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The Study on the Effectiveness and Mechanism of Several Herbal
Medicines for Development of Osteoarthritis Treatment.
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Yong- Hyeon Baek, Jae-Dong Lee, Do-Young Choi, Dong-Suk Park

Department of Acupuncture & Moxibustion, Criental Medical Hospital, Kyung-Hee University
Oriental Medicine Research Center for Bone & Joint Disease *

Objectives : Articular cartilage is a potential target for drugs designed to inhibit the activity of matrix metalloproteinases
(MMPs) to stop or slow the destruction of the proteoglycan and collagen in the cartilage extracellu ar matrix. The purpose of
this study was to investigate the effects of KHBJs for cartilage-protective effect in hiiman and rabbit articular cartilage
explants.

Methods : The cartilage-protective effects of KHBJ were evaluated by using glycosaminoglycan degradation assay,
collagen degradation assay, colorimetric analysis of MMPs activity, and histological analysis in rabbit and human cartilage
explants culture.

Results : KHBJs significantly inhibited GAG and collagen release of rabbit and human cartilage ¢xplant in a concentration-
dependent manner. Also, KHBJs inhibited MMP-3 and MMP-13 activities from IL-le-treated cirtilage explants cultures.
Histological analysis indicated that KHBJ004 reduced the degradation of the cartilage matrix compared with that of IL-1e~
treated cartilage explants. KHBJ004 had no harmnful effect on chondrocytes viability or cartilage morphology in cartilage
explants.

Conclusions : These results indicate that KHBJs inhibits the degradation of proteoglycan znd collagen through the
downregulation of MMP-3 and MMP-13 activities without affecting the viability or morphology of IL-1e-stimulated rabbit
and human articular cartilage explants.

Key Words: Cartilage, proteoglycan, collagen, matrix metalloproteinase, KHBJs
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< &3 9a, o9 B3 R4 matrix
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Fig. 1. Isolation of cartilage from rabbit knee joint for cartilage explant culture.
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FBS9Jr ﬁﬂ A %-iE‘Lﬂ Eu}
o]A1 100 unit/mle] &8 DMEM ul 2])o]| €7} &9}
CHFig. 1). 28 & wjAx 2 $abe 4ol I thg 5%
COz, 37C g7 ol A 147t vl oksldch. v ke o
S 718 viA(EAH e 2 ¥ 84 3tE 1% FBS, 10
mM HEPES 2 #ly 4 d-2~E2 Enlo]al 100
univmio] §-f¥ DMEM)Z w | 8+ 3, 30mge] 2

N 28439 Bholml §71 & T, A 98
= 21316} . Q1] #71-1e 5 ng/mLE 1A 75k

ujokstad, BA o] &AW A28 SWkAlY] 1, SF
o A E =L R Al ste] 3L o wFeitt

A e =A% &, okar) SRE AXME wA S
Hol & 31897 o uikelsich. 3,7, 14,212 ] 5]

Ll
e Wl dEds Fhstlen, o] & 20T B

aksict.

4) Sel Lot

W] % GAG 44
ste] FEAE B
Eai= 3
Hahq o 2 o]
(chondroitin sulfate)2 A}-8-3}93 31, 540 an]]/q l-";:
8 GAGEE 23319 1, Qe &7 1eZ &
GAG ¥4I 71 2 o & & At ek
el

5) collagen F-&)| % = =3

Ald &4 ol 9]} collagen w3l A AE-2 93l
AHEA S 3Y HA o 2 uAE 18ste] k21
ook 3 AEag nov 45de MHCIE B

A7) ¥ 6M NaOHZ in vacuo F3}A| 71t} w3 &
’&%-& chloramine-T reagent@r F7} ¥r-g-Al 7
DAB reagent9} 45-7F vk-2- A1 7] & 60°C 358-7F 3o

7HGAG) E3l A = =3
= A g EAd o3 3%_]'71_}‘3]]
< 3, 19-gu e A EFo}
A (polyanionic) &2l © Ohoﬂ 9]
FeEdazl gz 2o

e

ﬂ o @ JIN‘ (Z o2

Table. 1 Effects of KHBJs on GAG Release by rhiL-1a induced Rabbit Articular Cartilage.

Inhibition (%) Inhibition (%)
Name Narne
(n=12, mean) (n=12, mean)

control 46.410.16 KHBJ 018 68.4+0.13

IL-1a 100+0.19 KHBJ 019 1.6+0.15
SKI306X 1 58.5+0.14 KHBJ 020 30.2+0.1
KHBJ 001 21.3+0.18 KHBJ 021 1.1+0.19
KHBIJ 002 1.5£0.20 KHBIJ 022 0.24+0.14
KHBJ 003 05+023 KHBJ 023 55+0.08
KHBIJ 004 56.9+0.17 KHBJ 024 53.61:0.09
KHBJO005 13.14+0.04 KHBJ 025 03x£0.06
KHBJ 006 0.7£0.03 KHBJ 026 30.1+0.18
KHBIJ 007 2240.12 KHBJ 027 11.5+0.09
KHBJ 008 11.5+0.08 KHBJ 028 50.8%0.11
KHBJ 009 05x0.09 KHBJ 029 48.6+0.06
KHBJ 010 1.1+0.27 KHBJ 030 375+0.15
KHBJ 011 9.8+0.03 KHBJ 031 329+0.14
KHBJ 012 0.7+0.06 KHBJ 032 50.9+0.2
KHBJ 013 17.5+0.16 KHBJ 033 12.1+0.30
KHBJ 014 30.3+0.15 KHBJ 050 67.24+0.12
KHBJ 015 1.74+0.23 KHBJ 051 82+0.13
KHBJ 016 28440.14 KHBJ 052 45.9+0.20
KHBJ 017 104+0.16
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Table. 2 Effects of KHBJs and KHBJs-fractions on GAG Release by rhiL-1a induced Human Articular Cartilage.
Inhibition (%) , n=12

Name
20 ug/ml 200 ug/ml 400 ug/ml

control 49.5

IL-1 100

SK-1I 49.7 53.0
KHBJO04T 6.2 24.8 46.0
KHBJ0O04B 0.5 54.7 65.8
KHBJO04R 6.2 59 89
KHBJO18T 3.6 28.2 589
KHBJ0O18B 11.4 29.9 52.8
KHBIJO18R 59 99 10.6
KHBJ024T 59 56.8 61.1
KHBJ024B 1.7 64.2 65.6
KHBJ0O24R 7.8 55.6 65.2
KHBJ0O32T 16.8 36.9 48.2
KHBIJ032B 19.9 41.6 489
KHBJO32R 21.9 30.2 31.7
KHBIOS0T 309 46.4 549
KHBJ050B 10.9 25.1 424
KHBJO50R 27.6 29.9 329
KHBJO28T 99 33 39.5
KHBJ028B 2.6 24.8 56.6
KHBJO28R 9.7 10.1 10.8
KHBJ029T 18.1 353 42.0
KHBJ029B 353 559 60.7
KHBIJ0O29R 16.1 17.3 254
KHBJO30T 14.2 10.5 11.5
KHBI030B 14.7 46.6 66.8
KHBJO30R 12.3 15.6 17.9
KHBJO31T 9.5 13.7 14.2
KHBJ031B 9.5 11.9 11.2
KHBJO3IR 8.7 18.9 24.8
KHBJ052T 18.3 25.6 27.1
KHBIJ052B 20.1 31.2 30.1
KHBJ052R 9.8 9.7 10.0

1 582} cooling Z= 560nm 3ol X =R 8 T) 7] 31 (7-methoxycoumarin-4-ylyacetyl-Pro-Leu-Gly-

6) Matrix metalloproteinases (MMPs) &4 &4 =% Leu-(3-[2,4-dinitro-phenyl]-L-2,3-diaminopro-pionyl)-
A FEA o 23 MMPse] &4 oA A< 9 Ala-Arg-NH2(M1895, Bachera, U.S.A) & # 7}&}<]
3] MMPs$} p-aminophenylmercuric acetate (APMA) 37Co A 1A 7F B9k wk<-A1Z1 T MMP-1309)
Z 0.IM Tris-HCl, pH 7.5 buffer 3} 4 37Col A 3 specificd &34 23 98] MMP-139) 2} 3)
AIZE F<E wEEA1 A MMPsE &4 stA| 71t &4 specificst 7l HF-g 8l = pepiide?] (3-[2,4-dinitro-
3} MMPse} A1 d 812 37C o A 308 RESA phenyl]-L-2,3-diaminopropionyl)-Pro-Tyr-Ala-Tyr-
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Trp-met- Arg-OHE 24 3}5 MMP-39} dH-2-A17],

Z} MMPse] 4 A 54 2 918 2} MMPsol o

8l specific3t peptideZ A}-&stH wkgo AL &

d 5}HA| A 7 8131 colotimetric spectrophotometerZ ©]
g3te] 23519

7) 2R ek 7}

AEZE 10% formalin T3 N 1A F 70%
alcohol, 80% alcohol, 90% alcohol, 95% aicohol, 100%
alcohol®] B I xylenes A4 & gtejA & 2
Ao] AFAZ F BEL AT AE @
o 223} 915te] HEE 44319 3, proteglycan
o Y=

Safranin O & A, collagen T4 A == 2ol
o] Masson-trichrome G & A A & Ao =w 7

Fatgnt.
m R

1. Proteoglycan &3l 2{xls

AdER o Er D Alere] B 22 oA
saHE S5 sl e eFe e A
E GAGY] 23 58 doli i 317)9 22 43

DR

i

kA 360l 3l proteoglycan 3 A& %
woiol £7] QB2A] FAT BAE Kol B
) A E 1022(KHBJ 004, 018, 024, 028, 029 030, 031,
032, 050, 052)2 XA 8+91 tH(Tablel).

AAE & oA (T)E butanol (B
residual(R) 2 38l 5l Alzhel )
thil-la®} &7 1029] ¢hu)z] 2 79 B3 20%8
20, 200, 400ug/ml®] == 2 A 2] 5te] ksl ok
T2A1ZE B2 & proteoglycan 3] A 52 A
A3 FMdo] =43 1358 A4 sl (KHBJ
004T, 004B, 018T, 018B, 024T, 024B, 028B, 029B,
030B, 032T, 032B, 050T, 050B). E-5, total o] 1] 3]

ATxA g

ml

r ,J

butanol ¥-3 Zo||x] 87 3}A BAdo] 27} Ble
4(004B, 028B, 029B, 030B)o| ¥ 11, E7|9] AZF %

2] o] A & proteoglycan E-a 2 4] Z7}H7} 919l o vt AL
do] ATz oA EFH7 gl Bl Al 22031,
052)% 2ol s}<d T} (Table. 2).

2. Collagen &l 2xls
ANEELY] B AZHNEL BEEHE 5%
Aeall B o] TR S FaA E%—

Ao ave AZE4 S
10%2] @Al 3 29

InnnENEE

B9 dExAo s Agude A4 F DA
70.00 A

60.00 1 T

50.00

40.00 A

30.00 1 1 =

20.00 - T

ool L1 | L] L

100ug/mi | 100ug/mi
) |Ile5ng| SK=II | =QIA | KHBI2AT | KHBIOZB

KHBJOQB’KHBJOSZR KHBUOSOT | KHBUOSOB | KHBIOSOR

KHBXO2AR | KHBJO3ZT

Fig. 2. Effects of KHBJs on collagen degradation by rhiL-1¢ induced human articular cartilage.
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Table. 3. Effects of KHBJs and KHBJs-fractions on MMP-3 and -13 Degradation by rhiL-1e induced Human Articular Cartilage.

MMP-3 MMP-13 MMP-: MMP-13
(pg/ml) (ng/ml) (pg/ml) (ng/ml)

control 21.08 2393 control 9.64 1165
IL-1a 38.54 12058 IL-1e 17.61 2279
SK-II 31.36 6000 SK-IT 14.63 501

SKI 306X 3113 5896 SKI 306X 12.07 618

KHBJ 004T 14.84 183 KHBJ 028T 11.43 342
KHBJ 004B 14.78 282 KHBJ 028B 11.30 352
KHBJ 004R 27.47 11842 KHBJ 028R 12.81 607

KHBJ018T 0.15 1138 KHBJ 029T 10.48 465

KHBJ 018B 0.66 448 KHBJ 029B 7.18 654
KHBJ 018R 19.39 6488 KHBJ 029R 12.38 1165
KHBIJ 024T 2291 3265 KHBJ 030T 10.67 1280
KHBIJ 024B 30.33 10702 KHBJ 030B 7.83 286
KHBJ 024R 23.85 2842 KHBJ 030R 10.37 586
KHBJ 032T 31.13 2445 KHBJ 031T 13.66 985

KHBJ 032B 30.05 1105 KHBJ031B 13.32 797
KHBJ 032R 3043 11425 KHBJ031R 14.05 1624
KHBJ 050T 4.89 1360 KHBJ 052T 15.66 2900
KHBJ 050B 312 1227 KHBJ 052B 1045 541

KHBJ 050R ) 24.97 12147 KHBJ 052R 17.71 1656

400 ug/mle] F=E 2 Al &, 2197k wj kst
collagen 23l A 5<S 3 =3t A7, 7% (KHBJ 024,
024B, 024R, 032B, 050, 050B, 050R)S- X 5} 1,
total Z-of] Bl &l &8 Foll A KA EAdo] S}t
B3] 0 33(024B, 024R, 032B) ©. 2 &%l 5]n 7}7} &
223} collagen £8] 914 52 K91 6Z(KHBJ 024T,
024B, 024R, 050T, 050B, 050R)-2 414 3131t} (Fig. 3).

3. MMP-3, -13 524 &4 o{Xof CHst =2

ArFoZRE AEx3 g B8 T, rhil-led} &
7) oA 10% 2 29 B3E 20E 2 20, 200, 400
ug/mle] F 2 A2 sto] wf 3wl ol ol A
MMP-3, -13 £484 9A45& 4 F3li . MMP-3
48N AT 2B, FHE T v&) ¢
423t kA 123 (KHBJOO4T, 004B, 018T, 018B, 028T,
028B, 029T, 029B, 030T, 030B, 050T, 050B)-2 X1 4 &}

f

Stk MMP-13 5284 oA 5 2925, Gl %
o H)3] 43k ekA) 1325 (KHBJ 004T, 004B,
018T, 018B, 024T, 024R, 023T, 028B, 029T, 030B,
032B, 050T, 050B)= A1 %) 8} ¢! T} (Table. 3).
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Control

"
-

it

Safranin O

L= KHEJ004

Masson
=Trichromo

Fig. 3. Histological characteristics of human articular cartilage. control; normal cartilage from vehicle treated in human cartilage
explant culture, IL-1a; 5 ng/ml IL-1a treated cartilage, KHBJ004; 200 ug/m! KHBJ004 treated cartilage.

KHBJOM= Q18] F71-1a2 % Al
2 3 BAA AetA dAE S 28k (Fig. 3).
T8, KHBJOO4 = QIE| £71-1¢2 F 28 AE%7

9] cartilage layer, erosing =9} chondrocyte $=A}1-5

ChA] 3] 59k 2l 4 A2l (Fig. 3).
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