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A Study on the Effect and Mechanism of
Gamikyejakjimogawusul-tang Herbal Acupuncture on Induced
Rheumatoid Arthritis model of DBA/1 mice

Soon Hyun Jung' - Chong kwan Cho? -So Yun Kim® - Young Il Kim® *
Dept. of Oriental Internal Medicine, Graduate school of Korean Medicine, Daejeon University
East West Cancer Center, Dunsan Korean Medical Hospital of Daejeon University

Dept. of Acupuncture & Moxibustion Medicine, College of Korean Medicine, Daejeon University

Objectives : The purpose of this study is to prove the effect and mechanism of
Gamikyejakjimogawusul-tang(GKHA) herbal acupuncture on induced rheumatoid arthritis model of DBA/1 mice.

Methods : We check effect of GKHA extract on the AST, ALT, Creatinine, BUN of serum and cell viability
of GK extract in RAW 264.7 cells to test the stability of this study.

In vitro, we measure total phenol contents, total flavonoid contents, DPPH free radical scavenging activity,
ABTS cation radical scavenging activity of Gamikyejakjimogawusul-tang, effect of GK extract on ROS(Reactive
Ooxygen Species) production to estimate a anti-oxidant capacity, and we also measure effect of GK extract
on NO (Nitric Oxid), IL-1B, IL-6, IL-17, IL-21, TNF-a, MCP-1, GM-CSF production in RAW 264.7 cells to
estimate a anti-inflammatory efficacy.

In vivo, we compare a rheumatoid arthritis manifestation between control and experimental group and
estimate a Al. Then we check effect of GKHA on the level of WBC, neutrophil, lympocyte, monocyte in the
blood to see the effect of immune cells in blood. In addition we measure effect of GKHA on the level of
hs-CRP, IgM, IgG, IL-1B, IL-6, 1L-17, IL.-21, TNF-a, MCP-1, GM-CSF in serum.

We observe effects of GKHA on imaging of cartilage degeneration using micro CT-arthrography in paw
hind. And we calculate effects of GKHA that reduced BV ratio, BS/BV ratio using 3D Micro-CT. Lastly we
observe effects of GKHA histopathologic examination analysis.

Results : 1. The toxicity on liver and kidney was disregardable and the cytotoxicity against RAW 264.7
cells was also disregardable.

<In vitro>

1. Total phenol contents and total flavonoid contents in GK extract were in high level.

2. DPPH free radical scavenging activity and ABTS cation radical scavenging activity were increased
according to concentration of GK extract

3. ROS production was significantly decreased in GK extract (at 10, 100 pg/ml).

4. NO, IL-6, TNF-a, MCP-1 production were significantly decreased in GK extract(at 10, 100 ug/ml). IL-17,
GM-CSF production were significantly decreased in GK extract(at 1, 10, 100 pg/ml). IL-1B, IL-21 production
were also decreased but there was no statistical significance.
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5. 25x observation after H&E and M-T staining, infiltration of immune cells and subsidence of the cartilage

and damage to the synovial cells were decreased.

Conclusions : This study showed that GKHA extract had anti-oxidant capacity, anti-inflammatory efficacy.

GKHA extract also had inhibiting effect on the process of rheumatoid arthritis and can protect joint and

cartilage. So we expect that GKHA extract can be a meaningful treatment to rheumatoid arthritis patients.

Key Words :

Gamikyejakjimogawusul-tang (GK), Gamikyejakjimogawusul-tang Herbal Acupuncture (GKHA),

Phamacopuncture, Rheumatoid arthritis, Anti-oxidant capacity, Anti-inflammatory effect

Running title : Gamikyejakjimogawusul-tang Herbal Acupuncture on Rheumatoid Arthritis Mice
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1. A&

1) A=
Aol AL RAW 264.7 AIEE SRALT
2ol Tt

2) A

= A ARSI I
(Gamikyejakjimogawusul-tang ©|3}, GKZ X%
7ol FA4 FAELS @Y EAA FHA
gt TBRC-RICA A F+9iste] A4 &
AREEFR A, 1 WE ) B te T 2

=

Table 1. The prescription of GK

(Table 1).

3) 52 4 AB
A FE #7554 DBA/1 AFA (16~

22 9 BTIHAEENA T35 wol Ay T
A7HA LPALR (@FEhe 55 F90] T
Blal 2% 22 + 2°C, £% 55 + 15%, 12A4)%F
-12A)7r(light-dark cycle)®] SHAA 257

71 Al ;H;ﬂ

AN F Aol AgFT B AYe
% EEEEIERICOIES
0149)% Wol BEEEH 9

Astel AR

O
=
c
>
=
o8}
o
iy

4) A%

AFEE A9k isopropanol (Sigma Co.,
U.S.A), (Sigma  Co., U.S.A),
dulbecco's phosphate buffered saline (D-PBS
: Welgene, Korea), ether (Sigma Co., U.S.A.),
Dulbecco's Modified Eagle's Medium (DMEM
: Gibco BRL Co., U.S.A), $Hol8H (fetal
bovine serum: FBS, Invitrogen Co., U.S.A)),

gelred

Herbal medicine name Pharmacognostic name Weight(g)
S Atractylodis Rhizoma Alba 12
4 Achyranthis Radix 12
FE L Cinnamomi Ramulus 9
Ay B Paeoniae Radix 9
H Anemarrhenae Rhizoma 9
[/ Saposhnikoviae Radix 9
il % Ephedrae Herba 9
AN Poncirus trifoliata Rafin 9
LA Zingiberis Rhizoma 9
Ho i Glycyrrhizae Radix et Rhizoma 9
I Aconiti Lateralis Radix Preparata 8

Total amount

104
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lipopolysaccharide (LPS : Sigma Co., U.S.A.),
cell wviability assay kit (Daeillab sevice,
Korea), nitric oxide detection kit (Intron
Biotechnology, Korea), dimethyl sulfoxide
(DMSO Sigma Co., US.A), 1,1-
diphenyl-2-picryl-hydrazyl (DPPH : Sigma
Co., U.S.A.), penicillin (Hyclone, Co., U.S.A.),

streptomycin (Hyclone Co., U.S.A.), agarose

(FMC Co., U.S.A),
(2,7)-dichlorodihydrofluorescin diacettate
(DCFH-DA Sigma Co., U.S.A),

2,2'-azinobis—(3-ethylbenzothiazoline-6-sulf
onic acid) (ABTS US.A),
formaldehyde (Sigma Co., trypan

Sigma Co.,
U.S.A),
blue (Sigma Co., U.S.A.), Immunization Grade
Bovine Type II Collagen, Solution (Chondrex
Co., U.S.A), Incomplete Freund's Adjuvant
(Chondrex Co., U.S.A), complete Freund's
Adjuvant (Chondrex Co., U.S.A),
(Merck Co., Mouse cytokine
milliplex map immunoassay kit (Millipore Co.,
U.S.A), Indomethacin (Sigma Co., U.S.A)),
IL-17AF ELISA Kit (eBioscience Co.,
U.S.A), IL-21 ELISA Kit (eBioscience Co.,
U.S.A.), MCP-1 ELISA Kit (eBioscience Co.,
U.S.A), GM-CSF ELISA Kit (eBioscience
Co., US.A), Mouse IgM ELISA kit
(eBioscience Co., U.S.A.),, Mouse IgG ELISA
kit (eBioscience Co., U.S.A.), total RNA prep
kit (Intronbio.,

ethanol

Germany),

Korea), Folin—-Ciocalteu's

phenol reagent (Merck., Germany), Gallic
acid (Sigma Co., U.S.A), Quercertin (Sigma.,
U.S.A), Sodium carbonate (Sigma., U.S.A),
Aluminum nitrate nonahydrate (Sigma Co.,
U.S.A), Potassium acetate solution (Sigma

Co., US.A) &5 AR&skalth

5) 717]
AbgE 7]7]% rotary vacuum evaporator
(Biichi B-480 Co., Switzerland), freeze dryer

NEE BB HER

(EYELA FDU-540 Co., Japan), CO2 incubator
U.S.A.), clean bench

Korea),

(Forma scientific Co.,

(Vision scientific Co., autoclave

(Sanyo Co., Japan), vortex mixer (Vision
scientific Co., Korea), spectrophotometer
(Shimadizu Co., Japan), centrifuge (Sigma

Co., U.S.A)),
Japan), thermocycler system (MWG Biotech

deep-freezer (Sanyo Co.,
Co., Germany), ice—maker (Vision scientific
Co., Korea), plate shaker (Lab-Line Co.,
U.S.A), ELISA reader (Molecular Devices
Co., U.S.A), frA1x
Becton

#497] (Flow cytometer,
U.S.A), Light
Microscope (Carl Zeiss, Co.,
Fusion-SL(Vilber Lourmat., Deutschland) %
< A&

Dickinson, Co.,

Germany),

2.
DA =
GK 13l 80% 4 (C2H50H) 1200 ml& ¥
o 3ARE B ERFE oSS o
A

rotary vacuum evaporatoroA 7+el w3}

t} =5 89S freeze dryer® 574 7dx3s}
o B 143 g& ded, o3 £d2 x4
2 YEa(-80T)o A HIAsHAA Ao ulz}
o3 Tz SHFol g5t AR

2) A9 Az
27 01%6}04 GK 104 g& sl +
Yal SHF 500mlE

%% ¥, clsele oz

10}04 ddE

rotary evaporator® 7elsEd I FE2dS
L= A R R e = S B

alcohol 30 mlZ 7}6}04 Ak & ,
AAE] ARHA g F of}sidr). °1F+°—“,°ﬂ
70% ethyl alcohol 30 mlE 7}8la w3l &
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WA ST E Al et 22E 23] W S)
Stk AFHY F9 ethyl
evaporator® 7S¢ A A3k,

ml7} = A 39tk GKelAl 4 9
sEeY FES BT 4y 42
NaOHE o] -&8fo] FFola

Ashar, 4ColA 1272 A8 & H3
A8k7] Y&l syringe filteringd}oi . 0%
Fdlo] PBSE #7lste] 5%= 84 st HA540
R A= 155 4 ﬂJc(Gamlkye]akjlmogawusul tang
Herbal Acupuncture ©]3}, GKHAZ ¥7])e=

g,

alcohol ¥ rotary

r_{

2) A4 AHA

m z 7%

g3 elM AST, ALT SFAEE
3 AF TE T AT AAUS 3
AFTh dAS 3087 Aol A
3,000 rpmellA 1587 94EE & 48
g3te], Mo }stda (Seoul, Korea)ol
A 9g] 3Tt AST, ALT &A%+ JSCC UV
method?] Y& 0|43t Ag st 2FEA 7]

2 SAs3it

rm
o
Mo M 40 go do

2) A 7%

H3 Wl A creatinine, BUN 4%
37 fl8 AE 5 3 A AAEE o83k
FAE AFst AE 3083 oA =
31 5 3,000 rpmoll A 15%87F QAR
< sk, A&l BegdT 4 (Seoul, Korea)
of 4 9 &9t} Creatinined &S
Creatinine Jaffe Method ¢] 92], BUN2| d}afF
£ Kinetic UV assay for urea/urea nitrogen®]
A E o] &3t At} AFAV= 5483

o

Q) AxsAH =A

RAW 264.7 AX= 96 well plated] 2x10*
cells/wellZ B330] 24417+ EoF vk 319t}
AL 317 Aol N2 wgdoz wAsS

Aol mA= dF 39

oFxlo] FulE| 2 #HY
i, GKZ 42 1, 10, 100 pg/mle] =2 A
skl ThA] 24A17F Eb wigssith w3 10
e WST solution 5‘47}3}0% Al Zujg7] (3
7C, 5% CO»°lA 30%
450 mol A EFr=e] |

170
ek Ax BEES SR FA Sl
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N
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3. In vitro

1) RAW 264.7 cell H]<

TA% RAW 264.7 A|ZE 50 ml F2 &7
il PBS 9 ml& ¥ AXE /A7 H 1,200
rpmol| A 5&7F PAlEE] st A4
Adck AEZE Sl FH 10%
serum(FBS)?} 1%  penicillin® &
DMEM #§#] 1 ml& 9o FFAZth 100 m
dishell 9 ml9] wjA & Y1, AEE F/FAA Al
EajF7] (37T, 5% COlA wiFatict. Al
vk 4= 53] olo® 3, ARES A

glat7] Aol 24X3H& A A3

fetal bovine
244

2) ¢is 5%
(1) = phenol
GK #=%9] phenol %2 Gutfingerd] ¥
g &8t SAsAY. FE A5 1 ml
o] 50% Folin-Ciocalteu's phenol reagent 0.5
mlE 7}she] Ao 327 HhEA AT BHE§
Moll NagCOs E3H8d 1 mLe 7.5 ml SHFE
A2 238kl 3043 AAAIZ FH, 12,000
rpmoll A 10%-3+

o&-.‘,oﬁ

o

=
=

ol

AR & FHds H
760 nmoll A &F =S =439} F phenol 3

2 gallic acidE& ETEARZ o] &35t A3
74&&%01] u}z} ‘l— 2o
gallic acid equivalent (GAE)/gS AH&3}

(2) & flavonoid &% =3

GK F&Z 9] flavonoid 32 Nieva Moreno
5o Wl9s gt Ay 7 AE
0.1 mi®} 80% ol&h& 0.9 mLS & £F
0.5 ml°l 10% nitrate®} 1
potassium acetate 0.1 ml Z22]3 80% o &<

o

= e o

aluminium
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4.3 ml& 7}ate] A2 408 WAF FH 415
nmoll A EFEE =25 P o querceting o]
&35te] AA4s xEFHAoRREE TS 318

o},

(3) DPPH radical &A%

At a7 B4 AR R
Z DPPHE AMgsh= Wyeolth GK &
% X7} 1, 10, 100, 1,000 pg/mle] &
T AA A Ao, o e Q_EHA]
mMe] DPPH €9 150 w9} GKHA
RER W“ Este] 37°CelA 30
AN AT W8 F 517 molA F3
o Amde HzTe FRHFE
DPPH &9 dzFo2ZRE 9
e AT DPPH AFEd 2 2A&
o) ol upet Axrstsict.

o
o

ozio?.i
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o
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) 5 - B e e
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(4) ABTS radical 2% &3
ABTS assay W& 7]&o] By ¥WHS 96
well plated] StA| 7g3te] AAEAH GK +
=82 HF =71 1, 10, 100, 1,000 pg/mle]
ez d 5 U Az e, ABTS &9
7.4 mM ABTS
(3-ethylbenzothiazoline-6-sulfonic

(2,2-azino-bis-
acid))<}
2.6 mM potassium persulphateE A %3 T
Qo] BT Foh YA sHe] Fol e (ABTS+)&
A7 e 734 molA FHEE ZA 5]
% el 15 elabh dems 45,

ABTS+ &9 150 9} GKHA
5 0 Egatal, AL 1087
734 mellA FFEE S5
ia I ES LR R ST
ABTS &tz 27455 &2 VeEhg

N r_\'ﬂ o ox }*
ot rtE %N'
(. ol

> rLHu

flo o N % oz off =
(<0

b ooff AL o fo

.—Eéﬂ

H

r-{m

=

NEE BB HER

oo R RS E ’
&= (1 ] T x 100
(5) AEW Reactive Oxygen

Species(ROS) MA =4

RAW 264.7 A2l ROSE ZH317] 9135+
2',7—dichlorofluorescin diacetate (DCF-DA)
o] &3}t 12 well plateo] RAW 264.7 Al
2 2x10° cells/wello] EA #F38ko] 2447
o W} STk WY F AR Mo W
A 6}91231 GK %% 1, 10, 100 ug/ml2]
= AgstaL, LPS 1 pg/mlo] == A
\1} | 2472 &< 37C, 5% CO, w7
A wjekstsich Wik 3, 1,200 rpmoll A 5EZF
94 Bt X& AEE A7 PBSE 29
DCF-DA& 10 pMe] ¥ &5 37}a}e]
15% %—‘1 A, el Tk 4 Ak
o] 1,200 rpmell A 5837 A48 3
O A NS AL thA] PBS 400 pE -

o)

o

24 ot mlm

oo 2

AE $H71E o] §te] FYA= A

3 IYEF 5% &
(1) Nitric Oxide(NO) &3

NOY FE+ #igd Yo NO 5EE griess
reagent systems ©]-839 A3 Th RAW
264.7 AEE 96 well plateol] 2x10* cells/well
2 st 24417 Bk v sk Mg F
NZE wjgHoz wAUL GK FE255 74
7} 1, 10, 100ug/m1®] &%=2k LPS 1 pg/mle] &
5 AHgsle] thr] 2447 Feb m skt
N1 buffer 50 wE Z+ welldl & s}e] 10%3F
oA ¥k 3 T N2 buffer 50 wE Z
wellol A @lstal 10%3F WA AT, ¥bE &
540 melAd & A3FATE  Nitrite

standard?] 59 TFEITHG o] &3t HjFd
°] NO =& Z4stalrh

(2) Al EF 2 ARSI BAF 53
AE oA A=A AfolEFIS 12 well
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plateo] RAW 264.7 MEZ 2x10° cells/wello]

A BEHA 2N 5L Y F A28 U
Aoz WAL, GK FE&5 1, 10, IOOﬂg

/mlY EEE ﬂao}ﬂ, LPS 1 pg/mle] &
Aglste] thAl 24A3F Fotb Al EH|G7) (37°C,
5% COol A s gatalt. Aalite] $ oo
2 IL-1B, IL-6, TNF-ai Luminexs ©]-&3&}¢]
SZAsId o IL-17, IL-21, MCP-1, GM-CSF
i+ ELISA Reader?]& ©]&3to] 574313t}

WAl ZAA} 2 Structural Parameter

ol Ao~
o

o i

o Rl
o
—
(@)
R
B
il
e
iﬁ-‘,
ol
it
ofo
12
=2

Lnjo] 9 (Gyeonggi-do,
Micro-CT #¢ % Structural ParameterE 9
F&F3ith Micro-CT #9L& 55 dAE &

g3t & 3D PSS AAFY oW, Structural

oFzlo] FulEl2~ A A WA= dF 4
Parameter 32 71ed @718S 7o =
BV (bone volume)¢} BS (bone surface)o] o
3l ratio® AFEShe] #A GFAHEE YERY

k.

5. %4 ¢4 B
ol g ol Bl 2 (C2H50C2H5) 2 ml#ste] FE5

£ Zopdlo] 7t A HE A5 25S 10%
A X290 48A7F 1 AF ] Aol AdF
W 2AES 528 FREAA 1247 AT
F z22 e nAgdg & AAG S 2329
G525 98 60%1HEH 100% L3Lo o2
NN FE e o Z G438k, xyleneol| ¥
HYHAS A v A £98 Az
A2 E82 vl A7 (microtome)E o] -3
3~4 m FAZ AAL W & metd 2 &
F34& A S hematoxyline®} eosin
(H&E) €43} masson trichrome stain 84S

22t AAehe] Fokdvl Aol A 25k L
AA 29 SiehFig. 1),

FIXATION 10% Neutral Formalin 48 hrs
¥ Washing Tab water, 12 hrs
60%, 70%, 80%, 90%, 100%
DEHYDRATION 1 to 2 hrs, each
Ethyl Alcohol
4
1 to 2 hrs, each,
CLEARING Xylene .
2 times
4
INFILTRATION Xylene : Paraffin, Paraffin 2 hrs, soft and hard each,
4
EMBEDDING Paraffin Wax
2
SECTION Microtome 3-4 um
2
Hematoxylin & Eosin Hematoxylin : 5 mins Eosin : 1min
STAIN

masson trichrome

masson trichrome : 5 min

OBSERVATION

Fig. 1. Tissue Preparation Processing.
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6. SAAE

A3 A3be SPSS 11.09) student's t-test 2
ANOVAE Ahg3te] EAIA T at3lor p<0.05,
p<0.01 ¥ p<0.001 F=olA FYHS AAF
k.

L. 448 A

1) 2t 7159 me 93

(1) AST (Aspartate Aminotransferase)

7% A9 AE AEQ ASTE =A% 24
3, AT 135.0+21.2 UL, HERTS
192.0£13.3 U/L, ¥4 dhxa 114.0£26.2
U/L, GKHA 2 105.0+12.7 U/LZ e, A
Gt vlaste] ApolE yEhA ool b

Aoz Yetstth(Fig. 2).

250

200 4

150
100
50 1
04— —— — et —

Narmal Control Indo GKHA

AST lkevel in serum{UfL)

Fig. 2. Effect of GKHA extract on the AST
of serum in C[A-induced Rheumatoid Arthritis
model of DBA/1 mice. DBA/1 mice model
followed by the administration of GKHA for 5
weeks. The results were presented by the
mean £ S.D.

(2) ALT (Alanine Transaminase)U/L, )%
T2 63.014.2 U/L, ¥4 djxo2 24.0£10.3
U/L, GKHA +& 28.0£6.9 U/LZ Yehy, A4
ol Hlste] zpol& YERA] ol bHE Ao
= YerstthFig. 3).
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80 -

70 A

30 1
20
10 1
0 +— —— E— == —

Normal Control Indo GKHA

ALT kevel in serum{USL)

Fig. 3. Effect of GKHA extract on the ALT
of serum in CIA-induced Rheumatoid Arthritis
model of DBA/1 mice. DBA/1 mice model
followed by the administration of GKHA for 5

weeks. The result were presented by the mean
+ S.D.

2) A 7159 A= 9

(1) Cr (Creatinine)
A 7% FA e A ® A¥9 creatinine ¥=5
4% A3, B4 1.6+£0.3 (mg/de), &
<2 1.240.6 (mg/d0), ¥4 =2 1.6%0.3 (mg
/d0), GKHA < 1.4+0.7 (mg/d0)Z e, A
garol| Hlgte] xolE YERA eFol b A
o= L]FF/]'ME]'(FIg. 4).

Tl

Normal Control Indo GKHA

Creatinine kewvel in serumi{mgfdL)



=Ry IR =

Fig. 4. Effect of GKHA extract on the
creatinine of serum in  CIA-induced
Rheumatoid Arthritis model of DBA/1 mice.
DBA/1 mice model followed by the
administration of GKHA for 5 weeks. The
result were presented by the mean * S.D.

(2) BUN (Blood Urea Nitrogen)

2 7% F49 Ax ZEQ BUN 555 =
g Az AT 30.04£3.3 mg/dl, HERT
36.0£2.7 mg/dl, YA Tl 26.014.8 mg/de,
GKHA 2 32.0£2.7 mg/deZ e, Al

Mo oX

Hjsted 2ol & YERA] ol A S o=
el ok (Fig. 5).
50 -
= 85
-
£
E %
g 30
E %
ﬂ 20 '
z
B o154
10
5 '
0 | E— — I S —

Normal Control Indo GKHA

Fig. 5. Effect of GKHA extract on the BUN
of serum in CIA-induced Rheumatoid Arthritis
model of DBA/1 mice. DBA/1 mice model
followed by the administration of GKHA for 5
weeks. The result were presented by the mean
+ S.D.

3) AXE 54
RAW 264.7 A XA HNE AEES
Ay, hFE+S 100.021.0%% YEbAS o GK

_‘_,

Ay

A%

ﬂl

ZZ2E9 1, 10, 100 (ug/ml) EZo)A
110.7+4.8%, 108.1£1.6%, 101.8+3.7%<] Al
X AEES Yeho] dd Aow YEryt

(Fig. 6).

°fol FubEl s B A vAE 9% 48

140 -

120 -

100 -
80 -
60 -
40 -
20 -
0

Normal

Cell viability(%)

Concentratlon(ug/ml)

Fig. 6. Cell viability of GK extract in RAW
264.7 cells. Each cell was treated with 1, 10
and 100 (ug/ml) of GK extract for 24hr.
Cytotoxicity was measured using an MTT
assay. The results were expressed as mean
+ S.D. from three independent experiments.

2. In vitro
1) &d4tst a5 A= F3
(1) ¥ phenol
GK FZ&4
gallic acid& %
Table 49} 2] phenol 3%
/g = tERRT

ot

]_

4

% phenol S
sto] A% A
o] 235.60+1.28 m

MM ook
2
ofr

i
HU i

Table 4. Total phenol contents of GK

Sample Total phenolics (mg/g ext.)
GK 235.60 + 1.28

(2) % flavonoid &%

GK FZ&E&d &AsE % flavonoid S
gallic acid® ¥TEZRZ 3l FHs Az
Table 59 #©] flavonoid &&e] 46.15+1.70
ng/go = LEFSiT

Table 5. Total flavonoid contents of GK

Total flavonoid (mg/g ext.)
1.70

Sample
GK 46.15 *+
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(3) DPPH radical &A% W& 93
GK #%%¢ DPPH £2A&S 543 23,
pg/ml F%=o A 8.70+£0.6%, 10 pg/ml 5% W
13.9%1.0%, 100 pg/ml E%lA 31.5+1.7%,

1,000 pg/ml %ol A 80.842.0% = LFERL} 5
T gEHor Bod 24 %0 37HeS By
(Fig. 7).

DPPH radical scavenging activity {2£)
[
5 8 & 8 8 3 8 8 8

-
=

= 0 H N
1 10 100

1000
Concentration (ug/ml)
Fig. 7. DPPH free radical scavenging activity
of GK extract at various concentration.
Extract was incubated with DPPH solution at
37T for 30 mins. Activities were determined
by measurement of absorbance at 517 nm.
The results were expressed as mean * S.D.
from three independent experiments.

(4) ABTS radical &A% W& 9

GK &89 ABTS 2AES 543 2% 1
ve/ml F=olA 0.1£0.8%, 10 pg/ml &=olA
2.3+0.1%, 100 pg/ml &=olA 29.9+1.1%,
1,000 pg/ml H=014 91.7+20.1% = YElY =
T oEHog U AAFe] TS Bk
(Fig. 8).

NEE BB HER

ABTS radical scavenging activity (36)
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&0 -

50 4

40 4

304

20 I

10 4

0 o —— ; -

10 100 1000
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Fig. 8. ABTS cation radical scavenging
activity of GK extract at various
concentration. Extract was incubated with
ABTS solution at 37C for 10 mins. Activities
were determined by measurement of
absorbance at 732 mm. The results were
expressed as mean =+ S.D. from three
independent experiments.

(5) ROS A3 Zd mA+= 4F

GK FE&9 ROS HA As &S SH3
Ay, PEFS 100.0£1.0%% YEHHS o A
AT 58.742.7%, GK FE=2& 1 ug/ml k&
oA 94.4+51%, 10 pg/ml  FEONA
81.4£3.8%, 100 ug/ml =14 80.8+2.8%%
el 10, 100 (ug/mD) F=AA F94 e
(+x p<0.01) ZAE YERNATHFig. 9).

i

Normal  Control

—_ —
F o =] = (]
= = = = =

E’

Relative ROS prodution (%)

Concentration{ug/ml)
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Fig. 9. Effect of GK extract on ROS
production in RAW 264.7 cells. Each cell
was treated with 1, 10 and 100 (gg/ml) of
GK extract and LPS (1 pug/ml) for 24hr.
The ROS production was analyzed by flow
cytometry. The results were expressed as

mean =+ S.D. from three independent
experiments(Significance of results, #*
p<0.01).

2) 9% &% "X 9%

(1) NO¢| AA % wA= 9%

RAW 264.7 AlxelM GK FZE&2] NO 44
F& 54 A9, dE2ae 100.0+3.7%2 4

EIS u) AATS 35.246.1%, GK FEES
1 pg/ml EENA 99.247.7%, 10 pg/ml F x|

/1 91.0+4.4%, 100 pg/ml &=l 82.4+4.5%
= yeh, tiztel wste] 10, 100 (ug/ml) &

ZolAq #9994 dE (=x : p<0.01, * : p<0.05)
Has YeEh Atk Fig. 10).
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Fig. 10. Effect of GK extract on

LPS-induced nitric oxide (NO) production in
RAW 264.7 cells. RAW 264.7 cell was
treated with 1, 10 and 100 (zg/ml) of GK
extract and LPS (1 wg/ml) for 24hr. The
amount of nitric oxide in supernatant was
measured using Griess reagent. The results
were expressed as mean £ S.D. from three
independent  experiments(Significance  of
results, ** : p<0.01, * : p<0.05).

oFxlo] FulE~ #HHEA AFC A= JF 45
(2) Aol EFQ] 2 Al
@ IL-1Bel WA=

RAW 264.7 Al3oA GK FEE9] IL-18 A
qEs 4% 47, dglzvro] 11.3+£2.5 pg/ml,
g7to] 8.7£0.5 pg/ml, GK F+&5E<2 1 ug/ml

oA 10.4+2.8 pg/ml, 10 pg/ml FZ=oA

27l WA= ¥

3%

W

7.842.3 pg/ml, 100 pg/ml XA 6.3+0.8
pg/mlZ v, kol vt AE e
AcHFig. 11).
18 -
16 -
: u
E 12 -
1 14
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i
a 61
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Concentration{ug/mi)
Fig. 11. Effect of GK extract on

LPS-induced IL-1B production in RAW 264.7
cells. RAW 264.7 cells were treated with 1,
10 and 100 (ug/ml) of GK extract in the
presence of LPS (1 pg/ml) for 24hr. The
results were expressed as mean £ S.D. from
three independent experiments.

R

@ IL-69] = g3
RAW 264.7 AlZAA GK F=E9] IL-6 BA
29 =A% Ay, uYzIo| 4347.01233.4

pad

gre] 31.5£5.5 pg/ml, GK
lr_r_‘

o 4=

===

pg/ml, FEES
1 pg/ml oA 3151.8+578.3 pg/ml, 10 ug
/ml %04 2096.5+130.0 pg/ml, 100 pug/ml

Lol A 1137.5+173.5 pg/mlZ YElY, iz

iL o Hskel 10, 100 (pg/mhel EX=olA 214
AE (= 1 p<0.01) AAE JERNAtH(Fig. 12).
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Fig. 12. Effect of GK extract on

LPS-induced IL-6 production in RAW 264.7
cells. RAW 264.7 cells were treated with 1,
10 and 100 (ug/ml) of GK extract in the
presence of LPS (1 pug/ml) for 24hr. The
results were expressed as mean = S.D. from
three independent experiments (Significance
of results, ** @ p<0.01).

@ IL-17el v A= F&&
RAW 264.7 A|EolA GK F&E2] IL-17 A

As S 43, gixTo] 20.7£2.6 pg/ml,
Aol 4.740.9 pg/ml, GK F2EL 1 ug/ml

Eoﬂ/ﬂ 13.9£1.1 pg/ml, 10 ,ug/ml ez of A
2.4+3.0 pg/ml, 100 pg/ml FENA 13.1+1.9
Dg/mli el gzt sl BE FEoA
G4 Q= (+ : p<0.05) BAZ e

(Fig. 13).
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Fig. 13. Effect of GK extract on
LPS-induced IL-17 production in RAW 264.7
cells. RAW 264.7 cells were treated with 1,
10 and 100 (ug/ml) of GK extract in the
presence of LPS (1 pg/ml) for 24hr. The
results were expressed as mean = S.D. from
three independent experiments(Significance
of results, * : p<0.05).

@ IL-210 ®x&= gk
RAW 264.7 Al3olA GK F&E9] IL-21 A

AEs SAS A3, gixao] 0.7+0.1 pg/ml,
AATo] 0.3+£0.1 pg/ml, GK FZE& 1 ug/ml

FZoA 0.2+£0.1 pg/ml, 10 pg/ml FEolA
0.3£0.1 pg/ml, 100 wg/ml FZlA 0.2+0.1
pg/mlZ Ve, t2To)] H|ste] EE o)A
HAaE e A THFig. 14).
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Fig. 14. Effect of GK extract on

LPS-induced IL-21 production in RAW 264.7
cells. RAW 264.7 cells were treated with 1,
10 and 100 (ug/mD) of GK extract in the
presence of LPS (1 pug/ml) for 24hr. The
results were expressed as mean = S.D. from
three independent experiments.
® TNF-ao] 7|x+= 93k

RAW 264.7 MEZAA GK F&E9 TNF-a
AQFES Z4¢r 43, dlxato] 5449.84+466.2
pg/ml, Aol 2923.84104.4 pg/ml, GK 3+

EE2 1 pg/ml FEA 4190.5+£543.9 pg/ml,
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10 pg/ml XA 3966.6+£502.4 pg/ml, 100

pg/ml =4 3653.5+518.1 pg/ml= YER
2ol Hlsted 10, 100 (ug/mD)e] E=oll A
old A& (+ : p<0.05) TAE YR AT (Fig.
15).
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Fig. 15. Effect of GK extract on

LPS-induced TNF-a production in RAW
264.7 cells. RAW 264.7 cells were treated
with 1, 10 and 100 (zg/ml) of GK extract in
the presence of LPS (1 ug/ml) for 24hr. The
results were expressed as mean = S.D. from
three independent experiments(Significance
of results, * : p<0.05).

® MCP-1°f wx]&= o3k
RAW 264.7 AlZEA GK
A TS

FZE9 MCP-1
7% Ay, dxato] 507.74£59.1
pg/ml, Aol 203.7447.3 pg/ml, GK &%
2 1 pg/ml FXA 387.0+£58.8 pg/ml, 10 ug
/ml F %o A 323.9+60.1 pg/ml, 100 pg/ml =
Lo A 241.1+43.2 pg/mlz2 YERY, izl
H3ke] 10, 100 (ug/mDe] FZodlA Fo4 U=
(#x 1 p<0.01, * : p<0.05) #AE Yl
(Fig. 16).

Aol mA= 9T 47
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Fig. 16. Effect of GK extract on
LPS-induced MCP-1 production in RAW
264.7 cells. RAW 264.7 cells were treated
with 1, 10 and 100 (gg/ml) of GK extract in
the presence of LPS (1 gg/ml) for 24hr. The
results were expressed as mean = S.D. from
three independent experiments(Significance
of results, ** : p<0.01, = : p<0.05).

@ GM-CSFol| mx]& o3k
RAW 264.7 AlZ4 GK FEE&2 GM-CSF
MRS A Ay} xZato] 70.2+6.6

pg/ml, g’¢+e] 23.9£5.4 pg/ml, GK FE&<
1 ug/ml F=A 22.843.8 pg/ml, 10 pg/ml &
TolA 24.1+4.2 pg/ml, 100 pg/ml FI=olA
24.345.9 pg/mlE e}, xRl vlEte] &2
T FEoA FoA e (== 1 p<0.01) T2E

YeR S th(Fig. 17).

G- CSF production{pg/ml)
wn
=

i&i 1] i

Normal Control
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Fig. 17. Effect of GK extract on AcHFig. 42).
LPS-induced GM-CSF production in RAW
264.7 cells. RAW 264.7 cells were treated
with 1, 10 and 100 (zg/ml) of GK extract in 05 ;
the presence of LPS (1 gg/ml) for 24hr. The
results were expressed as mean = S.D. from
three independent experiments(Significance
of results, ** : p<0.01).

05

04

03
02
01
0- = il . .

Normal Control Indo GKHA

3. BAd mA= T
D &4 ged nA= 9%

Z2Z2 micro-CTE &9 3l

/:2175 e

BV ratio in Middle finger by Structural
parameter(UA3)

Fig. 19. Effects of GKHA that reduced BV
(bone volume) ratio using 3D Micro-CT of
CIA-induced Rheumatoid Arthritis model of
DBA/1 mice. The results were expressed as
mean £ S.D.

3 24 939 WAL 93
AY THE F FFHHEE 3D uCT= #2438}

BS(bone surface)®} BV(bone volume)oll t3

ratiog AtEste] A AFAEE 43

g i b ¥, AR 17.10205 (1/U), ®x

Fig. 18. Effects of GKHA on imaging of 26.944.7 (I/U), <4 dEwe 17.0%1
cartilage degeneration using micro (1/U), GKHA < 18.0£0.7 (1/U)Z YEY,
CT-arthrography in paw hind of CIA-induced iz vlate] 994 dE (= 1 p<0.01) 7
Rheumatoid Arthritis model of DBA/1 mice. 22 UER9 T (Fig. 43).

A ; Normal mice group

B ; CIA-induced Rheumatoid Arthritis group

C ; CIA-induced Rheumatoid Arthritis 3
group treated with Indomethacin

D ; CIA-induced Rheumatoid Arthritis
group treated with GKHA

o

=
4 ro

2) TEEA vA= ¥

4Y R F FHEES 3D 1CTZ #Ag il .
: 10
]
£ 0.3740.10 (U"3), GKHA & 0.3740.01 ol | L

BV(bone volume)ell tgt ratioEs 4h&Esto] =
drs 4% 4y, A4Te 0.36%0.03
(U/\S)i ‘/]'E]-Ury EHZ"_%E'OH H] 6‘]—031 %7]_% UFE]'LH Normal Contral Indo GKHA

N
parameter{l/U)

BS/BV ratio in Middle finger by Structural

(U"3), "tz 0.21£0.05 (U"3), ¥4 dlx=




FEAGRIRENA S oFdol wrbels a9 AFlol mAl= 9% 49

Fig. 20. Effects of GKHA that reduced BS (Fig. 44).
(bone surface) / BV (bone volume) ratio
using 3D Micro-CT of CIA-induced 5 =
Rheumatoid Arthritis model of DBA/1 mice.
The results were expressed as mean = S.D.

Statistically significant value was calculated Fule 2~ 3E gL ofe] #de] guto] ISt
by compared with Control group by student's =y dzo g 93 A= T FvTS
- *ok ] o
t—tesf(Significance of results, p<0.01). Doy AR A MPL e = 9
ol Bl zp7pd A solr} 17 18
4, 23 Wgd uXe JF
_ B At oz A AA A7 1%7F FotE 2= &
AF ] 504 H&ESH M-T 44& bl i '
L o Aol o|Fs]ar, ofdo] FAdel Hl3] 2.5 =
25x% 54T A, dxaS AA L] o) o omao -
oy er _ o B 2 FHES YeERARE Yolrt Eofgtel whet
AZol el 2 FubMxe] £44o] A Lo
T e Aol AasE Aoz dA gu B
w 9bA, GKHA o2 &l H|slo] d AL .
R o VTS B el wae & sley 40delA 709
of AT Aol sl ar FubAlEe] & s S5 uhg g o
s Atole]l Addid 714 S Iy &L dF o
o] Auder FaHASS #EE 5 U

H&E staining M-T staining H&E staining M-T staining

C. Indo D. GKHA

H&E staining M-T staining H&E staining M-T staining

Fig. 21. Effects of GKHA histopathologic examination analysis of CIA-induced
Rheumatoid Arthritis model of DBA/1 mice.

A ; Normal mice group

B ; CIA-induced Rheumatoid Arthritis group

C ; CIA-induced Rheumatoid Arthritis group treated with Indomethacin

D ; CIA-induced Rheumatoid Arthritis group treated with GKHA
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auranofin &%

FolatAl =
A A7 Z2H-EA gow
TNF-a 4384, IL-1, IL-6 &=&A4 434 59
RBESA AAE AHSAY WE8HA 0

Aze] Fobel s Bl tha AP HAA
, Asghel, Wos SO we g AR f
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ool E Ao A= kA HALE Hs 3 7]
T, A 7E, AESAS FA8R AL, In vitro

ofo]l Frte s A Al mA= g% 51

oA G w54
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ABTS radical A&

ey = =
i, 395 5%

AAFS =

ot
olr
ol
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o}

A
&
0Q

[\}
(@2
o
.
o
=,
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woH(Fig. 6).
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AlZve] oAb #AAe AR A=
ROS(reactive oxygen species)® A=x3&
dseE 54 F UR F5H 9o A
Aoz AL &AATAE gATE oqa R
o3l A WHgd & hydroxyl radical® 3]
of Ao &4s Fr AdaA 43 < 9%,
va = o olEA 9T} 4540
2 AgeA GK FEE £A3 % phenol
2 235.60+1.28 mg/go.® UEIRIL F
flavonoid $+#2 46.15+1.70 mg/go = Y ERS
tH(Table 4, 5). GK &% DPPH &A&
ABTS 242 5% g&EHo2 g 2A%
o] Z71eHe HAtHFig. 7, 8). T3 ROS A
As) FFLE E2wS 100.0£1.0%% HEFRS
o] 10, 100 (ug/ml) FEANAH 524 e FAE

ru

i

el tHFig. 9). o4 o & Hol GK %%oﬂ
kel aEol des & YA F =2

SolA g AAAE o]l AEHA] AT
%7 &3 BEEo} g

o2l 74A] Aol BRI ARIIQI0] FwubE] 2~
A #E F9o FUHH el o0&
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