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Abstract: For several thousand years (~4000) Boswellia serrata and Curcuma longa have

been used in Aryuvedic medicine for treatment of various illnesses, including asthma, peptic
ulcers, and rheumatoid arthritis, all of which are mediated through pathways associated with
inflammation and pain. Although the in vivo pharmacology of both these natural ingredients is
difficult to study because of poor bioavailability, in vitro data suggest that both influence gene
expression mediated through nuclear factor kappa B (NF-«B). Therefore, the activity of pathways
associated with inflammation (including NF-xB and lipoxygenase- and cyclooxygenase-mediated
reduction in leukotrienes/prostaglandins) and those involved in matrix degradation and apoptosis
are reduced, resulting in a reduction in pain. Additive activity of boswellic acids and curcumin
was observed in preclinical models and synergism was suggested in clinical trials for the
management of osteoarthritis (OA) pain. Overall, studies of these natural ingredients, alone

or in combination, revealed that these extracts relieved pain from OA and other inflammatory
conditions. This may present an opportunity to improve patient care by offering alternatives

for patients and physicians, and potentially reducing nonsteroidal anti-inflammatory or other
pharmacologic agent use. Additional research is needed on the effects of curcumin on the
microbiome and the influence of intestinal metabolism on the activity of curcuminoids to further
enhance formulations to ensure sufficient anti-inflammatory and antinociceptive activity. This
narrative review includes evidence from in vitro and preclinical studies, and clinical trials that
have evaluated the mechanism of action, pharmacokinetics, efficacy, and safety of curcumin and
boswellic acids individually and in combination for the management of OA pain.
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Introduction

Osteoarthritis (OA) is a leading cause of disability
in older adults, with over 500 million cases glob-
ally in 2019.1:2 Management of musculoskeletal
pain and OA often includes pharmacologic agents,
such as nonsteroidal anti-inflammatory drugs
(NSAIDs). NSAIDs are broadly effective but are
associated with safety concerns, including gastro-
intestinal, hepatic, and cardiovascular adverse
events.>5> Most patients with OA also have other
comorbidities, such as diabetes, hypertension, and
dyslipidemia, which complicates the identifica-
tion of suitable treatment options and can fur-
ther increase inflammation, leading to disease

progression.®’ Therefore, additional safe and
effective alternative pain relief options are needed.

Patients and physicians are beginning to explore
complementary and prophylactic therapies that
may offer both symptom relief and a favorable
safety profile.®® In addition, patients and physi-
cians want interventions that (1) eventually become
prophylactic options to help treat the root cause of
the condition, (2) decrease inflammation and pain,
which subsequently reduces damage, (3) have
more favorable adverse-effect profiles, and (4) can
be taken long term. Natural ingredients have the
potential to fill these needs and could minimize
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NSAID exposure and associated adverse events.10-13
Furthermore, in vitro bioassays suggest that the use
of natural ingredients in combination with NSAIDs
could provide a more favorable safety/risk—benefit
profile;'* molecular studies investigating the com-
bination at the chemical level are ongoing. Some
natural ingredients can be part of the solution in the
approach to personalized pain medicine; however,
many studies described in the literature did not
combine NSAIDs and natural ingredients in the
comparator arm of their trials.!5-17

Two natural ingredients, Curcuma Ilonga and
Boswellia serrata, have been used for several thou-
sand years (~4000) for the treatment of inflamma-
tory, pain-related, and degenerative disorders.18-20
Synergy of the beneficial anti-inflammatory and
antinociceptive effects from both curcumin and
boswellic acids has been suggested both i vitro
and i wvivo, and pharmacokinetic and clinical
studies in humans reported no major safety con-
cerns when these two natural ingredients are com-
bined.21-2¢ Therefore, identifying the appropriate
dose and formulation for the combination of these
natural ingredients for complementary and/or
synergistic targeting of OA and musculoskeletal
pain is of interest. In addition, identification of the
appropriate dosing in combination with NSAIDs
can increase the number of pain treatment options
for patients and provide an improved risk profile.

The objective of this narrative review was to exam-
ine the efficacy and safety of curcumin and boswel-
lic acids alone to support their use in combination
to treat and manage musculoskeletal pain in
patients with OA. These two natural ingredients
were recently investigated for many different bio-
logical conditions, such as OA and cancer, and
those findings are relevant for identifying the
affected molecular pathways. In addition, individ-
ual complementary and prophylactic therapies
were found to be non-inferior to NSAIDs in clini-
cal trials.1%12:13:25-27 The combination of natural
ingredients may prove to be as effective as, or more
effective than, pharmacologic agents due to their
unique mode of action and complementary and/or
synergistic effects.

Curcumin mechanism of action

Curcumin, the main component of polyphenolic
compounds called curcuminoids, is extracted from
turmeric, a product of the Curcuma longa plant;
additional curcuminoid components include
demethoxycurcumin and bisdemethoxycurcumin

(Figure 1).28 The evidence for the mechanism of
action of curcumin is derived from . vitro and in
vivo studies, including cell lines representative of
synovial cells and chondrocytes, rat and mouse
models, and clinical samples from patients with OA
and healthy volunteers. Curcumin downregulates
the cyclooxygenase-2 (COX-2) pathway, reducing
the production of prostaglandins associated with
inflammation (Figure 2).2%3° Curcumin also down-
regulates and directly inhibits lipoxygenase (LOX)
and downregulates inducible nitric oxide synthase,
mitogen-activated protein Kkinases, and Janus
kinases, which are associated with inflammatory
processes.?%31 Downstream effects of curcumin
through these pathways include inhibition of
nuclear factor kappa-light-chain-enhancer of acti-
vated B cell (NF-kB)-mediated gene expression of
cytokines, including reduced production of tumor
necrosis factor-alpha (TNF-a), interleukins (ILs-1,
-2,-6,-8, and -12), monocyte chemoattractant pro-
tein (MCP), migration inhibitory protein, prosta-
glandin E, (PGE,), matrix metalloproteinase
(MMP)-2,-3,-9, inflammasome NLRP3, and reac-
tive oxygen species.?8:32-38 J[-10, a cytokine associ-
ated with reducing inflammation, is increased by
curcumin supplementation in various inflamma-
tory diseases, and the anti-inflammatory activity of
IL-10 is enhanced through blocking pathways asso-
ciated with inflammation.?® For pain, curcumin’s
antinociceptive effect is mediated by IL-10 wvia
augmentation of Nrf2 and Cu/Zn superoxide dis-
mutase.?® Nrf2/ARE is a key pathway in curcumin-
mediated protection against inflammation and
oxidative stress in chondrocytes.40

Curcumin also was shown to protect human tem-
poromandibular joint chondrocytes from matrix
degradation.*® Curcumin has potential effects on
Toll-like receptor 4 (TLR4) in models of OA.41:42
A study of intra-articular administration of cur-
cumin in the right knee of a rat with OA (classical
model of OA induced by anterior cruciate ligament
transection), showed that curcumin repressed
lipopolysaccharide-induced II-1f and TNF-a
secretion from the synovium and inhibited lipopol-
ysaccharide-induced overexpression of TLR4 and
downstream NF-«B in cartilage and synovial tis-
sues.#! Thus, curcumin effectively reduces activity
in inflammatory pathways known to be involved
with OA pathogenesis.?? Through reductions in
inflammation, OA pain is reduced as well.

Curcuminoids have demonstrated other activities
in preclinical studies, including antineoplastic,
antifungal, analgesic, antimicrobial, antioxidant,
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Figure 1. Structure of (a) key curcuminoids and (b) boswellic acids.4344

hepatoprotective, hypoglycemic, immunostimu-
lant, antiasthmatic, and hypercholesterolemic
effects.?84> Although most of these observations
are from i virro studies, the authors hypothesized
that the potential universal effect of the curcumi-
noids on inflammation/oxidative stress occurs
through an effect on redox imbalance, which could
suggest that curcumin may be a prodrug because it
appears to be active in numerous pathways.®

This hypothesis also is supported by curcumin’s
poor bioavailability in humans. Furthermore, the
prodrug theory could support the variability
observed in different preparations of curcumin;
bioactive intermediates from oxidative metabo-
lism of curcumin account for at least some of the
observed activity.#¢ The biologic effects of cur-
cumin in the gut also may explain its overall anti-
inflammatory effects, as CurA from Escherichia coli
in the human intestine has been shown to produce
tetrahydrocurcumin, a metabolite of curcumin
that has been shown to be biologically active.47-48
If the microbial products of curcumin (metabo-
lites), which have yet to be identified, are responsi-
ble for the beneficial effects of curcumin, then
limited bioavailability or absorption in the small
intestine may not be a significant issue. For exam-
ple, there have been various studies in rats in which
tissue or serum malondialdehyde concentrations
were lowered by 12-30% when either 100 or
200mg/kg curcumin was administered before
intestinal ischemia reperfusion.4>49-52 Curcumin
has effects on microbiota, intestinal permeability,
gut inflammation, oxidative response, anaphylactic
reactions to oral allergic food exposure, and bac-
terial, parasitic, and fungal infections,*” and it
is believed that positive effects on the microbiome
may have effects on extra-intestinal disease.*”
Concentrated extracts of curcumin through

solvent extraction of turmeric, such as BCM-95
and C3,%3 provide another mechanism for increas-
ing bioavailability. The efficacy of this approach is
illustrated by one pharmacokinetic study in healthy
volunteers that showed an approximate seven-fold
increase in bioavailability with BCM-95 compared
with standard curcumin.>* Overall, the mechanism
of action and clinical pharmacology of curcumin iz
vivo need additional research in humans to confirm
the in vitro data and to address how to achieve effec-
tive concentrations of active curcumin metabolites.

Boswellic acids mechanism of action

Boswellia is derived from the gum resin extracts
of the Indian olibanum tree, Boswellia serrata,
which contains a mixture of triterpene acids
known as boswellic acids (Figure 1).45:55

Two boswellic acids, 11-keto-f-boswellic acid
(KBA) and acetyl-11-keto-B-boswellic  acid
(AKBA), were proposed as the main transducers
of pharmacologic effects.>> Boswellic acids inhibit
the 5-LOX pathway, reducing the production of
proinflammatory leukotrienes.>®57 However, no
clear correlation has been established between
KBA/AKBA plasma concentrations and the effec-
tive concentrations for inhibiting 5-L.OX, which
may be due to the poor absorption of AKBA after
oral administration.’> One approach to increase
AKBA bioavailability has been to use concentrated
extracts, such as ApresFlex and 5-Loxin, which
have between 20% and 30% AKBA, respectively.>®
In a preclinical rat model, ApresFlex showed
greater absorption wersus the same dose of
5-Loxin.>® Further research into concentrated
extracts could provide more insight into the effec-
tive concentrations needed to inhibit 5-LOX.
Boswellic acids also inhibit COX-2 in the

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

THERAPEUTIC ADVANCES in
Musculoskeletal Disease Volume 14

; . 4

Both actives enter < A

the bloodstream )

OMe OMe
HO OH
O O

Curcumin B-Boswellic acid

N\ J

Arachidonic

Acid Growth
Factors

mTORC1

Proteoglycan synthesis 4 Collagen type Il degradation £ MMP-1,-3,-9,-13 %
Introduction of apoptosis # ~ RANK synthesis ¥~~~ _emmmmmme—el
ADAMTS-5 1 L ~o

TT?Q.
| Cartilage Degeneration ' | '*ill““'
N
Decreased inflammation and oxidative stress,
resulting in less pain

Figure 2. Mechanism of action of curcumin and boswellic acids in osteoarthritis based on in vitro study data. 4EBP-1, eukaryotic
translation initiation factor 4E-binding protein 1; 5-LOX, 5-lipoxygenase; ADAMTS, a disintegrin and metalloproteinase with
thrombospondin motifs; AKT, protein kinase B; COX, cyclooxygenase; CTX, carboxy-terminal cross-linking telopeptide of type |
collagen; IL, interleukin; iINOS, inducible nitrous oxide synthase; JNK, c-Jun N-terminal kinase; LTB, lymphotoxin-beta; MMP, matrix
metalloproteinase; mMPGES-1, microsomal prostaglandin E synthase-1; mTORC, mammalian target of rapamycin complex; NF-«xB,
nuclear factor-kappa B; NO, nitrous oxide; PGH,, prostaglandin H2; PI3 K, phosphatidylinositol 3-kinase; PIP3, phosphatidylinositol
3,4,5 trisphosphate; RANKL, receptor activator of NF«B ligand; Sé6 K-1, ribosomal protein Sé kinase beta-1; TNF-a, tumor necrosis
factor-alpha; TXA,, thromboxane A2; TXB,, thromboxane B2.
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arachidonic acid pathway, metabolites of which
mediate pain and inflammation.>” COX-2 inhibi-
tion decreases prostaglandin H, and subsequently
PGE,, which promotes inflammation.’>>7 (-
Boswellic acid has shown higher steady-state
plasma concentrations in humans than AKBA,
which aligns with the i vitro IC;, values for cath-
epsin G (catG) and microsomal prostaglandin E
synthase-1 (mPGES-1), suggesting an alternative
pathway for anti-inflammatory effects.5> mPGES-1
is likely to be involved in cartilage/matrix homeo-
stasis through mechanosensitive gene induction,
and is a potential therapeutic target in OA.%°

Another pathway implicated in the anti-inflam-
matory effects of AKBA is NF-kB. In a rat model
of osteoporosis, administration of 35mg/kg
AKBA for 42 days resulted in significant improve-
ment in calcium content and bone mineral den-
sity (p<<0.01 for both) and downregulation of
NF-«B and NF-«B-regulated gene expression,
suggesting that AKBA has a role in management
of postmenopausal osteoporosis through inhibi-
tion of osteoclastogenesis.5!

The PI3K/AKT pathway regulates target genes
involved in cancer and OA, and i vitro studies
with AKBA in these different disease states sug-
gests that there may be a common mechanism of
action. Potential anticancer effects of AKBA have
been observed in human gastric cancer cell lines
through induction of apoptosis, cell cycle arrest,
autophagy suppression, and inhibition of cell
migration and the PI3K/AKT pathway.62-65
Anticancer effects were studied in a variety of cell
lines and cancer types and have demonstrated
dose-dependent responses, the potential to use
AKBA as an adjuvant to chemotherapy, and as a
promising therapy for non-small cell lung can-
cer.6263:65 Recent i virro and i vivo studies have
suggested a potential new role of the PI3K/AKT
pathway in OA, where inhibition of PI3K/AKT
prevents expression of target genes (e.g. TNF-q,
IL-6, MMPs, and COX-2) that increase the
inflammatory responses and cartilage matrix deg-
radation that lead to OA development.66-68
Boswellic acids therefore may downregulate
inflammation and oxidative stress in OA, thereby
reducing cartilage damage and joint pain.

Comorbidities, such as diabetes and obesity, can
amplify mechanical and inflammatory pressure
on the joints in OA. Boswellic acids act on inflam-
mation in diabetes and other comorbid condi-
tions that make joint pain worse in OA, and may

prevent types 1 and 2 diabetes through suppres-
sion of the expression of proinflammatory
cytokines.%%70 Additional research is needed to
confirm the pharmacodynamics of boswellic acids
in vivo, similar to curcumin. The safety of boswel-
lic acids has been studied preclinically in primates
and rats, with no toxic side effects observed.*>
One of the side effects reported in humans is skin
reactions or rashes, but thus far, no serious safety
issues have been documented.”!

Antinociceptive effects of curcumin and
boswellic acids

Preclinical OA animal models in mice and rats
showed antinociceptive effects of curcumin and
boswellic acids via topical and oral administration,
respectively.’273 In the mouse OA model, topical
curcumin nanoparticles reduced tactile hypersensi-
tivity in the von Frey test, increased distance
traveled, and increased rearing compared with
vehicle-treated animals that also had destabilization
of the medial meniscus (all p<<0.05).72 This sug-
gests curcumin is effective in relieving pain associ-
ated with OA. Additional investigation showed that
oral and topical curcumin slowed the progression
of OA in the mouse model through decreased car-
tilage erosion and proteoglycan loss, reduced syno-
vitis and subchondral plate thickness, reduced
degradation of type II collagen and aggrecan, and
lowered expression of MMP-13 and ADAMTS5
compared with vehicle controls.’? In the rat OA
model, rats treated with boswellic acids improved
weight-bearing function measured via the von Frey
test at day 14 and latency of paw withdrawal at day
15 compared with monoiodoacetate control rats.”>
In wvirro studies of boswellic acids showed dose-
dependent inhibition of 5-LOX activity and
strongly inhibited PGE, production in lipopolysac-
charide-induced peripheral blood mononuclear
cells, indicative of inhibition of the COX pathway
for inflammatory pain.”> Furthermore, boswellic
acids helped block the harmful effects of proinflam-
matory cytokines on human chondrocytes in cul-
ture.”® Therefore, there is the potential for both
curcumin and boswellic acids to be protective for
chondrocytes in OA and for additive benefit in
reducing pain in OA. Additional research in
humans is needed to confirm the exact mechanism
of these natural ingredients in reducing pain in OA.

Curcumin for OA
Data from clinical trials evaluating the efficacy of
curcumin for managing OA (Table 1) support

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

THERAPEUTIC ADVANCES in
Musculoskeletal Disease

Volume 14

[panuiuo))

dn-mo1)04 Jo UoljelNp

}oys pue azis a)dwes Jjews e
apn1oul ApNis S1y} 40 SuoljeWIT
Su0SEaJ |BJ1Y}d Joj pue siseq
dUIIN0J B UO WNIPOS JBUS}0)DIP
jo Buigg panladad syuaned N1y
uondiosqge

1840 S} 9A0Jdwl 0} S8)192IWOUBU
ul pajensdesus sem uiwnNdINY

VN

(Lo'0>d)

(£LUl“+800 ‘+%0QJ) sne>
1 Jo uonuodoud ul asealdap
pue ogade)d snssaa dnoub
ulwnoJnd ul (L0 p=d)
9seaJdap 4y  wedijiubig

NT9-NHJ Uey} aJow (INVIAS
pue ‘9-| ‘g1-T1) sdaiew
wnJas AJojewwe)jul
pssnpad N19-IN93D

(L0000 >4d)

ogadeyd snsuan dnoub
UlwN2JNd Ul paseaJdap
Ajpueoiyiubis 8109s SyA

(L00°0>d)

NT9-NHD SNsJaA 8102S
18101 QVINOM pue
‘81025 Gy ‘©402S QYA
‘@ouewJoylad Buyem

panosduwi NT9-W9I

(L00'0>4)

dnoub joJiuod-annoe
SNSJ9A S3109S JYINOM
1830} pue ‘uolouny

J1sabjeue Joy

wnipos deuaj0121p b gg
Joj uondo ‘syyuow g

Joy Ajiep @duo ogaoeyd
Jo (uondiosge jeJo
anoJddwi 0} sa))8d1UlouBY
yum) ulwnaand buipg

skepyg

1o} Aep e ad1m) asop 1edo
91buis e se uayel N9
Buipog yum (NHQ) @3epns
unlodpuoyd bwgly

40 (N19) @piojyd0.pAy
aulwesoonb bw gog

yim W99 buipoy

sy2amg oy} Ajep
921M) asop 1edo a1buls

sdnodab om) ojul

|| paziwopued YO
yym syuaned gg

sdnoub 1enba
0} |i| paziwopued
V0 Yim syuanied og

dnoub
10J1U0D-3AI3DB Ul /§

A0S}

yym sjuaned
ul ulwn2Jnd
0 1Bl}1eaIund
pa11043u0d
-ogaoe)d
‘paziwopuel
‘pung-s1qnoqQ

9,UOI}BUIqUIOD
aulwesoon|b
/W9D Jo Apnys
pa1)0J3u0d
paziwopued
‘pung-e1gqnoq

512111 1e21uNd
10J41U0D-3AI10E

SjuaWaJINsSeaw 1edIun?d jo (L00°0=d) dnoub 1e215Ayd ‘ssaujiys ui se B SE 9)}BJINS Ul}I0Jpuoyd pue dnoub (|N9D) ‘1age)-uado
aJnjeu aAndalgns pue swoydwAs  1043U02-8AI3DE SNSIBA (INVIAS 119m se aouewdopiad  Bw gy pue apllo)ydodpAy  apisouuewoloeleh ‘paziwopuel
UIM BIBP JYINOM Usamiaq  pue ‘d|-T] ‘9-T1 ‘L-T1 ‘d¥Isu) Buiyjem pue gyA aulwesoonb bu ggg -uIwn2Jnd Ul V Y0 29Uy
UOI}B]34J02 DAIJUBISNS JO YIR) sJoyJew AJojewwe)ul ul Juawanoldwi yym pasedwod W99 Gg ‘paja1dwod Ul ulwnNoJNd
apn1oul ApNis S1y} 4O Suolle}WIT wnJas paosnpaJd W99 0} P 9D asop-mo) bw ooy 2. 'Paodus ¥g 9S0pP-MO0T]

(L00°0>d) 0gaded

».(@PAyapielpuolew) SNSJaA uolyedipaw

uonepixodad pidi paonpad 9N2SaJ pasealdap

pue (auolyieynb padnpad pue urwnoJand uo sjualed

aselnwsip spixoladns) snieys Jo uonpodoud Jaybiy

V0 9}BJapow  juepixoljue ul syuswanroldwi !s24025s (10070 > d)

03} PIW yym syuaiied jo uoisnjoul pajeanad siskjeue Aiepuodas SVA PUe (£10°0=4) adeys
Buiyiwi pue ‘spioulunound jo 211dnodb uiwnound ayy ul |4d7 paseaJdap uo pue azIs ul paydiew 2V0
asop a1buis e Ajuo buiysay ‘dn (G500 < d)1el1 ay3 Jo pua ayy pue sa102s JYIWOM alam sa)nsded ogaodeld 29Uy 9)eJl9pow
-Mo0110} pue Apnjs jo uoljednp  Aq pabueyoun paulewal ¥S3 (100°0 > d) uonouny S}99M9 10} 03} PIIW Yypm
}Joys ‘azis ajdwes )jews e ueaw pue g-4NJ pueo-4N|  1e21sAyd pue ‘(100 0> d) (UiwnoanoAxoyjawapsiq sjualjed ul
apn1oul Apnis siyy jo suoneywi 11UM (700°0=d) d4Jsy pue uted ‘(100°0=0) 1eq016 %G'9-G'Z pue 1e14} pajjo.juod
splouluwnoind jo Ayljige)ieaeolq ‘(900°0=4) 9-11 ‘(L00°0=4) paseaJdap uo 0gadeld  ‘UIWLNIINJAXOY}dWap % GZ (0ogade)d paniedal -ogaoeyd
1eJo 9dueyua o} sansded #-7]| JO SUOI}BJIUBIUOD SNSJ9A UIWNJIND -G ‘UlWn24nd %08-0/) |Z PUB UIWNJJND ‘pung-aignop
ul papnioul auldadolq buig winJas ul auloap yuediubig }0 }09}42 Ja)ealq Allep sawiy 8a4yy bui ggg paAladal 41) 0¥ ‘paziwopuey
sjuediined

S9J0N S9W02)Nn0 Jed1waydolg S9W02}N0 1ed1uNn) uawibau yuawyealy jo JaquinN Apnis

"V0 10} UIUNJIND JO S|el} |ediung | qel

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

V Sethi, M Garg et al.

[panunuoy)

uajoldnql
PUB UIWNDIND JO 8SOP MO) 3y}
sem Apnjs siy} Jo uoljeywn y

UlWNDJJINJ0UBU JO 8SOP
91buis e fjuo Bunsay pue ‘Apnis jo
uoljeJnp jJoys ‘azis ajduwes jjews
B 9pN)douUl APN3S SIY} JO SUOIB}IWIT
payiodal syuans

asJaApe ou ‘ogadeyd snsuaa dnodb
UIWNDJNJ0UBU 3y} Ul SYIaME
pu023s ayj ul usydoujwejade

40 asn ul aseaudap JabueT

uoneindod Apnis

3y} jo 1a1p snoauabouialay pue
‘A1orededas qlay yoes Jo S}0a4d
Adojewwie)ul-nue ayy bulinseaw
jou ‘JayJdew Alojewweljul

2u0 AJU0 JO JUBWSSASSE Ay}
apn1oul ApNys S1Y} 4O SUOI}BHWIT
juswieal} wJiay-buoy Joy syyauaq
Hunsabbns ‘usxoldeu o3 Jejiwis
SEeM 3JNIXIW 1BgJaY Y}IM PaAIasqo
uoissaiddns uonewuweyu|

sdnoub

Apnis usamiaqg ayejul bnup jo
Kouanbauy jenbaun pue ‘Jossasse
papung-a16uls ‘(kep/bui 0og)
uajoudnqi jo asop o1ynadesayigns
‘az|s a1dwes 1jews e apn)oul
Apnis s1yy Jo suoleyIwWI
(970°0=0)

dnodb uiwnound ay) snsuaa
dnoub uajoadngl ayy ur Jaybiy
9J9M S}UDAS 9SJISAPE }JOJWODSIP
Juted jeuiwopge jo Jaqunpn

panJasqo alam sdnoub
U99M}aQ S9OUIIBYIP OU
1ng ‘dnoub uajoadngi 0y
Jejiwis ‘dnolb urwinoand
3y} Ul auUNaseq wody
PaAJSS]O 9J9M S910DS

sJayJew
Kioyewweypurl ui sdnodb
U99M}aq 9DU3I3Ip ON

JVINOM PUE SYA
ul sjuswanoldwil

juedylubis

ogadeyd snsuan

dnoJb uiwnoinooueu ul
OVINOM j0 sajeasqns
Ayanoe jeaisAyd pue
‘ssauyys ‘uled Jo sau02s
pUE 94025 11BJBAO Ul
paAIasqo (000> d)

pajlodal JoN asealdap juediiubis

sdnoub usamiaq sadualayIp
juediubis ou a1am alayy Ing
‘(100°0>d) sdnoub yyoq ul

Aueaiyiubis pasealsap ¢39d pajlodal JoN

$8402S U0IdUN JYINOM
pue ‘uied JyINOM “1€10)
JVINOM @Y} ul usjoadnqi

0} JOlJ9JUI-UOU SEM

paylodad JoN e21}SaWop UIWNIINY

skep ¢

Joj ogaoe)d yum Ajiep
3ouo uajouadnql buw go¥
1o Ajiep @21my (81nsded
Jad urwnaund jo bwi gg)
sa)o11ded ulwnoand

pidi) pnos jo buippy

SY2aM 9 10} yz| Aians
ulwinaJnooueu jo bul gy

EYEELY
Joj yybiu pue buiulow
ay} ul 821m) uaxoudeu
Bw gz Jo sjeaw Jaye

Arep 821my (auliadid
buwig/ ¢ ‘sjodabulb buigy
‘uiwinaand bw gQg)
uol}eINWIO0) 1eqUaH

syeamy Joj Aep/buioz |
uajoudnqi Jo Aep/buwigpg|
£21)SaWOP UIWNIINY

dnoub

UulwnNdJNd Ul /| pue
dnoub uajoidnqi

ul Gz ‘para)dwod
ZY '‘paynJaoal
sjyuaned Qg

dnoub ogaoe)d
8y} ul syuaned
Gg pue dnodb
urwnaJanooueu
ay} ul syuaned 9¢

usxoudeu

Jo uonenwloy
1eqday oy ||
paubisse Ajwopued
sjyuaned g9

dnoub

uajoiadngi ayy ul
Z81 pue dnoub
ulwN24nd a8y} ul
Ggl ‘syuaned £9¢

0sV0 93U JO
jusuiiead) Joj
se)o13ed pidn
p1os ulwnoing

5zV0 83U¥ 10}
ulwnaJndoueu

Joj 1e1J} 1B2IUND
paziwopuey

IAYe}
99Uy 21U0JYD
yum syuaied

ul uaxoideu
SNSJ9A
uolleNW.IO0}
1eqJay jo
e} 1es1und
pa11043u0d
‘pPung-siqnop
‘paziwopuey

8.V 0 93Uy
yym sjuaned
ur usjoddnq!
Y}IM JOBIIXD
ealjsawop
ewnoiny jo
uosiyedwo)

S9JO0N

S3W02}N0 jediWaydoig S3W02}N0 1ed1un)

uawibal Juawieal]

sjuedidnaed
jJo JaquinN

Apmsg

(PenunRuUOY) | 21qeL

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

THERAPEUTIC ADVANCES in
Musculoskeletal Disease

Volume 14

[panuiuoy)

uoljeziwopued
10 ¥2oe) pue ‘dn-mo)0y4 Jo uolelnp
Joys ‘azis aydwes )jews e
apn)oul Apnis siyy jo suoleywi

pajyiodaJ JoN

(50°0 > d) unioipuoyd
SNSJaA UIWNJIND
‘uol}edIpaW dandsaJ Ul
9sea429p {(Gp'0 > d)
uI}10Jpuoyd Sns.JaA
urwnoJand yym Apnis

JO pud 03} yjuow | e
Jabuo) sem jlwpeady e
uo asuejsip buppem ‘(e
104 G0'0 > d) JVINOM
pue |SdY Uo ullolpuoyd
pUE aUl)9Seq SNSJaA
sa102s Jaybiy pansiyoe
UOoI}BUIqWIOD UIWNJINY

(600°0=0)
Xapul ausanbaT ui
pue (G70'0=d) syeamg

bugly
aulwesoonb + Buigoy

uniolpuoyd :ansde)
fw gog aulwesoomb

+ [(SpIouiwnaand

18303 %02 40 %SL) %G1
syJodal Jjw ‘paylodad
J0U UIWND2JND JO Junowe
bw] bw gog 1uswaddns
ulunoINo :3a)qe |

Syeamg
Joj Aep yoea uaye} adam
0gadeyd o (sploulwnaind
Wwo.ly 9G4 01 pejeiily
yoeJixa ebuoj ewnain)
aiqejteeolq Ajybiy e
‘©G6-INJg ulwnaIng

-olg pue ‘apli01y204pAy
aujwesoonb ‘ayejns

dnodb sutwesoonb
+ unloJpuoys sy}
ul 19 pue dnodb
aulwesoon b

+ UIWNoJNd 8y}

ur g9 ‘syuaned vz

ozUIWLES0ON b
pue
ulylodpuoyd
SNSJaA
aulwesoonb
pUE uIWNIJNd
jo Apnis
12qe1-uadg

28V 0 93UY

yym sjuaned ul
9S1249X3 Y}IM
urwnaJnoolq
pue ‘sjejins
uiyloJpuoyd
‘ap1Jo1y204pAy
aulwesoon|b

uoljeulwExa 1B UoIjoW }B Sa10dS uiylolpuoyd) Juawsayddns (LZ=U) jo Apnis

Ked-x puoAaq juswssasse SVA Ul suolonpad Aaejaip e jo sya|qe) ogade)d Jo (9 =U) pa110J3u0d

s1ydedboiped Jayyiny ou pue pamoys dnoub om) ‘Adedayy 1eaisAyd JuawieaJy 0} -ogaoe)d

dn-mo1104 Jo UOI}ERINP JIOYS B} SJ9yJew Aiojewwe)ul JUsWeal} 3y} ‘S1043U0d jo suoissas gz  paubisse Ajwopued ‘pung-a)1gnop

apn1oul Apnis S1y3 40 suoljewI ul paalasqo sabueyd oN yym pasedwon paAladal sdnoub yjog sjyuaned gg ‘paziwopuey

1ehpnis

ured jo saunseaw wJe-19) eJed

aA103[gns jo asn ay) pue 1agej-uado

‘Apnis jo uoiyednp yioys ‘dnodb 92UdUBYIp Juedlyiubls ‘paziwopued

pajjoJiuod-ogadejd e jo 3oe) ay} Aneonsiels ou B Ul \y(Q 29Uy

apn)doul ApN1s SIy} O suolle}wI 2BU8J0121p Snstaa dnodb sAep gz 1o} Ajiep sdnodb yusuwiyeady ur Juswieady

(L0'0>d) dnoub UulwN24nd Ul 8183S SO0Y 901M} }91gB} DBUD}0121IP OM] JO 8U0 0} |} JBUB40121Ip

2eUd40)21p SnsuaA dnodb uiwnoind pue ured jo AyluaAas ul Bbuw g Jo Ajiep sawiy  paubisse Ajwopued SNSJan

Ul S}UBAD 9SJIDAPE JaMd payiodad JoN Juawanosdwi Jejiwig 994y} uiwnaand bw gog syuaned g%| urwunaang
syuedidnaed

S9)0N S9W023N0 Jed1Wwayolg S9W02}N0 Bd1uUN) uawibau Juswyeal) jJo JaquinN Apnis

(Panunuo)) °| a1qel

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

V Sethi, M Garg et al.

(panuiuo))

juaweaJy uled

VO pJepue)s jo siapuodsaJuou
01 uoneyndod Apnis ayy buniwn
pue azis ajdwes Jjews e

apn1oul Apnys Si1y3 40 suoljeywI
(z10°0=d)

0gaoe)d pue 9g 9sop-mo)
snsuaa dnodb 19g asop-ybiy o3
PaXUl) S}USAS DSJIDAPE JO JOqWINN

juawieaJy Jo uoljelnp
Joys pue azis a)dwes Jjews e
apn1oul Apnys sy} 40 suoljeyw|
(2520°0=0) 0ogadeld

snsuaA dnodb uiwinoand ayy ul
Sy2amg e Jamo) Ajpueaiyiubis
sem dduapuadap qix02919)

JUBWIea} JO UOIIRINP JI0YS
3y} sem Apn3s siy} Jo uonepw v

(syuaned gg| "e7l)

Apnis Juabue) ay) ul € awl) pue
aunaseq usamiaq (Lg0°0=4d)
ogadeyd pue sdnoub

7109 pajood ay} usamiaq
90UaJa}yIp JuedljIubIS B sem
a4ay} ‘pajood alam sasop
Mo pue ybiy uaym ‘¢ pue |
sawi} usamiaq sdnoub e
ul paseaJldap sem uawibal
juswiieady 79g asop-ybiy
3y} Japun y(Q 99Uy yum
syuaned gz 4o ,gApnis
JaljJea ue ul payjiuapl
JayJdewoiq e ‘| -Z1100S

pajyiodaJ JoN

pallodal Jo0N

sdnoub juswiealy
SS0J2E PaAlasqo

9J9M S82UBJBYIp OU
1NQ ‘swJe jusuliealy
1B JOj Wi} JBAO
paseaJoap SOOY
‘ogaoeyd ueyy

vavod o aseaJoap
Joajeadb e pamoys
sdnodb uiwnaund yjoq
pue (g810°0=d) ogadeld
snsJaA sdnoub 7199 yioq
ul paanpad Ajjueoiyiubis
sem ured aauy GyA

Gl = }J0 SaJ00s
SVA 1eniul yym sjuaied
ur1dadxa ‘(£20°0=4)
ogaoeyd snssan dnoub
uluN2Jnd ay3 ul

Jamoy Ajpueoiyiubis
9J9M S9100S SYA

sdnoub

Uud9aM}a( Paldd}ap alaM
S82U8J3JJIp OU INq
‘SY9aM ¥ 13)je Juswiead)
yoea Y}IM paniasqo
9JaM (10’0 >d) 8400s
18303 pue ‘(L0'0>d)
SSIFNJIHIP uonduUNy
1ea1sAyd ‘(1000 > d)
uied 10j 8102S JYINOM

(1000 >d) SYA
ul syuswanolduw|

shep g4 404 (110

Pa9s JOMO)JUNS PauUIBIu0D
so|nsded) ogadeyd

10 {(39BJ4)X3 BWOZIYd
J119WJNy Jo bw £9°9%
paulejuod ajnsded yoes)
Kjlep sawiy om} sajnsded
oM} 1709 9S0p-mo) ‘Ajiep
sawi} om} sa)nsded

931y} 1709 asop-ybiH

(@s0318W

pue ‘uldIxap ‘yodeis yim
9zis pue adeys Jejiuwis
jo seynsdea) ogadeld

Jo sy2amg Joj Aep

Jad Bwigg| ulwnound
a1qejteaeolq AjybiH

awli] 8s124axa

0} uonippe ui sdajs Ajlep
pJ02a4 0} JuswinJisul
Pulunseaw-days e

uanib asam syuaned )y
(3yBramhpoq

By/Bw gg ‘bwi 0|z 18303
syaam¥ 1oy Ajlep sawiy
994y} aynsded bwiggy

L*1*] paziwopued
S1}11Y}JB03)S0 93Uy
yim syusned g

dnoub ogaoerd

ayy ul ¢z pue dnoub
uluN2JNd 3y} Ul

gl jo sisAjeue

1eul} ‘ogaoed

10 jusuwijeady 0}

|:| paziwopued
sjyualned Qg

dnoub asiolaxa
Y}IM UIWNdINd 3y}
ul z| pue dnodb
uluN2JNd ay3 Ul
gl ‘syuaned gz

gV 0 83U Ul
10e41X3 (709)
ebuoj ewnainy
paziwindo-oiq
yym Apnys
wJe-2aJ4y}
‘pa)j04juod
-ogaoe)d
‘paziwopued
‘Jajusdipnu
‘pung-s1qnoq

78V 0 99UY
10} uiwN2Jnd

2]qejleAeoiq
Aybry jo Apmys
pa10Jiuod
-ogaoe)d
‘pung-a)gnop
‘paziwopuey

egV0 99UY
Ul 9S1019Xd

pue ulwNJJnd
10 S109443
Wwdaj-}doys jo
uoleblysanu|

S9)0N

S3W02}n0 1ed1Waydoig

sawiodjno 1ediund

uawibal yuawieal]

sjuedidnaed
Jo JaquinN

Apms

(penunuoy) | aqeL

journals.sagepub.com/home/tab


https://journals.sagepub.com/home/tab

THERAPEUTIC ADVANCES in
Musculoskeletal Disease

Volume 14

'9100S S3I}SISAIUN JBISBINDN PUB OlIBIUQ UJBISIMN ‘OVINOM ‘189S anbojeue

1BNSIA ‘SYA {J0}0B) SIS0JD8U JOWN) ‘4N | {8]N29)0W UOISaYPE 1192 JBINISEA 9)qN10S ‘| -|NVIAS %3 ulpueibelsoad ‘“394 !Aja3oe aseasip Jo Juswssasse 1eqo)b juaned ‘yqy9d 'SiHy}ieoaiso
VO ‘sbnup Alojewiwie)jul-1jue jeplodajsuou ‘sqysN ‘e1gedndde jou ‘N ‘Jainjoejnuew ‘djul xapul 9)eds aduewlopad Aysjouley |Sdy ‘91eds aouewdoad Aysjouley ‘Sdy xapul

1euonouny uted ausanba ‘|44 ‘9W023N0 81035 SI}14Y}JIR03}SO puk Aunful 98Uy ‘SOOY ‘UINadaul ‘|

19304d aAl3oBaI-] AYIAINISUBS-YDBIY ‘Y DSy ‘9)ed uoljeyuawipas a3Ad04yihis ‘ys3

JuswjieaJ} Jo uoljednp
}oys pue azis a)dwes Jjews e
apn1oul ApN3s S1y} 40 SUOIBHWIT
auneseq

snsJan (G0'0 > d) dnoub juswieay
ay) ul Ajyueoiyiubis pasealdap
asn Ja)py ured Jayio/sa|ySN

uolnendod

onewoydwAse ue Auo jo
uolsnyoul pue azis aydwes Jjews
e apn1oul ApNJs SiY} Jo suole}WI
yneay auoq jo syoadse

1edaAss anoddwll PINOd UlWNIINY

JUaWieal} Jo syjyuow g
J8}4B 1043U02 SNSJaA (G0'0 > d)
paonpaJ Ajpuesiyiubis 11e alem
¥S3 pue ‘L-NVIAS ‘puebi
07QQ 219n0s ‘9= ‘gL -l

pajiodaJ JoN

94025 U3y}l 40}
dnoub j043u00 Ul 8bueyd
juediubis ou (G0 > d)
2'€ 0} %'/ woJ} paonpal

SEM 9102S SSaUYIIS
JOVIWOM PUe (50°0 > d)
€', 0} 9'9| WoJj padnpad
sem 2402s uled JYIWOM

auoje Juswabeuew
pJepue)s Yjim aulaseq
woJy syuawarosdul
juediiubis ou {(Go°Q > d)
UIWN2JND Y}IM SHIBaMbZ
1e Jusawanoldwi
panuijuod Yyym
(G0'0>d) sxeamg|

Aq aunaseq sns.aa
panoadwi Ajyueoiyiubis
Kyisuap auogmel saddn
pue ‘auoq Jabuly

1lews ‘auoq 199H

buian Ajiep

ur uonduny pue ured uj
$9.02s Ja)1aq pey dnoub
ulwnoJnd ing ‘sQQYy ul
9dUaJayjIp 1eslisiels

juswiealy aige)ieAe
1599 :dnoub joajuon
ulunoJIndAXxoylawapsiq
%01 pue
‘ulnoJndAxoyjawap
%G| ‘UIWNJIND %G/ SEM
9JNIXIW PIOUIWNIIND
‘(urwnaand bw ppz~)
Ayiep sya1qe) buigpg om]

(Butuun. Jo

Buyiem pue buiyniybiam
1yb1 “68) yeam Jad saw
Jnoj isea) je uiuw gz

Jo weduboud asioiaxa
Jenbad ‘wnided pue )
pue q sulwe}iA ayenbape
yym 3aip e buifyddns
‘UoI}en)eAd JeuoijlIINU
:Juswabeuew piepuels
[(sproulwnaund

1830} %0C 40 %GL) %G1
syiodad Jjw ‘paylodad jou
ulwN24N2 Jo Junowe b
splouiwnaind jo Hw ool

syjuow ¢ Joy Aep Jad

Kea-x Aq
pasoubelp yQ aauy
yum sjusiied gp|

dnoub yuswalddns
3yiul 6¢ pue
dnoub joJiuod ay}
ul gz 'syuaned £g

o1S¥919e}
urwno1nd Jo
uoljen)eas
wJuay-buo

ggflIsuap

auoq Mo)
yum spaelgns
dnewoydwAse
Ul urwnaung

18V 0 93U

Joj oeuajo)dIp
0} Adedayy
jueanlpe se

ou pue sdnodb usamiaq BHuigoQ| urwnoINd yum dnoub 10eJIXa ebuo)

urwnoJand yuawanoldwi 9100s Aep Jad buw g/ oeUB}01DIP JusuwieaJy yoes ewnainy 4o

JO 9S0p MO] pue sased jno dodp SV Ul paAIasqo Jo ogaoe)d yym Aep 0} P9ZIWOpUB]  |BlJ} P}10JIU0D

apnjoul ApNis S1y} 40 suoljeywI pajiodad JoN 92U3IaIp ON Jad Bwi g/ oeuajo)dig sjuaned vy paziwopuey
sjuedin.aed

S9J0N S9W021N0 je31Wwaydolg S9W021N0 1ed31un) uawibau yuswealy jo uaquinN Apnis

(PenuUBUOY) | 31qeL

journals.sagepub.com/home/tab

10


https://journals.sagepub.com/home/tab

V Sethi, M Garg et al.

that curcumin is effective at reducing musculo-
skeletal pain and inflammation in patients with
OA, thereby increasing function and quality of
life.

A meta-analysis of five studies with 599 patients
with OA concluded that curcumin improved the
Western Ontario and McMaster Universities
(WOMAC) score and visual analog scale (VAS)
score compared with placebo (both »p<<0.01).8°
There was no statistical difference between cur-
cumin and placebo for side effect rate nor was
there a difference between curcumin and ibupro-
fen.8 Another systematic review and meta-analy-
sis focused on 32 randomized controlled trials
(N=2038 participants) that evaluated the anti-
inflammatory effects of oral curcumin through
blood concentrations of inflammatory markers.°°
Large reductions in TNF-ao, MCP-1, IL-8, IL-6,
and C-reactive protein (CRP) concentrations
were observed in participants treated with cur-
cumin versus those in the control group (all
$<<0.01), further supporting iz vitro and preclini-
cal model findings.*°

Furthermore, a systematic review and meta-anal-
ysis of 11 randomized controlled trials comparing
the efficacy of turmeric extracts wversus placebo
and five trials comparing efficacy wversus NSAIDs
in 1810 adults with knee OA showed turmeric
significantly reduced knee pain and improved
physical function compared with placebo but had
effects similar to NSAIDs.°! Although biomarkers
of inflammation were evaluated in multiple trials,
there were no significant between-group differ-
ences reported.®! Rates of adverse events were
lower in the turmeric extract groups versus those
for NSAIDs; however, rates were similar between
groups treated with turmeric extract and pla-
cebo.°!? An additional study suggests that long-
term use of curcumin supplements for the
management of OA is preferred to improve pain
and reduce stiffness.®2 Therefore, curcumin at
doses between 160 and 2000 mg/day was effica-
cious in the management of OA and demon-
strated similar efficacy to NSAIDs, including
diclofenac (100mg day) and ibuprofen (400-
1200 mg/day).80:81:89.91

Combining curcumin with other natural ingredi-
ent supplements for management of OA pain has
also been investigated in clinical trials. Notably,

two clinical trials showed significant benefit from
the combination of curcumin and glucosamine as
measured by improvement in walking (»<0.001)
and pain (reduced VAS score; p<0.05 for both
studies compared with control group), suggesting
that combining curcumin with other natural
product supplements may be beneficial in OA.76:82

Boswellic acids for OA

Clinical trials of boswellic acids in OA suggest
that formulation and composition of the oral cap-
sules/tablets influences efficacy in reducing pain
and increasing function (Table 2).11:93-95 The
majority of clinical trials had a smaller number of
participants, but two randomized trials had more
than 100 participants (N=120 and N=440) and
showed that boswellic acids demonstrated equal
effectiveness in the management of OA pain com-
pared with glucosamine.!3° In the smaller of
these two prospective randomized trials, patients
with knee OA (N=120) received either boswellic
acids or glucosamine sulfate for 60 days. VAS and
Lequesne total scores were assessed during fol-
low-up visits at 2 and 6 months.!? At baseline and
2months, patients treated with boswellic acids
had higher mean VAS and Lequesne total scores
versus patients treated with glucosamine; how-
ever, these scores were lower at 6 months with
boswellic acids wversus glucosamine treatment
(»=0.08 and p=0.02, respectively). Patients
treated with glucosamine showed early reduction
of mean scores at 2months, but scores remained
generally unchanged from 2 to 6months.!?
Biomarkers of inflammatory pathways were not
reported in the clinical trials evaluating boswellic
acids for OA pain management; therefore, further
research is needed to confirm iz vitro and preclin-
ical model findings. Boswellic acids have a well-
defined safety profile with few adverse events
reported during clinical trials.

Combination of curcumin and boswellic

acids

Several studies have investigated the combination
of curcumin and boswellic acids as management
for OA pain (Table 3). One primary study
(N=201) showed that the combination of cur-
cumin and boswellic acids reduced WOMAC
total score (p<<0.001) from baseline to visit 3 at
84 days and compared with placebo (p<<0.05)
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after 3months of continuous treatment.?* The
treatments were well tolerated and no serious
adverse events were observed.?* Because there are
a limited number of clinical studies, additional
studies are needed to fully understand the poten-
tial synergy of curcumin and boswellic acids for
the management of OA pain. Investigation of cur-
cumin and boswellic acids alone and in combina-
tion allows for the identification of synergistic
pharmacologic effects.??2 The synergistic activity
of these two natural ingredients could reduce the
dosage and frequency of consumption of acetami-
nophen and NSAIDs, as both individually have
been shown to reduce NSAID use, which would
be advantageous for patients with OA through
decreased NSAID exposure and associated
adverse events.10:12:13:25-27 A 2_by-2 factorial rand-
omized controlled trial is needed to provide evi-
dence for the synergistic effects.

In addition to the number of clinical trials evalu-
ating the combination, further support comes
from numerous animal studies that evaluated the
combination of curcumin and boswellic acids in
other disease states, including rheumatoid arthri-
tis and cancer. Preclinical data on the combina-
tion of solubilized micellar curcumin and micellar
Boswellia in the treatment of rheumatoid arthritis
in a rat model showed anti-inflammatory effects
comparable to NSAIDs even at much lower
doses.193 In addition, preclinical data suggest a
possible role for the combination of curcumin
and boswellic acids as chemoprevention of colo-
rectal cancer and as an antiviral agent.104-106
Antiproliferative and proapoptotic effects were
observed simultaneously, as well as the promo-
tion of epithelial turnover in the adenomatous
polyposis coli (Apc) mouse model for intestinal
carcinogenesis in animals receiving an enriched
diet with curcumin, AKBA, and silymarin for
110days.1%5 Although the animals with the
enriched diet still developed small bowel carcino-
mas at a similar rate to those animals receiving the
standard diet (85% wersus 100%), the enriched
diet led to a significant (p <0.001) decrease in the
number and size of polypoid lesions.1%5 In further
support of the chemopreventive effects of cur-
cumin and AKBA, a mouse xenograft model
demonstrated that each product alone suppressed
tumor growth, but when used in combination,
synergistic tumor suppression was observed.104

Curcumin and boswellic acids (as well as other con-
stituents, such as maritime pine) were studied in

combination for other indications in clinical trials in
humans, including acute musculoskeletal pain,
chronic kidney disease, benign thyroid nodules,
diverticulitis, tendinopathy, and Gulf War syn-
drome.107-112 In healthy adults with acute musculo-
skeletal pain, treatment with the combination of
curcumin and boswellic acids or with acetami-
nophen for 7 days reduced pain intensity at a similar
rate and to a similar level.!!3> The only difference
observed between the two groups was improved
reduction in the affective domain of the McGill
Pain Questionnaire in the curcumin and boswellic
acids treatment group (8.57 times better,
$»=0.027).113 In patients with early-stage chronic
kidney disease, treatment with curcumin and
boswellic acids for 8 weeks increased PGE, levels to
a lesser extent than placebo.!% Spirulina—curcumin—
boswellia (400-50-50mg per capsule, twice daily
for 6weeks) was effective in reducing the size of
benign thyroid nodules in 29 of 34 patients; although
the authors of the study did not specify a mecha-
nism, they did propose that this reduction may be
related to the anti-inflammatory effects of the natu-
ral ingredients.!°® An investigation in healthy adult
males who were master athletes that followed the
Mediterranean diet and took a curcumin and
Boswellia serrata supplement for 3 months showed
significant decreases in advanced glycation end
products and malondialdehyde compared with
those who only followed the Mediterranean diet
(p<0.05), suggesting that supplementation could
improve muscle performance.!14

Pharmacokinetics of boswellic acids and

curcumin

A phase I, crossover study showed that there were
no pharmacokinetic interactions between cur-
cumin and boswellic acids when administered in
combination, and no adverse events were reported
when either supplement was taken alone or in
combination.?!

Safety

Both curcumin and boswellic acids ingredients
have been ‘generally recognized as safe’ by the
World Health Organization,!!3116 and there is a
long history of their use. However, for both cur-
cumin and boswellic acids, some allergic dermati-
tis was reported for individuals who frequently
handle the natural product.!!3116 Qverall, cur-
cumin and boswellic acids in combination are
associated with few/infrequent adverse events.
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Limitations

The conclusions of this review are based on our
review of the literature and should be interpreted
with caution as we did not perform an independent
critical appraisal of selected trials. This was beyond
the scope of this manuscript as this is a narrative
literature review and not a systematic literature
review. Another limitation is that no definitive con-
clusion could be made regarding the synergism of
using curcumin and boswellic acids together for the
management of inflammation and pain in OA.
While a few studies have compared the effects of
the combination of curcumin and boswellic acids,
these studies have compared the effects of the com-
bination treatment with placebo and not with each
treatment individually. Therefore, additional stud-
ies are required to conclusively demonstrate the
synergistic effect of these treatments.

Conclusion

This review article integrates all available data on
curcumin and boswellic acids for the manage-
ment of inflammation and pain in OA and pro-
vides the rationale for the combined use of these
ingredients. Further metabolomic studies to
determine if microbial metabolites of curcumin
and boswellic acids are related to their clinical
efficacy would be helpful for dosing recommen-
dations. Additional research on absorption, as
well as determination of bioavailability and the
relationship with clinical efficacy is needed for
curcumin to establish a dose-effect.??2 There may
also be potential in using concentrated extracts
of curcumin and boswellic acids to overcome
issues with bioavailability.>%5% The anti-inflam-
matory effects of boswellic acids and curcumin
have translated to the improvement of symptoms
of OA and joint pain as shown in numerous clini-
cal trials. Antinociceptive effects were demon-
strated in preclinical models of OA for both
boswellic acids and curcumin. The combination
of these two anti-inflammatory natural ingredi-
ents suggests potential synergistic activity, which
supports their use to further improve OA symp-
toms and pain. This combination could also
improve patients’ quality of life and reduce the
dosage and frequency of consumption of aceta-
minophen and NSAIDs.10:12,13:25-27 Qther poten-
tial mechanisms have been recognized in recent
years (eg, antioxidant effects and effects on
microbiota) and there are key molecular targets
identified from research on cancer that are rele-
vant to OA (i.e. PI3K or AKT enzymes).22 There

is support for the use of curcumin and boswellic
acids in combination to reduce inflammation and
pain in patients with OA.
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