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Inhibitory Effects for Rheumatoid Arthritis of Dietary
Supplementation with Resveratrol in Collagen-induced
Arthritis
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Objective. Resveratrol is well-known for its anti-inflammatory, anti-oxidant effects on several diseases. We investigated wheth-
er dietary supplementation with resveratrol may suppress joint inflammation and destruction in a mouse model of collagen-in-
duced arthritis (CIA). Methods. Mice were randomly divided into two groups; CIA mice with normal diet-fed and CIA mice fed
a 0.05% resveratrol diet. The effect of resveratrol on arthritis was assessed by clinical scoring system. The plain radiographs of
paws were obtained to evaluate the effects on preventing bone destruction. Joint inflammation, cartilage damage, and osteo-
clastic bone resorption were checked by staining with H&E, Safranin-O, and tartrate resistant acid phosphatase (TRAP). Levels
of pro-inflammatory cytokines were checked by enzyme-linked immunosorbent assay. The level of expression of nuclear factor
(NF)- £ B was measured by electrophoretic mobility shift assay (EMSA). Results. Dietary supplementation with resveratrol led
to mitigated severity of arthritis compared to the normal diet group (6.7 +0.8 vs. 2.7 +0.6, p<0.01). Resveratrol-fed mice
showed decreased bone destruction on radiograph (3.4+0.3 vs. 2.0+0.2, p<0.01), and showed significantly inhibited patho-
logical changes (inflammation 2.0+ 0.3 vs.3.2+0.2, p<0.01; cartilage damage 1.5+0.3 vs. 3.2+ 0.2, p<0.01; pannus for-
mation 1.4+0.3 vs. 3.0+ 0.3, p<0.01; erosion; 1.4+0.2 vs. 3.3+0.3, p<0.01). Generation of TRAP-positive osteoclasts was
inhibited in the resveratrol-fed mice (55.3 +12.7 vs. 3.27+0.8, p<0.01). Resveratrol-fed mice showed decreased levels of tu-
mor necrosis factor- & , interleukin (IL)-1 8, 1L-6,monocyte chemoattractant protein 1, and the soluble receptor activator of NF-
& B ligand in joint tissues and sera. Expression of NF-« B, measured by EMSA, was decreased in resveratrol-fed mice.
Conclusion. Dietary supplementation with resveratrol mitigates inflammation and bone destruction in CIA mice. (J Rheum Dis
2015;22:93-101)
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M B2
Fule]l A3 ¢ (theumatoid arthritis)2 WHA# ¢l o=
3 chA BA 9] Sl E EA o - HAA 2wy
Azlo 7 X 5u] L3 AR AEQ v]do] AL Z7}

13 SeH12], WA ool Aes) A gl
2= A A (disease modifying antirheumatic drugs) ) ulofF
& AR AAE B 22 ol FolA I
Gl fofel 22Ae3s] W71 dl 177} s
4] adalimumab, etanercept, infliximab 5-2] tumor necrosis
factor (INF)- ¢ Z&-A|E E3Fs}o] interleukin (IL)-6 <+
42 ZAAQ) tocilizumab, THEE A A|s}+= abatacept,
BA:EE A AISl= rituximab 5 thekslk AEEH AA7}
Al ALETA Fubel 22459 X 24 o] 2
71 o2 MAEAH3,4]. 2ol e ETeka, o s @
Frobel =l S shAbEo] AV YS5EHA o2 v
77 B zAFolu thA| o 3kg sl A] o] &3kar 9l
AR olth[5,6]. LA 7hA o] Agdslar FArgo] Ho
WA AAE Fulel 2B A- G 9 oo} X Fel Egol

fr St rlo

e A% AFES SvEA e AT T240]
255 9Ieh7,8].

#| 28| 2} EE (resveratrol; 3,5,6-trihydroxystilbene) =
=4 4EA4E4 (plant phytoalexin) @] UFo & vhofs
Al A gl HAbs}, ek A5 vekivk 49

AeH[9-13]. 2] Bl=HEtEES o] AlE 9 &
oA TAIE 9l BAIE 2 AlZ W AZALGH=E
Aslo] Fule]l Aol g X &5 75 vep i B
2EArH13-20]. ey 7€ AFES w71 ]
o) e BRFAE Folslo] Z8Y3 AL S EZ A AYA|
o] &Eo] drta 4wl dlawEtEE] FE HAF 5§
sl AR EzA ROV HzA HeE N 5 dSA
© 43 gFoltt. aHEE HaMEEES Aola
Hel2 A7 AFE AR ol Folbel =3
WA o = QheAell g F7HEQ) A7) esleh
wghA] B AES FrlelaRd o] i s B
ol ZehAl G= FH 9 (collagen induced arthrms, CIA)
k9225 o] &3sle] HaMEtEES] 3 AsE AVIZE

23RS wl BA] A3} A9 B4 JJ'-"]"“ u| x| &=
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Collagen induced arthritis®] #]2}t
E

a -,—o:]

659 2] 7 DBA/1 vl-+-25 Y 3s}o] (Orient, Seoul,
Korea) 15+ 59 A7 AX & 75789 vf$-2~&
ddeZ CIAE F+E33th B8 A9 Aoy
Aol =EAS §29 Y3 (institutional animal care and

g glawIPE
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use committee)ol] 9|3l 5Q1H FAGl whgkrh(SAH S
GLA-100917-M0092). 1n}e]ld 150 «ge] A28 Fepal
(Chondrex, Redmond, WA, USA)S Zdzl oko] 2
mg/mL FX2] complete Freund’s adjuvant (Chondrex)
oF 1:1 v &= EFste] uhg-2= me] 71AF 2 cm ofE
o] Fell XHs| Fstdck 357 F 100 «gol A2¥
Z2A3} incomplete Freund’s adjuvant (Chondrex)E
1:18] vl& 2 =3eto] whg-2 me] 712 % 1 am ofefFH
o el el Fshel CIAZ FESITHRIL.
AYFEL FA97 2l Fo 7 UFrer 7 72 10
vl ek 2 AdA] Aol& AIN-93G diet (F4AH
£ Loz idte] TR tlaT Aol
AIN 93G diet2 Fa3ld = 2AL 7142 (casein) 140
g/kg, dyetrose 155 g/kg, <5 (cornstarch) 465.692
g/kg, A (sucrose) 100 g/kg, AEFZ 22 (cellulose) 50
g/kg, 715 (soybean oil) 40 g/kg, t-butylhydroquinone
0.008 g/kg, 4= (salt mix) #210050 35 g/kg, VITAMIN
Mix #310025 10 g/kg, L-A|2=¥l (L-cystine) 1.8 g/kg, and
E}el 24F4F 9l (choline bitartrate) 2.5 g/kge]ich. X
27 Aol #2MIZFEEES Sigma (St. Louis, MO,
USA)Z 5] Fdsted 0.05%2] v]&=Z AIN 93G dietol|
AolA AFsLR AL A FA Tl A ADS whgk
b2 3 wpelg dlawEEEe] Fd AFES 80
mg/kg/det. B2 AHTES CIA #5 25 AFH 4
A Aol & Al AL CIA = ¥ 97 52 A3 Aol&

A,

#ee) 3}
CIA 2% 4} o] & 4
259 2709 e 27Hﬂ SHE(F 8071 9] Hh) <] Hbz
5o WA §7E
(incidence) = T&Xé%ﬂﬂ -‘H X (severity) =
[22]. #AA HAETN ATE H7te blmd% Aol
o3l H7r=E et 7 deld FAe] AFEE 0~3F3 e
2 EFsldct 032 wholl ob gl Fadke] YehA] ob2
z—lxl-x% o] @EHO]U:] 1} ,
TulEls #H 4% el F=7F iE A, 28
- 3}

woteh whs, s F F 2t

F27h b e, 38E wlelel A A sl 2
XA g &3 o] REFAY A or e A}
frzo] ol gshA Fate AelZ TAsAH22]. vk
ollA BA Hprt 23 o]l A5 BA o] WA
Aoz 7yFstdn). whE9] 7= electrical caliperg A
&sto] W8 F FFo] b A% —'?"-‘H‘)ﬂ*ﬂ SRRl
o A% $2 49l CIA vh928 A7)0 22

ZAS A Zslo] WA A ul =R A HrES Xlﬁgg—}
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A9 YA Fo}

ko2 347 F 5k A2sl0] 30 kvpsh 90 mAS]
271© & mammographic imager (Mammomat NovationDR;
Siemens Medical Solutions, Erlangen, Germany)& A&
sho] e A el S Ate. B A ARE
& Fubel st o Ash ALt 9 A7E 0 Bkt
A, T 3} (articular destruction) ¥ = ©|2k(bone ero-
sion) AEE 0~58d 22 BFstdci[22]. 0L A4 &
ol e A, 182 T5A WA A HEA 7R 9
ole] {A F shutel AR & v|gkE Hol= 4,
272 3F JAol A 2~47M9] = wgkE Hol= AHl, 33
= ofd] AN 2~47W o] Fe] = m]gte] FAlol| Hol=
el 4312 ofe] EollA] T Wido] FuteE= A3k &
n|gke] WE = A, 53 do] sk s EAY 7
Zo] AstA vebhte del2 8okl

SECEELUE

S oS v S-S 10% formaline & 3178
3k o]% 33 59t 10% ethylenediaminetetraacetic acid
(EDTA)oll A & 4 3]3}(decalcification) S A7) 3L =}at=l
(paraffin) o2 3AE £ 5 um HHoE =22 A}
of Lefo]l=E AlAtsllrt. slulE A7 - 2 A (HKE) 2
AbZ b (safranin)-O A4S Al3¥slgla 4 W 95,
72 (pannus) A, AF <4 (cartilage damage)I =
gk AE Fdv| A e Hste] 0~43o® Hrt
3} cH[22]. CIA w}-$-Zoll A 3} A= (osteoclast) 2] ui
&< A X (bone resorption activity) & 3 7}s}7] 13 tar-
trate resistant acid phosphatase (TRAP) <34-& X 3§s}
AL, 72+ Getol =nfet fwl7d AJofol| 2] (x200) & TUllE
TR E AR st] Al Al o] 449l dg 7FA= TRAP 34
FA AEES AlolA FAtste] Frhskdet.

Aol E7tel %7
HhSaE AN F A AR A AN A
o] @45 Helslar —70°CellA Easigivt. Ag= Aol
353t enzyme-linked immunosorbent assay (ELISA)
kit (PeproTech, Rocky Hill, NJ, USA; and R&D Systems,
Minneapolis, MN, USA)E o]£-3l] vl oll wlg} TNF-«,
IL-1 8, IL-6, soluble receptor activator of nuclear factor
(NF)- « B ligand (sRANKL), monocyte chemoattractant
protein 1 (MCP-1) 9 IL-179] F55 ZAslc}. u=g
HZeta N3HA & (liquid nitrogen)oll A wHEA] WYEA7
* Y5 2AEE F48la proteinase inhibitor cocktail
(Calbiochem, San Diego, CA, USA)o] E3&=]o] 9+ lysis
buffer (Mammalian Protein Extraction Reagent; Pierce,
Rockford, IL, USA)E o|-&3s}o] thilA-& 2|3t & TNF-«,
IL-148, IL-6 5= F433ict

www.jrd.or.kr

Inhibitory Effects of Resveratrol on Arthritis

A7) o] A I 4 A (electrophoretic mobility
shift assay)

a9~ zZ o g X & 35 (nuclear extract)S &
slo] proteinase inhibitor cocktail (Calbiochem)} 37
wjeFslat, o] NE- « B9 nuclear binding activityE &
7] $18 « -light chain ZA3H-91E E33l= oligonucleo-
tide (5’-CCGGTTAACAGAGGGGGCTTTCCGAG-3)E ¥
Asladel. Oligonucleotideol] &9 42l @ **P-dCTPE
labelingale] probe& Ab-&3}3ict. o] binding buffer
(10 mM Tris HCL, pH 7.6, 500 mM KCL, 10 mM EDTA,
50% glycerol, 100 ng of poly [dI-dC], and 1 mM dithio-
threitol) ¢} ¥ F=%E 10 rg¥ labeled oligonucleotides
(10,000 counts per minute) & Holw & F-2o4 30%
7t ¥vbg-& A7 ¥ 4% polyacrylamide gelZ A7) %353}
et A718E F A2 A=A A filme = dAidst
o] NF-«Be| #AEE sl aivt[23].

EAH f949 A%

Fisher’s exact test® o]-&3lo] F ZF7ke] W E %}
£ H7Fst3 2 Mann-Whitney U testE Al esto] 3
A ASE AL, AT A g 2A4H AaiE
Astadct 2 29 o8 A3 INEL Student’s t-testE
Agste] HrHE odvt. AdAINE HF+EFLRE
veb i om pzho] 0.05 ©o]atY w] EAIF g Golalrtn
248ttt RE dlolelE PASW ver. 18.0 (IBM Co.,,
Armonk, NY, USA)& A&3le] 45 33t

o]
A
H
koY
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Collagen-induced arthritis u}-$-20ll 4] @ 2u]2}E
£ Aolg AAY AFE FLEFH

CIA k220l 4] 7]7ke] dl=w|ZtEE 34 o]7t 3
Aedel S A=A S H7hely] SsA CIA =
T AHE Age] F2d WA F 115 F dlzwE
EFo] 355 Aol (FF 80 mg/kg/d)ot LubAlel 5 7}
7t AAATIHA AdS Aegict. dl=wBEES
Aol 5 A3t np-g2ag2 ol HlehA] il 9
ZTE7} 243k (Figure 1). 53], A% 28Y#5H o
HkAj o] & gk CIA wh§-2=ollA] BAd e SF=rt AlS 5
73k vhd, w2 wlgkEE dAle] & 3 CIA wh§-2=ofl A4
= HAA e A+9(6.7+0.8 vs. 2.7+0.6, p<0.01) &
FA7F4.2%0.1 vs. 3.6£0.1 mm, p<0.01) Z+Z+ FAA
o7 fFostAl #askict.
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Collagen-induced arthritis v}-$-2=0l| 4] #|&H|2tE
E ¥RAole A4%H #AsA oA a3
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Figure 1. Resveratrol feeding mitigates erythema and joint swelling in collagen-induced arthritis mice. (A) Representative images
show the gross features of the hind paws on day 49. The normal diet-fed mice show more severe erythema and swelling (upper pan-
el) compared with resveratrol-fed mice (lower panel). (B) The cumulative incidence of arthritis. The mice were considered arthritic
when inflammation was observed in any paw with =2, and the incidence of arthritic mice in each group is shown as a percentage.
(C) Weight of mice checked in each group was checked until day 49. (D) Clinical scores, as assessed by a visual arthritis scoring
system were checked until day 49. (E) The hind paw thickness was measured on the indicated days after the primary immunization.
Values are mean + standard error, n=10 mice for each group. *p<0.01 versus normal diet-fed mice.
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2ol AW AkAo] S & tlzFollAE CIA v
$20) AYAQ BAQ A 5, B4 W9 oine dis-
A=

placement) % E7FX 3t w ZFA)(irregular bony pro-
liferation) 52] &7 ¢] W5 A Anbel] XA #Qlo]
FHoleh ey dladEtEE Aol S AlREdt CIA vt
STl FA gt A4 FA JEE 9l vk (Figure
2A). P4 319 A= AHoE vehlie= A7 A
T LRk Aol vlel A alzwZtEE Aol Al
23F CIA vh-2tollA] SAIR e g2 folsiAl gA vt
Wb (3.4+0.3 vs. 2.0+0.2, p<0.01; Figure 2B).

Collagen-induced arthritis W}h-§-2=0f| 4] @] XZH|ZE
2 $4A0l Hel us

A%, dEEd wel 99 g A E Y EE G
7] fleiA BA =25 Fdn|gdor Pkl &
Aol & 3 =T CIA vh--252] Aol nlafA a2
ZHEE 3HRAlo] & ¢ CIA vh-ATolA s 95 AL,
T WA, WA sk e] £ Fo] A A FHAE et
(Figure 3A). A2 Q1 We]3hd] e dulk Aol v
A dlz=mIZtEE Aol & 3 CIA vhg-2tellA] §A
Ao g FolstA Ykrh(inflammation 3.2+0.2 vs. 2.0+0.3,
p<0.01; cartilage damage 3.2+0.2 vs. 1.5=0.3, p<0.01;
pannus formation 3.0+0.3 vs. 1.4+0.3, p<0.01; erosion;
3.3£0.3 vs. 1.4+0.2, p<0.01; Figure 3B). I}ZA|ZE2] &
A BEE H7Fst7] flell A3 TRAP el A= LRt
Aol ol vlell A dl=mlZtEE Aol E 3 CIA vkt
2504 TRAP ¢4 AEF7E FolaiAl A= glct
(55.3+12.7 vs. 3.27+0.8, p<0.01; Figure 3C).
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Collagen-induced arthritis Wh-§-2=0l| 4] @] XH|ZE
2 FgA0l9 24 AolEs oA
dlvletEE AFAF7E Fubel =34 d o] w4
FT23 A3 sl vkt A5 B4 W E SRRt
o] Ao wX e G #HA =7 9l FH oA ELISAE
FMA SA st vlazstdeh. Guk Aol el vlsA =
WEtEE 3F540] 5 3 CIA wp$259 AA=zF 4
TNF-@ (124.7+8.2 vs. 61.6+11.3 pg/mL; p<0.05), IL-1 8
(429.5+68.8 vs. 227.2+56.9 pg/mL; p<0.05), IL-6
(422.8+4.4 vs. 117.4 + 19.4 pg/mL; p<0.01), sSRANKL
(367.2+49.6 vs. 111.7+56.9 pg/mL; p<0.01), MCP-1
(406.9+106.5 vs. 89.2+27.3 pg/mL; p<0.01) 52| F%
7} A7t AR E foetAl 3H4E Aok (Figure 4A).
sl HNAE Gut Alo] ol vlsA #lauetEE
920l = g CIA 259 Z$ TNF-a (92.3+38.9
vs. 20.8+6.1 pg/mL; p<0.05)¢} IL-15 (570.9+89.8 vs.
357.1+19.9 pg/mL; p<0.01)2] =7} A oZ {9
kAl 7H4&% vk (Figure 4B). B3k 3ZA] Ao B0
9] 7447} NF-« B 7 &9 #&Ho] JEA & Iy 91l
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Resveratrol 4

Control

Mean radiological scores
N
1

Figure 2. Resveratrol feeding suppresses bone destruction in
collagen-induced arthritis (CIA). The hind paws from CIA mice
were taken for radiological analysis on day 49. (A)
Representative radiographs of hindpaws. Normal diet-fed
mice show severe bone erosion and joint damage (arrows)
compared with resveratrol-fed CIA mice. (B) Quantitative
analysis of bone destruction. Values are mean +standard er-
ror, n=10 mice for each group. *p<0.01 versus normal di-
et-fed mice.

-2~ Wb 228 o] 83}o] electrophoretic mobility
shift assay (EMSA)E Aledalqict. LAxl A o]l n]3lA
dlmgtEE Aol & 3 CIA vh-2=52] A =3 o
A NF-«B %38 A&7} 7rasle] dgs &leadrt
(Figure 4C).
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Figure 3. Resveratrol feeding reduces pathologic findings and osteoclastogenesis. (A) Representative histological features of ankle
joints, hind paws from collagen-induced arthritis mice were obtained on day 49, sectioned, and stained with H&E, safranin-O, or
tartrate resistant acid phosphatase (TRAP) (x 100). (B) Quantitative scores of histological abnormalities. (C) Total number of
TRAP-positive cells per field. Values are mean + standard drror, n =10 mice for each group. *p<0.01 versus normal diet-fed mice.

ule] 234 ] o] X 5ol B2 Aol gl o) =2 k|
v, ohekgh oFEo] F2kg vl gl HEdv]Fel 93k ot
oF= AH8-9] Algt 59 olElgol o3| EANZITH25]. &
gt Fulelad el 2 ohshe) of3tE wkEsh A e 7]
F A&E = 5ol glojA] g fulel 2R dAE
o] thakgt 5o AE=AE, wiztey g ux o
Soll &ALV Hax] 5ol WEsta Qe AAoleh A
A2 20024 Kim 5[5]< Fubel =349 k419 34.4%
ol A thAlelehE o] &3la Jdes Hirsllar, 20084
Lee 5 [6]< Frutel=aAd 3ha1e] 37%¢lA] oA <] gt
9 AR EZAFE sk Basladck vhekst 7
T4 AE Folle FvbelaRdd o] s ol
Hus ou7p3x® 4 mapt AFE AR JAT
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[26], AR 3] 2] 764 AFEEo] Fubel =3
ofl u]X]= AL i Ao g o] HA gk A
glojch. whgbA] 2 A2 HAE A £ 7154 4
Fo 2 HAle] FobAl dlzmlztEZe] Fubel iAo
off W Xl& Aol 3t FFe] L3l

gl wZtEES Hol® 70F o]de] Al EollA wAE =
AEA 3544 BARA, 53] A2Ee AT = 9l
ofl vhek 3ol Aeh9,26]. Al BEEL: =X I
HExeta e 44, S ZRalEe] a7E wWol
AF BN = A Agte] HA WA= Zlo] Hl= 9l
off gol e dlmlztEE et FH 7] A%
A FHE e A FQa27), ol % W ATEE
4] BlmlEtE S bkt AgtollA] gdFA 8 (anti-in-
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flammatory effect), &-4F8H2F£-(anti-oxidative effect), &
¢F2L-8- (anti-cancer effect) & 7FA) 3 glebar ¥l 3 c}[9-20].
Glehr 5-[17]<& rheumatoid arthritis fibroblast-like syno-
viocyte (RA-FLS)E o] &3k in-vitro Aol A l=w|ZtE
9| NF-« B ligand receptor (RANKL)$} matrix metal-
loproteinases (MMPs)2] &2}t U] WS A Alghcla Ho
319332, Tian 5[18] 9A] RA-FLS AgollA] #=u2tEE
o] PI3 kinase/Akt 7 25 zA¥ o &3] TNF- @ -induced
IL-15, MMP 3 45 o Alste] Frule]=3bdqdell a3t
7F 9 s Hasksleh Lei S[14]2 HE(rat) 9
ASAEE ez 3 AdolA a2zt EE o] SIRT1
= ZASAA L1860 93l F25= NK-« B 245 <
Algkelar ¥ 31619 2w, Chen 5[16]< adjuvant arthritic
ratoll Al A Bl zwgt EEo] NF-«B Z 29} ¥ Aol&
7FQ11 IL-1 8, TNF- e & ZH&EAIAA HAAE A Agct
2 Bl =3 Manna £[19] dAH|2tEE Ad
T4 NF- £ B9 subunit?] p652] phosphorylationg- Al
= A =slo] #l2H|EEEo] TNF- @ -induced NE- « B
A4S AR A Harskg)ar, Csaki 52015 alxvEtE
o] IL-18-induced NF- £ B-mediated inflammation and
apoptosisE AAsle] A& H3 A7} oS Harsle],
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Figure 4. Resveratrol feeding decreases production of pro-in-
flammatory cytokines in joint tissues and sera of collagen-in-
duced arthritis mice. The levels of pro-inflammatory cytokines
in the joint homogenates (A) and sera (B) were measured by
enzyme-linked immunosorbent assay. Values are mean + stand-
ard error, n=10 mice for each group. Tp<0.05 and *p<0.01
versus normal diet-fed mice. (C) The expression of nuclear fac-
tor (NF)- £ B was measured by electrophoretic mobility shift
assay and shown the level of expression of NF- £ B was sig-
nificantly decreased in resveratrol-fed mice. IL: interleukin,
MCP: monocyte chemoattractant protein, SRANKL: soluble re-
ceptor activator of NF- £ B ligand, TNF: tumor necrosis factor.
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