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Suppressive Effect of Kwanjulbang-6 on Collagen-Induced
Arthritis in Mice

Hyun Soo Kim, Seo Young Hong, Dong Seok Heo, Min Suck Oh*

Department of Oriental Rehabilitation Medicine, College of Oriental Medicine, Daejeon University

This study was carried out to know the effects of Kwanjulbang-6(GJB-6) on the inhibition of arthritis. GJB-6 was
orally administered to mouse with arthritis induced by collagen II. Cytotoxicity, hepatotoxicity, arthritis index, value of
immunocyte in draining lymph node and paw joint, rheumatoid factor in serum were measured in vivo. The incidence of
arthritis was significantly decreased. Total cell number of draining lymph node was significantly increased compared with
control. Total cell number of paw joint was significantly decreased compared with control. The absolute number of
CD19", CD8", CD3'/CD69’, CD3'/CD49b", CD4'/CD44’, CD3", CD4", CD4’/CD25" and CD3/CD8" cells in draining
lymph node were significantly increased compared with control. The absolute number of CD3*, CD4*, CD4*/CD25" and
CD11b*/Gr-1" cells in paw joint were significantly decreased compared with control. The absolute number of
B220/CD23" and MHC |1 */CD11¢” cell in draining lymph node were significantly decreased compared with control. The
levels of IgG was decreased and The levels of IgM was significantly decreased compared with control. Anti-collagen I
in serum was significantly decreased compared with control. With the hematoxylin and eosin stain, the cartilage
destruction and synovial cell proliferation were decreased compared with control. With the Masson’s trichrome stain, the
expression of collagen fibers was decreased compared with control. Results showed that GJB-6 had immunomodulatory
effects. So we expect that GJB-6 should be used as a effective drugs for not only rheumatoid arthritis but also another
auto-immune disease.
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BHTHE YYHOR FrlEoE BHAES XFEV] § ) Hz=E 58
Sl fTINE FEREHESE BIE", HRIESKE M, BRY, N ZEH £8S Human fibroblast cellshFCs)Z SRB assay
BAGERGHS A0, Wik oK AR, AR, Mg Mg o7t HFskd AMESINIT) hFCs A Z& 37T, 5% COz Hi
She A, BERESIE WY, W& E08 748 ARY ok7)ol 4] K RS trysinEDTA SUOF Tl MEZE0] HE

Fergolrt. 2 gojdl &, 2.0 x 1074 A ZZ 96 well plateo] 253} % ul
olol AXME FUIEOIE BEde) UF BEeEHO) ENE  YVIB7T, 5% COJolA 2K12h HIBIATE MY = GIB-6(HE
AEHOZ FHFIIAAL Typell collagen2 & ¥ FolEo|= BT 500, 250, 125, 62.5, 31.25 pg/ml)E 48AI} B MEI5IA
DY EETYS 0|8 DEY WEE, BEY A WAS  Th Y B3 Fo] YA S 2T QKIS (PBS) . 23]
ZETI, anti-collagen I, ZZXSH W3l 2 HAMNZY ¢ ES MAELL, 2+ welldl]l 50% TCA (trichloroacetic acid)E 50 (UE
E3 €3 Y e HEe ATl Euske diolrh 7¥5Hd 1 AIZE Bt 4TCo) YAISKFLE o] & SHFE 53] AIA
3l THS well plateE &71 SoiA AZSIAUTE &7]0] SRB &

Ag 2D (1% acetic acid SH2J 0.4% ) 100 wE 715}k, =014 30

B2} G519k 221 0.1% acetic acid SHOFE OF 4~53)

L HE AES the F71 oA HARSIL 10 mM tris base(100 )E
1) =2 S8l A1Z3Et O] plateE plate shakerolA] 3.5 speedZ 527 EF

AESES STUAE AL (England)ol 4] BRI 63 0] & & ELISA reader® 540 molA EZEE ZFFINCh
o) DBA/1] P19 32 E 27Y SO ABA B4 Hg @ 2715 &3
Al & AFof AEBINTE SE AFS4S 32 conventional A8l BF 5 4G ANPE Edl EHE Folrh EAe
systemQ.F 220 £ 2C, 1Y% 1241742 200~300 LuxE ZH3} 4,000 rpmoilA] 20271 A4 EEISE £ @S Eeleh 7 €4 Y
i, 124302 BE HE ARASIATt 4ole THEAIE (AT E 38k #4718 A183l] ALT, ASTE S8k
221% o], X 8.0% 015t RAF 5.0% 0l5 £3E 8.0% 3) Collagen &yt HEN(CIA) 47 HE
018}, Z& 0.6% Ol ©) 04% 0]4}, AR}, THUA 2HN)) Collagen S4} BEY(CIA)S bovine typell collagenoi]
2 506 SFolirh 0.01 mol/Le] acetic acid®} complete Freund’s adjuvantE =%}

2) okxj BF & 200 E DBA/1] AFol 3|3} FAGIL, 21Y & S¥<

2 g A1E¢ #EHesRolgh GIB-62 RT3 AE2 T)EREALE boosting 510 CIA REE FUBIGCh L8
TAESH RE&SHIEAONA FRlst & ZH8l AHSSIR AL, DBA/1 ] 47 8ol & ¢ FO2 CIAE REM7IA &2 B4
At 159 aEn 282 ol Zri(Table 1). T CIAZ f]7] tiET, MTXE R68 MTIXTEH GJB-6

OFE ROITOR Uiro] Agg 4AlBich
Table 1. Prescription of Gwanjulbang-6(GJB-6) 4 AE B
He;gﬂil\%me Pharmagzgr;;j/t;cb/nggnue/gc1atures Amo1u;t(g) ‘ DBA/1j Az 8 mlRIZ 3 2og 3§ BT 15
P Siegesteckiae herba 8 Normal), X EHZ Hel5hA 22 RIS CT), 2211 &Y
# Cinnamomi ramulus 75 TH 2R MTX(0.3 mg/kg) F0I(018F MTX), GJB-6(9.7 mg/day)sF
EWE Rehmanniae radix 75 ok a7 A2 YERE4E Y 13 42 old 37
=R Atractylodis rhizoma white 75 EQFIN L, YRS MTX(0.3 ng/ke)S i 13] 2424 0.1
fi & Fohedras herba 375 47 Z0t Mg oA 11X FT B3I
nE Aurantii immaturus fructus 375 5) Arthritis index(Al) F4J
LR Ghyhizae radx I Type 1I collagen® Z boosting & DBA/1] F 9] 7} 4719
Total amount 70625
o4 P AEE Mann-Whitney U testd] 7|Foll wa} @
2. 214 H & (Incidence, %)2 2831, CIA S T & 170 154
1) A8 & AALSIr(Table 2).

GJB-6 2& Hloll 217} 254 2,000 ME 718l gE £& 6) Draining lymph node(DLN), paw joint®] EMZ4 &5
71004 3A17F &Sl A2 AE Y AHGHL Ol rotary CIA 40 477} SkEE Aelold 4E 8 S0k, 48
vacuum evaporator® E&H3ITE 0] THA| freeze dryerE 0] EEE ethyl etherZ TlIEA]7] & AFollA] DLN & paw jointE
g5l 2 R 7, 18Y 235 g& go] 4S5(-84T) EE3| Z&3819{c}. DLN2 100 meshZ A2 & £2]3F & D-PBSE 52
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{H A ED(1,700 rpm) 510 28] AT F cell strainerol] E1}
3 olele) RelslA] &2 RAo BwEg AAGIK

BEE2 A choppmg?i % collagenase 1 mg/mé(in 2%

I

min.)oll A} e & Q’é%‘% ok o“?éoi 43 o %o}

L} OJAE flow cytometer/l Cell Quest ZTZ TG 0] &3

WES(%)E 248 & & AZSE I 83l 2t ZRGAY &

A

ol HEZ4(absolute number)E A1&319]

Table 2. Arthritis score

Score manifestation
Degree 0 No arthritis
Degree 1 Smail degree of arthritis
Degree 2 Light sweling
Degree 3 Mediurr. swelling

Degree 4 Severe swelling

& AESE BHolA VRt HI9L Lo, AEHS 34519
ol od7lo] Z+2 PE-anti-CD3e, PE-anti-CD19, PE-anti-CD4,

PE-anti-CD8, FITC-anti-CD25, FITC-anti-CD69, PE-anti-Gr-1,
FITC-anti-CD11b, FITC-anti-CD49b, PE-anti-CD23,
PE-anti-CD44, FITC-anti-B220= 12 7. 30527+ S S|4l 212 A7
o} Bk & 33 ol QXIS MERESE 4T £ flow
cytometer®] cell Quest ZZ 7S 0] Edle] WES(%)E BA
ot T BAEZFE X E510] DLN, paw jointol] A41Q] Hri A E<=

é%ﬂ

8) @& Wl AO]EFIR] Bl rheumatoid factor(RF) B4
Tt index A4S & £ ethyl etherZ UHE6l] A& X}
HOoE Edg AEd & dF S 2ot 288 g€-olA
IgG2} IgM S kit2 QHHE SHBINCE 2 wellol] CIA 459
B3 100 £(1/100 dilution)® EFFIL, 1A17F BQF 4204

SRS & 28] washing 9% SHOE AL o7l
HRP-conjugeted Avidin 100 (E X213 1A17F &
et T AMAABIACE T o7]d] TMB 7]18E 100 x4 2=
BHL Aol 30E7F RIS 5 50 1ol stop FUS M)
ELISA reader 450 mojA] EFTE Z461%0

Sh
H

H o 1=
9) & W collagen II A 5% &5
ClI gFe 88 U = T ZFS CIA A8 2 = collagen
8

=)
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washing 2t5 ZHOE AAEH U}S biotin-conjugatedE &1L
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IRgE & TRl STt o37iel TMB 718 & 100 pia] B3
12, 4ol 3027F ghx|sh = 100 ()01 stop WS oot
ELISA reader 450 mollX E&EE S835I1%
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Fig. 1. Cytotoxicity of GJB-6 on human fibroblast cells.
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DBA/1] miceo] 4%7} GJB-62 AT Eigh & DLN T
paw jointo A1Q] & HAN Z4E BESH 23, DLNojA = &
2170] 65 £ 1.60(x10°), thE20] 1.57 + 024(x1o ), MTX Eoj 3
0] 496 + 1.26(x10°), GJB-6 Ec320] 6.0 + 1.0(x109Z L}ER},
o] oAl thET0| B15lo] GJB-6 Oﬂl%ﬂﬁ 7Y AA EK}
QATH(Fig. 3). Paw jointo] A1 EAr0] 51 + 09 (x10%, &L

o] 24.3 + 2.7(x10%, MTX Eai720] 129 + 0.3(x10°), GJB-6 S
To] 15.6 + 2.8(x109Z VIERL} thZE Tl H]5kd GJB-6 50d ol
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Fig. 2. Suppressive effect of GJB-6 on arthritis index of paw joint in
CIA mice.
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Fig. 3. Effect of GJB-6 on total cell number of DLN and paw joint
in CIA mice.
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5. HAM 2ol vIX]= G
1) DLN W} HEH Zol| v]R)= G
1) CD19" A= ks
DLNojA CD19" MZE I ES4Z A58 23, 84
T0] 19.1 £ 65(x10%, tHEREO] 64 + 1.1(x10%, MTX EdF0]
14.1 = 3.5(x10%, GJB-6 Fo0] 24.9 + 3.8(x10h% IR}, thE
o] HIGK GJB-6 oA F2d A E715143rHTable 3).
(2) CD3" M= W
DLNojA| CD3" HEZ48 M ZSE (&S 21}, HakE
0] 43.8 + 7.8(x10%, IZE0] 7.7 + 1.4(x10%, MTX B 70| 30.6
+ 5.6(x10%, GJB-6 £330 33.8 + 3.6(x10%& LIERL, GJB-6 &
oo] thERTl Higlkd FAH UA S715IRCHTable 3).
(3) CD4"™ A &
DLNoJA] CD4" N Z4E B ZSE JIESH 23, JUE
0] 317 + 7.3(x10%, HE0] 45 + 0.4(x10%), MTX 20| 20.9

a

+ 6.0(x10%, GJB-6 £i720] 205 =
o7ro] R Hlgkd 7o

6.1(x104Y2 VER, GJB-6 &
AA BT Table 3).

Table 3. Effects of GJB-6 on absolute number of CD19", CD3’,
CD4', CD3'/CD89", CD8', CD3'/CD8’, CD4'/CD25", CD3+/CD49b+,
CD4'jCD44", B220°/CD23*, MHCII*/CD11¢" cells in DLN of CIA
mice

Group Normal Control MTX GJB-6
Co19" (x10%) 19165 64% 11 141+ 35 249+ 38"
CD3*(x10% 438+78 T7+14 30656 338 £ 36™
CD4" (x40 317+ 73 4504 20960 20561
CD3*/CDAY (x10Y 39+ 14 1601 51+ 11* 38+ 09
08" (x10" 10923 21+08 83%14% 6112
CD3*/CD8* 10" 101 £ 16 17 £03 77 £ 06™ 68 ¢ (2™
CD4*/CD25H(x10Y 59+ 15 12+ 01 35% 11* 41 £07"
CD3"/0DAgD " (x10% 05 05%00 38%07™ 15+ 04
CD4*/CDAT (x10Y 183 £ 47 27 £ 02 130 + 26™ 131+ 127
B220T/CD23 (x10% 80 £ 01 177 £ 16 129 % 08° 116 06~
MHC I +/CD11c(x10% 146 + 01 2807 17 %07 07 + 04
(4) CD3"/CD69" MiE uks
DLNollA} CD37/CD69” M ESE HMESE AMESH 23,
HAakPo] 39 + 14(x10%, & + 0.1(x10%, MTX E0j 0]

0] 1.6
51 + 1.1(x10%, GJB-6 Eai0] 3.8 + 0.9(x10Y2 VEh}, GJB-6
ZojFo] thET 5k %%i A E71BIRACTable 3).
(5) CD8" A= 23
DLNojA CD8" M Z4E A ESE A& 23, Fat
0] 10.9 + 2.3(x10%, HET0] 21 = 0.8(x10%, MTX E6:20]
83 + 1.4(x10%, GJB-6 £337%0] 6.1 + 1.2(x10%& LERY, GJB-6
Faolgro] thETl Hisie |4 UA E7F5I3ArKTable 3).
(6) CD3'/CD8" A% 2 '
DLN&iA CD3*/CD8" M Z4E AU z4sE AEsH 27,
Hao] 101 + 1.6(x10%, thRT0] 1.7 + 03(x10%, MTX £
0] 7.7 = 0.6(x10%, GJB-6 B3] 6.8 + 0.2(x10YZ LIERL, GJB-6
Ewo] iRz HIgke R4 A E7I5I8rKTable 3).
(7) CD4"/CD25" M= v
DLNojlA CD4"/CD25" A Z58 Eh 24T 4150 21,
Hako] 5.9 + 1.5(x10%, tiRE0] 1.2 + 0.1(x10%Y), MTX FoJF0)
35 + 1.1(x10%, GJB-6 £&j70] 4.1 + 0.7(x10%& VER), GJB-6
Bojo] thal Higlkd f2d JA E718IATHTable 3).
(8) CD3"/CD49b" Az uis
DLNoj|4] CD3"/CD49b" Al %

E
T=

Pat—1
=

A=

EZLE A 42 AMESH 23,
Hakro] 21 = 05(x10%, thRF0] 0.5 £ 0.0(x10%, MTX E03570]
3.8 + 0.1(x10%, GJB-6 EjF0] 1.5 + 04(x10)Z LER, GJB-6 &
ool AT Hisid 7Y UA E7H5IIrHTable 3).

(9) CD4'/CD44" M= 213

DLNGl|A] CD4"/CD44" M Z=

3}, o] 183 + 4.7(x10%, thR:20]
o 0] 13.0 + 2.6(x10%, GJB-6 =] Fo
L}, GJB-6 FEodo] thE o] vlgld
(Table 3).

(10) B220"/CD23" M= 2F8

BN ZFE JHES 2
27 + 02(x10Y), MTX &
1131 + 1.2(x10%2 e}

F9E A ETHEISICE

ST T
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FE6T 0] Type 11 collagen®@ 2 &

DLNojlA] B220"/CD23" M Z48 M ZESE 4153 2
I}, FaREo) 8.0 £ 0.1(x10%, HIET0) 17.7 + 1.6(x10%, MTX &
oJ0] 129 + 08(x10%, GJB-6 Fodio] 116+ 0.6(x1092 LIz}
L}, GJB-6 £0iFo] thaETol Hisle] RN A 45N
(Table 3).

(11) MHCII"/CD11c" A= uks]

DLNojA] MHCIO'/CD11c” M Z4-E Frf M Z4T AHE3EH
23, BArEo] 146 + 0.1(x10%, thET0] 28 + 0.7(x10%, MTX
E0d70] 17 + 0.7(x10%, GJB-6 270 07 + 04(x1092 LIEH

L, GJB-6 =aTol tiRTo] ulsld |4 A Basia
(Table 3).
2) Paw joint W] WA o] nx|= ok

(1) CD3" A% 2ka
Paw jointol}A] CD3" M E4E M)A 24T &S 23t &
270] 1.0 + 0.3(x10%), THERTO] 31.1 + 20(x10%, MTX S0 720
4.6 + 05(x10°), GJB-6 E=I720] 14.1 + 1.3(x109)Z LIERY, GJB-6
FoTo] thET O ulakd RN AA LBABIATHTable 4).
(2) CD4" A Z uky
Paw jointol 4] CD4" M Z4E AR E4E (156 21 &
24701 03 + 01(x10%, thRTEO] 195 + 0.5(x10°%), MTX EoiF0]
21 + 0.2(x10°), GJB-6 c3:20] 10.4 + 24(x10Z LIERL}, GJB-6
FolTol thadiel Higlel 294 UA ZAsIrHTable 4).
(3) CD4"/CD25" M| ZE ursl
Paw jointof 4] CD4"/CD25" N8 A T A&}
A} FAE0] 0.74 = 0.2(x10°), DHE_O] 241 + 01(x10°), MTX
FOIT0] 234 + 02(x10%), GJB-6 EGIFH0] 1.2 + 02(x10%)F L}
ERL}, GJB-6 Foiol tiRFoll HISk] {94 A 24819
(Table 4).
{4) CD11b"/Gr-1" A= gka
Paw jointoll4] CD11b™/Gr-1" M E4E Ui E4E 1S
S A, Faraol 16 + 0.2(x10%), TRETO] 1264 + 1.6(x10°),
MTX £6{70] 47.8 + 3.5(x10°), GJB-6 S£09570] 63.8 + 2.8(x10°)
Z YEhY, GIB-6 oo iRl nisl] $o4 A Zas)
AT Table 4).

Table 4. Effects of GJB-6 on absolute number of CD3*, CD4",
CD4’/CD25", CD11b"/Gr-1" cells in paw joint of CIA mice

Group Normal Control MTX GJB-6
CD3" (x10%) 1003 31120 4605 141 +£13™
Co4" (<109 03+01 19505 2102 104 + 247

CO4™/CDO5* (X107) 074 £ 02 241+ 01 234 + (2 12 £ 027

COUL™/Gr1"(x10) 16 + 02 1264 + 16 478 + 357 638 + 28™

6. Rheumatoid factor(RF)ol] v|x|&= Hdgk
1) 1gG 85 =5
IgG 85 BLE EHaTol 86 + 40mU/m), RO
2073 = 43.7(mU/me), MTX FoiTo] 1060 + 203(mU/mé),
GJB-6 EO#—T‘O] 1418 + 102mU/mt)Z LIER}, GJB-6 BoTo]
thzTol Bial & ﬂ 1oL Reld e gldinh
)M EE =

IgM 8% %: = 4ol 83 £ 3.1(mU/nf), THETO] 36.9
+ 25(mU/nf), MTX F&i20] 312 + 43(mU/mt), GJB-6 Fod
o] 211 + 57(mU/mfg)§ UERY, GJB-6 Foiro] thxz ol vlsH
of RO A B
7. @& collagen I & H
Collagen TI 6Fxﬂ%}-— Fabol 11 £ 0.0(U/ml), thETO]
417 £ 0.9(U/ml), MTX Fod720] 24.0 + 25(U/nt), GJB-6 Foit
o] 29.0 + 20(U/mfz)§ LIERL, GJB-6 B¢d70] thE T H5k]

A UAA TABISTHEg. 4).
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Fig. 4. Effects of GJB-6 on leveis of collagen 1l specific antibody
in the serum of CIA mice.

8. ZA1SA HB}

1) Hematoxylin & Eosin 344
CIA 4% Zeo] 457k MTX, GJB-62 Zoishy, 4F &8

& H70) BEES HEsl HEE 92 B0 $E9) 2gd

macrophage, granulocytes, mononuclear cell, pro-inflammation

synoviocytes 12} 1 LM EZ Y] hyperplasiac] % HT-E &

Ehelpet= Fig 5B= CIAS] AT OE COE Fed BER

o] d&o] dd=Art. v, MIX %zl (Fig. 5C), GJB-6(9.7

/ day)(Fig. 5D) B E HET EXeh HEE &7

(paw)&l FEHEZ(COIMS] H5e BEE 4 glo] YA

2 245K Fig. 5).

Fig. 5. Histological section of paw joints from CIA mice. Normal(A)
Normal DBA/*J mouse group CT(B) : DBA/*J mouse group with coilagen S.C
injection MTX(C) © DBA/1J mouse group wih collagen S.C. injection and C.3 mg/kg
|P injectior GJB-6(D) © DBA/1J mouse group with collagen S.C. injection and 9.7
mg/day/02 ml oral treated were analysis with histopatrology of paw joints of
Murine CiA originel magnifications: x 200
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2) Masson-Trichrome @343

ol

ClA 45 Hdof 453 MTX, GJB-6Z FoI811L, 48 &5
F 479 BEE HEol HAael
Masson-Trichrome ¢341g E3lo] EUt9] 1y, E#9] 27, o
2 I5A 48 27 8 BYSIRICt Fig 6B CIAS T2+
OF CIE Fuld BE XAl collagen F&o] XHEJIL, 1}
W, MTX ®2]Z(Fig. 6C), GJB-6(9.7 ng/day)(Fig. 6D) ScdFol
M BE FHAAY HAMZ A8 3F9) 113, collagen
12D 2810 GHM 2] &40l YiE o R ZASINTHFig. 6).

collagen deposition
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Fig. 6. Histological section of paw joints from CIA mice. A(Normal).
B(CT). CIMTX). D(GJB-6).
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