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Suppressive Effect of GJB-7 on Collagen-Induced Arthritis in Mice

Boo-Ki Min, Min-Seok Oh
Dep. of Oriental Rehabilitation Medicine, College of Oriental Medicine, Dae—Jeon University

Objectives: This study was carried out to know the effects of Gwan-Jul-Bang-7 (hereafter referred to GJB-7) on the

inhibition of arthritis induced by collagen on the mouse.

Methods: To assess the effects of GJB-7 on mouse with arthritis induced by collagen II, we conducted several

experiments such as analysis of cytotoxicity, hepatotoxicity, arthritis index, total cell number of draining lymph nodes

and paw joints, value of immunocyte in PBMC (peripheral blood mononuclear cell), DLN (draining lymph node) and

paw joint, measurement of cytokine and anti-collagen II, observation of the histological changes of joint.

Results:

1. Cytotoxicity against HFC (human fibroblast cells) was not observed in any concentration and hepatotoxicity was
not observed in the GIB-7 treated group.

2. The incidence of arthritis significantly decreased.

3. Total cell number of draining lymph nodes significantly increased and total cell number of paw joints significantly
decreased.

4. The percentage of CD8" cells in PBMC (peripheral blood mononuclear cell) significantly increased. The percentage
of CD3"/CD69’, and CD3"'/CD49b" cells in PBMC significantly decreased.

5. The percentage of CD19", CD3", and CD4/CD25" cells in DLN (draining lymph nodes) significantly increased.

The percentage of B220"/ CD23" cells in DLN significantly decreased.

. The percentage of CD3', CD4', and CD11b'/Gr-1" cells in paw joints significantly decreased.

. The production of TNF-q, IL-6, and MCP-1 significantly decreased.

. Anti-collagen II in serum significantly decreased.

. With the hematoxylin and eosin stain, inflammation of joint decreased. Under Masson's trichrome stain, the

cartilage destruction and synovial cell proliferation and the expression of collagen fibers decreased.

Conclusions: Comparison of the results for this study showed that GJB-7 had immunomodulatory effects. So we

expect that GIB-7 could be used as an effective drug for not only rheumatoid arthritis but also another auto-immune

diseases.
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3) Aok 2 7)7)

Bovine typell collagen, acetic acid, complete
freund's adjuvant, A2 9, heparin, ACK £
NH4Cl, KHCO:;, trypan blue, ethyl ether, collagenase,
diethyl pyrocarbonate (DEPC), tris Base, RPMI1640,
trypsin-0.2% EDTA,
acid, isopropanol, dulbecco's phosphate buffered
saline (D-PBS) 52 Sigmarl (U.S.A) AlE<, Cl
A kit= Scientific PierceAl (U.S.A)) A|&<S, $-H
o} &3 (fetal bovine serum, FBS) HycloneA}
(Logan, U.S.A)) A|&S, DMEM< GibcoA (U.S.A.)
A&, PE-anti-CD3e, PE- anti-CD19, PE-anti-CD4,
PE-anti-CD8, FITC-anti-CD25, FITC-anti-B220, FITC-
anti-CD69, PE-anti-Gr-1, FITC-anti-CD11b, FITC-
anti-CD49b, FITC-anti-CD23+= BD-Pharm-ingenA}
(US.A) AFS Fdste] Agstl e, 71et dut

Aoke BF NS AT,

chloroform, trichloroacetic
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£ Aol AR 77le g9FE7] (HE Co,
Korea), microwave oven (LG Co., Korea), flow
cytometer (Becton Dickinson Co., U.S.A.), spectrop-
hotometer (Shimazue Co., Japan), centrifuge (3t
Co., Korea), deep freezer (Sanyo Co., Japan),
heating block, ice-maker (Vision Co., Korea), CO,
incubator (Forma scientific Co., U.S.A.), clean
bench (Vision scientific Co., Korea), rotary vacuum
evaporator (Biichi B-114 Co., Switzerland), freeze
dryer (EYELA FDU-540 Co., Japan), autoclave
(Sanyo Co., Japan), imager system (Kodak Co.,
U.S.A), plate shaker (Lab-line Co., U.S.A.), ELISA
Reader (Molecular devices Co., U.S.A), Boichemistry

Table 1. Prescription of Gwanjulbang-7 (GJB-7)
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analyer (Hitachi 7080 co., Japan) % homogenizer
(OMNI Co., US.A) 55 AHE3IAH

2. %

) Mg F=
A

GJB-7 2

of I8 FZ27]00A AT FE5HY 4L IS FY
oZgsta, ol Y FE4XA  (rotary vacuum
evaporator) 2 F%3IATE ol A TF 1x7]

(freeze dryer)E ©]-8-3}] b 7dz3te] 48 g& &
2 3 80 CollA We BRASAAN HAGS 55
3| Mt ARE-SHA T

Herb Name Pharmacognostic nomenclatures Amount(g)
S Im Spatholobi caulis 8
il Siegesbeckiae herba 8
w ot Atractylodis rhizoma 7.5
(EE RN Atractylodis rhizoma white 7.5
PR Notopterygii rhizoma 5.6
b Angelicae pubescentis radix 5.6
b1 Cyperi rhizoma 3.75
$ 7 Pinelliae rhizoma 3.75
B R Citri pericarpium 3.75
b 2 Stephaniae tetrandrae radix 3.75
T Bk Cimicifugae rhizoma 3.75
[E ) Alismatis rhizoma 3.75
"% 3.75
W Angelicae gigantis radix 3.75
N Cnidii rhizoma 3.75
A Hh Rehmanniae radix 3.75
Pl Rehmanniae radix preparat 3.75
N Ginseng radix 3.75
JAZEAN Clematidis radix 3.75
5 % Linderae radix 3.75
s Scutellariae radix 2.6
hE T Gardeniae fructus 2.6
E| Bupleuri radix 2.6

Total amount 102.5
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SRB assay'-= °F{t 35“3}04 ARS8 TE hFCs Al
XE 37 T, 5% CO, Hg7IeA AR AS
trysin-EDTA £80 2 ©d AEE5o] HEE o]
A B 20 x 109 AIEZ 96 well plated] EF3F
= Hl7] (37 T, 5% COoNA 22413 v st ict.
¢ & GIB-7 (HF X 125, 25, 50, 100, 200
pgml)E 48217+ FSE Astath Wi F5 5o
Hj koS BE|ar QAkehE-8-9 (PBS)SE 23] A%
“5‘}"7 Z} welloll 50% TCA (trichloroacetic acid)E
0 ulE 7ksted 1 ’\]7} & 4 Toll WAEAH. ©]
SHTFE 53 AFS 2 well plateE 37 &
A AzsFYTE of7]o] SRB €94 (1% acetic acid
o0) 0.4% &) 100 U 7431, Ao A] 305

—.’6}9&1’/}. 2] 0.1% acetic acid 402

~53] AAS ke F7) = A #AFE 10
mM tris base (100 u)Z S3AIHTE ©] plates
plate shakerolA] 3.5 speed® 5 #3F £ & &

ELISA reader2 540 oA £33 52 =44t

% ﬁi B 2 B

o
AR, 3ol A WA AR
(B01chem1stry analyer)S AFE3}e] ALT, ASTE =
gkl

Table 2. Arthritis Index(Al)

3) Collagen 3 A H(ol3} CIA) AF =9

Collagen % #AA(e]d} CIA)S bovine type
II collagen® 0.01 mol/L9] acetic acid®} complete
Freund's adjuvant® %3+ ¥ 200 ugE DBA/1] A
Fell It FARIL, 219 & TFE A3FAE
boosting 3t CIA EZ& F¥aldtt d¥d+2 =2
Al DBA/1J AF 8vtelE 3 T o= CIAS T4
712 ¥ A4, CIAS

r-Ll

A7 2T, GIB-7
oFE Bt AYPToZ o] AYS st

4) Az Fo

DBA/1J A% 8 wlEE ¢ o= 3t A,
EAE AEstA 2 tET, GIB-7 (16 mg/day)
U—TLOE L}T‘ﬂ booster 3+ &, k&

ﬁ

T 1
2
[
>
&
Olv

5) Arthritis index(AI) 4

Type II collagen®Z boosting -+ DBA/1J AJF <]
Z} 47)9] ol q BHY H$E Mann-Whitney U
test94 e fﬂrE]- 28 (Incidence, %)S ZAA3}

i, CIA 2 =g 157Ut HABIITHTable 2).

6) Draining lymph node (©]3} DLN), paw joint
o FAEF A

CIA B9 477 =5 APstd 3PS T2

3lal, A% FEL ethyl etherZ v AI7] & A F o

SCORE manifestation
Degree 0 No arthritis
Degree 1 Small degree of arthritis
Degree 2 Light swelling
Degree 3 Medium swelling
Degree 4 Severe swelling
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Al DLN ¥ paw joints ZZ3t$th. DLN 100
meshZ A|ZE 223 § D-PBSE 553 9482
(1,700 rpm) 3} 23] AHS T cell strainer
(Falcon)oll FZA|A ME o]&]e] Eafe]A] 42 =
Zolup EwES AASAT 18 #Ee 2
choppingd+ ¥ collagenase 1 mg/ml(in 2% FBS +
RPMI 1640)2 Y11, 37 C shaker Bi%7](180 rpm,
20 min)ol A Bl & FFAE Fgshe WHe
2 43 ¥HESYT) o]AE flow cytometerd] Cell
Quest Z2 1S o] &3t WEE(%)=E w4 &
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7) B FAE 24

T AES S0A e ne} o), AFds
3lgatdt. 7)o 27} PE-anti-CD3e, PE-anti-
CD4, PE-anti-CD8, PE-anti-CD19, FITC-anti-CD25,
FITC-anti-CD69, PE-anti-Gr-1, FITC-anti-CD11b,
FITC-anti-CD49b, PE-anti-CD23, FITC-anti-B220&
21 3087 DeollA BESAIZITE WS- $ 33 o]
rkekE A ATE FAE £ flow cytometer®]
cell Quest ZZ2 & o] g3l WEE(%)Z ¥4
3 & A X+ 2)-835te] PBMC (peripheral blood
mononuclear cell), DLN, paw jointol 412] At A XE
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457t index S =4 3 ethyl etherZ }
A Ao R HA S AP F S t
225 gAolA Elisa kitZ A HFS T
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washing $% 80 2 A3+ TS biotin-conjugated
S 93 301 HASIIT o) F 23] A ¥ 9%
S0 A3 o2 HRP-conjugeteda Avidin 100
W AEeka, 1AIZE AolA WA & oA A

3ttt 94719l TMB 7145 100 w253},
oA 30&7F WA & 100 109 stop EHS

_}‘l\_ =
A28 & ELISA reader 450 moll 4] 352 =3

-

10) 32 24 @4

ofE Fol 4F7Y o 74 AFToA HHS &
3l 10% formaldehyde <o 13t & A -3}

2]
o 32 Eol 8A17F FAIEAHE & epoxyol
Agk & microtome2Z AHES HEo] BE WH
9]5}e] Hematoxylin & Eosin®} Collagen deposition
&9l Masson's-Trichrome 412 433} Th.
CIA AF 24| 457 GIB-78 F49311, 43
TE 5 AFY #ES AE3tY Hematoxylin &
Eosin 9G4S 53l9 959 83 macrophage,
granulocytes, mononuclear cell, pro-inflammation
synoviocytes 12|31 ZEFAE 9] hyper-plasial] 3
T ATE X391, collagen deposition GA<]
Masson's-Trichrome G21-& E3te] &to] ulx &

Bo Y, 97 B A 24 52 FHRA

11) SAAE

gkt A¥o 2 HE AL A= mean + standard
error(S.E)E 715393, 794 HFL Student's
t-test =4 WHES o838t AAsIAT
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Fig. 1. Cytotoxicity of GJB-7 on human fibroblast cells (hFCs).
Human fibroblast Cells (WFCs) were treated with various concentration (12.5, 25, 50, 100, 200 xg/mé) of the GJB-7 extract.

hFCsoll thet Al Z=Fol e xTo AEYE g, &z, A8l 242 1003 + 1.6 (UL),
£0°] 100 + 0.0 (%)& YERd ¥, GIB-79] 12.5, 1145 + 6.4 (UL), 119.5 = 1.3 (UL)ZE YE} #
25, 50, 100, 200 (ug/ml) 5% FoTAME 247 o] go] AAh(Fig. 2).
101.90 + 0.64, 98.60 = 0.46, 95.03 + 0.40, 91.27 =

1.16, 87.13 = 1.12 (%)= YebthFig. 1). 3. A fakgol v gk
HEA FEES viF 13 PAks 29 AR F
2. 2 7fsel PR 9% oE YT B A7} ha viste] 3
7l E3Y AR AEQA ALTE Ao AFE BAA, 47A 0 AP7e] #EE A7
36.1 + 2.4 (U/L), tZ&0] 42.1 + 2.9 (U/L), A3 Zto] vlgte] A@Tl A FoA e FAE YE
TOME 419 + 24 (UL)Z YebTh ASTE, 3 W ATKTable 3, Fig. 3).

o m ALT m AST

a/n

Normal Control GJB-7

Fig. 2. Effect of GJB-7 on the ALT and AST in CIA mice.

Normal: Normal DBA/1J mouse group, Control: DBA/1J mouse group with collagen S.C. injection, GJB-7 : DBA/1J mouse group
with collagen S.C. injection and 16mg/day/0.2m¢ oral treated.
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Fig. 3. Suppressive effect of GJB-7 on arthritis index of paw joint in CIA mice

(551)

Arthritis index were scored according to Mann-Whitney U test at every seven day. Following boosterization of collagen mice were
divided into two groups. Control: DBA/1J mouse group with collagen S.C. injection, GJB-7 : DBA/1J mouse group with collagen
S.C. injection and 16mg/day/0.2m¢ oral treated. Statistically significant value compared with control by T test (xp<0.05).

4, ZF A ESo) m)x= g8k 2) Paw joint FAHEF
DBA/1J micedl| 453t GIB-7S 77 F43 &
Paw jointol A= AAFTo] 3.57 + 0.9 (x10°%), tE

1) DLN A2
DBA/1J miced] 457t GIB-7S AT §49

S
ot

6 -
DLN°1]}\194 %_ %Q -”._L/\E —,%_é_l_ 7534_ ;(q ]_EL ELO] 19.23 + 1.65 (XIO ), }é]—ﬁ'f‘:"o] 13.07 £ 241

aT= 5
o] 7.33 + 1.0 (x10° cells/ng), hZ-°] 2.80 + 0.30
(x10° cells/mg), A &0] 4.56 + 0.68 (x10° cells/mg)
2 Yehy, A37e] vizeel vste f94 =
(*p<0.05) 7+ YERATKTable 4).

Table 3. Arthritis Index(Al)

(x1092 e, 47| vz
AE=(*p<0.05) HAE HERH AT Table 4).

Hlate] 914

15 2% 3% 4%
Control 43+04 10.6 £ 0.8 122+1.2 13.63 £ 0.9
GIB-7 4.0+0.3 83+04 9.35+0.6 9.85+0.6"

Table 4. Effect of GJB-7 on Total Cell Number of DLN and Paw Joint in CIA Mice

DLN (x10° cells/mg) Paw joint (x10° cells/mg)
Normal 733+ 1.0 357409
Control 2.80+0.30" 19.23 + 1.65'
GIB-7 4.56 +0.68" 13.07 £2.41

DLN : Draining lymph node

CIA : Collagen induction arthritis

Statistically significant value compared with normal by T test ('p<0401, Tp<0.001).
Statistically significant value compared with control by T test (¢p<0405)4
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5. PBMC W} A=) w2 g3k

1) CD3'/CD69" A E 28

PBMCelA CD3/CD69" M EFE WMEZ(%)E
A3 Ay, AATO] 1.0 £ 0.1 (%), HETo] 3.4
+ 12 (%), A&T0] 1.0 + 0.7 (%)= e} A+
o] tjz&stel Hlste] A U= (*p<0.05) AT
YERH ATHTable 5).

2) CD§" A|X ¥

PBMCo|A CD8" MEFE ME(%)Z &S
A7}, AAT0] 6.8 + 0.3 (%), HET0] 3.8 + 0.4
(%), A@o] 53 + 03 (%)= Ve AFTo] of
Zad ¥ate FoA AE(**p<0.01) 712 UE
WA THTable 5).

3) CD3'/CD49b" A% 23

PBMCOl| 4] CD3/CD49%b" Al E4S WME-&(%)Z
AE3E A, AART0] 2.9 £ 0.6 (%), HETO] 6.2
+ 04 (%), AET0] 4.6 + 0.6 (%)= Y} A7
o] thxwrel| Blste] frold AeS(*p<0.05) #A &

32 R ATHTable 5).

6. DLN W] Aol mA= g3

1) CD19" A= &

DLN|A CD19" AEFE A E S (absolute
numben) £ A+ A3}, Aol 29.0 + 0.6 (x10%,
thZz7to] 11.8 £ 1.1 (x1 Aglo] 17.8 £ 0.7
(x10h2 Yeh} ddio] il viste] folA
AE (**p<0.01) E7F JERHUTHTable 6).

0%,
o

2) CD3" AlZ 8

DLNelA CD3" MEFZE  HoA|E 5 (absolute
number) £ A+ A3}, Aol 50.3 + 1.8 (x10%,
zo] 21.7 + 3.7 (x10%), A&To] 33.1 + 04
(1042 veh} 23] vzl vlste] o4
AT (*p<0.05) S7FHe HERI ATk Table 6).

3) CD4/CD25" A= &
DLNo|A CD4'/CD25" AMEFE  AuAEs
(absolute numben)Z AFE3F A¥, Aol 59 +

Table 5. Effects of GJB-7 on Percentage of Immunocyte in PBMC of CIA Mice

CD3'/CD69" (%) CD8' (%) CD3"/CD49b" (%)
Normal 1.0£0.1 6.8+0.3 29+0.6
Control 34412 3.8+04" 6204
GIB-7 1.0+0.7" 53+03" 46+06"
PBMC : Peripheral blood mononuclear cell
CIA : Collagen induction arthritis
Statistically significant value compared with normal by T test (p<0.01, p<0.05).
Statistically significant value compared with control by T test (p<0.01, “"p<0.05).
Table 6. Effects of GJB-7 on Absolute Number of Immunocyte in DLN of CIA Mice
CD19" (x10%) CD3" (x10%) CD4'/CD25" (x10%) B2207/CD23" (x10%)
Normal 29.0+ 0.6 503+1.8 59+0.1 143+ 14
Control 11.8+1.1" 21.7+3.7 21403 356+3.6'
GIB-7 17.8£0.7 331047 40+0.1° 235+23"

DLN : Draining lymph node
CIA : Collagen induction arthritis

Statistically significant value compared with normal by T test ('p<04001, Tp<0.01).
Statistically significant value compared with control by T test (¢p<0401, p<0.05).
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0.1 (x10%), th&To] 2.1 + 0.3 (x10%), B3] 4.0
+ 0.1 (x10Y2 Yeh} Qo] tizdol wlshe
FroA QE(**p<0.01) 7+ YERH ATH(Table 6).

4) B220'/CD23" A% &

DLNeA  B2207/CD23" MNEFE AAESF
(absolute number)Z 2F&3gH A7}, AAato] 143 +
1.4 (x10%, thzTo] 356 + 3.6 (x10%, AFTo
23.5 + 2.3 (x10Y2 Yehg AgFo] e vls)
o F94 U=(*p<0.05) Z71= YERN UK Table 6).

7. Paw joint W] WA o] v X]= Jk

1) CD3" AI¥ ¥y

Paw jointelA CD3" AEFE  AuHESF
(absolute number)2 AF&3F A3, Aol 09 +
0.1 (x10%), th&To] 17.6 = 2.3 (x10°), AF o]
6.6 + 1.4 (x10)E Yehy Ago] thzo vls}
o o4 E(*p<0.01) ZHaE YERNRITK Table 7).

2) CD4" A|¥ &g

Paw jointo] 4] CD4" A 42 At 4| E4(absolute

number) 2 AHE3H Ax}, Aol 0.3 + 0.0 (x10%),
hzFol 7.9 £ 02 (x107), A¥FFo] 34 +£ 0.7
(<102 Jeh} Agito] izl vlste] £9)4
AE(CH*p<0.01) TAE YERY AtH(Table 7).

3) CD11b"/Gr-1" A X 28

Paw jointo] Al CD11b7/Gr-1" A ¥5E AhA £
“F(absolute number)2 2FE3F A3}, Aol 0.6 +
0.1 (x10%), thZETo] 603 + 4.0 (x10%), AFTo|
46.3 = 5.2 (x10)Z Yeh} A3 7o) gl Blst
o] oA A=(*p<0.05) TS YE AT Table 7).

8. Ato] =71 A g el A= Pk

1) TNF-a B3%F

TNF-a A3 Aol 3.02 + 0.63 (pg/ml),
0] 6.9 + 0.97 (pg/ml), AFTo] 559 + 0.71
(pg/m)E Yeh} Addto] thxtol Histe fo)4
AE(*p<0.05) A4S YERATHTable 8).

2) IL-6 BT
IL-6 A FATo] 32 + 0.7 (pg/ml), E

Table 7. Effects of GJB-7 on Absolute Number of Immunocyte in Paw Joint of CIA Mice

CD3" (x10° cells/ml)

CD4" (x10 cells/ml®) CD11b'/Gr-1" (x10° cells/ml)

Normal 09=+0.1 0.3+0.0 0.6=0.1
Control 17.6+£2.3° 7.9+02" 60.3+4.0"
GIB-7 6.6+ 1.4% 34+0.7 463+52"

CIA : Collagen induction arthritis .

Statistically significant value compared with normal by T test ( p<0.001).

Statistically significant value compared with control by T test (Tp<0.01, ip<0.05).

Table 8. Effects of GJB-7 on Levels of Cytokine in the Serum of CIA Mice

TNF-a (pg/ml) IL-6 (pg/ml) MCP-1 (pg/ml)

Normal 3.02+0.63 32+0.7 17.5+3.0
Control 6.9+ 0.97* 158.9+£34.3" 464+88
GIB-7 5.59+0.71% 99.5+8.8' 29.0+53'

CIA : Collagen induction arthritis
Statistically significant value compared with normal by T test ('p<0401).
Statistically significant value compared with control by T test (Tp<0405)4
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Table 9. Effects of GJB-7 on Levels of Collagen Il Specific Antibody in the Serum of CIA Mice

Collagen II specific antibody (U/ml)

Normal
Control

GIB-7

0.9+0.0
38.6+32"
31.9+29"

CIA : Collagen induction arthritis
Statistically significant value compared with normal by T test (¥p<0.001).
Statistically significant value compared with control by T test (Tp<0.05).

0] 158.9 + 34.3 (pg/ml), A&<ro] 99.5 + 8.8 (pg/
n)Z et Agste] tizTe Bliste {4 A
E(*p<0.05) A4S HER UK Table 8).

3) MCP-1 A2

MCP-1 A& Aol 17.5 £ 3.0 (pg/ml), W
Z30] 46.4 + 8.8 (pg/ml), AFT0] 29.0 £ 5.3 (pg/
n)Z Yeht Agaro] tizwel Histe fo4 gl

E(*p<0.05) #AE YERATKTable 8).

9. &34 collagen II A= =4

Collagen I A7 ¢ 0.9 = 0.0 (U/mb),
) Z7o] 38.6 + 3.2 (U/ml), A7) 319 + 2.9
(U2 et Agto] tizatel| Hlste] fo4
A=(*p<0.05) A4S YERHATK Table 9).

Normal - Contrl

Fig. 4—1. Histological section of paw joints from CIA mice.

DBA/1J mice were sacrificed, their hind limbs were removed, and the paw were processed for histology and stained with
Hematoxylin—Eosin. Normal : Normal DBA/1J mouse group, Control : DBA/1J mouse group with collagen S.C. injection, GJB-7
: DBA/1J mouse group with collagen S.C. injection and 16me/day/0.2m¢ oral treated were analysis with histo—pathology of paw
joints of Murine CIA. original magnifications: x 200.

Normal Control

Fig. 4—2. Histological section of paw joints from CIA mice.

72

DBA/1J mice were sacrificed, their hind limbs were removed, and the paw were processed for histology and stained with
Masson's Trichrome staining. Normal : Normal DBA/1J mouse group, Control : DBA/1J mouse group with collagen S.C.
injection, GJB-7 : DBA/1J mouse group with collagen S.C. injection and 16mg/day/0.2m¢ oral treated were analysis with
histopathology of paw joints of Murine CIA. original magnifications: x 200.
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