J Korean Soc Food Sci Nutr a2 3 of ok} 81 3] =)

42(5), 697~ 704(2013) http://dx.doi.org/10.3746/7kfn 2013.42.5.697
=g e 22 oM PXELF FE=2 =2EY AN st oA+

Therapeutic Effects of Curdrania tricuspidata Leaf Extract on Osteoarthritis
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Abstract

The inhibitory effect of ethanol extracts from Curdrania tricuspidata leaves (CTL) on osteoarthritis was inves-
tigated in primary cultured rat cartilage cells and a monosodium-iodoacetate (MIA)-induced arthritis rat model.
To identify the effects of CTL 80% ethanol extracts (CTL80) and CTL 10% ethanol extracts (CTL10) against
H20; treatment in vitro, cell survival was measured by the MTT assay. Cell survival after H2O2 treatment in—
creased with CTL80 and CTL10 close to normal up to 300 pg/mL H>0». The mRNA expression of matrix metal-
loproteinases (MMPs) was determined MMP-7 and MMP-13 (known catabolic factors), were significantly in-
hibited by CTL 80 and CTL10; a 200 pg/mL dose of CTL80 especially decreased MMP-13 expression. In vivo,
osteoarthritis was induced by an intra-articular injection of MIA into the knee joints of rats, then CTL80 and
CTL10 orally administered daily for 35 days. After the animals were sacrificed, histological evaluations of their
knee joints revealed a reduction in polymorphonuclear cell infiltration and smooth synovial lining in the
CTL80-500 group. Micro-CT analysis of hind paws from CTL80-500 and CTL10 showed a protection against
osteophyte formation, soft tissue swelling, and bone resorption. In conclusion, CTL ethanol extracts are effective
in ameliorating joint destruction and cartilage erosion in MIA-induced rats. CTL decreases and normalizes artic—
ular cartilage through preventing extracellular matrix degradation and chondrocyte injury, and could potentially
serve as a therapeutic treatment for humans.
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HEA FFES AU A& 7IQ1ete o2 HolH
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H o] BAF Uik AA7FAFEY 715E 2 8
7t 183} ALEl Y] B Eo Fitate] F43] FUketa glon
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iﬁé}‘ﬂ‘ﬂ DAARAR(FLE D) AA FH F
50 goll 1 Le] 10% ol gk, 80% &S
78l 3/\]7J 52 250°CAl A B (reflux)std &S 3
&tal, Aol FEES oFHA](Advantec filter paper 6, 150
mm, Advantec, Toyo Roshi Kaisha Co., Ltd., Tokyo,
Japan)2 o #stF )y NS 3] W FFF= 7] (rotatory
evaporator, N-1N, EYELA, Tokyo, Japan)® 7% 533}
o 524171 ¥ #=27)(FDS12, Ishin Lab Co., Ltd., Seoul,
Korea)® AZA 7|3 £33

oMzl 2ol U oY
AT AT AP AVFELS 4657 A oF 150-20

2
mlo

Eg “—?__ al
g AE9] male Sprague-Dawley rat& 3F82F 3o 70%
UFEE HJRE 253 AT & BEAEE 2~3 mm
A zA7E AFHsE, AFHF AZTFFL phosphate
buffer saline(Hyclone Laboratories, Logan, UT, USA) &
Aol A B3} clean bench®Z %%t 0.19% EDTA-CDMF
(Sigma-Aldrich, St. Louis, MO, USA) &9 4] 30&4 23]
incubation A 713L(37°C, 5% CO»), 0.25% trypsin® 2 127k
incubation(37°C, 5% COs) 3}9th. 2 mg/mL collagenase
type I(Sigma-Aldrich)& %7138} shakerdl 120 rpmS &
12A17F 52t A3t o] FA A Lol AE BHAE
100 um pore size cell strainer(BD Falcon, Franklin Lakes,

NJ, USA)el o738 T 1,600 rpmO 2 108-7F YAl 8a] sl
AAEZ F MEE Hank's balanced salt solution(Hyclone
Laboratories) 2.2 33] A& g & AZHNEE E+ATh
EHH ASIHEE 10% FBS(Hyclone Laboratories)$}t
DMEM (Hyclone Laboratories)®ll 1% penicillin-strepto-
mycin(Hyclone Laboratories)®} 1% L-glutamine(Hyclone
Laboratories), Z#8]3l 0.1% gentamycin(Gibco, Grand
Island, NY, USA)S #7}38led 75T flaskoll ¥ 1 37°C, 5%
CO8 =7 stoll A m ettt olmf 2~3Yel FHA =]
£ ZobFar of 4~599 At o A Z2| passages
5 ol&tzE ARt

Cell viability A

APFEAA 223 AZHEES 96-well platedl] 1x10°
cells/well®] F=2 10% FBSE #7s DMEM Hlj o< o]
wFte] 12417 F1t AT F, PR FAFEES
FEEE APste] 24MHEFAA ) EE 22 HHO: A2
T AZAYAE) T vl sttt 3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide(MTT) A kS 20 ul
A3kl Ho 3417t 37°C incubatorol A B Fsh 5wl =] <}
MTT Al2ke A AL, DMSO A1¢F 200 uLE 7}8l4] 560
nmo| 4] ELISA reader(VERSAMAXSL-20, Molecular
Devices, Seoul, Korea)E °©]-8-3le S35 o 339 =
qog o W HagH EE A5 FIATh

Rea-time polymerase chain  reactiondd| 2[8F MMPs
U =5y

AP FEANA FeF AZFHEZ 6-well plateo] 5x 10°
cells/well?] ¥E2 10% FBSE 3713 DMEM Hi %< o]
B33t 12A)7F Bk H8SIAT §, AR FH FE2E
S HoO:8F A AZ M 2417 52 A2 s & 0.25%
trypsin-EDTAZ A¥E $F3}e] RNeasy extraction
kit(QIAGEN, Valencia, CA, USA)Z A ZA}F] manuall]
2} total RNAZ #2383 cDNAS §4S 94l iScript™
Select ¢cDNA Synthesis Kit(BIO-RAD, Hercules, CA,
USA)S o]&3149 5 pg9 total RNA®Y 5x iScript select
reaction mixE 4 pL, oligo(dT) primer set 2 uL(Table 1),
RNA sample 5 L, nuclease-free water 8 uL= 2tz ¥
upx]g}bof| Script Reverse Transcﬁptase 1 L& ¥ o] pipet
© 2 up & down ] FF 4 T}, 42°Coll A 60+,
85°Cell A &7 HH-3- A7 & %“5] cDNAE PCR ¥+
A28 th Rael-time PCR 243 A] AFE-3F 7]|A1E Step
One Real-Time PCR system(Applied Biosystems, Foster
City, CA, USA)°]H iQ SYBR Green Supermix(BIO-RAD)
9] protocolell W} 35t th. PCRS At TN HEF
T+ ¢DNA 2 puL(10~100 ng), 2x iQ SYBR Green Super-
mix 10 L, forward & reverse primer Zt 1 pL(250 nM),
HO 7 uL7} S =5 34t 95°Coll A 1023t hot start &
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Table 1. Primer set sequence used for real-time PCR

EdoA FARUYF FE2E =BEYG dAEH AT 699

Sequence name Forward sequence

Reverse sequence NCBI reference

GAPDH TGG CCT CCA AGG AGT AAG AAA C CAG CAA CTG AGG GCC TCT CT BCO87743.1
MMP-13 ACG TTC AAG GAA TCC AGT CTC TCT GGA TAG GGC TGG GTC ACA CTT NM_133530.1
MMP-7 ACT CTA GGC CAT GCC TTT GC CCA TCC GTC CAG TAC TCA TCC T  NM_012864.2

Table 2. Experimental design animals (n=4/group)
. Induced Dietary Orally

Groups arthritis administration administration
Normal — AIN 93G diet

Control + AIN 93G diet

MTX + AIN 93G diet Methotrexate 2 mg/kg
CTL10-200 + AIN 93G diet CTL10-200 mg/kg
CTL10-500 + AIN 93G diet CTL10-500 mg/kg
CTL80-200 + AIN 93G diet CTL80-200 mg/kg
CTL80-500 + AIN 93G diet CTL80-500 mg/kg

F 95°Cell A 1523t 55°CellA] 15, 72°Col A 3027t 40
cycling® 2 PCRS 33t & npx g o2 95°Col| A 15%,
60°Co A 18, 95°C 15%7t polishing step A# PCR £4]
< A3 A T 9ol AH8-§F primere Table 16l A A1 8F

o
HEEE ¥ 2 2R
AYFEL 6532 male Sprague-Dawley(SD) rat

(Daehanbiolink, Eumseong, Korea)S +%3 4»}2] 4 & 28u}
£ cagedl 747 Y1 dFY T A H AFEEA
o AlSAe L= = 25+42°C, 5 55 +10% 2 FA RS
o geoke 1247 F12 3}93\3, £ 1¥8AEE AFEA
FTFEAT APT EFE Table 201 AASHATH

Alo] & 204

JFZ]EL S AgE FE= Fold ©E #dd O 2vE
5 21

J % 200 mg/kg, 500 mg/kgS A
X—]]Z,:é]—‘;aOuﬁ o‘t/H];Hz_‘rLoi‘— 50
A9 a7t Y& FE2 methotrexate(Sigma-Aldrich) 2
AR TH19). Methotrexate £+ EE o] &3}
F 13 dAGAT 2 mg/kgS ATFFA o YA
JollA ABE SHF 520 & md A
6537 ATEAE HAAsA T Methotrexates 713 ¢l
547 Fo7]7F B3 FE v E Q13

FH3te F 13 2 mg/kgl E ATF

i

65% 2] male SD ratg ©]&3}H Zoletil(cat. No. 06516,

Virbac, Carros, France)®} Rumpun(cat. No. 41882, Bayer
Korea, Seoul, Korea)& 2:1 H|&Z 343 Fo BFFFALZ
AN, AN rate) FE FRE AR EHAY
fRHE A2l MIA(Sigma-Aldrich)E 1 mL FAHE 4
5 #3873 el 50 uL(60 mg/mL)% FAFsHA T MIA 8]
2] Aol = saline %014& AFREF T SFE ZA} 7 Bof BAE
589 B 4iE BAse} B

HE| =2 UIE /st BEME 3 M

AY FTE T ratS AF @It HYxAsty #FE S
H3 £FEE AFASAT £FH e 1S 3 HE SA
10% formaldehyde(Junsei, Tokyo, Japan) & 24A)7F 113 8}

131, Calci-Clear Rapid(National Diagnostics, Atlanta, GA,
USA)Z 24A17F Z¥A S 2 72A17F Tt 848 st A
23E A gt E59 A W7k AE 2l
A ) (Tissue-Tex 4701, Sakura Co., Tokyo, Japan)E AF-&
sttt A& E 552 314 vA ¥4 7] (rotary michro-
tome 2040, Sakura Co.)E /\]-*‘1’5‘]"34 ZA g FRNEgoZ
7um FAZ A4 HH g, i 2529 AW 3ZS

AA Eghol=e FAAH T Zﬂx—}g 3 sgtole AF
A AE Xé_‘?_g B 7}s17] 98 Hematoxylin & Eosin(H&E)

oMol Sulg| M2 X =X

AY T3 5 AP E raty E7F HIE FAE] 9
3] three-dimensional micro-CT #93& A A. &
S A A Uz iy E FE3Y formaldehyde(Junsei)
o nAGAANZ & FYAHFE(F)(Seoul, Korea)oll 2= s}
& high resolution micro-CT(Skyscan 1172, Skyscan,
Kontich, Belgium)® 9% o¢hits #9939t ¥ 3y
(bone volume, BV), & %™ 3 (bone surface area, BS), &3]
ZAA B3 (total tissue volume, TV)E vlgto g Z o] Ry
o} 24 HA FI9 v&BV/TV), SHWUH I S5
H](BS/BV), X2&9] S (trabecular thickness, Tbh.Th.)
AAHRE nigo g #AG fito] W SD rate] X
A

A& 2

EE AL 33 vkE AAEder Aozl A= SPSS
20.0 software(SPSS, Chicago, IL, USA)E ]85} E435}
Fomw BE =4 gEo A= it (mean)+t XFHA}
(standard deviation, SD)& JEA|&Aqt. Ad 7 I 2}
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Fig. 1. Cell viability of primary cultured rat cartilage cells,
determined by MTT reagent, with treatment of CTL extracts
at various concentrations. Data are expressed as mean=+SD
(n=4/group). Significant differences were determined by Dun-
can’s multiple range test at p<0.05.

°]& one-way ANOVAZ #R1st & 153t BAA &
A& Duncan’s multiple range testE ©]-&3}] AZstg L

™ 5% ool A FAZA oS HoIetAtHp<0.05).

—
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gt & 13

MTTOl| 2st &8 MY sz AF

Primary culture® Q=AM ojgt X% % —?%%"
AEEE AA37] 98 MTT assay S 3
2 10% ol €-&(CTL10), 80% ©ll€+-&(CTL&0) F&
dl CTL109] 1,000 pg/mL TEE A &g BE FEolA
AS YeER A &kgko ™ CTLI1O0 1,000 pg/mL &= A%t
3F129% 2 FolFo g AEZANEES TFAAA AX
=/40] et Aoz IR rh(Fig. 1).
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HO, &5t S40f| CHeh Mz=AIE xS}

= A A et in vitro =42 LPS & H0.2
=g Fdsle Aol durd oz e A ATH20,21). —é—JJr

Ao oA 71 FasH AR HL AR
o)

ASH AEAG) o] BFIA k. Bd G
AU A9 LPSZE FRAAAT AZAEL f=
1% o] 4T Aoz Bud

3} HoO 300 uMol| A 24]
1y TN 50~68% HEo AAES
Yelg= Ao 2 &2l ftHdata not shown). kA o] &
gog #AE Q) F2ES A 47
CTL802] 7% 200 ng/mL =4 H0p BIAE] FgAE
T FEZA AFHNEANE JA &7 e e, CTLIO
oM+ 300 pg/mL =AM izl Hl& foxoz A
FAE Aol el Aoz BFHAHFig. 2). Wk
CTLR02] 200 pg/mL H%= CTL102] 300 pg/mL FX=olA
AZATEAA 7L 74 aRd oz Yede S gRlstA
om FEAY AE ARE ol HAABFTEE ZAH e 7
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Fig. 2. Effects of CTL extracts on cell survival against 300
oM HyO; treatment. Data are expressed as mean=+SD (n=4/
group). Significant differences were determined by Duncan'’s
multiple range test at p<0.05.

Fo 7 Fadtt 2HY F AEFY 500 pg/mlL F=olA
B AEAPE A o) Uig ME] a9 AasteE Ao
UEstor Al §94 2ot A

HO, ASIX =40 CHEH MMPs mRNA 28| Hi5}

AFzZ o] = IuktE oz MMPs7t &4 35 o]
3 o] S713th MMPsE & 2 939 71d 7484 S
g3 gy Balasza JAzAe B3 A X+
713 g4, A2, dBA4, 24T 2 AFA 59 AAF
Fa% 9gs o BHEYE T WA AR HHy
o] Wld F8a3 9&-& $rh(23,24). MMP-73% MMP-13
o] A% FoElaFAdAd vl ZHAAAA 53] ddo]
Z7tele ALe® 4EA ol #HHEY T"r‘?—ioﬂ o gt ulo]
2uAR AA3 APE JPsAT S H0, &5}@
EA0) o AxANE A3 Ao CTLBOJJr CTL10 %
500 pg/mL FEOA MEAIE A a7t 7343 A Oi
UrEth, MMPs 23 H3} 4 Agolrs AZ] F

£ 300 pg/mLZ &t A& HPstach.

HoOp 2Fs}d =434 gt ?i%*ﬂz‘?ﬂ MMPs A=} @&

Z wWale =338 A3 MM
A|3zof u

-73 MMP-13 25l A A4

13} H.0:Rh= ﬂalf‘?_ A A BAZET}L Fo]H
o2 F7kste AL st MMP-7 &d 573 2,
CTL80Z} CTLI0Y EE FLoA fozow wio] i
How CTLI0Y A% 100 yg/mL =4 713 a3}
Z2 Ao 2 BFEUH(Fig. 3A). MMP-13 & =3 2
3}, CTL80S] 100, 200, 300 pg/mL F=olAH Fodo=z o
ol Faste Ao F e e, 10, 50 pg/mLe] @& &

Eol A ol F AR A A S ME} fFojH o Ao
7} gl Ao Yehgth CTLI0S 4% 10, 50, 100 pg/mL

EToA 238 MMP-13¢] @3o] Zrlsle Aoz e}
o, HoOoWh Mg Az e} vluste] {92 Aol=
Sdth. olol Hlslke] 200, 300 pg/mLe] FE=olA F<4
Al MMP-139] ®¥r&o] 7HA4ste AL FQlstgoer, o=
Do FroME AFAEY HF a3} vu)sy, dA3
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Fig. 3. Effects of CTL on genetic expression of catabolic fac—
tors (MMPs) in primary cultured cells. A, MMP-7; B, MMP-13.
Data are expressed as mean+SD (n=4/group). Significant differ—
ences were determined by Duncan’s multiple range test at p<0.05.

FTEHLNA AFAE HEawrt avFo g et 2
o2 AZE(Fig. 3B).

ool AFARE FaAA FALUTY o g F=
=] 4t 44 i F7FF MMPse] 23S 7HaA]y

i)

BAY HPRDANA FARUT F5F 2RAY AR 9T 701

ol “H—r 25—] )‘101}\‘34&4 Zﬂ = =4
d43 7]Zl S TS B Hole AvEA A
F USRS FFEATE 57 g mhE o] JAFS ALt
Eias! %}itﬂi t‘ﬂs_% T Aol 5&Z JERILL 65 &
2= Normal o1 H]3)] Control Tl
A A 45’} oi FFA F7 Ol AT AoE YE I A
ol d# &89 4% CTL0-500TolA ag&o] s Ao
2 YUetgoy 2F 3 fFo3F< Atole fllen, ojeg
AZ v|Fo] B wf AR AHV FFA SR T
ol FES FAA At AE FRAsEHA T (Table 3).

=Y Fuof| ME Z7x2| YEfstr His}
MIA(Sigma-Aldrich) 9ol 93 T B2 Y e do

4] SD rat®] chondrocyte®] metabolism A3 2 <13 <]
T 2 P FF Har TAs(25), o2 d Helsh
HEE BE357] 5t FES A & 7 AT
TE A% S micro-CTE 93] AP A &
Ae2E A AT Micro-CT ARl 2 #dd fridol
uE W 220 A3 Aol FET Fe e (Fig.
4), Z2¢<tel B3l Control ol Xe L7ie M4 o 9%
o BEE F AU FuETd MTX
X g]iS Control 7ol HI8) Hwtz oz £& Z A =S
°]a 9laL, CTL80Z CTL10S ZA$-& Iz Hl*d
AeEs el o2 #FFH AT Micro-CT 294171 2

il

0y

T AZAEAA BRaeadrt JelE AL syt w HE A B55H] sk F#ske FX2 £4% 4
g EREWUE Ao BHY =4S AT AZ B = Table 40 eSS BS/BVE 49 ko] o
Table 3. Weight gain and food efficiency ratio (FER)

Groups Induced arthritis Weight gain (g)” Food intake (kcal/day) FER?

Normal - 229.85+ 8.86° 86.53+9.05" 0.068+0.025
Control + 207.83+3.17° 81.20+9.41° 0.075+0.010
MTX + 193.20+9.31°¢ 81.34+10.73° 0.061+0.049
CTL10-200 + 219.9+6.64° 83.90+5.05" 0.067+0.032
CTL10-500 + 206.18+8.67° 85.63+4.37° 0.062+0.070
CTL80-200 + 190.30 +7.09° 89.09+8.31° 0.055+0.022
CTL80-500 + 173.73+4.62° 87.36+6.84% 0.051+0.048

1)VVelght gain (g)=final body weight (g)—initial body weight (g).

YFER (food efficiency rate)=gain of body weight (g)/ food intake calories (kcal/day)
Data are expressed as mean+SD (n=4/group). Significant differences were determined by Duncan’s multiple range test at p<0.05.

Normal Control

CTL10-200

CTL10-500 CTL80-200 CTL80-500

Fig. 4. Histological investigations in knee joints of normal rat and MIA rat with and without CTL treatments. Rats were sacrificed
after 6 week experiment and their knee joints were analyzed for histology after H&E staining.



rlo

702 ke - 487 - oy

Table 4. Values of architectural and mineralization parameters

Groups Induced arthritis BS/BVY (mm™) BS/TV? (mm™) Tb.ThY (mm) Tbh.Sp” (mm)
Normal - 459+0.18° 4.44+0.06° 0.96+0.09 0.07+0.01°
Control + 6.87+0.05 6.26+0.54 0.56+0.03" 0.09+0.01"
MTX + 5.41+0.05" 5.04+0.30% 0.6740.04° 0.0740.01°
CTL10-200 + 6.36+0.25° 5.79+0.23° 0.58+0.02"" 0.12+0.00°
CTL10-500 + 5.96+0.38% 5.06+0.31% 0.60+0.02° 0.09+0.01%
CTL80-200 + 5.70+0.37™ 4.66+0.03 0.58+0.03" 0.09+0.02°
CTL8&0-500 + 6.10+0.24 4.49+0.21° 0.72+0.02¢ 0.0740.02¢

UBS/BV: bone surface area/ bone volume. 2BS/TV: bone surface area/ total tissue volume.
STh.Th: trabecular thickness. 4)Tb.SpZ trabecular spacing.
Data are expressed as mean+SD (n=4/group). Significant differences were determined by Duncan’s multiple range test at p<0.05.

Normal Control MTX CTL10-200 CTL10-500 CTL80-200 CTL80-500

Fig. 5. Micro-CT analysis of the hind paws of normal rat and MIA rat with and without CTL treatment. Rats were sacrificed
after 6 week experiment and their hind paws were analyzed for histology after micro-CT. Representative micro-CT photos are shown
for each group.

E T 399 EJAS e Ao q FA FEFE oA AL Fof o] FAF AFAHES] FFEZ AZFHH| BF
= %7} 2§, o] #-S Control 9] 49.67%°] H &} o] HI Ao & HWEETH26,27). 0|23 224 WS
CTL80-2003} CTL10-500 ol A Z+2} 24.18%, 29.85% & #F37] Y5t FES AN F 7 APE TEY
FA 7} FolHo g A4t AA 2F vlEd F 1 AEZEA S HEE FAE 8t AdZAzet &0 Hss
o] U vehd BS/TVY =34 A7 94 CTL10# CTL et A

80 &7 YERG Ao Holw, 53] CTL0-200 0l dukz o g Az BHPFANE X FE 7L TF

A Control 9] 40.99%¢l ¥Ial 36.04% = FX]7} 7433tk A JYeltE whE g3o] 128481 chondrocytes”t AHE 8
%,

Z 2F7189 14e el = Th.Spe 1HF0] F24 = A A2 2 2HEAY S A5 o7
= FUZ7F A% RS el A9 ke 2 Zole ¢l A=Z AEFHIZ FH28B).
Ao}, CTL80-50000 A =7} Adhe] AAlat 3} B3k H&E 94 9] A3} Normal 7+l ¥l8 Control 7<) ¥4 7%
TS B AZZo] woko] HIAAAH O T HI AL B 4 glon 9k
T &F AlolY FAE YE= Th.ThY 44 #d 4 AZTEA MTXE BEH = 4359 ¥wol Yelhyx|vt
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= S S o =3 L Iy
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T AT
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