa3k204puoyd 31gqed Jo ST-dWW 12A9] YW ‘uonanpoud SOy (1w/87 0QT) s3onpoud
uoljeAl3de padnpul-3oy Isulede A1ialloe pue -4N | Jo uoissaidxa uolssaldxa YNYW €T-dWW pus uol3edk|3 pasueapy :uondINpu| [6/] (€T02)
Ai01ewwe)ur 3y} s3GIYUI UIWNdIND vN ‘AyA2e QOS pue [vD ‘uoissatdxa urejoud pue yNYW 0- 4N L $914204puUoy2 Jejndiie 3iqqey 19D e duex  TI
(qw/87 ooT) uaj04die) :2AIISOd
Juswieal) op :2A1zeSaN
‘sawAzua d1)oqeled pue siojelpaw :JoJ3uo)
Kioyewwe)jur jo uondnpoud pasnpal 0y (W 00T-W™ €) uwnaun) uswiess |
Spea] YdIym ‘gx-4N 3uliqiyul 9A)oAUl (uwnaund (Tw/8u o) g1-71 :uondNpUl  [p€] (€T0T) e 32
Aew uo[12€ JO WSIUBYISW S,UIWLNIIND VN Wl gz =) Aiqera 19 aseaja. uedk|3oaoud ‘c-dWW ‘239d $91420.4puUoy3 Jejndile suinb3 )3 yangsennd 01
VN :9A1}ISOd
3uneudis JuswWieal) op :2Alze3aN
's)192 Joyuadoud ax1-dSW aseulydyW ‘6-X0S :JoJ3uo)

Jo sisauadolpuoyd Suneyidey

‘7/TM¥3 ‘uldaiul-Tg

Y 4o} urunound Wl g juswiieas

sny3 ‘saunjo1ha Aiojewwepjuiold ‘sued}309304d (Tw/3u oT) g1-71 :u0nANPU|
$9ZIu0ZeIUE YDIYM JUSWIUOIIAUSOIIIW oyads-age)inied uonefioydsoyd ng-| sa1£d04puoyd [8.] (0107)
e ysiqeisa dijay Aew uiwnain) VN ‘|| 9dA3 uade)0) ‘@1-4N ‘7-X0D ‘g-asedsed Jo uolleAldy Asewrd pue sOSW aulue) ;j9)  “Je 319 uuewdyng 6
ON :9AI}SOd
juswiealy oN :aAnesaN
:JoJ3uo)
(Wt oz
ued2.33y pue GT ‘0T ‘G) UIWN24ND JuaWwieal |
'sa14004puoyd £q T-dWIL (Wqr-0T) [££] (6002)
SJ0jeIpawW d1joqeled pue Alojeluwe)jul (wr ot T-dWIL/E-dWW 4O O13ed Jejow syl ‘€-dWW g1-71 JUBLIqUIOIB. UBWINK tUOIINPU] e
Jo uondnpoud ay3 S}qIYUl UIWN2IND  pue g) 8-7| pue 9-| VN (W 0z pue sT) 8-11 pue ‘9-11 ‘239d ‘ON $91420.4pUoYd UBWNH 3D JaneH-Ayrew )
VN 19ARISOd
"uoleWIWEeUl juswiealy oN :aAnesaN
93e)134ed JO |9pOW 0314 U] UE :JoJ3uo)
ur 1998 AJojewweyui-ue jeruajod uiwnaIn /j0w QQT :jusLIeal
e 3unsadans ‘syuejdxs a8eiaed ul g1-11 Tw/3u Gz 4o qwi/3u T :uonINpU| [92] (6002)
asea]a4 Oyo parenwiis-gr-| sadnpau sjujof auinba e
Aueayiugis 7710wl QOT 3 ulwnaIn) VN VN d1-11 Aq paanpui asesjal oyo woJj j9pow Juejdxa a3ej1nieD :japow %angdenn)d /

uoisnjuo)

pa3ueydun sasipu| pasea.dul sadipuj

paseaJdap sadipu|

(1043u03 aap3edau “sa sadueyd) sSulpuy Jofeyy

ugisap Apnmis

saIpn3s a4n3nd 113D

(saeak) sioyany  “oN

panuiuo) "z ajqeL

Ma et al.

www.biomolbiomed.com

765

Curcumin and osteoarthritis


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules
& Biomedicine

(panunuo))

ON :9A13ISOd
Juswieal) op :2AlzeSaN
"asuodsas A1ojewweyul VN :043u0)
VO pa3eInd]je pue ‘s)jad jeinouAs (110w op
4o uonesayioad panqiyur pue sisoydode ‘0Z ‘0T ‘S ‘0) UlwndIN) :Juawieal |
pajowoud ‘€4WW Jo uoissaidxa 1] us3e)jod uolssaJdxa dWW ON :uonaNpu| [e€] (610T)
ay3 pazendaiumop uiwnaInd VN T ul3daU0.qI4 Ayigein 1120 S92 JeInouAs YO uewnH :7)9) "|le 30 8uaz
ON :39A13ISOd
juawiealy oN :2A1eSaN
nz419-d ‘Yy3d-d VN $]043u0D
TLYHIS 741V PUe 8/d¥9 ‘dOHD (W 0g) urwnauny :juawiea. |
‘Remyyed 3uneudis Z-1°9 (d¥vd paaes)d pue gasedsed (wr 0)

dOHD-¥41V-PC4I2-My3d paiejad
9Y3 pue 59435 Y3 SHGIYUI UINdIND

pue |70 o uoissaidx3
VYN  saikoouspuoyd jo Aijiqein

panea]d) sjaAs] ute3o.d dpoydodeoid
sisordode a14204puoy)

apixotadolpAy 1Aing-1ia] :uopdnpuj
S])22 |e1A0uAS YO UBWINK 19D

[9¢] «(6T07)
‘e 39 3ua4

‘Kemyred Juapuadap-jerpuoyd03iw
a3 ela sisojdode a34d0upuoyd

Z-129 pue uaeod
|| 2dA3 jo uoissaadx3
‘AAoe Xd-HSH ‘Ayiaipoe

uojssaldxa €T-dWW ‘uoissaldxa ¢-asedsed
panes)d ‘uoissaidxa xeq ‘uonanpoid ON

dNS :2n13e83N

$]043U02 pale|NWIISU( $1043U0D)
(W 0z-G) uiwnaun) uswieas |
dNS WW T :uoizonpuj

[28] (8102)

pajnsul-gNs sassaiddns uiwnain) VN aos ‘“Aujigein 2o ‘WA Vv jo uoirdnisip/ssoy ayy ‘sisordody s214204puoyd Jejndiide 3qqey :)9) ‘e 10 oeyz
VN 19ARISOd
juswiealy oN :aAnesaN
:JoJ3uo)
‘uonenuaiaylp oiydouyadAy skep gz
914304puUoy?> Joj je1dnId ale ‘TC ‘T 404 ulwnaund Wl T :juswiesd |
yaiym ‘skemyied 3urjeudis yajon pue £g-491 3uiuiejuod
HHI 243 Jo uoieindaiumop ayj 03 anp WNIpaW UoleIUaJIa|Ip diusdolpuoy)
SI'SIY] "uoljeizuaiaylp duadolpuoyd (teziod :sisauadoapuoyd 4o uofINpu|
Bunpaye Jnoynm sHsw ul KydoapiadAy ‘6X0S) sujlew TASH ‘@DIN ‘219 ‘(eTdww S92 [18] (£102)
93£204puUoyd SHqIyul UIWN2IND d1uagdoupuoy) VN ‘T00T]0D ‘Zxuny) s4asJew diydoijiadAy wajs jewAyouasawl g/T1OTHED 19D ‘le12 0D
(W ot) uPAwedey :aa131504
(wu Qt) autuspejAyIs-¢ :aA13e83N
'sa14d0.puoyd ur A3eydoine Z/1MY3-d VN :]043u0D

pasnpul-z/T)¥Y3 aY3 uo suoide
sy y3nouayy Buneudis Alojewwe)jul
pue sisojdode passaiddns ujwinaind

T-ul2eq pue -1
‘sajonden 213eydoine

VN g

sawosogeydoiny
¢ asedsed anlloy
sa14d0.puoyd sisordode jo Jaquiny

(WM Q1) ulwnaan) 3uswieal |
g1-11 Tw/3u 0T :uondNpu|
sa1£204puoyd jes Aiewlid )90

[99] (£107)
Te1e

-Buneuis
g-4N 4O uoIHqIyul eiA s93Ad04puoyd

uonesaynould
91£504puoyd ‘uade])od

(uonesojsuesy
Jea)anu y1ay/59d pue uonejhioydsoyd
0gi[) UOIIBARDE G31-4N JO UORIqIyul

VN :9A13SOd

JuaWw3ieal} oN :aA13eSaN
:]0J3u0)

(W 0g) ulwnaun) juswieas |
(w/8u OT) 91-11 :uoANpU]

[08] (£107)

Jejnopue s399304d UlWN2IND VN || 2dA3 jo uoissaadx3 €T-dWW Jo uoissaidx3 $91420.puUoyd Jejndiiie Jey 19D ‘e 18 Suepp
padueyoun sasipu| paseaJdul sadipuj paseadap sadipu| udisep Apms
uoisnjauo) (1043u03 aa3eBau “sA sa3ueyd) sSulpuy Jofeyy salpnis ainjnd)12)  (s4eak) sioyiny

panupuo) -z 3|qel

www.biomolbiomed.com

766

Curcumin and osteoarthritis

Ma et al.


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules

ICcine

& Biomed

A_umsc:couv

‘sasuodsas Aiojewiweyul pue
leainins a3k304puoyd 3udue)eq Aq yo

(9d5D) sueak|3oa304d
oyidads-agdeyiied
pue uage)jod || adA |

sisojdode a3450.4puoyd pue

ON :9A1}ISOd

juswiealy oN :dAnesaN

‘JoJ3uod)

(WY 0T ‘g ‘2 ‘T) ulwnaan) :Juawies. |
(oa1a urN3-vO

Kiorewwe)jui-oad snosuadolaiay
33 dlWIW 19339q 03 $33Ad04pUoyd
yum a1eurdie-qg pue ‘sahooydwAl- |
‘s35€1q04qYy Jo Bui3sisuod) japow

ul siseysoawoy sulejutew pue 3uidnod xa)dwod uonewwe)u| gi-4N-59d jo 3uipuig yNG (N3-VO) 3JUBIUOIIAUD D1314Y31B0D3ISO
£X0S-g-4N Suljejnpow ein N3-v¥O g3-4N-59d-6x0S ‘6X0S ¢-asedsed-panes)d ‘6-dWW ‘7-X0D (@g) euorsuawip-¢ :uol3anpuy [59] (1202)
ur uoizewwe)ur sassaiddns uiwnain) VN gi-4N-59d Ajiqela daquinu a34204puoy) sa3d04puoyd uewny Alewld ;j9)  ‘|e 19 uuewuyng 1z
'sa1£d04puoyd uolssatdxa ON :9A13ISOd
JendIJe Ul XUjew Jejn)j@delixe £X0S pue ‘uedal33e 1UaWieal] op :dA13e3aN
Jo uoissaudxa suad d1joqeue pue ‘107102 404 3uipod auan :]0J3u0)
‘s21450.4puoy3 Jejndiie Jo uonesdiw sa1£204puoyd (Wl 8) ujwnaun) ;juswieas |
pue uoljesajnoid ay1 Joj uonduny Je)ndide jo uoles3iw ON :uoi1dnpu| [89] (T202)
SJSWg @Y1 SeduByua Ulwnain) VN pue uoneJajold VN sa1£204puoyd jes Aiewlid )90 e 8ueyz ot
TMD0Y pue gi-4N
Jo uonendaiumop juanbasqgns pue VN :9A13IS0d
uolssaidxa YNYIW pasea.tdul 03 uipes) Juaw3ieal} oN :aAi3eSaN
‘suaj0woud YN YIW ay3 jo uoireljAyiaw Y2I-yiw pue :]0J3u0)
VYNQ paseatdap y3nouyj pajeipaw €T-YIW Jo uoissaidxy uiwndand
sem 129ya sy “sisauadoyied (T8@d INOYIIM IO UM paieati sOSW

VO ul suiajoud Aoy 3198463 YoIym

‘€900 ‘60D) suteload

uoissaldxa 6471 ‘THDOY ‘g?-4N

WO.J PIALIIP SIUWOSOXT JUILLIed |

“YZT-Y1W pue gHT-YIW Jo uoissaidxa 2y12ads-awWosoxa siaj0woud juawieaJ; g1- :uonanpu|
a3 uiseatour Aq se3kd04puoyd 4o uoissaudxy $ZT-Y1W pue £HT-Yiw Jo uolejAyiaw yNQg (pa4e123p 30U [€8] (0Z07)
K1ewnd s3o9304d UlWIN2IND VN Aigein e sisordody sa129ds) sa120.4puoyd Aiewid :13) e nid 6T
uolssaldxa

'sa1£d04puoyd

[W.L Ul SS3415 9A13EPIXO pUE
uoljewWEUl 9InpaJ 03 sixe 3uljeusis
0129-T-00N-2A0S-T-OH/THN/SOY
Y3 S91BAIIDE UIWINDIND

u1a30.4d T-OH pue T-OON

2129 ‘T-00N ‘2d0S

T-OH 4O S]9A3] YNYW

S]aAd) 4IN-d pue zJUN
uoissaidxa

VN NVOV pue 1027100

€T-dWW PuB 6-dWW ‘€-dWW ‘T-dWW
S]9A9] SOY
7-X0D ‘SON!

ON :9ARISOd
Juswieal) op PAlReSaN

VN :]043u0)

(WM of pue 0z) ulwnouN) :JudWIIed. |
(w/8u OT) J1-11 :u0ANpU]
$934304puUoyd (W1 uewny 190

[€9] «(0z07)
1e3s Suell  gr

uoisnjpuo)

pa3ueydun sasipu|

paseaJdul sadlpu|

paseaJdap sadipu|

(1043u03 aap3edau "sa sadueyd) sSulpuy Jofeyy

ugdisap Apmis

saIpn3s a4n3nd 113D

(s4eak) sioyiny  ‘oN

panuiuo) "z ajqeL

Ma et al.

www.biomolbiomed.com

767

Curcumin and osteoarthritis


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules

ICcine

& Biomed

%w:c:couv

‘sisojdode pue
uonoeas Aiojewweyul sa1£d01puoyd
11qiyul o3 Kemuyied 3urjeudis

urualed-g pue ‘eGIUA

sisojdode a1450.puoy)

ON :9AI3IS0d

Juaw3ieal} oN :aai3eSaN

:]0J3u0)

(W™ 0T ‘T ‘T°0) ulwnaIN) :3uaw3eas |
ON :uonaNpu|

S92

[t€] (zz02)

UIU93eI-g/IUAA BU3 S9IBAIIDE UILUNDIND VN ‘eEIUAN JO S]aAB] UIR104d 8-11 pue ‘d1-11 ‘9-11 21/87D pue e-DH sakaodpuoy) 190 lel@ueny Gz
(AIX0D pue
g€27) s4ovtew A3eydoyiw
0 UoI1eZIe0]-0)
Mdwy-d
|| ua3eod ON :9A1}ISOd
pue (Tuldog pue juawiealy oy :3AiesaN
‘Kemyied ‘29d ‘4€D71 ‘udjied ‘THNId) flo3uo)
uded/TMNId/MdWY 243 ein A3eydoiiw A3eydoyiw jo siaxlep (Wl Q1) utwnaan) :juswieas |
3uireande Aq O 1sulede s3oays S19A3] d 1V JEN|j92433ul JT-11 pue ETdWW (w/8u OT) J1-11 :u0ONpU] [o€] «(zz0T)
9A1329304d0JpuUOYD S1IEXD UIWNDIND VN pue WAy eLpuoyI0y S]9A9] ,,BD pUe SOY s314504puoyd Jed Alewlld ;190 lewull  pe
(0z-41H pue gx-4N VN :3A11ISOd
JO UOI3ed0]SUE.} JBDINU ‘HAJYD/0Z-4IH juawiealy oy :3A1esaN
(07100 pue ‘-gdij/0-gxiid ‘gi-4N/g3-4Nd jo soirel :Jos3u0)
‘Kemyred ‘ueda.33e ‘6X0S) sauas ay3) Aemyied pz-4H/g-4N JO UonEAIDY (W os
3uneuis 0z-4|H/g%-4N ay3 Suyd01q Jljoqeue Jo uoissaidx3y ‘ZXOD pue SON! Jo uoissaidxa u1a30.d puUE 07 ‘OT) UIUN2IND 3uaWIeI |
Aq g1-71 yum paieasy s:akooipuoyd uoneJsajyoud (ss1wvay (Tw/8u 0T) JT-711 :u0BINPU [t¥] «(T207)
99Uy BULINW s329304d UIWNIND VN pue A)jiqeln )2) ‘6dWW) saua3 21j0qe3ed 4o uoissaidx3 $914204pUOY2 93U BULINYY 19D e 3uep €2
Ananoe god go-4N
g1 ujualed-g pue ‘ge-Nso ON :@AI}SOd
Aq paanpui sisojdode a14504puoyd ‘God gx-4N 40 SjaAa) uonejhioydsoyq juswieaJ) oN :dAnesaN
Jsulede ulN24Nd Jo $31299 6-asedsed-panes)d :Jos3u0)
aA1v910.4d 3y ul 3104 A3y e sAed T-u29g pue ‘c-asedsed-panes)d ‘dyyd-panes)d (wr oz
Kemyred ga- 4N 8y sa1hd0ipuoyd pue [|-£D7 JO S]aAaT sisojdode a1400.puoy) ‘0T 'S ‘G'T ‘ST'T) UIWNdJND :Juawies. |
Jejnaie Jed Atewud paanpul-gr-1 sawososAjoine wshy ay3 jo asdejjod (Tw/8u oT) g1-71 :u0nANpU| [¥9] (T202)
Jo sisoydode sassaiddns uiwnoin? VN Jo uoniodoud $914204puoyd Ul 3ses)jal HQ1 $314004puoyd Jed Alewld ;190 le@UAYD 7T

uoisnjauo)

padueyoun sasipu]

pasea.dul sadlpuj

paseaJdap sadipu|

(1043u03 aa3edau “sa sadueyd) sSulpuy Jofeyy

udisap Apms

salpnis a1n3nd |90

(s4eak) sioyiny  ‘oN

panuiuo) z9)qeL

Ma et al.

www.biomolbiomed.com

768

Curcumin and osteoarthritis


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules

ICcine

& Biomed

‘uoissaldxa ¢-asedsed Juipe|n3aiumop
pue uoissaidxa ¢-10g Sunendaidn
‘Kemypred Buneudis ydyw/ged ayy

3unejnpow £q sisoidode a1430.4puoyd

Z-1°9 ‘enuaiod
aueJquaW JelIpuUOY20IIW

(92xd-d Mdvw-d ‘ged-d ‘exyaw
‘I3SY) Aemyed Bureuds ydvw/ged
(SOY) s4eseW SSBIIS DAIIEPIXO
(¢-osedsed) suaxiew sisoydody

(T-dWW ‘6-dWW

VN :9A1}Isod

JuaWieal) oy :dA13e3aN

:]0J1u0)

(Wl ) uwnaun) :Juawiless |

yve

Joj uoneInwis gNS Ww g :uoianpuj

[98] (¥20T)

padNpul-gNS SHGIYul uiwnun) VN ‘Ay1qein a3£301puoy) ‘Z-X0D ‘9-11) $3uP{03A3 A103RWILIEYUI-01d sa1£d04puoy) :1)ad ‘lereo Suepy 8z
TVNASI PUe gidll
CHO1d ‘YL ‘(SddNI DTPdId ‘PINTYD-9100d
‘GTINTYD ‘SINTVD  ‘TOdD ‘€LNTVD ‘H1D ‘2D0V ‘vdd1d ‘€1VdD
‘TAEHATY ‘Tdd1d ‘TLvDa ‘HAHQA “YXDd 40 s]9A3] uoIssaIdxd YNYW
YOV ‘TLVSd (S9D) S]2A3] aujuoIIBW-T
aseljuhs-g-auuolyie1so pue apAyapielade ajozepiwiAyraw
j0 ‘apAyapjelade-{-aj0zepiwl
S]aAa) uoissaldxa YNYW ‘p12€ J1UEJ0UN B50]AX-Q
s|9A9]  ‘auexay(jAuynsiAyiaw)-9-o1euekd01y1osi-T (W1 OT) wedixolaW :3A1Is0d
piae d1ouedoidAxoipAyip ‘Buias|Aulwein|3 ‘sulueje-| JuswieaJ) oN :aAleSaN
‘suiajoid -€2-a ‘proe ‘91eAnuAd ‘Buiuoiylaw-| ‘piae d1Anikg :]0J3u0)
|e1dnud Jaylo pue YOYW ‘T1VSd ‘S9D 21224)3-p-oydsoyd-z Sjana] apAyap)elade-y-ajozepiwi (Wl OT) uiwnaun) uswiess |
Bunediel Aq yQ Jo Juswadeuew ayy ‘p1oe oMAx-Q ‘p1oe d1uoindm3-q Y ¢ 404 §1-71 Jw/8u QT :uoidnpu| [s8] (vzoT)
ur jerzuajod dnadeday) sy UIWNIIND vN 2u224)3-g-oydsoyd-z S]aAd) 0-4N L pue 9-1| ‘g1-1I $914204pUOY2 JeJNdILIe UBWINH 1]]9D lewdusq [z
uoissatdxa zJIN (THL4 VN :2A13S0d
‘vXd9 _S<D._mv sutaloud Juswieal) op :2A1zeSaN
pajelas-sisordo.iay sisojdo.uay :JoJ3uo)
“Z4IN Buneanoe 40 uoissaudxg 914204puUoy> padnpul-usesd (TY4L (W G) ulwnoun) :JuawWieal |
£q s?1£501puoy? Jo adUElSISA Xd9 ‘A0S ‘¥15DV) suiezoid paiejas-sisoydoliay U 7z 404 unseds Wi ¢ :uondnpuy [¥8] (202)
s1503doJda) B3 S3IUBYUS UILNIIND v/N ‘Ay1qein a3301puoy) SIUBIU0d | 734 ‘SOY VAW ‘HA1 sa14004puoyd Arewud asnoyy 190 lerwnoyz  9g

uoisnjpuo)

pa3ueydun sasipu|

paseaJdul sadlpuj

paseaJdap sadipu|

(1043u03 aap3edau “sa sadueyd) sSulpuy Jofeyy

ugisap Apnmis

saIpn3s a4n3nd 113D

(saeak) sioyany  “oN

panuiuo) "z ajqeL

Ma et al.

www.biomolbiomed.com

769

Curcumin and osteoarthritis


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules
& Biomedicine

(panunuo))
VN :9A1IS04d
sjutof @auy ayj ojul aules 711 g Jo uoda(u| :aAleSIN
uoissaldxe ;o43u0)
gi-4N uoissaidxa Y71 Sxeam g
SIUBIUOD V-4N L 10§ %@9M B 32U0 UOII(UI JendIpIe-BIIU AQ TW/Sw T
pue d1-1] 494e] 1192 Buiur] e1nouks  JO UOIBIIUSIUOD BY3 1B UIWNIIND Jo 1l OG :JuswIest |
‘Remuyzed 447 ay3 Suissaiddns pue uoileJ3)yul ]2 A1ojewuwe)ul saau 381 Y3 ul (1)
Aq ‘1ed uijses) Je ‘YO U0 12948 s914004puoyd dnoydode  sjuswedi) 33e1dnId JOLIBIUE B JO UOIIIASUEL | {UOIINPU] [6£] (6102)
Ai01eWIWE)JUI-IIUE S]U9XD UIWNDIND VN sa1fd0ipuoy) anisod-13NNL Jo 83ejuadiad  (pauonuaw jou age) sied Aeymeq-andelds ajeyy ewiuy el ues
YN 12A1S0d
K1a8ins
VO YHm 221w J1a1je OSWQ paalur Ajeauociuadesiur Aieq :aanedap
40 23e)114ed |BIPOJYIIE B U SI0JBIpIW 1o43U0)
Kioyewwe)juiold jo uoissaudxa K1981ns Ja34e WW 0G
YNYW sassasddns ujwnaind sajdwes anssi} 98e]11ded  Je ulwNdINd pa3daful Ajjesuoyliadedjul Ajleq :juswieas |
‘Jepow WW@ Y3 ut uoissaiSoud Ul TWYDA pue ©-4N1 ‘8T-1I WWQ 21eJaus3 03 U0III9SURIY TLWW :U0IINpU] [8€] (£102)
YO $22npaJ Ajjueayiugis uiwnain) VN VN VLT ‘A-N4| ‘gT-71 $84095 YO (pauonuaw jou a8e) 831w 9/79/5D )W Jewiuy leluns ¢
YN :2A1HS0d
]1o ulod jo a3eAed jeuQ :2Alle3aN
fo43u0)
110 UIOD Ul paAjOSSIp
(Bunieay uIun2IN 33/3W G JO UOIIBIISILIWIPE eI SJUBWIea. |
quinpuly pue (WWQ@) snasiuaw jeipaw ay3 jo uonesijiqelsap o3 3uipes)
‘JanaJ uted yQ 1aye Aquedsyiudis pa]]|9ALI] 92UBISIP SSIWPIYY  ‘Quuny puly 3ySi ay3 ul (TLWW) 3uswesd)) |eiqi-1easiusw
j0u pIp Inq uoissaidoud aseasip Bunsal Aauy a1e)d Jeupuoyaqgns pue siiAouks Jeipaw ay3 Sunpdasuedy A)jea13ing :uoizanpu| [¥¥] (910T)
VO s3anpaJ Apuedyiugis uiwnain) uoa) uted paiejsi-yo VYN 24035 |SY¥YQ UOIIe||lqy 93e)i3ie) (P10 syauow 9-g) @31w 9/7g/5D B]BW Jewiuy lewdueyz ¢
U 81 10} U 9 A19A3 110 U103 Yyim a3eAeS J111SeD) :9AIIISOd
U 8% 40} U 9 K143 )10 U102 yum a3eneS d1i3sed pue saauy
130 Ul 2Ul]es Y3IM U0 YUl Jejndipie-eiiu| :aA1eSaN
flo43u0)
34/8w OOT Jo asop eI Y 8Y
(uonanpuy 10} 4 9 A19Ad UILINDIND YHM 93eAB3 D1IISED) USRI |
"SIJLYIe padnpul-UesowAz 8y} Jalje Y gy pue sjutof
Aeauswiadxa aye Yy 91siy 4z ‘21) sjydoanau (uomanpurayz  aauy yzoq u (I 05/8w 1) uesowAz Jw GQ'Q :uolINpuU| [£¥] (¥102)
33 Ul UOIJEWWEYUI S9INPAJ UIWINIIND 40 sJaquIn VN J33ey9) sjiydosanau jo siaquinN (P10 s3@am g) s1eu Aa)meq-andeuds s)eyy fewiuy ‘le@asouoN T
pa3ueyoun sadipu| paseaJdul sadipu| pasea.dap sadlpu| udisap Apms
uoisnjauo) (1043u0 aan3e8au s saduey)) s3uipuy Jofeyy salpnys a4n3|nd 30 (s4eak) sioyiny “oN

yieay 3uof uo uonrezuswa)lddns ulwndand jo s3daa ay3 Suipaedal saipnys jewiuy °¢ a|qeL

www.biomolbiomed.com

770

Curcumin and osteoarthritis

Ma et al.


https://www.biomolbiomed.com
https://www.biomolbiomed.com

ICcine

Biomolecules
& Biomed

%w:c:couv
x21qa]9D) Aep/33/3w QT :9AI1}IS0(
¢-asedsed aul)es :aAnedaN
panea)d ‘ga-4N paiejkioydsoyd :]oJ3uo)
“-4N_ ‘@uIsolAioaliu jo S)@9m G 10}
'sjeJ ul uolssaidx3 ‘uaquinu a34304puoyd 33/8W 0097 40 ‘00ET ‘00S e UIWINI.IBY | ‘Judwiest |
3uneudis uonewwe)u uissaiddns £q ‘93ewep 93e)114ed ‘S2403S UPjUB uo1323(ul YW :uoldNpu| [sv] (0z07)
VO Padnpul-y|y s199304d ulwanoesay | VN VN ‘duejequi ulieaqg-1y3ia g S)ed JBISIAN D]y Jewiuy e died 6
VN :2Al}Isod
S}93M 104 OSWA %T°0
3uiuleIu0d aul)es jewou Jo suoidaful Ap@ap) :9AnesaN
:]oJ3uo)
SY@aM {7 10}
€T-dWW PUB 6-dWW SN Ul uiwnaund Wl ot Jo suoi3dafur Aeapn ;jusawies |
‘9T-71 ‘2-X0D ‘SON! 40 sj2na] Annes w1 ay3 ojul
‘Kemyred zJIN pue SON! eIA (W1 $s0] (v4D) 3ueAn(pe s punaiy 232]dwod o uond3fu| :uoRINpU| [€9] «(0207)
1e uoljewweyul sassaiddns uiwnain) YN uoissaidxa zj4N JeajanN uedA}30a30.d ‘Uoisoua a3e)inie) (P10 s@am g) s3eu Aa)me@-andeuds aeyy Jewiuy ‘leBuell g
siake) VN :9AI3SOd
3)ppIW pue 8284INS 3y} ]!0 U102 Jo uoneJISIUIWPE (IO :2AIESDN
4ake)  uluaquinu a3kd04puoyd :]oJ3uo)
daap ay3 ursaquinu s1ahe) a3e)ied sAep 09 40j UIWNIIND
‘sa1204puoyd 91450.4puoy) daap pue adepns siafe) daap pue ajppiw Kep/8x/8w 0g Jo uoneJISIUILPE |BJQ :JUSWIEd |
40 Jaqwinu ay) pue uoissaldxa siafe)ade)ied  ayy ul uoissaldxa G-XOS B3 JO SSaudIY] a3e]1lied Jejndiy (unes 17 og/3w 1)
G-XOS pue 710D ‘HHI Suiseasdul dasp pue adejns ay} sJake) sejnone J1aKe) a)ppiw ay3 Ul uesowAz Jo uor3daful Jejndiie-edjul 3)3ulS :uo1}INPU| [9¥] (0z02)
Aq a3e)i4ed s1a9104d UIWINDIND ul uoissatdxa HH| Jle ur uoissaudxa 710D uoissaudxa (HHI) Boyadpay ueipul (3. jo sY2aM ZT) SIBJ JBISIAN BJBW JEWIUY B IR 3YINOIAN /£
YN :9A1S0d
ploysaJy3 aulles jewJou Jo uoidalul jeauolitadeiu] :aaesap
lemelpyiim meq gi-4N :]0J3uo)
Su01309s g|-d ‘@8QAW Jo uoissaidx3 sAep aA1IN235U0J T 10} UILUNDIND
anssiy ul sa3kdoipuoyd 0-4NL 33/8w 00z J0 uonda(ul jeauojliadesiu] ;JusWIea. |
'syel Juswaduelle pue dr-7| ‘9-7] Jo uoissaidx3 jujof 33wy 3y31d ay3 3e (sules
VO Ul punom aau juanaid 03 sjand) 1192 pue 92e4ins saJodssupueyy v 0G/8W T) YIW JO U013l Jejndie-el3u| UORINPY|
uoljewwe)ul s3dnpal pue Aemyied 1ur0f 8y3 Jo ssauyloows s)192 Aiojewiweyul %oco:cmE [££] Amﬁomv
1eudis ga-4N/¥y 7L $20]q uiwnaand VN Jo 92439p ay . JO uolesyu| Julof jo Ja13Welq jou a3e) syed Asymeg-andelds sewa4 fewiuy e dueyz 9
S]2A3] JOHD pue gasedsed panes)) VN :9A1}ISOd
sa1£504puoyd jo sisojdody  UOIIIB(UI SNOUSARIIUI BIA BUIES JEWION %6°( :9AIFEZDN
'SS2J3s Y3 JO uoniqiyul pue T1y|S 91035 |SYYO floduo)
40 uoieanae y3nodys si uoidaloid ay | 93e]134ed JBNdILIE JO SUOISI] (84/3w oG 40 34/3w 0g) uopdaful jeauoiadesiul
VO yum sies ul sisordode a34d0.1puoyd S]aAa) uedA|30a10.d PpUE UOIS0J? ‘U013aNJISBp Julof Aq s3@am g 104 Ajlep 35U0 UILNDIND JUBWIIEAI |
paseaJdap pue uoljepesdap SU01329s 23U 3y} Jo adeds ayj jo Suimodeu 70V 3Y31 9Y3 Jo uoIIdaSUEL] (UOI}INPU| [9£] «(6107)
Julof 33Uy $31ENUBIIE UIWLNIIND VN anssi} Ul sa3hd0ipuoy)  ‘@2eyuns a3e|ilied ayj Jo SIS0II)IS (p10-123m-g8) sies Aeymeq-andelds ajeyy Jewiuy ler@dus4 g
pasueyoun sasipu| paseaJdul sadlpuj paseaJdap sadipu| uisep Apms
uoisnjouo) (1043u03 an13edau ‘sa sadueyd) sduipuy sofewy saIpn3s a4n3nd 119 (s4eak) sioyiny ‘oN

panuiuo) ‘g 3)qeL

771 www.biomolbiomed.com

Curcumin and osteoarthritis

Ma et al.


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules
& Biomedicine

(panunuo))
uone)A1a3e ZgOs ‘s12A3] SOY
B3.E |BUO0I}I9S5-5S01D (uoissaudxa VN :2A13ISOd
‘A3eydoine 3]2sNW sloway 79d paseaudul pue oijed (Kep/qw )
1qiyul 03 kemyied z@OS-€141S sdaaupend AnAde  €27/11€D7 pasea42ap) ASeydoiny  uopnjos asojn)jad 1Ay3awAxoqued wnipos %g°Q :2A13eS3N
y3nouy3 SOy 8uiea)d Aq oaia up 3104 2A0s ‘uoissatdxa €14 ajpsnw ;o43U0)
aAda304d e Aejd Aew 3] 'yQ 28Uy Ym (pue3s pue Ayisuaiul uesw  spowsay sdadpenb ay3 ul T-4NW sAep ¢ 4o} urunoun Aep/3x/3w OGT JUsWIIRDI |
S)eJ Ul UoljeJauadal a)Isnu s1oway ‘eaJe 12e3U0 WNWIXew) pue T-u180J3e Jo uoissaidxy £1381ns ynH :uoonpuy [zv] (v207)
sdsoupenb sajowoud uiwnain) VN ssajaweded yed ay | a3ewep a3e)114ed Jo A11I9A3S (¢23e) s1ea Asmeq andeuds sl qewiuy ‘le1@ 9 enH v
VN :2A1ISOd
SUIeS |eWIOU JO UOIIBIISIUILIPE [BIQ :BAI3EZDN
;o43u0)
skep g¢ 1oy 34/8w 00T
"uoljeWWeUl 33e]NPOW 0-4NL pue ‘gr-7| ‘g*-4N 7 UIWN2JND JO UOIIRJISIUIWLPE JeJQ udwleal |
03 A})ige ue 3uijesisuowap osje jurof aauy ayy STdWW pue TdWWw saux 3y3u
ajiym ‘uted pue Zunjams Juiof aedw ploysaiy  urA-yydd Iulof 9auy ayl  jo sjaaaT julof asuy ayl ul EJVAH 3y 3 uo323ful Jendie-esjul-yiw 11 0QT :uolaNnpu| [ev] (€20T)
01 |enuajod ay3 s3qIyxa ulwNIN) |eMBIPYUM MBY Ul BOET-YIW 3WI} POIRI0Y  S]3A3] dWOD 93U PUB gy WnJas (P10 S393M ZT-QT) S3ed JeISIAN DB f|ewiuy ‘le1s Jaqes €1
VN :2A1ISOd
U01323(Ul SNOUSABJIUI BIA BUIES |BWION %60 :9AI3EZDN
;o43u0)
€01 SHIIM ¢
"a3e]134ed JeNdI3IE U WSI|0qeled pue ‘T-urpag ‘z9d ‘THNId uoissaldxa ETdWW 404 UOI3I3[Ul SNOUSABIIUI BIA UILUNDIND 94G"() JUWIEaI |
AJojewwie)jul padnpad pue wisljoqeue ‘I us3e))03 JO S9N $9403S [SYYQ pue upjueyy uon2aful Jejndie-elul-y|W 1M 0G/3w g0 :uoidNpu| [o€] (zzoT)
uaSe)|0d paoueyua uIWINdIND VYN uonesajjosd a3kr0ipuoy) uoresauagdap agejiled (P10 s3493m £) s1ed Aeymeq-anSeuds ajeyy Hewiuy lerul 1
YN :2A1S0d
Auo j10 ui0) :aA1e3aN
uor3al Julof ay3 Ul s)99 flo43u0)
‘Kemyred 3uljeudis 9AI12BaJ-oUNWWI YNDd Sy@aM g 10}
0Z-41H/g>-4N 343 3uissaiddns 94035 || SYD| ‘@IeNS 110 UJ0d U uIWNINI Aep/3y/3W OG UIWINJIND ;JudWIeal |
Aq Ajjened a3ejined senaije Je)naijie y3nod ay3 pue S92 aanisod WWQ :uoilanpu| [t¥] «(1207)
a3 Jo A3u3a3ul ay3 senoadwi uiwnainD YN Suluieys xujew adejijie) 0Z-4|H pue s])22 aAiisod gi-4N 921W d)ew 9/79/6D flewiuy ‘lere uepy 1T
‘sadueyd (0T 12am 1e) V/N :@A13SOd
a1e)d gs seien3as pue s3ewep uoljewo} 93Kydoalso ‘uoijelopiad aules :aAnesaN
a3e|1Jed sejnonJe sassauddns T06Td9 L a1e)d pue Suiuaxdiyy a1ed gs :]oJuo)
‘aseyd d1u04yd ay3 u| a3ewep ag3e)iJed Jejndly $323M (T 404 SUOIIIS(UI JeNd1IE-BIIUI (TO6TAE)
"s1ed WWQ Ul YO Jo aseyd aande auyy (0T 1@3m 1) 23e)11BD ‘(9 2am 1e) 93e)14ED JEININIE apiuo.anan)3ouow UiWNIND Jw/3W O :Juawieal |
Ul uofjewwWeyUl jeIrouks passaiddns Jejnaiie ul uoissasdxa uj uoissaidxa p-4N1 (z pue K193ins W@ :uordnpuy [ov] (1207)
suo1323(ul Jejnollie-esul T06Td9 L VN uade)jod || adAL T $399M 1e) UoBWIWEUI |BIAOUAS S)ed JBISIAN D]el ewiuy  C|e 3@ eleyedeN QT
pa3ueyoun sadipu| paseaJoul sadipu| pasea.dap sadlpu| udisap Apms
uoisnjauo) (1043u02 aan3e8au s saduey)) s3uipuy Jofeyy salpnys a4n3|nd 30 (s4eak) sioyiny “oN

panupuo) g 3|qeL

www.biomolbiomed.com

772

Curcumin and osteoarthritis

Ma et al.


https://www.biomolbiomed.com
https://www.biomolbiomed.com

Biomolecules
& Biomedicine

Eleven human clinical studies have assessed the efficacy and
safety of curcumin for knee OA, employing various designs
like randomized controlled trials and open-label studies. Par-
ticipants were mainly adults with mild to moderate knee OA,
with some studies targeting specific age groups or genders,

suppressing osteoclast formation via
chondrocyte apoptosis by modulating
downregulating caspase-3 expression.

upregulating Bcl-2 expression and
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of chondrocytes. Specifically, curcumin activates the AMP-
K/PINK1/Parkin pathway, facilitating mitophagy and conse-
quently mitigating mitochondrial damage and oxidative stress
in chondrocytes [30]. Furthermore, curcumin’s activation of
the Wnt/B-catenin signaling pathway is associated with the
inhibition of chondrocyte apoptosis and the enhancement of
anabolic processes, including the synthesis of collagen type II
and ACAN [31].

Negative: 0.5% sodium carboxymethyl cellulose solution

Treatment: 25 mg/kg/day curcumin for 8 weeks
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Figure 2.

.....................................................

The mechanisms of curcumin in protecting joint health. Curcumin activates AMP-activated protein kinase, mitophagy, NF-kB, Wnt and Sirtuin

1signaling pathways in chondrocytes, thereby upregulating the anabolic processes and downregulating the catabolic processes.

therapeutic potential in maintaining chondrocyte functionand matrix, maintained the structural integrity of cartilage tis-

mitigating the progression of OA.
The mechanisms of curcumin in protecting joint health are
summarized in Figure 2.

Results from in vivo studies

OA induction models can be broadly classified into surgical
and non-surgical categories. Surgical models replicate OA-like
conditions by manipulating joint physiology through surgical
procedures. Traditional methods involve resecting ACL, poste-
rior cruciate ligaments, medial collateral ligaments, and medial
menisci in animals. However, modified approaches often sim-
plify these processes. For example, in canine early OA models,
transection of the ACL alone is sufficient to create an early-stage
OA model [35].

Curcumin has shown therapeutic potential in various sur-
gically induced OA models. Feng et al. [36] demonstrated that
post-surgical curcumin administration in rats mitigated car-
tilage surface hardening and joint space narrowing. It also
reduced Osteoarthritis Research Society International (OARSI)
scores, alleviated chondrocyte and proteoglycan loss, and inhib-
ited OA progression in a dose-dependent manner. Similarly,
Zhang and Zeng [37] found that curcumin treatment lowered
OARSI scores in rat models, reduced Safranin O staining loss,
cartilage fibrosis, and synovitis, and improved subchondral
bone plate thickness.

Sun et al. [38] reported that curcumin significantly reduced
histopathological OA scores in murine models, using a maxi-
mum scoring method to assess severity. Yan et al. [39] further
observed that intra-articular curcumin preserved the cartilage
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sue, and improved cartilage lesions caused by ACL transection
(ACLT) or ACLT combined with lipopolysaccharide administra-
tion. In a study by Nakahata et al. [40], intra-articular admin-
istration of 30 mg/mL curcumin monoglucuronide (tBP1901)
in rats with destabilized medial meniscus (DMM)-induced OA
reduced acute-phase synovial inflammation and cartilage dam-
age while regulating subchondral bone changes in chronic
post-traumatic OA. Wang et al. [41] discovered that a six-week
oral curcumin treatment enhanced articular cartilage integrity
in DMM-induced mice by inhibiting the NF-kB/HIF-20 path-
way. Ye et al. [42] used Hulth surgery to establish knee OA
models and found that a 35-day curcumin feeding regimen sup-
ported quadriceps muscle regeneration by reducing reactive
oxygen species (ROS) via the sirtuin 3 and superoxide dismu-
tase (SOD) 2 pathway.

Non-surgical models induce OA through joint immo-
bilization, forced motion, or chemical agents. Chemical
induction methods, such as intra-articular injections of
papain, hyaluronidase, collagenase, or iodoacetic acid (M14),
are widely used. Studies by Saber et al. [43] and Zhang
et al. [43,44] reported that curcumin reduced Mankin
scores, knee swelling, and improved pain thresholds and
joint mobility in MIA-induced OA models. Jin et al. [30]
further showed that curcumin significantly reduced Mankin
and OARSI scores, attenuated cartilage degeneration, and
promoted chondrocyte proliferation. Park et al. [45] treated
MIA-induced OA in male Wistar rats with Theracurmin®
for five weeks, resulting in improved weight-bearing bal-
ance, lower Mankin scores, reduced cartilage damage, and
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Figure 3. The joint protecting effects of curcumin as demonstrated in animal models. Curcumin protects against osteoarthritis by reducing inflamma-
tory signaling, improving antioxidant defence and chondrocyte autophagy and mitophagy. Thus, joint structural integrity is preserved in the supplemented

animals.

suppression of nitrotyrosine, TNF-a, phosphorylated NF-«B,
and cleaved caspase-3 expression.

Other studies using yeast polysaccharides as an OA-inducing
agent highlighted curcumin’s effects on cartilage. Nicoliche
et al. [46] and Nonose et al. [47] found that curcumin reduced
cartilage superficial and middle-layer thickness but increased
chondrocyte density in these layers. The number of deep-layer
chondrocytes remained unaffected. Notably, curcumin alle-
viated joint inflammation within 6 h of administration but
showed no significant anti-inflammatory effects after 12-24 h,
potentially due to its low oral bioavailability and rapid systemic
metabolism.

The joint-protective effects of curcumin across various ani-
mal OA models are summarized in Figure 3.

Results from clinical studies

The selected studies were randomized controlled trials (RCTs)
with sample sizes ranging from 40 to 85 participants, primar-
ily employing double-blinded designs to enhance reliability.
Curcumin dosages varied from 500 mg to 1500 mg and were
administered via oral capsules, ointments, or bio-optimized
turmeric extracts over treatment periods spanning three days
to six months.

Most studies demonstrated that curcumin significantly
reduced pain and improved function in OA patients com-
pared to placebo, as evidenced by Visual Analog Scale (VAS)
and Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC) scores. For example, Panahi et al. [48] found
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that curcumin supplementation improved WOMAC global,
pain, and physical function scores, though stiffness scores
remained unchanged. Similarly, Nakagawa et al. [49] reported
that patients receiving Theracurmin® experienced notably
lower VAS scores, indicating reduced pain. Shep et al. [50]
observed that curcumin was as effective as diclofenac for pain
relief, with additional benefits of reducing bloating and aiding
weight loss. Hashemzadeh et al. [51] reported that nanocur-
cumin significantly improved WOMAC scores, particularly in
pain and physical function domains, compared to placebo.

Regarding its mechanism of action, curcumin’s antioxidant
effects were highlighted by Panahi et al. [48], which showed
increased serum SOD activity and reduced malondialdehyde
(MDA) levels, reflecting improved redox status. Calderén-
Pérez et al. [52] demonstrated curcumin’s anti-inflammatory
effects, evidenced by a significant decrease in high-sensitivity
C-reactive protein (hsCRP) levels in patients treated with
B-Turmactive, a curcumin-based product.

From a safety perspective, most studies reported that
adverse events in the curcumin groups were similar to or
fewer than those in the placebo groups [48, 53, 54]. The stan-
dard oral dosage of 500-1500 mg daily was generally well
tolerated, with long-term studies (over six months) showing
sustained effectiveness and few serious adverse events. How-
ever, Henrotin et al. [55] noted a higher incidence of abdomi-
nal discomfort and diarrhea among high-dose curcumin users,
suggesting that elevated doses should be approached with
caution.
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Discussion

OA is a dynamic disease process characterized by pathophys-
iological changes involving all components of the joint tissue
microenvironment, resulting from complex pathological reac-
tions within the osteoarticular milieu [3, 4]. During the early
stages of OA, the primary pathological alterations consist of car-
tilage injury, microcracks, and abnormal bone remodeling [56].
Healthy articular cartilage is encapsulated by an ECM com-
posed of water, type II collagen, and glycoproteins, which col-
lectively maintain its structure and function [57]. However,
as age advances or under mechanical stress, chondrocytes
may undergo inflammatory responses and apoptosis, leading to
degradation of the cartilaginous matrix [2]. As OA progresses
further into its intermediate and late stages, the pathology
primarily manifests as subchondral bone neovascularisation,
neural invasion into the cartilage, sclerosis of the subchon-
dral bone, and osteophyte formation [2, 4, 5]. Angiogenesis and
nerve growth often coexist, with new blood vessel formation,
altering the hypoxic environment within chondrocytes, dis-
rupting the balance between synthesis and degradation, and
accelerating cartilage damage [5].

Chondrocytes play multifaceted roles in the pathogenesis
of OA [58]. Firstly, they maintain the structural integrity and
functionality of articular cartilage by synthesizing and main-
taining the ECM [59]. When injured or subjected to inflam-
matory stimuli, chondrocytes release inflammatory mediators
and matrix-degrading enzymes, such as MMPs and A disinte-
grin and metalloproteinase with thrombospondin, contribut-
ing to further matrix degradation and subsequent cartilage
degeneration [60]. Moreover, chondrocytes undergoing oxida-
tive stress may undergo apoptosis via pathways like PI3K/Akt,
exacerbating cartilage damage [61]. Thus, chondrocytes are
central players in OA development, with their injury and dys-
function contributing to matrix degradation and joint inflam-
mation and pain, underscoring the importance of chondrocyte
protection and repair strategies as potential key treatments for
OA [60, 62].

Curcumin, a natural compound extracted from turmeric
rhizomes, has attracted significant attention in the fields of
OA prevention and therapy due to its unique pharmacological
activities and broad biological effects [20]. In OA treatment,
curcumin exerts various actions, including alleviation of pain,
antioxidants, anti-inflammatory and anti-apoptotic, regulation
of critical signaling pathways, and promotion of cartilage tissue
repair [19, 20].

In terms of its antioxidant properties, curcumin exhibits
outstanding performance in the OA environment by inhibit-
ing the Nrf2/ARE signaling pathway, thereby enhancing the
activity of endogenous antioxidant enzymes like SOD, effec-
tively reducing ROS production and suppressing oxidative
stress-induced damage to chondrocytes [63]. Furthermore,
it activates the AMPK/PINK1/Parkin-mediated mitochondrial
autophagy pathway, facilitating the clearance of damaged mito-
chondria and preserving normal chondrocyte function, thereby
slowing down OA progression [30].

Regarding its anti-inflammatory role, curcumin potently
suppresses multiple proinflammatory cytokines, such as

Ma et al.
Curcumin and osteoarthritis

779

Biomolecules
& Biomedicine

TNF-a, IL-1B, and IL-6 [64]. It blocks the Toll-like receptor
4 (TLR4)/MyD88/NF-kB signaling cascade, decreasing the
expression levels of inflammatory cytokines, reducing the
infiltration of inflammatory cells into the joint and the
release of inflammatory mediators, thus alleviating joint
inflammation [64, 65]. Additionally, curcumin synergizes with
nonsteroidal anti-inflammatory drugs like celecoxib to further
inhibit the activation of NF-kB and subsequent generation of
proinflammatory mediators and MMPs, preventing further
destruction of the cartilage matrix [65].

Concerning the regulation of chondrocyte apoptosis, cur-
cumin upregulates SIRTI expression, inhibits protein kinase
RNA-like ER kinase (PERK)- eukaryotic translation initiation
factor 2 alpha (eIF2a)-C/EBP homologous protein (CHOP) path-
way activation and triggers autophagy through ERK1/2 sig-
naling, thereby effectively inhibiting the programmed cell
death process in chondrocytes [66]. Moreover, curcumin also
protects chondrocytes against apoptosis triggered by various
stress factors by inhibiting pathways, such as JAK2/STAT3 and
P38MAPK [30].

Regarding cartilage repair, curcumin increases the expres-
sion of protective molecules specific to cartilage, such as type
II collagen and 1 integrin, while concurrently inhibiting the
production of matrix-degrading enzymes like MMPs, thereby
contributing to the maintenance of the integrity of the cartilage
matrix and promoting the regeneration and repair of articular
cartilage [67, 68]. Coupled with appropriate physical therapies,
such as swimming exercises, curcumin application can further
improve the inflammatory state of the synovial membrane,
reduce joint swelling and pain, and facilitate the recovery of
joint function in OA patients [69].

Pain is the main symptom of OA, severely affecting daily life,
mobility, and emotional well-being, and can lead to economic
strain and poor treatment adherence. Effective pain manage-
ment is essential to enhance patients’ quality of life. Curcumin
has been found effective in alleviating pain in knee OA patients,
as evidenced by multiple clinical studies [48-51].

Perspectives

Curcumin’s multifaceted mechanisms of action position it as a
promising agent for both the prevention and treatment of OA,
demonstrating significant potential and practical efficacy. How-
ever, several critical issues remain to be addressed to harness its
therapeutic benefits fully.

Primarily, the low bioavailability of curcumin significantly
constrains its clinical utility. Future research endeavors should
prioritize the development of innovative preparation and deliv-
ery systems designed to enhance curcumin’s bioavailability.
This can be achieved through the application of advanced tech-
nologies, such as nanotechnology, liposomal encapsulation, and
novel drug carriers, thereby optimizing its absorption and uti-
lization within the body [70].

Secondly, optimizing the dosing regimen and delivery mech-
anism is essential. Currently, the optimal dosage and admin-
istration schedule for curcumin in OA treatment are not well
established. There is a pressing need for large-scale clini-
cal trials to determine the most efficacious and safe dosing
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parameters, which will facilitate the development of more
precise treatment protocols, improving patient outcomes and
adherence. Currently, a daily oral dose of 1500 mg of curcumin
is reported to be efficacious against OA and is relatively safe.

Thirdly, while the short-term benefits of curcumin in OA
patients have been documented, there needs to be more data
regarding its long-term efficacy and safety profile. Future inves-
tigations must include long-term clinical trials to comprehen-
sively assess curcumin’s sustained effects and potential adverse
reactions across diverse patient populations, ensuring its clini-
cal applicability is both effective and safe.

Fourthly, the synergistic potential of curcumin, when com-
bined with other therapeutic modalities, such as TCM and
physical therapy, warrants exploration. Future studies should
investigate the integrated use of curcumin alongside alternative
treatments, evaluating their collective impact on OA manage-
ment, thereby offering patients a broader spectrum of treat-
ment options.

Moreover, although current research has elucidated
some of curcumin’s mechanisms of action—namely, its
anti-inflammatory and antioxidant properties and regula-
tory effects on apoptosis and signaling pathways—these
mechanisms require further scrutiny. Future studies should
concentrate on elucidating the precise cellular and molecular
mechanisms underlying curcumin’s therapeutic effects, partic-
ularly focusing on its influence on chondrocyte proliferation,
inflammatory cytokine levels, collagen synthesis, and matrix
metalloproteinase activities. Of note, molecular and structural
changes in OA differ at the early stage and the advanced stage,
and between weight-bearing and non-weight-bearing joints.
The mechanism of action of curcumin at different stages of OA
and different types of joints should be investigated. This deeper
understanding will guide clinical application and maximize
curcumin’s therapeutic potential.

Lastly, the differential response to curcumin among various
patient demographics, including age, gender, and genetic pre-
dispositions, necessitates investigation. Future research should
scrutinize the efficacy and safety of curcumin across diverse
populations, evaluating its application potential in distinct
patient subgroups to enable personalized treatment strategies.

Through the diligent pursuit of these research avenues, the
full therapeutic potential of curcumin in treating OA can be
unlocked, paving the way for safer and more efficacious treat-
ment alternatives for patients.

Limitations

This review identifies several constraints. Firstly, the diver-
sity in research methodologies, doses, and modes of curcumin
administration among the incorporated studies hampers the
direct comparisons of findings. Furthermore, the exclusion of
non-English literature and studies not employing pure cur-
cumin may have resulted in the exclusion of pertinent data.
Grey literature was not collected in this review, thus subject-
ing the content to publication bias. Subsequent investigations
should fill these knowledge gaps to offer more comprehensive
and widely applicable findings regarding curcumin’s therapeu-
tic capabilities in the management of OA.
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Conclusion

Curcumin, through its diverse mechanisms, including
anti-inflammatory, antioxidant, apoptosis regulatory, anti-
angiogenesis, and immune-modulatory pathways, holds
substantial promise as a therapeutic agent for OA. Future
studies should focus on optimizing curcumin’s administration
strategies, assessing its long-term efficacy, and exploring its
combination with other treatment modalities, with the goal of
providing OA patients with safer and more effective therapeutic
options.
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results
Results
Selection of 14 Give numbers of sources of evidence screened, assessed for eligibility, and included in the review, 6-7
sources of evidence with reasons for exclusions at each stage, ideally using a flow diagram.
Characteristics of 15 For each source of evidence, present characteristics for which data were charted and provide the 7-8
sources of evidence citations.
Critical appraisal 16 If done, present data on critical appraisal of included sources of evidence (see item 12). NA
within sources of
evidence
(Continued)
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Table S1. Continued

Reported
Section Item  PRISMA-ScR checklist item on page #
Results of 17 For each included source of evidence, present the relevant data that were charted that relate to 8-13
individual sources of the review questions and objectives.
evidence
Synthesis of 18 Summarize and/or present the charting results as they relate to the review questions and Tables 2-4
results objectives.
Discussion
Summary of 19 Summarize the main results (including an overview of concepts, themes, and types of evidence 13-16
evidence available), link to the review questions and objectives, and consider the relevance to key groups.
Limitations 20 Discuss the limitations of the scoping review process. 18
Conclusions 21 Provide a general interpretation of the results with respect to the review questions and objectives, 18
as well as potential implications and/or next steps.
Funding
Funding 22 Describe sources of funding for the included sources of evidence, as well as sources of funding for 1

the scoping review. Describe the role of the funders of the scoping review.

This is a standard PRISMA-ScR checklist available for download from https://www.prisma-statement.org/scoping. It is attached here to ensure the
current review conforms to the PRISMA-ScR guidelines. |BI: Joanna Briggs Institute; PRISMA-ScR: Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews. * Where sources of evidence (see second footnote) are compiled from, such as bibliographic databases, social
media platforms, and Web sites. t Amore inclusive/heterogeneous term used to account for the different types of evidence or data sources (e.g., quantitative
and/or qualitative research, expert opinion, and policy documents) that may be eligible in a scoping review as opposed to only studies. This is not to be
confused with information sources (see first footnote). $ The frameworks by Arksey and O’Malley (6) and Levac and colleagues (7) and the JBI guidance (4,
5) refer to the process of data extraction in a scoping review as data charting. § The process of systematically examining research evidence to assess its
validity, results, and relevance before using it to inform a decision. This term is used for items 12 and 19 instead of “risk of bias” (which is more applicable
to systematic reviews of interventions) to include and acknowledge the various sources of evidence that may be used in a scoping review (e.g., quantitative
and/or qualitative research, expert opinion, and policy document). From: Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA
Extension for Scoping Reviews (PRISMAScR): Checklist and Explanation. Ann Intern Med. 2018;169:467-473. doi:10.7326/M18-0850.
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