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ABSTRACT

Effects of Akebia Quinata on Monosodium Iodoacetate-Induced

Osteoarthritis in Rats

Baek, Chong Wouk

Advisor : Prof. So keum-young, Ph. D.

Dept. of Complementary & Alternative Medicine,
Graduate School of Chosun University

Objectives : The aim of this study is to investigate anti-arthritis activity using Akebia
Quinata (AQ).

Methods : AQ was extracted with distilled water and was evaluated for its total
polyphenol and flavonoid contents, scavenging activities through DPPH and ABTS analysis,
as well as inhibition activities of reactive oxygen species (ROS), nitric oxide and cytokines
production in the LPS-induced RAW 264.7 cells. ROS production in cells were measured
using flow cytometry. NO production was measured by ELISA and Cytokines including
IL-1B and IL-6 were measured by Luminex. AQ was administered at 200 mg/kg, and 400
mg/kg to SD-Rat, where arthritis was induced by monosodium iodoacetate (MIA) at 60
mg/ml. COX-2, MMP-2, MMP-9, TIMP-1, CTX, COMP, LTB4, CRP, calcitonin, aggrecan
and glycosaminoglycan level in serum were measured by ELISA. The cartilage of patella
volume was examined and 3-D high-resolution reconstructions of the cartilage of patella
were obtained using a Micro-CT system. Also, The histopathological change of knee was
observed by masson-trichrome (M&T) staining.

Results : AQ showed cell viability of 95% or higher in all concentrations in RAW 264.7
cells, indicating no cytotoxicity. DPPH and ABTS raidcal scavenging activity of AQ was
increased in a dose-dependent manner. AQ treatment significantly suppressed LPS-induced

osteoarthritis mediators, ROS, NO and cytokine production in RAW 264.7 cells. Production
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of COX-2, MMP-2, MMP-9, TIMP-1, CTXII, COMP and LTB4 level in serum was
decreased, respectively, in comparison with control. The other way, production of calcitonin
and glycosaminoglycan level in serum was increased, respectively, in comparison with
control. But CRP and aggrecan level in serum wasn't difference appear. The cartilage of
patella volume increased significantly. In addition, the NEM group showed a increase in
the cartilage volume and proteoglycan.

Conclusions : In this results, AQ could be effectively used as a therapeutic drug based
on its antioxidant, antiinflammatory and osteoarthritis factors. These results of AQ showed
significant anti-arthritis activity. These results may be developed as a raw material for new

health food to ease the symptoms mentioned above.
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A 97 A=

1. A|<F

Al 2k 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)),
A-F-Ho} &R (fetal bovine serum: FBS, Invitrogen Co., U.S.A.), lipopolysaccharide (LPS :
Sigma Co., U.S.A.), Cell Titer 96® AQueous One Solution (MTS : Promega Co., U.S.A.),
nitric oxide detection kit (Intron Biotechnology, Korea), Mouse IL-183 Quantikine ELISA
Kit (R&D system, U.S.A.), Mouse IL-6 Quantikine ELISA Kit (R&D system, U.S.A.),
Mouse TNF-a Quantikine ELISA Kit (R&D system, U.S.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)), (2,7)-dichlorodihydrofluorescin diacettate (DCFH-DA : Sigma Co., U.S.A)),
2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic ~acid) (ABTS : Sigma Co., U.S.A),
formaldehyde (Sigma Co., U.S.A.), trypan blue (Sigma Co., U.S.A.), Rat total MMP-3
quantikine ELISA kit, (R&D system, U.S.A.) Rat total MMP-9 quantikine kit (R&D
system, U.S.A.), Rat TIMP-1 quantikine kit (R&D system, U.S.A.), LTB4 parameter ELISA
kit (R&D system, U.S.A.), Rat aggrecan ELISA kit (Mybiosource CO., U.S.A.), Rat
cartilage oligomeric matrix protein (COMP) ELISA kit (Mybiosource CO., U.S.A.), Rat
calcitonin ELISA kit (Mybiosource CO., U.S.A.), Rat Cross-Linked C-Terminal Telopeptides
of Type 1II Collagen (CTX-II) ELISA kit (Mybiosource CO., U.S.A.), Rat
Glycosaminoglycans ELISA kit (Mybiosource CO., U.S.A.), Rat COX-2 ELISA kit
(Mybiosource CO., U.S.A)), MIA : Monosodium iodoacetate (Sigma Co., U.S.A)) T2

g3

2. 717)

71715 E¥FE7](DWT-1800T, -3, Korea), 7+$5 %] (rotary vaccum evaporator :

EYELA FDU-540, Japan), Bio-freezer (Sanyo, Japan), CO, incubator (Forma scientific Co.,
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U.S.A.), clean bench (Vision scientific Co., Korea), autoclave (Sanyo Co., Japan), vortex
mixer (Vision scientific Co., Korea), ¢14l3%2]7](Hanil Co., Korea), ice-maker (Vision
scientific Co., Korea), plate shaker (Lab-Line Co., U.S.A.), ELISA reader (Molecular
Devices Co., US.A), 43X 4 7|(Flow cytometer, Becton Dickinson, Co., U.S.A)),
&4 74 Z%7](lIShinBioBase, Korea), Incapacitance Test Meter (IITC Life Science, california,

USA) 59 ARgaksih

3. M=ZF

Murine®] 2 M EF2] RAW 264.7 A|EE= sl=A|:5 238 (Korea)ol| A -

e
o,
38
vl

F7 6532 SD-Rat (170-200g)2- A &nko] @ (Korea)Aboll A &3 wWrol 29
FL7FA] a1

=Y
FArE (@Frely, Table DO} 22 S#3] sty 2% 22 + 2T, 55
55 £ 15%, 12A17F-124]7K(light-dark cycle)e] 7oA 277 A A7 & HEH4
Agddt. 5EAE 94, AH BEd AR
TEAYSY ¢ 93 (Institutional Animal Care and Use Committee : I[ACUC)<]
(51 W 35 - DIUARB 2016-018)2 wFolet.

plaS
o
o
Hd
ro
r )
ik
il

O
0

Table 1. The Components of Diet

Components Percentage (%)
Crude protein 20.00
Crude fat 4.50
Crude fiber 6.00
Crude calcium oxide 7.00
Calcium 0.50
Phosphorus 1.00

-6 -
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B. 5

LAE 2 55

B2 (dkebia quinata, ©]3} AQ)L <kFx17}(Korea)o| Al gk
S ILE frEl e EEad

15 paper filters &3 A ofHAE A 5T v 4 dxsto] £2 47 g
TEE 94%)2 At doixl
Sl 34kl A5t

(o]

~

2. AlXE %

RAW 264.7 A|¥xu]F2 #3] 10% FBS3} 1% penicillin-streptomycing- 3 ¢35}
DMEM (Dulbecco's Modified Eagle Medium) #j4]E AL&35H T A EE CO, w7
(37°C, 5% COy)o| A H) ksl o).

AEE EFskal 18411 58t Hﬂ%h‘f} T AQ FEES 17 1, 10, 100 (ug/ml)e] FX%
2 2 mgmb AEste] 24x17F ot wjketch ®lek %, 20 x0e] MTS solutionS
78k & CO, w7 |(37C, 5% coz)ow 4AZE HEEAIZL 5, 450 nmol A 59

(g
oty
il
J
o,
_0|L
2,
=
N
gy
2
=
rot
X
=5
oz
N
nJ o3
=
H
o
i
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>,
_0|L
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4. F33t 5% B}

a ¥ HelE o

F ZYds %2 methanol® &3sle] 1 mgml T FH|SE AlE 100 ol
Folin-Denis reagentZ 100 02 7}sle] &3k & 387 A2 vbSA|ZT}. 38 &
10% sodium carbonate solution 100 plS- 7}sle] & 7F 1
#Hslel Microplate readerS o] &35}e] 760 nmol| 4] GHE=E &HsIHUT. &=
@2 methanolo] =<1 10 gg/mé, 30 pg/mé, 50 pg/mé, 100 pg/mé, 150 pg/mé, 200 pg/mé,
250 pg/ml, 300 pg/mbe] gallic acid®] EFAL2 o] 838le] 314t
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b. & TR wo|= T

H 1l
£5Fo] 420 nmoll A FHEZE ZHATIALE F ZE R o= g2 methanolo] 9]
10 pg/ml, 30 pg/ml, 50 pg/ml, 100 pg/mé, 150 pg/mé, 200 pg/mé, 250 pg/ml, 300 pg/mbe]

quercetin®] %F+A12 o] &ate] etk

c. DPPH &4tz 475
DPPH &1tz 47% 42 fa A82 1 ngml =5 48l th. DPPH Aok
g Zhst Aol 0.1 mM FXE7F ¥ XF methanolo] o] F£H[SATE A& 100
w03 DPPH AJ9F 500 p0S il 208
Microplate readerS ©]-&3}e] 517 nmo A SGBE=E
2 A8 W4l methanolZ Ab&ste]l HAZS AL & o

DPPH AA &2 Ar&E3F ).

Z7e 53T -
aAe (o) = (DL EE

d. ABTS =vz &A%

ABTS oz s FAS 8 ARE 20 gl $E2 FH8IET 74 mM
ABTS (2,2 - azino - bis-(3-ethylbenzothiazoline-6-sulfonic acid))?} 2.6 mM potassium
persulphateE A z3F &, bavol] FF HQ WASle] o] 2(ABTS'H2 A7 U
734 melX FHEES FSAst FHE Fol 15 oyt vdekE 3Asta, 344"

ABTS+ &9 150 09} ESEE 7}7} 5 40 E318}ar, A Lo 1057 v-2A)71 3 734

mold FYEE HFSATh ABTS £ v Fre
AgEe Y e e F e 2 e ol§dhel ABTS £ASS AEIAh

A5 (%) = (1-
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e. 444 (reactive oxygem species; ©]3} ROS) XA &
ROS A #& RAW 264.7 AlEE 96 well plateo] 2x10° cells/well® HE3}e] 244 71
et v sk vl AEE g e Rz wAstd e, AQ FEES 47 1, 10,

100 (pg/me)e] Fiol LPS 1 pg/mie] w= A2l 5, 4] 24A47F &3k CO,

HI 71 (37°C, 5% COxel A HleFslgdct. ek = 1,200 rpmol|A] 527 94 B3l
Be ANEE 27}S PBSE 23] Al sal, DCF-DAS 10 uMo] =& H7)sie] 158
Fob oA, Ao Foluh A ¥ A7EE PBSE W¥Wo] 1,200 rpmol| A 53F AR

o A olE AAskar thA] PBS 400 ulE HHAA FAE EAVIE o]8sho

FAAE] A7l e ¥MiE S48

NO /4 @& RAW 2647 A¥Z 96 well plated] 1.5x10° cells/well®] H-a}0]
24X Et WF S wd F AR HgdeR aAsRer, AQ FEEE
242 1, 10, 100 (ug/me)2] sinell LPS 1 pg/mie] s A2|d 5, thA] 24243t et

CO, Hj%¥71(37C, 5% COyel A wjFatFth. vloF 3, NI buffer 50 =2 ZF wello]
A g]dke] 1087 Abe-oa] wk& 3 &, N2 buffer 50 w2 ZF wellol] = g]star 1087+
HES A At} HES E Microplate readerE o] -85t 540 ol A FFEE =AHE )

=

b. &= Alo]EF}¢] (Cytokine) B A =

A% AolEgIl WAL RAW 2647 AEEZ 12 well plaed] AEEZ 2x10°

cells/well®  EF3ske] 2447 ot w|F &= A= wjFdoz wA L, AQ
I

FEEE 44 L 10, 100 (gg/mb)e] Fiol LPS 1 pgmie] Fiz A2lsto] thA|
2473t &3 COy HF7I(TTC, 5% COol M HiFstitt. vl 5 AAE2 T gde

2 IL-6, TNF-a A7 &2 ELISA kitE o] &3s}o] A3 )

a. & AW 2§ 7 R AR T4
S [e) [ o) =] [e] [ [e] =] A=
TE AROFS HEGE ek &2 AdaFH AEdE fdstl SRTE
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o] &3ko] 450 mol A FHEE SAHSA.

e. Matrix metalloproteinase-9 (MMP-9) AJA] &

MMP-9 A &L A A F 4L oM g dHES 108 34z =
=43tk 96 well plates] RDI1-34 A]2k2 =

g3 AEE FUME 50 e ¥al 2A1ZF 59k plate shakerE o] &3t Edstith
o] %, wash buffer 200 % ‘@31 washing 22 A3 = 100 2] Total MMP-
Conjugate= ¥ 1 UhA] 2417 EoF plate shakerol 4] &¢&}it}. thA] washing 2] %
100 p09] Substrate Solution &1 H7sk & 30& 2k CO, wWI¥7|(37C, 5%
COyel A He st A ¥-$A7]3 100 4] Stop Solution Fo] Microplate

readerZ o] -&3}o] 450 el A FHEE A5

rE

f. TIMP-1 A%
TIMP-1 4 2 o)
ZA35GtE 96 well plateo] RDI1-21 A] k8- ZF 50 w02 4
g3 AEE F7FE 50 WE ¥ 2A%F E<¢t plate shakers o] -&slo] E3FslH T
o] %, wash buffer 200 0% Y31 washing 22 Adst = 100 w0l TIMP-1
ConjugateE ¥ i1 URA] 2A]ZF 59t plate shakerol ] &3talth. thA] washing 2]
100 ;0¢] Substrate Solution -&o1-2 H7}3sk = 308 EoF CO, w|%7|(37C, 5%
COyoll Al W8 st x| wFEA]7]a 100 409 Stop Solutiong: % o] Microplate

readerZ o] -&3}o] 450 el A FHEE A5

B
°
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4g AW T ee
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g. C-Terminal Telopeptides of Type II Collagen (CTX II) Al =

C-Terminal Telopeptides of Type II Collagen (CTX 1) AL A7 Ad & A2
doex Eeld dHyor SAHEUh 96 well plateo] 50 pio] A®ltt=9l FAEE,
g3 AMEL ¥ 100 p09 HRP-conjugate reagentZ 713 3 thA] 1A]7F E<eF CO,
W F71(37C, 5% COy)d ¥o] HFEAIZITE o] %, wash buffer 200 0% % 31 washing
- AP & 50 el Chromogen Solution A2} BE ¢xH oz Wy 158 Fo
CO, B 7oAl WEE-A]7]aL 50 ple] Stop Solutiong- 3l Microplate readerE o] -8 6}o

450 mmoll A FHE=E =AY
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h. Cartilage oligomeric matrix protein (COMP) A3 4] &

Cartilage oligomeric matrix protein (COMP) AAl ke Ala; A F AL & lof A
ey 48 30 34A7 & =43¢k 96 well platee] 100 p0o] »witt=9} &3
AES ¥ AR 302 &t COp BjF7I(37T, 5% CO)ol ¥of whgAlzth o] F,
wash buffer 200 0% Y 31 washing 218 A8st = 100 pfe] Rat COMP antibodyZE
Yol 1AIZE st COr mjg7]el A WhgAlZ v thA] washing 28 A3 5 100
2] enzyme-conjugateS ¥ il 30 FoF CO, wlF7|oA]l HE-S-A]F] AL
2 83sFal Color ReagentE 100 p 9ol 308 FoF ¥-3-A)zith F71=2 100 xle] Color

=

reagent C & 912 ¥ 31 Microplate readerE o] &3} 450 mmol|l 4] FH =S A

washing 243 -&
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LTB, A4 %o 44 A8 F 98 weloly kel g9z 24890k % wel
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F7het & 1A]2F &<QF plate shakerE o] &3l &S h o] %, 500 e LTB,
Conjugates i1 t}A] 3417+ F<¢F plate shakero|x] E3&s}la1 wash buffer 200 04
Y51 washing 2}31-8 A 83k & 200 02 Substrate Solution &°-8- #7}ste] 308 Fot
CO, WjAF71(37C, 5% COyol A WL Aekst A ¥-3-A17]a1 100 x02] Stop Solution2-
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1. Aggrecan A3/ =k

Aggrecan AL A A" F AL dolo|A FEl® €AHL 28 YA T
=239k 96 well plated] 50 9] s®Eitt=el ¥ AZTLS @i 100 w09
ConjugateS F7}gt & 1A|ZF &<t CO, HIF7I37T, 5% COyoll ol HbgA[FH T}
o] %, wash buffer 200 02 Y 31 washing &S APsk & 50 p0e] Substrate A-§ oz}
B&s ¢waA s YW 5 158 5 CO, wjF7]ol ] BlE& 2dgh A wgA7]aL

Microplate readerZ ©]-&3}od 450 muoll A &F =2 =AY}

o M

m. Glycosaminoglycan A3 4] &F

Glycosaminoglycan A4 &2 A7 8 5 Ao oo Hag dFoz =AHsYy
o
=

wo o 155 Fot CO, vjg7]oA] Yle ekt A WH-8-Al7] A Microplate readerE ©|

n
AnHazdge @ 48 F A3 By A7 B2 ¢ gyl Z

BoE Aud § 282 AL AAT T 10% F=2Z LA 3AHSS] micro-CT
o] o]

5 252 AAR T 10% 2T A A]A HISKO (Korea) 4o 2] F]
sho] Safranin-O G415 Xegstqlrt. GAE o] & xAEete|l=E FAVE S &3
= O

o1 =3} proteoglycan 52 E2ls} .

7. SAA ¥

o A7 Ad Ak 33 ol by AYd A3e) Hiw £+ 2% UA (mean +

SD)E XA 24 A2 ¥l one-way analysis of variance (ANOVA) HFiH -2
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o] 83515 3L, Student’s t-testE A3t FTAIZA FeoldE HEsHH TH(*p<0.05, **p<0.01,

4% <(.001).
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m. 9+23

A. AE A

Z52 w2~ A EF2 RAW 264.7 A ¥ 1 pg/mb, 10 pg/ml, 100 pg/ml
2 A sl MTT assay® A X 548 et A3, el w5 WY delA

=
949 AE 54 BAAA o Figue D).

lo

rir

120 -

100 -

80 -

60 -

40 -

Cell viability(% of vehicle)

20 -

Concentration(yg/ng)

Figure 1. Cell viability of Akebia Quinata extract in RAW 264.7 cells. RAW 264.7 cell was
treated with 1, 10 and 100 (ug/ml) of sample for 24 hr. Cytotoxicity was measured using an

MTT assay. The results were expressed as mean + S.D. from three independent experiments.
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1. & E99+= 33
e FEed & Edde d¥0yee AT 23 10 mg/ml FmolA 280.7+1.7
ng/ge] & Ef#E $Heko] yEluith(Table 2).

Table 2. Total polyphenols Content of Akebia Quinata extract

Sample Total polyphenol contents (mg/g)

10 mg/mé concentration of Akebia Quinata extract 280.7+1.7

The results were expressed as mean + S.D. from three independent experiments.
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2
=

off
e
e
i
lo,
o
e
[
=8
n
Rl

H(ng/g)e A s A1, 10 mg/ml & =0l A

X
101.320.5 mg/ge] & ZgtH wol= ko] v}E}yLTH(Table 3).

Table 3. Total flavonoid content of Akebia Quinata extract

Sample Total flavonoid contents (mg/g)

10 mg/m¢ concentration of Akebia Quinata extract 101.3+£0.5

The results were expressed as mean + S.D. from three independent experiments.
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3. DPPH & Z 2A%

52 1 pg/ml, 10 pg/ml, 100 pg/mé, 1000 pg/mé %2 DPPH A7 %5e

A 1 peml SEolA 13.554.0%, 10 penl SwolA 18.9:4.1%, 100 ge/nl

oA 31.744.6%, 1,000 pg/mb FEoA  76.3+6.0%%E UEIY} TR ojEXH o
q

A &7so]l F7heko th(Figure 2).
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=
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@ 40 -
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o 10

1 10 100 1000

Concentration (pg/mg)

Figure 2. DPPH radical scavenging activity of Akebia Quinata extract. Extract was incubated
with DPPH solution at 37°C 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.
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4. ABTS gz 4 7%

5% FEE5E 1 ug/ml, 10 gg/ml, 100 pg/ml, 1000 pg/ml == ABTS 4AFE:
B A 1 opgt FRAA 04£11%, 10 g/l FEAA 22+12%, 100 pelnl

FEolA 19.042.3%, 1,000 pg/ml FEOIA 86.8£0.9%= UER} FE oEHom
g A A75o] F7Vebe] thH(Figure 3).

100 -
90 -
80 -
70
60 -
50 -
40 -
30 -

20
0 | T _ﬁ_

1 1000

ABTS radical scaveninging activity({%)

Concentration (pg/m2)

Figure 3. ABTS radical scavenging activity of Akebia Quinata extract. Extract was incubated
with ABTS solution at 37C for 10 mins. Activities were determined by measurement of
absorbance at 732 nm. The results were expressed as mean + S.D. from three independent

experiments.
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5. &4 (ROS) A4 &

5% FEES 1 pg/ml, 10 gg/ml, 100 pog/ml sz SBFALS A FS A5 Ao,
LPSRFS A2l et txa 2 100.0+1.0%= YeElRS o 5% FEE5L2 1 ug/ml F=olA
111.9+3.5%, 10 pg/ml FE A 87.842.7%, 100 pg/ml FEEo|A] 85.5£3.5%= LIERL} 10
pg/ml EEek 100 pg/ml FEAA dzatol w8 o4 A Al H h(Figure 4).

140 -
120 -

100 -

80 -
6
4
2
0 -

Normal Control

o

o

ROS production{% of control)

(=]

Concentration(ug/mg)

Figure 4. Effect of Akebia Quinata extract on reactive oxygem species production in RAW
264.7 cells. Each cell was treated with 1, 10 and 100 (xg/ml) of Akebia Quinata extract and
LPS (1 wpg/mf) for 24hr. The ROS production was analyzed by flow cytometry. The results
were expressed as mean + S.D. from three independent experiments. Statistically significant

value compared with control group by unpaired student's t-test, (**p<0.01).
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C. dd< =3

1. 482842 (NO) AAZF

1 pg/ml, 10 pg/mé, 100 pg/ml ¥ 5% ALy

LPSREE A 2ldh dizaS 100.0£1.0%= YetdlE o 55 F5ES 1 pg/ml 5 5200A
97.2+4.4%, 10 pg/ml oA 85.543.7%, 100 pg/mé H oA 67.7£3.8%% e} 10
pe/ml X9t 100 pg/ml FEo A diFzael vla] 24 AA A FH th(Figure 5).
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Figure 5. Effect of Akebia Quinata extract on Nitric Oxide production in RAW 264.7 cells.
Each cell was treated with 1, 10 and 100 (ng/ml) of Akebia Quinata extract and LPS (1 wug/mf)
for 24hr. The NO production was analyzed by ELISA reader. The results were expressed as
mean + S.D. from three independent experiments. Statistically significant value compared with

control group by unpaired student's t-test, (**p<0.01, ***p<0.001).
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2. 9435 Alol X712l (Cytokine) AJA =

a. Interleukin-6 (IL-6)
e FEes 1 opgml, 10 pgg/me, 100 pgg/ml w2 IL-6 s 43 A3

LPS¥h-& A28 iz 100.0+1.0%2 vetdle v 58 FE522 1 pg/ml & 50X
9

pg/mb &=k 100 pg/me F =4 dzol ®s) o4 A A H tH(Figure 6).
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2 100-
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Figure 6. Effect of Akebia Quinata extract on IL-6 production in RAW 264.7 cells. Each cell
was treated with 1, 10 and 100 (xg/mf) of Akebia Quinata extract and LPS (1 pg/mP) for 24hr.
The IL-6 production was analyzed by ELISA reader. The results were expressed as mean =+
S.D. from three independent experiments. Statistically significant value compared with control

group by unpaired student's t-test, (**p<0.01, ***p<0.001).
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b. Tumor necrosis factor-a (TNF-q)

5% FE2ES 1 pg/ml, 10 gg/ml, 100 pg/ml F5=2 TNF-a BH#ES B4 A,
LPS¥h-& A28 tiaas 100.0+1.0%2 Wetdle v 58 FE522 1 p/ml & 50X
94.4+3.7%, 10 pg/ml H=oX 90.2£3.3%, 100 pg/ml F oA 86.6+2.1%% el 100
pg/ml =l A zel el o4 UA AaA FH Hh(Figure 7).

120 -
S
€ 100 -
[a]
[&]
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ﬁ 80 -
&
= 60 -
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=3
B
s 40
g
5 20
|_
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Normal Control

Concentration(ug/mg)

Figure 7. Effect of Akebia Quinata extract on TNF-a production in RAW 264.7 cells. Each
cell was treated with 1, 10 and 100 (ug/mf) of Akebia Quinata extract and LPS (1 pg/ml) for
24hr. The TNF-a production was analyzed by ELISA reader. The results were expressed as

mean + S.D. from three independent experiments. Statistically significant value compared

with control group by unpaired student's t-test, (**p<0.01).
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D. &

AQ sEA Y

i

1. COX-2 QA ZF

55 FEEL 200 ngked 400 mgkgl® F@AEY 3 297 HAYEH Fog A3,
COX-2 A4de =#dHddwrs fugd xS 100.0+4.0%= VebfSES o 535
£ 200 mgkg Fo] 1ES 83.1+7.8%, 400 mg/kg Fo] LELS 77.146.6%F LIERL,
AQ Fof T1FE dixae vl COX-2 ;e 94 UA FHAAIZ th(Figure 8).

140 -

T 120 |

5

5

S 100 - %

[+] EE 33

£ .

E 80
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3 a0

ol

§ 20

0 ; - T T g T 3 T ; - 1

200 400

Normal Control Extract of AQ

Figure 8. Effects of Akebia Quinata extract on cyclooxygenase-2 level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Statistically significant value compared with control group by unpaired student's t-test, (**p<0.01,
**%p<(0.001). Normal, Normal SD-rat group; Control, MIA (60 mg/mf)-induced osteoarthritis group;
Extract of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg;
Extract of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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2. MMP-2 A A &

5% $EE52 200 mgke?t 400 mgkgo® E@EY H% 25 AFEH Fod 4,
MMP-2 AL 2@ ddwe e dxag 100.0£54%=2 YUl o 55 5
o IS 71.4+£8.6%, 400 mg/kg T LS 76.8+7.7%=E vrER
%

oo HE] MMP-2 A2 1974 A FHaA #H tH(Figure 9).
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Figure 9. Effects of Akebia Quinata extract on matrix metalloproteinase-2 level in serum of
monosodium iodoacetate-induced osteoarthritis rats. The results were expressed as mean = S.D. from
7 osteoarthritis rats. Statistically significant value compared with control group by unpaired student's
t-test, (**p<0.01). Normal, Normal SD-rat group; Control, MIA (60 mg/mé)-induced osteoarthritis group;
Extract of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg;
Extract of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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3. MMP-9 A A F

2
=

o

FEEE 200 mgkedt 400 mgkgl® A I 25 ANEH Rl A,
MP-9 A& =@Hdgdwe fFud g 100.0+45%2 GeR|le o 5%
8 200 mgkg Fol 1H2 69.8+5.5%, 400 mgkg Fo] 1HS 70.6£5.9%F e,
Q ol T wixel wel MMP-9 BA& o)A Sl #2Al 3 th(Figure 10).
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Figure 10. Effects of Akebia Quinata extract on matrix metalloproteinase-9 level in serum of
monosodium iodoacetate-induced osteoarthritis rats. The results were expressed as mean = S.D. from
7 osteoarthritis rats. Statistically significant value compared with control group by unpaired student's
t-test, (***p<0.001). Normal, Normal SD-rat group; Control, MIA (60 mg/mé)-induced osteoarthritis
group; Extract of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract
200 mg; Extract of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract
400 mg.
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4. TIMP-1 A A

58 FE=8 200 ngke¥ 400 mgkgo® WA A 25 AN E FoAT A,

TIMP-1 A& AT {3 dxs 100.0£94%= JERNE o =%

225 200 mekg T 1EL 78.5+10.2%, 400 mg/kg Fo] 1ELS 85.3+5.5%% e,
AQ Fol 1EE izt s TIMP-1 BAEL o4 Al 74X # cHFigure 11).
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3
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[ 5%
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.—
0 4 | i - £ = : : | i
200 400

Normal Control Extract of AQ

Figure 11. Effects of Akebia Quinata extract on TIMP-1 level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Statistically significant value compared with control group by unpaired student's t-test, (**p<0.01).
Normal, Normal SD-rat group; Control, MIA (60 mg/mf)-induced osteoarthritis group; Extract of AQ
200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg; Extract of AQ
400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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5. CTXII AA#F

2% FE=8 200 mg/kgd 400 mg/kgl® =#HEQG 4 25 AFH TG A,
CTXO AAHL FAAGS $233 xS 100.0£7.2%= JeEfdS o 2%
B 200 mg’kg Fo] IEL 75.249.9%, 400 mgkg Fol 1FL 59.4494%F e,
AQ Fof 1Fe & HlE CTXO B S F94 A A H ch(Figure 12).

120 4

100 -
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0 - = 3 T = 3 T 2 T 2
200 400
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CTXII level in serum(% of control]

Figure 12. Effects of Akebia Quinata extract on C-Terminal Telopeptides of Type II Collagen
level in serum of monosodium iodoacetate-induced osteoarthritis rats. The results were expressed as
mean + S.D. from 7 osteoarthritis rats. Statistically significant value compared with control group
by unpaired student's t-test, (**p<0.01, ***p<0.001). Normal, Normal SD-rat group; Control, MIA
(60 mg/mb)-induced osteoarthritis group; Extract of AQ 200, MIA (60 mg/m{)-induced osteoarthritis
group + Akebia Quinata extract 200 mg; Extract of AQ 400, MIA (60 mg/mf)-induced osteoarthritis
group + Akebia Quinata extract 400 mg.
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6. COMP A A] %F
5% $E52 200 mg/kgd} 400 mg/kgl® THAEY HE 25 AFE FoII A,
COMP AL ZHHdETE F23 gxa& 100.0+7.0%=2 eSS of =&
E 200 mglkg Fo] T1EL 64.8+5.0%, 400 mglkg Fo] T1EL 43.2+6.8%=F EN,
AQ Fo] TIFL& FTol 1 COMP AL 24 Al 7417 chFigure 13).

160
140 -
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Figure 13. Effects of Akebia Quinata extract on COMP level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Statistically significant value compared with control group by unpaired student's t-test,
(***p<0.001). Normal, Normal SD-rat group; Control, MIA (60 mg/mf)-induced osteoarthritis group;
Extract of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg;
Extract of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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7. LTBy AAF

55 FEEL 200 ngked 400 mgkgl® F@AEY 3 297 HAYEH Fog A3,
LTB; A2 Z#HAANE F2e dx2aS 100.0£10.9%=2 eSS o 55
F2E 200 mg/kg Fol 1R 82.7+10.5%, 400 mglkg Fo] 1L 855+11.4%=
e, AQ Fol IF2 tixared HlE LTBy A4dE o748 A ZHaA ZH vh(Figure
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Figure 14. Effects of Akebia Quinata extract on LTB4 level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Statistically significant value compared with control group by unpaired student's t-test, (*p<0.05).
Normal, Normal SD-rat group; Control, MIA (60 mg/mf)-induced osteoarthritis group; Extract of AQ
200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg; Extract of AQ
400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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Figure 15. Effects of Akebia Quinata extract on CRP level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Normal, Normal SD-rat group; Control, MIA (60 mg/m{)-induced osteoarthritis group; Extract
of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg; Extract
of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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Figure 16. Effects of Akebia Quinata extract on calcitonin level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Statistically significant value compared with control group by unpaired student's t-test, (*p<0.05,
**%p<0.001). Normal, Normal SD-rat group; Control, MIA (60 mg/mf)-induced osteoarthritis group;
Extract of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg;
Extract of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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Figure 17. Effects of Akebia Quinata extract on aggrecan level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Normal, Normal SD-rat group; Control, MIA (60 mg/m{)-induced osteoarthritis group; Extract
of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg; Extract
of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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Figure 18. Effects of Akebia Quinata extract on glycosaminoglycan level in serum of monosodium
iodoacetate-induced osteoarthritis rats. The results were expressed as mean + S.D. from 7 osteoarthritis
rats. Statistically significant value compared with control group by unpaired student's t-test,
(***p<0.001). Normal, Normal SD-rat group; Control, MIA (60 mg/mf)-induced osteoarthritis group;
Extract of AQ 200, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 200 mg;
Extract of AQ 400, MIA (60 mg/mf)-induced osteoarthritis group + Akebia Quinata extract 400 mg.
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Figure 19. Effects of Akebia Quinata extract on imaging of cartilage degeneration using micro
CT in joint of monosodium iodoacetate-induced osteoarthritis rats. Normal, Normal SD-rat group;
Control, MIA (60 mg/m{)-induced osteoarthritis group; Extract of AQ 200, MIA (60 mg/ml)-induced
osteoarthritis group + Akebia Quinata extract 200 mg; Extract of AQ 400, MIA (60 mg/m{)-induced

osteoarthritis group + Akebia Quinata extract 400 mg.

_36_

Collection @ chosun



13. A AA

=1

S 200 mg/ked} 400 mg/kgo.® FHA

e FEES o 25 ARE Fod A,
xzTe dEE 43 Aole d=(Ed FEANO] Bol e Ao #AFHNOY AQ
Fol 52 duidezs dEo] BHEH Sgol FAAAA. £, AQ Fol IFS
zael HE dE FHe ZEHleIHte IAHEMEFE)l Bel Hol Ueol
g1 = A tH(Figure 20).

Normal Control Extract of AQ 200 Extract of AQ 400

VA o - ; TS -
-

" |

Ly

Fig. 20. Effects of Akebia Quinata extract on joint pathology(Safranin-O staining) from joint of
monosodium iodoacetate-induced osteoarthritis rats. Normal, Normal SD-rat group; Control, MIA (60
mg/ml)-induced osteoarthritis group; Extract of AQ 200, MIA (60 mg/ml)-induced osteoarthritis group
+ Akebia Quinata extract 200 mg; Extract of AQ 400, MIA (60 mg/m{)-induced osteoarthritis group

+ Akebia Quinata extract 400 mg.
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S HAZ3TA inviro AFE EI B4 AA 2 s gHEE asS
BT invivo AWS T Thka AEY A4S S P P A, 2HTA
e B3 e A e g ARS did

Z ZY¥E FFo] 280.7+1.7 mggE UEGoH, F
101.340.5 mg/g. & vtebsTH

< DPPH ¥ ABTS UL AATo T gEHo=

=5
Skt on, gz Hls] ROS A4S 10, 100 (pg/ml) H=olA o4 A

L EE FEES ORI vE] NO 2 IL-6 S 10, 100 (ug/mb) & %ol A

4. 5
Frold A FAAFH o™, TNF-a 42 100 pg/ml =04 F94 U
7

5. 5% FEEY 200, 400 (mg/kg) AT Fo ¥ diExTol HE COX-2,
MMP-2, MMP-9, TIMP-1, CTXII, COMP, LTB4 AA2 S04 A
ZarZd o, CRP F=A & Zol7F b= 2kttt

6. & F==2 200, 400 (mg/kg) 4T Fo 1F-S ETo HlE calcitonin,
glycosaminoglycan A3 Fol4d UA S7HAFH oY, aggrecan A zfol 7}t
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