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Stolste] FHAY F7lkd WE A NILE self-careE AR} AATTEHF
T8t AHHo = FIIE

- 9%(Amaranthacea)& AR =9 A, B, T s} o] Ao Fx3}
© HIEHo &3t 55 (Anchyranthes japonica Nakai)e] HElE YA+ Zo = nif
7} &9 F53 o] FFEA FEo SHUTA st £4% o] 4.

- €Y Bt 23 Agte] ym Zo] glu b Al 283 RN E e
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st T4E BHFeta 715 & oA e a AUiE E 53 €9 ogAE
o7 o|lxAE, T4, #EY Tl &% Av AeE dHA Ao, FaHRocEE
AFEd, 20-Hydroxyecdysone, 2 #|ohEg 2] IAlolE, 414 T o082 FAH Q&

O BA B HadH7|&s EU3F HEAFEFEE A 34 ML

- BEVeS ALFToEN HAEENEH FEAE SU 2 F= & FHE =21T
T e, e F FPE= b B3l Y3 dAEe EAGte AFEHES B
st A ol &EFo| FXH FEHAEEY 3FEo] & FoE HuHT &
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aA Ad 7l d&3F FsA I

O XY 7pt H7+E Fd H7* =& “Effect of Fermented Achyranthes japonica(Miq) Nakai
Extract an Ostecarthritis” (Korean J. Food Sci. Techndl, vol49(1), 2017, 1-6)°14] E&-£&
FEEFY JHFT Y 9 HHAY N AL YFIES
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Asle BEFEE IS BFEIS, 7S AYdT 2
B 2 ¥EF 4 AFYtE B3 BEE A7 N E%E A EAFELE
FHoEN B MELES FHESY HAF #AEDT A VIS dFEa dAAVE
AF AF 383E HF Fx= 3

(e
o
i)
ol
o
il
e
e e of



u aTNEe 284
(1) AA-2HH 28
@) 7-]71—7].‘:/\]% /\]xoLg]

Al

o) ARV EHE A 2
3 1 o

A A3, 20154
2, < 595t

=

A
= 1

e Al

- ATV AEF] TFE = A A FRE 20153 71 AAA oF 43479 &
HZ2 FAHY HT 5d G AL AHTF 79%2 AFES B,

- AAINES] Ao gt FAlo] AEHHEA FFHE AL FESE S FI
202039l = 6,394 28 HFEE AAET, 53] A7 FAAES 1,696 28 R
o o]F Ao E FAHH.

[, A5 AAFEND AR (B9 WES d2d, AZE %) ARZH: 2 FA]

B 2009 | 2010 | 2011 | 2012 | 2013e | 2014e | 2015e | 2020e

A7 e 803 846 902 961 1,034 | 1,100 | 1,179 | 1,677

" AR E 48 5.4 6.5 7.0 7.6 6.4 7.1 7.3

Natural food e 782 838 915 1,10 | 1,116 | 1,231 | 1,357 | 2,255

atural 100€ 935 | 38 72 92 | 103 | 105 | 104 | 102 | 98

o 24 285 310 339 374 441 452 496 767

N&OPC&HH ARNE 5.2 8.7 9.4 10.3 9.9 9.8 9.7 8.7

Lo | =Y 964 1,009 | 1,061 | 1,119 | 1,180 | 1,247 | 1,315 | 1,696

A& 23 47 5.1 55 55 5.7 55 5.2

. uj=H | 2834 | 3,004 | 3217 | 3,464 | 3,741 | 4,029 | 4347 | 6,394

A5 3.7 6.0 7.1 7.7 8.0 7.7 7.9 7.8
*2013d~2020d & B HAAELS FAHA

O AA7IAEF FUIF
- A7 EAE YL 2012 o] AEHoE A gHo] FUFSERA 2015 V)
OF 49447 o] AAES 7R FUYEE0] dFH= 7ITAH 95E gU4 AA
FHZ AT A, d5FY o=dts 7l 95 79 FEE vE F US
o= 7gE.

[3. 1737154 F F983(2010-20159) (291: 7, €, 2 D)) A5ESH: 2 A
2w = A
- A% =2 =

2010 6,555 6,918 225,667
2011 8,017 8,495 329,041
2012 7,423 8,603 315,033
2013 7,945 9,378 352,745
2014 8,520 8,755 418,565
2015 10,113 9,555 440,636
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WESSFEEYEY VAR Y )54 AEE EF WAL )54 A= A
78 gl
FHAd 34 98 ARAR] Bty TAH AR HEH} hed WAAE oy
o2 ggIA-A in vitro 4 23YH S IS, 71 G E Hols HE LA bF
St HEE ey, E3EA T ¢43 FEHAAE 3F ARSI formualtion A4 2 7
s 453 gEo EFESY Ad=%Z primary culture & =34 d S48 FAA S
W, o2 Hgom YN 5T AP Al gERAY v dFHT AE At
QA YA ABE Amstn BY A7 21 AALA Aok U AWALE FAeke
zHog $4aty hHY BA A7 2H ARNSAES AFsSuA T,
2. AF5Y We 2 A3
7l Az BE:S (FHRV)HE: ol 2A 0] Hlol LAE(F))
1) EEFSFESESE Ax 2538
(h LESEFERYE BYaA TR FRAY Y 2322
O dEaEFTE LETE AEAX
ERE TP 55 FATE A% WEo] LEAZ HESE AF AR
TE | HE | ofolH ME 2384 27
1 H A & daA
2 Hd & "3aF
g 9-&
3
Lactobacillus acidophilus
A 15 e& collagen type [ &Ad =13
& Lactobacillus casel a4
. g s g &
Lactobacillus fermentum
5 dg59E FHHAA(FYE) SN BF
Lactobacillus plantarum Tz
7 U5 9<% Yeast
— & WFAF AE, AHtH oz JF/dA-AA AN FLE B
L. plantarum 752 A7
@ #4d A B3 &AA) 32 A D AE A=
B TR AY D 6] ¥ 22T Az
T8 | 4% oj-o] €l AEH 2384 243
1 A9 7h5) 7IA Q.7 Oéuﬂoé—’?—ir%‘v‘i“%
B3 9 o ] ZMA 7 ) Al T0% T FEE
1 2
3 24 FALFFEEY 2 dHAAESE) 84
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ANETY=F 20 ul
S 1.0 ml/min
489 2= 35C
A1 ZF(min) A: water B: Acetonitrile

0 85 15
8 85 15

ol s A 15 70 30
30 70 30
35 85 15
40 85 15

O % (Decursin)
- FENY FEEY 01gs A TSt wEE 50mlel sonicationdt] F=
- HPLC B4 =7
35 =3
detector UV or PDA
o+ 330 nm
A Capcell pak C18 (250mm x 4.6mm, 5pm)
AR s 20 pl
& 1.5 ml/min
44 2% 35T
o] x4 = Water:Acetonitrile=52:48 (30min)

- FENH: FEEY 05ge AEFet 75%0 TS 50mlol &8st =
- HPLC &4 =3
5 zA
detector UV or PDA
w7 230 nm
a9 Capcell pak C18 (250mm x 4.6mm, 5pm)
NETFATF 20 pl
T4 1.0 ml/min
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A= 20 100 31.25 100%
= 300 39.96 12.38 130%
of 2} 330 39.7 7.25 75.6%
T5 19 39.7 9.2 T4%
Az 8 39.7 9.2 T4%
= FEAA AxZTFEo] At AR YU Al Ao 2% ¥4 FES
G FA7E =, Ad—s=-1x dANAM A EFEY] losst Gl A
o7 B9
= FYA glo] Ax7t 7hsst, FEEFEY Ax A GAFE=C] FFA
A4S T F IS
o F%
Rt F5%Fke) &%) 3% (mg/g) A Z58&(%)
A= 20 100 5.63 100%
= 280 9.9 30.91 54.3%
o] 7} 247 9.9 30.91 54.3%
5 4.74 8.8 28.61 48.7%
Az 1.7 8.8 -

= F= A] pinoresinol diglucoside® A ZEFEL 54.3%9 o9, 58L& 9.9%%
Uehd. 54 Fiol7] e & F AFE Al 5T 5 Je FiEo fle

Q) LESSEZERE JH/1EE ZTEAZAT ¢85 (AT

SEEAZRIWHE: 19970311175245
SFEAZRTY: 2018 08€Y 07Y



. AR 24 (8713 S0 st a)
(1) FEAHE AKHE 14 FEWY (sample preparation method) 3 2 s}
hH BFd SA8ES wWe EEY aRFHA FEFE fEA =, #lEE, isopropanol,
acetonitrile,chloroform 9 t% &1 X449 H2ZEE 53 7 a3F<Q F=
& =4 (extraction solvent system)= HE. A¥H S & extraction efficiency 2}
toxicityE 1L# 3} isopropanol:MeOH:H,O (3:3:2 viviv)e| A48 & 7] Z
extraction solvent® FZZAX 3.

(%) =3 Folch method®} MTBEE &3 /ol WE fractionation R ©] extraction
efficiencyol FA4ZQ FFL v Aoz #Acksle], LC-MS analysisE 9|3 B¢
A FEu o Z 3k
I l: MeOH: D.W. (3:3:2
Q' Isopropano & ( ) O MTBE(methyl tert-butyl ether)
5mg sample + 750 p? solution
(Isopropanol : MeOH : DW. =3:3:2) 5 mg Sample + 2.25 m¢ Methanol
4 (vortexing 10 sec)
Vortexing 5 sec 1
i Adding 7.5 m¢ MTBE
Sonicating 5 min i
1 Adding 1.875 m@ D.W.
Centrifuging at 7000 rpm, 5 min, 4 °C I
i mixing the solution and leave 30 min
Collecting supernatant (Upper phase is lipid phase)

@ HIEA Z29dYS T3 TENE FY 712HAREE HolE FFGCMS)

vy
Z
1w (|2 g g g
2 |[|E g = =
i = = a o}
M Ne g o @
@ = o ™ =
- 2 c =
flells 3
- A= < = - =y
m ‘_‘_:‘ W o =1 4]
%‘ N £ ® 2 P'
1 , E ) £ ' @ |
i\ =
| | | | \ T T
(s) 560 570 580 590 600 610
jex 487949 501368 514788 528208 541628 555048
—STD e— 0 RIT)

232%0.2 231

b FL& dAHALES AFEHA 2] = S H3 F=A13 W (derivatization
method) g4

- 72 e FizdAEY e Tx2E ESel =3 48 ffste] Aed
gas—chromatography coupled time-of-flight MS/gll 4] =& sensitivitys #2I517] 913}
A e A8 ol M TR =l A8 U= MSTFAS 8454

2|87 (silylation) & A}~ carbonyl group®] oxime +5431E Fal U9 recyclization
< WA3HaL, decarboxylation .= AJ3H 3}9F=2] carbonyl group protections ¢}t
methoxiamines pyridine 8uljoll &3|A1A AH8-3l%5. 343815 reaction volume} reaction



time ¥ F SulAl2EIZke] H]&-S HYT (Ist derivatization: 5ul for 90 min, 2™

derivatization: 45ul for 60 min).

(W 7IAZ=2et2ady 717120 HAHS (Y A%, JAH 25, 8 &5 T2 IHR)

- 712U AbE e F B4R R, AdA, el st AlaH &80 e
Sr3slr] golg ZAA=EvtEI YT 2R (gas- chromatographical separation)®]
TERYEA ] HAHE 915t 0.25 um 95% dimethyl 5% diphenyl polysiloxane
film= &% 30 m, 0.25 mm i.d. Rtx-55il MS column< Ab&stRom, 7421

gas chromatography®] parameterg 34 3}3}% =

AFEY 717123 FY (28&E, AZF2WAZA, collision energy3 2 3}

5
- AFEA Y F AI2HCRE ARREHIL Y= time-of-flight (TOF) A &F&A Al2~®l (mass

4

spectrometer)®] parameterization= 53l microalgae®] THALA EA o HHsE G4
gom, Al parameter= ot o] T HAEH Q3. AE S0
high-throughput¥ sensitivity®| # 2] 7<% 5=+= 17 scans/sec, acquisition delay+
350 sec, detector voltage 1750~1800, ion source temperature 250 C5%| 8

parameter®] 238} ¢S WA,

B) LA AHAMIE =29 UFE AT LC-MS E4E HH 3]

- ol entA MaEs 98 AEE F2 FAEAC] dEH o StERE, raw datad]
data processE &% FBFH HY metabolic feature A ALE7} w9 F4.

- 53] mass spectrume 7|RFOE 3} peak detection®} peak alignment process
m/z window, RT window % tolerances 2] Wl o3 thFst 23 s 714,

- T3t peak deconvolution, missing value imputation process®l| 93l Z} 7|EH A=
o £A]3F= metabolic feature *F& B n3te] FoJdS TR,

- o] $%J3ll SEIVEEE ©| &3 HolE ZZ M2 parameters .

- MZmine2E ©]| &3 HolfH Z2ZAM2E nAHF.

(1) Raw data processg A 3}3+ A}
[3] Raw data process # %3}



TE a4
Mass scan range (m/z) 100-1,000
Start (min) 2
RT
Stop (min) 20
Frame time width (min) 25
m/z width (ppm) 2,000

m/z max, 10min A2 % 3}

max-mindF Fk

Maximum number of frames

Peak intensity Negative ionization mode 4,000

threshold

Positive ionization mode 200,000

(4) C18 columns ©]&3% HIFAEZSY LCMS 45 AASIASH, total ion
chromatogram % extracted ion chromatogram< &3l data quality$} A A3
el

N
T h I i A "
T\ TR TR AR SR R, T . L ¢ T T, T T B

Ui v AcQUiTEtan Thne £min b

- Molecular feature finding % molecular formular matching< &3}, ¢F 172749
putative metabolic featureE AE3om, RIEAF S Fsto AFZES &<l
(%CV 15%)

@ TEAE 7ZUAEZ JAERE FHE F AEEZ 7138 (GC TOF-MS)

b &t S4e g 229 a3FHA FE& A extraction efficiency 9}
toxicity & 1183} isopropanol : MeOH : H20 (3:3:2 viviv)e] 48wl & 7] &
2 extraction methodE AH&-3t.

(th 78 dAtrt=e] AFEAA 2 Fadde r=
F2d RteT FIRUAMEY S9tE F2E PEsketal By 24S flst ARE
gas-chromatography coupled time-of-flight MS’doll 48] && sensitivity & 218171 8k
EAE e ARRSElE. o5 7MY TRt stekEol A8 4 A= MSTFAE 454 A
3] (silylation) 2 AF-&-. carbonyl group®] oxime FEA3E Fote] LT recyclizations
WASkAL,  decarboxylation®.2  AHAE  3¢E9 carbonyl group protections 5k
methoxiamines pyridine &m0l 8314 AH&-&F=. 228+ reaction volume¥} reaction
time % T |UA2EIZEY H]E&ES ARES (Ist derivatization: 5ul for 90 min, 2nd
derivatization: 45ul for 60 min).
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metabolite list.

metabolite®] z}o]& F<l3. (Fold changevw FA8F%/

Metabolite P-value Fold change
____________ ethanol phosphate | <0001 | 25941 |
________________ gluconic acid | <0001 | 14237 |
e malic acid <0001 ... 11.584 |
v i7monopalmitin | <0.001 .. 0.098 |
___________________ oleic acid | 0015 | 4974 |
___________________ isoleucine | <0001 | 3800 |
_____________________ alanine | 0011 | 2384
________________ glyceric acid | 0001 | 2284
___________________ cellobiose | 0003 | ..2191 |
______________________ lysime ... 0032 | 2151 |
_________________ fumaric acid | 0002 | 2064
______________________ valine | .. 0008 | 1880 |
__________________ oxalic acd | 0002 | 1872
_...Inositol-4-monophosphate | | 0005 . |...1803 |
.. butyrolactam | 0019 .17 |
_____________________ glucose . |....0001 | . L1767 |
oo balmitic acid 0.004 ... 1.730 |
__________________ oxoproline | 00lz | 1715 |
_____ allantoic acid (dehydrated) | 0043 | 1671
___________________ galactinol | 0016 | 1573
______________ isothreonic acid | 0008 | 1564
________________ phenylalanine | 0011 | 1558 |
__________________ tryptophan | 0015 | 1535 |
. Stearic acid | 0019 . |....1202 |
____________________ tyrosine . |....0003 | 1480
_________________ tartaric acid | 0041 | 1465
______________________ serine .00z | 1412 |
eo....@spartate | 001z . |...1334 |
________________ ethanolamine | 0037 | 1285 |
w........bmchlorohexanol | | 0019 | . 0913 |
_______ 3-hydroxypropionic acid | 0032 | 0833 |
____________ 2-hydroxypyridine | 0028 | 0803 |
____________________ xylulose [....0029 | ..0674 |
_______________ pyrophosphate |~ 0.004 | 0634 |
_______________ hydroxylamine |~ 0.007 | 0507 |
_________ 2,3-dihydroxypyridine | < 0.001 | 0507 |
_____________________ guanine | 0013 | 0502 |
o 8lycolic @acid <0001 ... 0.410 |
___________________ erythrose ~|....0011 | 0381
e ractl 0.004 ... 0.355 ..
woosuccinic acid 0002 . 0.343 |
o thymine 0005 . |l.. 0312 |
___________________ erythritol | ...<0.001 | 0230 |
lyxitol < 0.001 0.063

-2

O_




() FEFSE(EFTEYE, FEFFTH)H Ta s 1Y YA metabolite
1EE 53 foldoz F7), Z4aH primary metabolite 2.
. Fold
Metabolite p-value
change
__________________ cellobiose | <0001 | 28490
___________ 3-hydroxypyridine | 0001 | 4656
________________ pyruvic acid | 0041 | 3284
________ 2,3-dihydroxypyridine | 0001 | 2758
.......fructose-6-phosphate | <0.001 1. ... 2.279 .
... glutamate ] 0011 . |l.. 2.251 .
___________________ xanthine | 0013 | 2198
o hydroxylamine | 0.008 . |....1665
____________________ thymine | ..0027 | 1656
_________ 2-deoxytetronic acid |~ <0.001 | 1622
_____________________ xylose . .......0001 1 1480
o threonic acid | 0002 . |...1298
________________ myo-inositol | 0026 | 0812
_____________________ xylitol 1.....0006 | ...0753
_________________ stearic acid | 0027 | 0722
_____ glycerol-alpha-phosphate | 0012 | 0662
______ allantoicacid(dehydrated) | 0039 | 0616
___________________ trehalose | ..0011 | 0611
___________________ threonine | 0007 1 0598
____________________ glucose 10019 1 0576
___________________ aspartate | 0000 | 0531
_____________ 6-chlorohexanol |~ <0.00L | 0516
e fryptophan | 0.001 . .|l.. 0.485 .
oogalactinol ] 0.001  |.. 0.450
_____________________ serime . 1.....0005 1 0400
_____ inositol-4-monophosphate | ~ 0.001 | 0342
e Blutamine ] <0001 ... 0.195 .
ethanol phosphate 0.044 0.037
(Mh FEFE=H TEFE 1Y YA metabolite
GC TOF-MS &4 & &% € FEFE& Lactobacillus plantarum 5% O]%’S}Oﬁ]
Fermentation<= 3 57} ¥ tHAMHES pathway analysis ©] 83 4 53

g2l¥ Alanine, aspartate and glutamate metabolism, Pentose and glucuronate

interconversions, D-Glutamine and D-glutamate metabolism, Amino sugar and

nucleotide sugar metabolism, Glutathione metabolism©| #2503



Alamne aspartate and glulamaie.

B ) metabollsm
i Bentose and glucuronate |nterconver5|ons
Metabolite list p-value fold change
Cellohiose <D.001 28.400 bl QAIanme metabollsm
3-hydroxypyridine 0.001 4656 .Bmlno 5ugar anwcleotldes ‘
pyruvicacid 0.041 3284 o tabolis ; oline. bolism
2 3-dihydroxypyridine 0.001 2758 g D-Glutamine and D-glut t
fructose-6-phosphate < 0.001 2279 . 2 O O S - membc‘l'sm S
Glutamate 0.011 2251 Lz 8 S liatRone el aboh_r,mF s
xanthine 0.013 2198 ' ; yru metabolism
Hydroxylamine GhiE e : . g @lme@eﬂct\qde} .- B3 6
Thymine D027 1656 ¢ ®: @;:
2-deoxytetronic acid <0.001 1622 T Qb
Xylose 0.001 1.480 i i
threonic acid 0.002 1.298 i [ . Q i Q i i
0.00 0.08 0.10 015 0.20 0.25

Pathway Impact

A AHE frE58 A4S B3 ow® 2P PLS-DA (PLS Discriminant
Analysis) 283 S 53] 5 F=%H(hot water, alcohol)ol] W& LA A=
o] ZolE 1T & o, fermentation F, F2] primary metabolite®] x}©]
7t A9 e model EHE S F3sto] &l g

) Fermentation Before
& Fermentation After

Alcohol extraction
_ I8 Fermentation of October

Fermentation of September

Hot water extracﬁung

R2¥X =0.605, R2Y - 0.99, Q2 - 0.954
15 + -
] 15 1 5 '] 5 m 15

PLS-DA (PLS Discriminant Analysis) model %3-S Loading scatter plot®]
metaboliteS &<215}9 21, discriminant model®l] 7]&d3}+= cellobiose,
6-chlorohexanol, fructose-6-phosphate, glutamine, 2-deoxytetronic acid, aspartate
To2 FE A= model EEFE FAFH



H o0 @ Metabolite
T @ el . i
W 00w @ Group information
& O i b i .
s @ S Lnciom i i e
3 il e o
01 MML---; uric acs i
@9 AT 1 i
' 102 Sbos - il o I TR .
’ P L : ] o B & @y Fermentation After
g0 mﬂ‘ﬁjmw

.| " a - o ™ - R
i @iy MR

Fermentation Beforg, . .. B uinive @ uloa@ony
01 Wi Wi

® gl —
i e @ i o e O
= @
®
5 -
2 0. 1 T} 0.05 L [+ 1 0 i
wefl]

Variable Importance in Projection (VIP) analysis &3l discriminant model 74 &

4] 7]38}l= primary metabolite TOP10 ListE <l.

Metabolite VIP score
oo Cellobiose 1 1749 ...
________________ 6-chlorohexanol . . | 1729
oo fructose-6-phosphate | 1.670 ...
____________________ Glutamine ... | ... 1650
_____________ 2-deoxytetronic acid .. | ... 1644
_____________________ Aspartate | 1539
e Galactinol 1474 .
_______________________ Xylose ... .........|.....1442
......... inositol-4-monophosphate | .. 1442

Tryptophan 1.433

metabolite®} 20-hydroxyecdysone®] F&& 934 wlE-&ES 7t 5 stainless
steal ball®] %2 HX9} high frequency homogenizationg °©]&3% FZWHS 3
Tt tiAbA FEEed £55 =) e AR
- Extraction Method
MeOH 100%,
Sonication 10min with temperature 30C,
Reconstitution solvent, 70% Acetonitrile



(D) & o] HYAAHE LC-MS ZEHIY S AAstE BHe B3 B4

1007 93 92 Time (min)  B(%)
80+ 0 20
] 0.5 20

= °°1 |B Solvent
a0 0.6 a5
4.2 92

20-
4.3 20
%o 20 40  so 8o 100 : 10 20
tirme

- LC-M3 analvsis condition
Column : CSH C18

A selvent : 0.1% formic acid in water

B solvent : 0.1% formic acid in Acetoritrile

(th <€ FE=EH TEFE Y 7980 E S7H metabolite

Metabolite p-value Fold change

__________________ Taurohyocholate ... 1 <0001 | 16200 |
oo LeTyrosine ] <0001 | ... 15580 ...
_________________________ Cortisol .. ...........1.<0001 | ... 4938 |
_____________________ Lactosamine .. | <0001 | . 32% .
________________________ L-Lysine ... ............1..003 | .. .3227 |
_________________ L-prolyl-L-proline .. | 0017 | 2845
_____________________ LysoPC(8:3) . ............1..0019 | . 2166 .
_______________ Phenylglyoxylic acid ... .| <0001 | 2112 |
_________ sn-Glycero-3-phosphocholine | 0039 | 2081 |
____________________ Phenylalanine .. | <0001 | . 198 .
__________________ Isonicotinic acid .| <0001 | 193
_______________________ Isoleucine . ... ... .| <0001 | ... 1750 .
_________________ Aminoadipic acid .| 0002 | 1711 |
1,25-Dihydroxyvitamin D3-26,23-lactone| < 0.001 1.558

_______________ 20-hydroxyecdysone . ... .| <0001 | 1330 .
__________________ 25s-inokosterone | <0001 | 1291
____________________ Corticosterone | <0001 | 1278 |
___________________ Glycine-Betaine .. | <0001 | 1128

Choline 0.046 1.061

Self Organizing Tree Algorithm-< &3

Hels &1 & 4 ey, FE2uUH
o L
As A3

fermentation Z, 2] o]z} thApLk

o] w2}A metabolite®] x}o]7} A2

=i
=
e



Fermentation Fermentation

Hot Water Spirit September Ociober Scale
- T
r ] r T 0 2
I Formentation After

Fermentation Before

5 -DilvdroxyvitaminD3-26 23-lactone

_ S(S-EPODE
2Ss-inokostarcns
Corticosteron=
SOk
L ot Fmoetie
Bhytosphingosine
Tsoleveins

Taurohyocholzs

L ﬁlutamm acid

€ FEE9Y Fermentation #,% HluE T3l 7H4 significant 3}™ impact”t
FH 3k Glycerophospholipid metabolism 9]- Aminoacyl-tRNA biosynthesis”}

## 53l 2 ™, Novobiocin biosynthesis, Phenylalanine, tyrosine and tryptophan

biosynthesis, Z12] 3L Glycine, serine and threonine metabolism pathway®] %
go] F7tE FAHAF

Metabolite p-value  Fold change Glyeer alipid o
Taurohvocholate 5.036E-07 16.200
L-Tyrosine 2022E-04 15.580 ki
Cortisal 6.319E-05 1938
Lactosamine 2363E-08 329
L-Lysine 3.014E-02 3227 5§
L-protylL-protine 1727E02 2845 [ LIRNA biosynth
LysoPC{18:3) 1.803E-02 2166
Phenylglvorvlic acid L221E-06 211 g Novobioein hiosynthesis
sn-Glycero-3-phosphocholine 3.942E02 21081 = 2 77 ‘henylalanine, tyrosine amd trypiophan biosimthesis
Phenylalanine 3.098E-03 1986 A . - = -
) © Glycine. serinejand threonine metabolism
Isonicotinic acid 3.106E-04 1933
Isoleucine 1244E06 L.750 5
Aminoadipic acid 2277E03 1711 Tyrosine metabiolism
1,25 Dihydroxyvitamin D3-2623-lactone  3.236E-07 1338 g Lysine biosynthesis ‘“” aid
20-hydroxyecdysone 3BTEOT 1330 O
. . el
25s-inokosterone 1.060E-05 1291 H =
Corticosterone Li64E-03 1278 (?
i o Batai 3 578E 4 3
lycine-Betaine 2.328E-06 1.128 0.0 .05 010 015
Chaoline 462502 1061

Pathway Impact

oH =z 249 PLS-DA (PLS Discriminant Analysis)
< 53 & FEUH(hot water, spirit)oll WE 2ol= A9 Qe AS <
g 4= ARO M, fermentation A, 2] metabolite?] =}o]E E3 v e
model £EFFS F< & F AAS

PLS-DA (PLS Discriminant Analysis) model ¥#3 < Loading scatter plot$]
metaboliteS 29159 21, discriminant model®l] 7]43}= fermentation Z
metabolite (Drofenine, Lidocaine, Glutamine, Alpha.CEHC, N,N-Dimethylaniline
%), fermentation ¥ metabolite (20-hydroxyecdysone, Phenylglyoxylic acid,

Isoleucine, 25s-inokosterone §) T 3= model Y-S A E



A @ Fermentation Before

@ Fermentation After
104

! Fermentation of October
51 @

Alcohol extraction

o
Hot water extraction
il (5]
Fermentati of Septemb

64
15 T T

-20 -15 -10 -5 [t 5 10 15

1]

A ® @ Metabolite

1 urargic acid O g @ Group information
021 o By L

'I“.;\’IIIIH.'(H‘:”I-( acid

@serine

017

whel2)

-0l
gﬁ)n NI adid
Phytpbsphingosine.MH

0.24

@ Pregnanddiol-3-glucuronide
0.3 T -
-0.2 -0.15 -0.1 -0.05 0 0.05 0.1 015

weel1)

Variable Importance in Projection (VIP) analysis &3 discriminant model 74 8.4~
o] 7]¢33}l= secondary metabolite TOP10 ListE 2<31.

Metabolite TOP10 VIP score
_____________________________ Lactosamine | 1408
_______________________________ Drofenine | ..1391
_______________________________ Lidocaine | . .13%
__________________________ Taurohyocholate | 1380
________ 1,25-Dihydroxyvitamin D3-26,23-lactone | 1378
i Glutamine 1378 ...
_______________________ 20-hydroxyecdysone | 1377 .
____________________________ Alpha CEHC 1369
eeeeeeeeenennnn Phenylglyoxylic acid 1367 ...

Isoleucine 1.365

Variable Importance in Projection (VIP) analysisE &3l4 A8 107} metabolite
T £ FEE9 fermentation §  F7}E metabolite(Lactosamine,
20-hydroxyecdsone, Taurohyocholate, 1,25-Dihydroxyvitamin D3-26,23-lactone)=

Box & whisker plotS &3 &<13}



BEAF s

-00001

Lactosamine

20-hydroxyecdsone

aomoe
aome
00001
nooon

EH

i

I

Fermentation
Before

00007

Taurohyocholate

Fermentation
After

Before

Fermentation Fermentation

After

1,25-Dihydroxyvitamin D3-26,23-lactone
.00

00006
00005
00004
00003
00002

00001

-

Fermentaticn
Before

B3 LC-MS #

AR LC-MS 249 A¢ 2

o], 25s-inokosteroned] =2 A l'é’:i =z

Qom, Z271EAA BHH AAE

Fermentation
ARer

0.05 olstel WA= 217H= yElsten, o F

[¢)
N, Z4¥(down-regulation) WALAIE= 1714 <.

acid(25%), another(25%)% <213

9 Mean
T Mean+SD
I Mean#1.96*5D

FEAEI Fdd AR F7F £4 <
2 FAEAHEQ 20-hydroxyecdysone 2
ol —7::79% gt £40] X

Foll 3k PValue %L°|

7+ (up- regulatlon) thARA = 20
Amino acid(55%),

carboxylic

Metabolite  name P -Value Fold change
D-Arginine < 0.001 9.23
D-Glucosamine < 0.001 5.17
D-Proline < 0.001 4.55
L-Phenylalanine < 0.001 4.24
Acetophenone < 0.001 3.59
Asparagine < 0.001 3.35
Corticosterone < 0.001 2.88
20-hydroxyecdysone < 0.001 2.58
Muramic acid < 0.001 2.57
25s-inokosterone < 0.001 2.52
Phloroglucinol < 0.001 2.48
Nicotinic acid < 0.001 2.44
L-Pyroglutamic acid < 0.001 2.17
Betaine < 0.001 2.12
Leucine < 0.001 2.03
9-octadecadienoic acid < 0.001 1.99
Choline < 0.001 1.90
D-Serine < 0.001 1.87
L-Glutamic acid 0.002 1.71
a-Cyclodextrin < 0.001 1.48
Hexadecanamide 0.021 0.80




BAAsE o, BAY AA bl e FEARS 542 AT

Metabolite name £3

Corticosterone AA A YEF 2 25 7Y 78 I =44 5 s 9
mineralocorticoid aldosterone®] A T-A|, ~E#H A9 AHH 22 AR

D-Glucosamine =WE A5 BE Tl dEliA FaEd REA A

Pyroglutamic  acid A4 9 W R E ARSEM SAdo] vha gi A=5o] gl AW

Nicotinic acid HlER B3 EEle 84 HEW

A A F4-dTA =
_]

= =
library & ©]-&3 A== 544

o AU AT 1 (RIS A uEm)

B3 =34 Y (osteoarthritis, OA)> HH o2 FH Fo dFo] ddHo x4

2 Hd dEol EAH SAR Y F5e st 183 §Y Hd A4S dFS
HA= Ao F sttelty. @A FHPAZAAA it A4 A8 e olH, &
Ale A8E WHetE A4 AHE I5HA G Bl R0l & S AI(NSAIDs)7F A
¢ 29 5 AR EOIIAT, A5 3= obF ehEskA] Xsttk(Schnitzer 5, 2004). Ml
2HEo|E FHFAe AV e A4S FAES dodle AR dHA oA,
=WAEdE BVl Az A AHEE A AE BE g A Fso] Ae HAE
7108 At 718 A de] At AAE Ve 98 AFS T HEY A o
st g ool @ol AEHo o, A #Hd AmA e AAVISHEFEA Ths
A4S BHo gith 53] A ool =ddd SAA A HAL $E(Adyranthes
FasAe et 2 BRI HATHHan 5, 2005). = ol A

s

Japonica Nakai)> HlZH Z2o| & 3
=

9ol 5% 24 ¢
o

ok
=
=
s
=2
i
i)
>
ofo
L)
kl
a7
rr
P
o}
ut
fz

= 7=
1= A (Hong &, 2016). -T2 inokosterone, ecdysone, oleanolic acid, bisdesmoside %
T 92 THHEF dg AE dASGH S 2= FoE dHz fFEAE
< O T3k Atk (Lee 5, 2012)

3T (Angelica gigas)~ A% P FH 22 e FWe aHo|gta HiEo] itk
(Son &, 2009; Son &, 2011). &+ coumarin¥(Lee &, 2002), essential oilF(Chi¢} Kim,
1988), polyacetylenei+(Choi 5, 2000)¢} 22 Ttk FES st o™, coumarin
% decursin ¥ decursinol angelate®} %2 pyranocoumarinfr+ ¢F2|8ta E4 wjZo 4
I FEES WYtHLee T, 2003). 53], decursin®] FAF 2 FIEAHLS FHEHSH 4
T RIEIYTHKIm 5, 2006, Ma 5, 2009).

7% (Eucommia ulmoides)- lignan, iridoid, phenol, steroid, flavonoid ¥ 7]&} 3}%&=

=
2o g3 TR 3 e Ffrole AA=olt. T2 S, dES, LA =T

saponin¥¥ 5, ¢

oft
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Aol dFor e OE AdeEd SFAGEH FEHASA AMEE ) it (Hussain 5,

2016).
A A7E Fote, TEE € FEE°] RAW2647 AZF YA LPSE f=d
NO & a3 E LA As FUsAth E3, Spraque Dawley(SD) rat= ©]-&

i

g ZAEYE AL FEERDAA TNF-q, IL-1B9] =5 &AW, AdZZ2U collagen
AAdde oA 7 = Aoz %zl matrix

B A tH(Kang
H4e et

N
N
P>
>
N
o
u
o
2
wa, T
o
i
r o)
iy
2

A

£ kol
il

fo

o

=

5, 2017). FUHH o, B3 aA) TRF| 49 &4k
W RS FES WESET BPER T4

(1) 2aS<E 2 EFE A=X Y& screening
h BEZWN A= I EAA) 43
O ZEF<o] BHAZUN AX &4 A &S

T AEA Z AME AISE Al Al 2Fo] gFolA
o] 79 LPSE FEIAT AZAEEL F5317] YaiE HOAE & AgS 2
gt Zlo] AT Zo g ATE HONA 243 g MH7AMEZ A T &
o] HAE 9% A
- 11 A3, HOA e sl Zdad AEZYEEC] HEFESFEE Al e 7+
Ao FVHEASS Q. 1 F FF €5 FE=°] 500 ug/mLS A3 7o
FrolAor 7M=& AZAETES HY(p<0.05)
120
E 100
il b
= € £ ¢ & ¢ ¢ ¢ L c c "
E 80 . i cde T c f T = i I : ;
= T
g o f
I
40
< < D D o D D D D D D D D D D o D o
< B o S T S S S S S S P
’]\@ ‘]\@ ‘]\@ -‘\@ x@ "‘b@ (}a@\ (}g@ 0};@ o»b@ G}@ O\a (K\L-\"K@ %@ ,3\\\ W\@ ra"'-@

[H 04 2] 3 MH7AM Zo| A LRELSFESEC AX &4 JA P& 9T

HR)), 77t 8 FE=(HF)), BT € FE=(F(Q), T 74
FEE(T(F), EALT FE2E(J(Q)), 949 4 F=E2(J(F), F5 €+
FEE(F(Q), D 5 FE2E2(5(Q)), 2 T4 F=2(5(F))°] HOA 27t



MH7AA| oA Als2E3 Ao mAl= 93&Fe <l
-1 A, BE 98 FEEY AU AIZAETES FHE ST SS
gl
71 Z Plantarum 500 ug/mL< # &g o] 7 2 AEES EY(p<0.05).

120

bed bed bed  bed bed T

Cell viahility (%)
g
=}

[H0,4 2§t MH7AM E oA EFE A=x A57F AXE &4 A = I

(Y4 €% cytokine ZA
@ #HE-$<E°] TNF-alphatd ol ‘:’]Xlx_ ¥

- Cytokine& Al Z oA FHIHE 84 GAEE EZLANTEZ o) L=
Fadte TEHA FH AR o8 FEFS o W)t vl Fol 1 A&
3= WS cytokineo] #HIE = QAR T Alx
HAA ol oA A F(Pro-inflammatory) cytokine® 2 <A U+ IL-1B, IL-6,
TNF-alphat AZA| X2 9] o]} &g FaFS F+ cytokine Z &elF.
IL-182 AEA| 222 2] o]h2kg-ofl A MMPs( E}‘ﬂ,‘v‘f‘ﬁﬂii)gl TS 75
Stal TGF-B7} ABAEE SHANIIER o= =
A=H 27} L1845 29 o] Hds) 3l

A& A&t RaE. TNF-alphas OZ il::oﬂ/ﬂ IL- 134 H] % &g 5,

m\n f
u
o
i
rr
Jm
o
o
N
et

o

=A<l IAYHAA TNF-alphaE&A 7} ASA L} BT} 22 A oA LA
= Aoz gy, EF o33 TNF-alphats ASHE, FIFAHE 5 AF3HH
IL-6 22 254 AlEZIRIY AAS £33, sddddA A9 F8 AA=R
4 3.

- B AFolA MH7AK1] Zo| H,Ox 83t <= wW(C, control) TNF-alpha mRNA &
o] F7HEH A= &2l AR (2 &) 500 ug/mLe A2 T yeast'T &
< 100 ug/mL% Aed TS AT BE oA controltd HlaLske] fo A
o2 TNF-aZdo] ZAFHASS . =38 HOAE e &4 $E(ET3) 100

ug/mL, FE(8+7%F) 100 ug/mL, Acidopillus 100 ug/mL%} 500 ug/mL, Caseic
100 ug/mL$} 500 ug/mL, Fermentum 500 ug/mL, Plantarum 100 ug/mL<} 500
ug/mL, Yeast 500 ug/mL<= A& TolA= BT (NC normal control)@ Hlal
sko] o] Al Apol 7t 1+ (p<0.05).



[HO.4 2]’k MH7AA| E o A] ¥

Relative mRNA expression of

TNF-alpha
[

0.5

@ BuE
- BEE
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N o
AN ¢
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o =& ¢
BF=E(HF), T €
=E(I(Q) = &

cde

bed abe

cde cde s abe  cge cde

ih cde
de

cde

g 9-&£3Z&E°] TNF-alpha mRNA %3 X 93]

487} TNF-alpha‘%“’] o HAs IF

= 100 ug/mL¥ 500 ug/mL,

Relative mRNA expression of

TNF-alpha

=E

=222 ==X

A

0.5 |

-
T

g FEedd /M d
/k = =
T T =
AT FEE(HQ), &9 F4 F=EE
MH7AA| 3o TNF-alpha mRNA & 9 = 3

(i
~
N

(), 7+ 271

B(HQ), T2 A4 22E(HQ), I47 A+
=(%5(F))°l HO,A 8 &

Fe i-.1’?_]. 7HA 071'41 T F=
o

d
)

29 A5 28

1
=% 100 ug/mL¥% 500 ug/mL, Y4F I F== 500 ug/mL, 037334

500 ug/mLe 23 Toll A HO0,A4 8l 3 MH7AA Zo A F71H4d
TNF-alpha@ & & §oF o2 ZaAASS &(p<0.05).
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efgh

cdefgh

\QQ ‘:Q _\\@ {‘ \ \ -\ -\@“ :
ﬁ@ﬁ@ @‘@’o},@o},@ & ‘3*05@@@ @,ﬁ @/\@ @%@

hgt

a abede
abe abed bedet:

bedefgh e cdefgh pedefg abede
cdefgh defgh

cdefgh

& &

[H0,4 &3 MH7AA A EFE Az YEJ} TNF-alpha mRNA T3 o) mX& F3F

® Taes

- MH7AA| =]

o] IL-1REA mA= YF
o HOx4 283t =

o (C, control) F7+& IL-18 mRNA #Hdo] &

=9 Aol o) fFeodeo= 7”‘301*0*£ Q1. I F L plantarum®.Z
AEE A J(L plantarum 100) = FF313L oo =2 714 IL-18

2l

(p<0.05).
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cd be bed bed T de Ded bed
1k 5 cde def cd def T cd £ - 1

Relative mRNA expression of
IL-1B

%
1

[H:04 8§ MH7AANZ A HE&S-<FEE°] IL-18 mRNA H3 ) vX & F&H]

@ BEFE Ax 9571 1182 v &= IF

- MH7AA 3 HyO,4 8l 3tR & ®(C, control) F7FHe IL-18 mRNA &deo] g7 &
FZE500 ug/mL HEE 3 7L AT ZE AHYTolA FHoz FaHdS
321 (p<0.05).
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Relative mRNA expression of
IL-1p
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[H 0,4 83 MH7AN ZAA EFE A= A87} IL-18 mRNA 23 m &= G

® TESEo| IL-188H] ol mX= IF
- MH7AM 2 HO4 83t & ®(C, control) S7+He IL-1BEYI7F S-S (E %) 500
ug/mL¥} Yeast 100 ug/mL<= AL BEE AHETolA FoHo=E 7
Rl I F L plantarum®.E T &3 < 500 ug/mL &g T
Normal control)¥} &2 Q1 Z}ol& HolA &S HEZ IL-1BEHIE 7HE A
7+ 4(p<0.05).

ab abe
bed def bed bede

IL-1p production (pg/mL)
S oW s th oy -

ol

o



[H,0,4 81 3 MH7AA| XA T ELEFESE0] IL1BEY 9 v = I3

® EIE A=z 457} IL-1BEHI vA= IdF
- MH7AA| Z o Hy0,4 8l5F3 & wl(C, control) 7+ IL-18EHI7F 7HAl o7ty 4
FZE 100 ug/mL AHE g F& A ZE AgTolA FYFoz TAHNA
el I F 37 T FEEEEF)T ST T8 FEE(EGF)= AT 7ol
_]

N
FoF oz 71 we IL1BEHIE U SS 31 (p<0.05).

2~
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o
=1

IL-1p production (pg/mL)
[T T - W |
-
~
o]
(4]

é"’ < D
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\@“ @.@“ @ & .&“ @%n
,\\@ A AN éﬁb @ o 23

& & @
& S & & &
O‘b@ o‘b@ O},@ @ C@ @ @‘ L E

[H 0.4 8] 3 MH7AM X oA BFE Az 987} IL-18EHI9) HR = ¥

(th =AY 53
°] collagen type I @0l wX&= Y&
e T BHS BHostes A9 i 74 AESQ collagen mRNA
LHS SAHFOEN FEFEE0] d AAel FA = FFES . MH7AA 3
HQOZXJE] 3FR =™ (C, control) 74 collagen type I mRNA o3| L cased U&E
$< 100ug/mL¥} 500ug/mLe A 2dk oA FolF oz FIHEHASFS &<
(p<0.05).

S
rio “‘5‘
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r°“
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bed bed bed bed

Collagen typel

Relative mRNA expression of

[H,0.2 2] & MH7AAM Eo| A MELEFEE] collagen type | mRNA &deo) v|X &=
T

@ EFE A= 957} collagen type 1 Tdo) v X&= F3F

- MH7AA 229 H,0,4 813t & ®(C, control) 4% collagen type I mRNA #&
7l
=

[e=]
=
=1

=

e ot

00 ug/mL¥ 500 ug/mL<S AEd oA FoHo= FrHEAFs &<

o]

T F=E 500 ug/mL, F%5 € F== 100 ug/mL¥F 500 ug/mL, &
1



(p<0.05).
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R R S S S ) f & & & F S

g 3 \Q\ {@‘” %@“ %@"’ @\ @\‘" & ?@?’ \@\ @\’ @\ ‘%\‘" r@\ r@?’
A dp- ' o @~ o« o~ o P %

[Hx0.% 8] 8t MH7AA E A B3E A=Z S} collagen type I mRNA =@ o
U)X &= 93

Q) LESESELFEE nvitro 5 B
() Chondrocytes®] M=Z 3] E(AA) A3
O TaES<o] BEAW Ax &4 JA RS

[e)
WEOLRAB] HO,M o] 9T AL £42 AASE Go] A Bl
T AT HO, Mol o8 foHow 7ad AEAZE] BASSEIE Mo
olgle] wEoEH 0T Z/HULS 8(p<0.05).
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a
b
= bec
c
c

| d ' .

40 ‘
NC C PC

5100 5200 5400
Groups

=
g 2

Cell viability (%)
2

>

[H;0,% 8] 3t primary chondrocytedllX] HE-FEEFTEo] AX &4 Ao mA+&

I

(H4) €% cytokine &
O TEFSE]}E] NFxkBS COX-2 TdH mA& IF
- NFkB= HY3 9435 vh§ #H o3 AAY transcription factor®, 9% #H
cytokine?} €% &4 T HAE ZEsie AAE EHA. R AFHES2
o

9
COX-2, TNF-alpha, IL-1B, IL-6 5° €S Alo]E7IQle] #AH Aow U



. 8A43lE NF-«xBE o2 o]H3t] TNF-alphags AAI7|=H ol ZA A
Q TNF-alpha+© ©A| NF-kBE A&Ad3} Al7]=H o] &5 COX2& FAFe=
A AFNSS NESATE Ao2 4 Y. wekA TNF-alphaol Hde
HY 2P AFNGS 2UFE T2 AR A4, T VYA A5
A7 Wl A EZ ol 27 dde dFHE 22 TNF-alpha®t COX-2 &
= =

ATl A= Rat@ =04 Primary cultureE &3 €2 chondrocytesE ©|-&3}
LELEFESEFEC] NFkBS COX-2 mRNA 2@ A& %S B2
1 A3 HO,A4 8]$F primary chondrocyteol| A 2] 8 22 F71¥E NF-kB%}

COX-2 WHo] WESEFEZRYFES Aol o8] Fo)HoT AadALS ol

1 o2l
stlon, & 55 Adsde W M FYH o2 W& NF-xkB2F COX-2 &3
< BAeS &2
olggt A FAPHET(PC, positive control) T} o] & o= o}
BELEFEEFEC] ASUAAE D27 &5 A& F2U(p<0.05).
(a) (b)
E‘ ’ : a ab
?5 15 a ‘E 15 b
o 'En cd
e
qZ: 0.5 EE 0.5
E
0

=]

NC C PC 5100 5200 5400 NC € PC 5100 5200
Groups

5400

[H O,*4 8] & primary chondrocyte®l ] M E$-EFEE3E] NF-kB2 COX-2 mRNA
T "A= I

Q@ LESEFEEFE 934 cytokine(TNF-alpha®} IL-1B)H vX= FF
- H;O,A4 8§t primary chondrocyteol| Al +2]d 22 ZF7}E TNF-alpha%} IL-13
mRNAL O] B S EG=9 Ao 93] Fodoz ZFAHASS 1l
TNF-alpha®] mRNAZ @ ANA = dEFEFSETE sEgEHo=E Tl
HAaER S-S Fol.
L-18 mRNAZF A= TaSEFSHAEY 4 50| 4A4
!

=
(PC, positive control) &5 2|2 Ql 2po]E Ho|A|



be

mRNA expression of TNF-a,

NC C

[H:O,#4 8] & primary chondrocytell 4] &9

=
TET
= 9

bed

PC

s100

Groups

5200 5400

g T

mRNA expression of IL-1[

kil

PC 5100

5200 5400

Groups

ZE¥}E] 9F4 cytokines mRNA

@ FEFEFEEII}E 934 cytokine(TNF-alpha®} IL-1B)&H|d] PIX&= FF
- TNF-alpha®} IL-18 mRNA & A9} vpzt7bA 2 HO,4 2l gk primary

chondrocyteol| A f+o]& o= Z71¥ TNEF- alphaQ} IL-1B #v7} Ha9&F=83
o] Aol o frojdorw FAFYSE 2. TNF-alpha$t L-18 &H EF
FEFEFEAE TEEAA AR FAHOD RIS AU(pe005)
kA HyO 4 2] @ primary chondrocytedll Al @51 &HIE THAAIZ BEa9-<
FEEAEL BHITNS IAANZE = IS HAeZ 7.

(a) (b)
80 90

% 60 ; b be b < % be b

E p S 60 a cd -

& £ a0

4 20 =

g g
! NC C PC S100 5200 5400 ’ NC PC S$100 5200 5400

[HO,*4 2] & primary chondrocytedl Al W& SEFESEEE0]

O dassFEs

Groups

m X &

I

Groups

34 cytokines 8]

#Eo] MMPs(MMP-39} MMP-7) &@ ol "X 4T
ML P B L R

Aol deg By 1 %

- 36

3l & A (proteolytic enzymes)v A=4 9

7H dI3EA Q1 A o] matrix



metalloproteinases(MMPs, =< TH i3l & 4). MMP-3(Stromelysin) & proteoglycan
o] 3ol AAHR] HTe st gHDHEA a0l FEZF W MMP-3 level 9]
AL T As. sFEAEHaELY] S 3
Al (activator) @} & A Al (inhibitor)oll &3] A==, F5THE G4 A
#A3t= A o] TIMPs(tissue inhibitors of metalloproteinases)® TIMPs& ¥4 9]
A=A Z2] chondrocytesll A EH17F . A4A < 71559 chondrocytest= MMPs
¢} inhibitor?l TIMPs7} #&-& ©|F4 dl= 752 s et 450l dolv=
AN MMPs7F B @A oz F7lstA Hol & 2 dE9] 71 7484F
a3 HA H.
- B dFoAE RatA=0A Primary cultureg 3 €2 chondrocytesE ©]-&3}
o] HESEEIEC] MMP-39 MMP-7 mRNA #do] w3 93-S o2 1 4
7} HO,* 8] ¢+ primary chondrocyteoll A f-2& o2 F7tE MMP-3%} MMP-7
mRNA TS #z FANET(PC positive control) ol A= HO0,4 818 +(C,
control)# 222 2|7} YIAAT, ASEFEHAES AT ToAA=
MMP-39} MMP-7 mRNA Z&# & ZaAZ = &2l MMP3T o= TES
SEFEC] FEEHOE WHE TAAF oW, MMP-7 R = HaETE

=5%= 200ug/mLI 400ug/mLA 23 ol A Frof 2 o2 ZHa(p<0.05).
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3= AC 2 collagens, FE5 T ES T4 =2 A (tissue inhibitorsof
metalloprotenases, TIMPs), aggrecans X33l proteoglycan 5°] 3l 35+
HEH o] 3} 2}-g-of &= &l 3l & 4 (metalloproteinase; MMP), nitric oxide(NO),

TNF-alpha, collagenase, aggrecanase 5°| 8. Collagen type I & AIA|ZE4H
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o g8 AFEA AHSES silen AFTe FAHste] HA T Tk A
E 729 Moz griEly 5T R EEENE. ¥ dve A3dsty sEdded s
A3 o] e ol P55, (KHUASP(SE)-17-041)

Table 1. Experimental design animals (n=8/,roup)

Induced . .. . Orally
Groups arthritis Dietary administration administration
Normal - AIN 93G diet
Control + AIN 93G diet
PC + AIN 93G diet MSM 300 mg/kg
R N AR
5100 + AIN 93G diet SorETEEE
100 mg/kg
HgoL== _g_z;,} h=1
5300 + AIN 93G diet SorETEEE
300 mg/ke

(L) HelAz & ARFo
TaseFERgE A u'JrE WAY oY 8 dERS G35 dEs] 98 dEE 7
17945 E HEPESFESEFES HEY L 157¢ HFE 100 mg/kg bw.Z 300 mg/kg
385 AU ZET (Positive control, PO)2E MSM 300 mg/kg bw. ¥EE H|a
AE ss. BEHET(Normal control NC) ¥ MIAZ #HHEES F5F =T (Control)
AIN93GE A g3+

_1

(th MIA FAE 53 #4444 =22
& 2] male SD Rat2 ©| &3t ©o|AZFHE 7R3 TF7|7]E o] &3] ulH A

A+ AR Rate] 75 FHES ARty s3ddE FREdd MIA (Sigma-aldrich

Louis, MO, USA)E 1mL FAE 4%

?5‘}99\% MIA fi]“ Aloll+= saline %—"“Q /\}%3}3’_ k&
o} 2 Qg

@ A8 2 3=
A FE=2 1243 A4 AR 5 uHAA EE] EdsTe
AE A FA7]19F tubedl 10% EDTA solutions &3] &
A7\, A, S A2 O FEE 2A4Pe
("h PGE; ¥ cytokine ¥#H|ZF &3
HHd Y A¥EsES I T e A2 ARG serumeS Do R&D
Systems(Minneapolis, MN, USA)®| Prostaglandin E2 Assay kit ©]839 R&D
Systems®] protocol-& wWetA A S 3152 ™, ELISA reader(Bio-rad, California, USA)
£ °]&3t 655 nmolA FFE=E SA A=



(7h =249 A B7L

FEE FE 457 T sAAZ] SD ratd] IluEle] £#d HLIE 10% formalin

(sigma, USA)el 1d &< IAHAZ F, o]
diagnostics, Georgia, USA)°ll 24413t &<+ &3]% & thA 10% formalinol] 2¥93F 1L
OPOJ] J]'E]rﬂoﬂ Zujg o mAEGT]E 01%3}04 W3l shebdel] 1A g £3%
2ls 7imel A= 7“'3} setol =& A&k AL, Hematoxyline & Eosin (H&E)

2]
% &

= 84 #H &gol=e ZAHAE Olympus IX71 (Olympus, Japan) 383 w]
#&3kal Olympus 6LH100HG (Olympus, Japan) HAE 7tvet2 &9+

= .

(A Real-Time Polymerase Chain Reactionol] ¢|% f3# Ed A
ddd 78 d¥deE IY 5, s=o4 2YT dEAEE 1 mL Trizol (QIAZEN)

o] R#3ste] 200 uL Chloroforme %o 5N S F43t RN

>

%

HAES AXH FAA S A=, 95ColA 1083t hot start gF 95C ol A

];_(
j;_

27h, 55Tl A 15%, 72°Coll Al 3037t 40 cycling ©& PCRE a3 & npxuto
1=

95CollA 152, 60CNA 18, 95T 15%3t polishing stepS #AH PCR
RS-, HEZol] A3 Primers Table 3¢ A| A3 <.

Table 2. Primer set sequence used for Real-Time PCR

o
=

WY HF U BUAZY 3, dFAEY 2HPE RS I3
%

Z1& Calci-Clear Rapid (National

cDNA &4

15
=

q4e Ays

Seiguence Forward Sequence Reverse Sequence

ame

GAPDH TGG CCT CCA AGG AGT AAG AAA C CAG CAA CTG AGG GCC TCT CT

Aggrecan GAA GTG GCG TCC AAA CCA A CGT TCC ATT CAC CCC TCT CA

Collagen Type I GAG CGG AGA GTA CTG GAT CGA CTG ACC TGT CTC CAT GIT GCA

Collagen Type II GCA ACA GCA GGT TCA CGT ACA TCG GTA CTC GAT GAT GGT CIT G
MMP-3 GAG TGT GGA TTC TGC CAT TGA G TTA TGT CAG CCT CTC CTT CAG AGA
MMP-7 ACT CTA GGC CAT GCC TTT GC CCA TCC GTC CAG TAC TCA TCC T
NF-kB GCA CCA AGA CCG AAG CAA TT GAA ACC CCA CAT CCT CTT CCT T
IL-18 GGC TTC GAG ATG AAC AAC AAA AA GTC CAT TGA GGT GGA GAG CTT T
TNF-a ACA AGG CTG CCC CGA CTA T CTC CTG GTA TGA AGT GGC AAA TC
COX2 AGA GAA AGA AAT GGC TGC AGA GTT  AGC AGG GCG GGA TAC AGT

(°h FAA

A3 AF= SPSS 22.0 software(IBM, cambridge, MA, USA)E ©]-&3te] #£43H 2

H, & 54 359 ZAH}E Hif(mean) + FEFH A (standard deviation, SD)Z EA]

Fe. APTE B zxolE one-way ANOVAE 1% & 53] TAZ Fo48<
‘s multiple range testE ©]-&3}o] HF st om 5% ool SAA FHE

Duncan’s

R0] 8} 9]-&(p<0.05).

(®) Ak
(7h AREEY AFHS, Holag R AV|FA mAE IF
AP B ARE FAF F 5RO AFHE, Holag D A7 mXE FFE

5



+ Table 3o UYEFHSI -

MIAE 53 control (C)o] B/dthZEw (normal control, NC)oll BI3ll weight gain®] 9%

2 72893, MSME Fald PCia MESSFZEFE FAF(S100, S300)S Coll 18]
AL Jou FoA Aols YEA] edskE. AolAdAE, Aolas g AVIFAIE

g w3 oAl A7 YEhA] sk Sl

Table 3. Body weight gain, food efficiency ratio, and organ weight of experimental animals for 4

weeks
Induced Arthritis
Measurements NC
C PC S100 S$300

Weight gain (g) 278.40£44.08°  239.36+16.12°  264.16£15.55%  252.29420.14®  272.19+37.12%

Food fg‘}gi‘;?pﬁon 22.67+3.08™ 20.1144.23 22.59+3.45 21.54%3.80 22.66+3.04
FER 34.0245.39™  32.84 + 2.21 3238 + 1.91  32.39 + 2.58  33.27 + 4.54

Liver (g) 2.75+0.30™ 2.59 + 0.13 2.67 + 0.06 262 + 0.16 257 + 0.10
Kidney (g) 0.65+0.06™ 0.67 + 0.04 0.65 + 0.03 0.66 + 0.04 0.63 £ 0.05
Spleen (g) 0.17+0.03" 0.20 + 0.02 0.18 + 0.03 0.18 + 0.02 0.17 + 0.03

Values are presented as means £ SD. Different letters show a significantly
difference at p<0.05 as determined by Duncan’s multiple range test.

D NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented H&E&$EFEEE 100 mg/kg b.w., S300 : AIN93M + MIA injected
+E5FE5%E 300 mg/kg b.w.,

PWeight gain (g/8weeks) = final body weight (g) —initial body weight (g)

YFER (Food efficiency rate) = {weight (g) / food intake (g)} * 100

group supplemented W&

(\h) €4 PGE, 9% 34
PGE= HSHHSolA TNF-a 5ol o3 d3e wol A=z =3H-dY Yy A 34
degradation®l] #3h= QUAFQ). EZE osteophytes FA3st HIFAH A & 44 &
Rk 13121 348 H3 é#@oﬂ% Fol WA= 2
= X 9 4% 23 Figlol Yehiid
S Ce @' PGE, %<& 75"}}EHZ—TL°1] Hloﬂ 31849% Go)F o7 Zylsle] H=o] WAFHY
] S100, S300:-¢]
84 PGE, & Coll vl3) 46,51 %, 23.13%, 42. 19<7 238195, 53], PCE S30072 C
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Fig.1. Inhibitory effects of A -EFE54E on serum PGE2 levels.
Values are presented as means =* SD. Different letters show a significantly

5100
Group

difference at p<0.05 as determined by Duncan’s multiple range test.

NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented H&E&$EFEEE 100 mg/kg b.w., S300 : AIN93M + MIA injected

$-&EFE=59E 300 mg/kg b.w..

group supplemented &}
(th ¥4 pro-inflammatory cytokine (IL-18, IL-6, TNF-a) &%

Cytokines& MEEo)A &H|He T84 AR B4 AsEdd o8 A= cytokines
aaste FEHA FH AE o3 FFFS WL, cytokines 1 WH7I7F wig- Frob 1 ZHg-st
£ 9% cytokines¢] #HIEE QAT MEEZ H3HE. Interleukin(IL)-18, IL-6, tumor necrosis
factor(TNF)-a> chondrocytes®] ©|3}2H8-o] oS F+ cytokinesd. IL-18 A=4/dol HHH
collagen I1$} proteoglycan®] 39S Aaleta HaYHAHEHI chondrocytesoll A& IL-130] 4%
9] chondrocytesE Tt 28] €] IL-1B receptor’} EAI3FH TNF-a+= chondrocytedl] IL-1B% Bl
&S 3

AQ7|7E B¢ AEE Tt & A cytokines(IL-18, IL-6, TNF-o)oll HX= TS S48
A7= Fig2el Yeigls #EYE FE7QY ¥4 1B 52 AEHELINO Hls)
213.66% FoHoE SR, MSM Foli}l PCod RESSFEEIE FoTd S100,

S300-2] ¥ IL-1B 52 Coll vl 247t 946%, 22.19%, 23.79% 7433, 53] S3007-&
CE FoAQl Ato|7h YehdS EIstde. #HE (O 84 IL6 5L AdUzT
(NO)oll wlsl 25283% frold o=z F7bek3lal, MSM Fow)l PCEd LESEFE o

IE
T2 5100, S30072] €A IL-6 2 Coll Hl8l 242}t 73.39%, 27.10%, 43.43% Fol& o=z 7ha
39S BEE FETQY H TNF-a 5 NCZol Hlsl 15383% #F2Foz F7ket9a,
MSM Ea#9l PCtd} BE¢EFEFESE o2l S100, S300:7+2 €4 TNF-a 58 Col
AT

s ZHZ 25.96%, 17.79%, 32.04% S-o]H 08 AT, E3] PCEF S3007-S NCZT H]2
gt FEOE AASE S SRIEHE. olEd AR vFo B o YR SEFESERES] A
7F BEEeRE Q3] S7HE A pro-inflammatory cytokines(IL-18, IL-6, TNF-a)& ZrAaAl7]e
B} S IS A
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Fig.2. Inhibitory effects of Z&E-FEFEEE on serum cytokines(IL-18, IL-6, TNF-a) levels.
Values are presented as means =+ SD. Different letters show a significantly
difference at p<0.05 as determined by Duncan’s multiple range test.

NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented T&9$EFEEIE 100 mg/kg b.w., S300 : AIN93M + MIA injected

group supplemented $E-EFE53HE 300 mg/kg b.w.,
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Fig.3. Coronal and sagittal micro-CT image of hind knee joint in rats treated with or
without MIA. (A) coronal images, (B) sagittal images.

NC : AIN93M, C : AIN93M + MIA injection group, PC @ AIN93M + MIA injected

group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group

supplemented HE$EFEESE 100 mg/kg b.w., S300 : AIN93M + MIA injected

group supplemented ¥E&-EF=535E 300 mg/kg b.w.,

HAQ 93t A= &4 HAEE Hostr] 98] =L %=(BMD), =53 (Bone volume)
¢} & H3I(Total volume)? #H|E(BV/TV) trabecular bone?] <=, trabecular 7|
(thickness), {F4 (separation) A3t S. Micro CTHA1 23} = Fig.4ol eSS
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Fig4. Values of architectural and mineralization paramaeters in Tibia bone in oesteoarthritis
rats.
Values are presented as means =x SD. Different letters show a significantly
difference at p<0.05 as determined by Duncan’s multiple range test.
NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented Wa&S-EFEETE 100 mg/kg b.w., S300 : AIN93M + MIA injected

group supplemented $E-EFE53HE 300 mg/kg b.w.,

=150 & -
sto] A=Azl syl WstE BEsl S, g o g AAAR #EAd = AE
o FHi7F =4 Hetve v fdFo] F2Eo] chondrocyte”t AbdEEE A Al E
7F AA EsAY dHE
Fig. 5o YENAS. AddE=aNO)9 A= TEFE7F el 547 d4gshH
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Fig.5. Histological investigations in knee joints of normal rats and MIA rats.
NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented Ha$-EFEETE 100 mg/kg b.w., S300 : AIN93M + MIA injected

group supplemented WA $-EFE53= 300 mg/kg b.w.,
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collagens, aggrecans 333}l proteoglycan 5°] 3| @=L ©]s}2H&

3l & 4 (metalloproteinase; MMP), nitric oxide(NO), TNF-a, collagenase,



aggrecanase 5 °| 3 %&H.
Collagen type 12 AEAZ B ofyz} Uitz o g A AEA 7 Bol 38}
I = FEjol™ collagen type I+ A=x2 @A 50%F A8t om A
WEZSFIL = collagen T/ T oF 85-90%F AAIstAL U= DHA=E collagen type I
I 118 43 A Aggrecane dE=x2 ] FHE AAsts 2% AAY. Aggrecan
< WEFHOoE AZIAL FA S proteoglycan coreprotein®] sF}EA] aggregation,
hyaluronan binding, cell adhesion¥ chondrocyte apoptosis®l]l sl T2l
Gl, G2 183 G3E FAH Jom F= WA F9 ¥ (compressive load)
2HE AZAEe e 3dS FAMNYE 7ise e AR 4dEA UE.
A7 B¢ AIRE FA9E § Collagen type &I, Aggrecan +37F &

A= Fig6ol WEhH 5. Collagen type I3 Aggrecan®] 37 @dS A3 2
I, J&é%‘ FET Q)] Atz Hsf FoFoz HadAeS FAdsA=. 18
U MSM FofE)l PC3t t&i"ﬁ%—% J FE 72l 5100, S300:-¢ll 4 Collagen type I3}
Aggrecan®| #317 T¥o] HH (O o2 Aol 7F YEhA] 3k
_ 45
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E:E it ah T
225 |
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mRNA expression of Aggrecan
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Fig.6. mRNA expression of Collagen type I & II, and Aggrecan from osteoarthritis rats.
Values are presented as means =+ SD. Different letters show a significantly
difference at p<0.05 as determined by Duncan’s multiple range test.

NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented ¥a$-&E£F=53E 100 mg/kg b.w., S300 : AIN93M + MIA injected

group supplemented $E-$-&EF=53HE 300 mg/kg b.w.,

MMP-3(Stromelysin) proteoglycan®| E| 3}l o}F FQa3 &S st oS53
HaE WA U MMP-39] S7h= A% A3ESSE AR A= AR dHA
=1 =
o

247} 29.54%, 38.01%, 42.87% %+
S100, S300+2 H4H ( )& FoAQl x}OI

PCT3} S300-2 B Qs fol&al o ] 7

R =
AF7F BEY FEE Q8] =713 MMP39F MMP7S ZHAAIZ1S 3els &= Qi%le.



mRNA expression of MMP-3
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Fig.7. mRNA expression of MMP-3 and MMP-7 from oesteoarthritis rats.
Values are presented as means * SD. Different letters show a significantly
difference at p<0.05 as determined by Duncan’s multiple range test.

NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented T&9$EFEEE 100 mg/kg b.w., S300 : AIN93M + MIA injected

group supplemented $E-EFE53HE 300 mg/kg b.w.,

Nuclear transcription factor kB(NF-xB)&= WH ¥} FF wh3o #oAst= o8 FA4
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A7 B9 ARE Eodt & NF-kKB, IL-1B8, TNF-a, COX-2 §d# HdS =H3 Ax=

WY L0 NFKB 2 Hd2 Aduizaol mls) 158.28% S7Fski ot 229l
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Fig.8. mRNA expression of NF-kB, COX-2, TNF-q, and IL-18 from oesteoarthritis rats.
Values are presented as means =* SD. Different letters show a significantly
difference at p<0.05 as determined by Duncan’s multiple range test.

NC : AIN93M, C : AIN93M + MIA injection group, PC : AIN93M + MIA injected
group supplemented MSM 300 mg/kg b.w., S100 : AIN93M + MIA injected group
supplemented T&9$-E£FESEE 100 mg/kg b.w., S300 : AIN93M + MIA injected

group supplemented ¥&E$&EFE53E 300 mg/kg b.w.,
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2 AFod A=, SD ratE ©]83t monosodium iodoacetateMIA)S.E =3 =HAHHA
o & Tass, 39 ¥ FF FEEFESLESEFEETE)Y 5 2 5 M0 &
IE AP AFeAt #Hd & REde o8 55 M &% HUle 95 ¥
2284 dde v o Eg 7Ee AT HT PHI Hus] AR A= = 5 9
o e IBHEYE ] aRE AR AT FSF A5 (Weight Bearing Index) S-S £
Fete], df W A58 AlE7IR EF AA & =AMt #FEe Foto] dELEF
5= HHE 5 d4dFF M 2 FHEE B5e ASEAH

(1) 2438 34

2 dqe s=RSHAA 199149 59 319 HE A43795, RN 2015 1€ 20¢
HE A130235) ZAT FolH] 2 (Cheongju, Korea)d] TEAF-EZ AL o3l <
A= ATHEAH S EBOA-2018-01).

h =844 =4

Az entglE A7 18vty] F=ol tiste #AFS FEsdo. BT
MIA(Sigma-Aldrich, St. Louis, MO, USA)E A &std Aol YA A2 AFASY
< Y 71eE ¥ vortex mixerZ &3 AIFH oW, THA] H7FEY 8 F =60 mg/mL)E
AT Atz 2 AdEd R st L3 &FAVIE o] &t MIA &
NS 0.05 mL/head® FEo] 222Z gitigle] #AH7 o W3 FEAs gt AR
st MIAS] &miQl A dFAdS L E8F fvie]e] #d%ol 0.05 mL/head?
Foskl .
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(W) AF H3F A(Weight Bearing Index, WBI) =3

Ae Fat A A4S ANd=" Fo F 79, 14, 219 9 289A AT
MIA F43 Ald=d Fo7ir Lol &< f?_ ﬁ]i 0L A WBI 542 Al<lstdth(dd
T3 FY). S471712 44 AT Fs Hl=E 4| (Static Weight Bearing test device,
SWB-TOUCH-R, Bioseb, Boulonge, France)& At&3tAdth =& AAR acrylic
chambero] ¥l SITg]E 89 &Y AAd 44 &8 i, 74 sivged dees ¥
= 5x%F 33 W& SAsto] HEge FEkth obef Aol o8] dF tEd dEe
FAE Atste] a2 YEi.

Weight bearing by ipsilateral limb (%) = [(Weight bearing by ipsilateral limb) /
(Weight bearing by ipsilateral limb + Weight bearing by contralateral limb)] X 100

(th 89 5 93548 HAoEFRI &FA
HAZAA AIEFRR] A S f3] 89S ANFEH a9 EFSETE Fo 3¢94 ¥
145 AWM AHsIATE Fo mpA| F J Theg it E oA s
AAsAt AFSF A2 A4 E8 7] (Combi-514R, Hanil
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cience Industrial Co., Ltd.,



Seoul, Korea)Z 3,000 rpml. 2 1583t d4lEdgste] €4S &85t TNF-a ¥ IL-18
2 ZHst=d AHgatgth AP EHS =2 AZA 20T olate] WEIe] R#3)
At TNF-aoF IL-18¢ ©@¥zd A ELISA kit(R&D Systems, Minneapolis, MN,
USA)9| "ol wef At

A 2 e ed AAE AASEATE 222 70% olEEol AFH £ 5%
formic acid &HollA 743t B3|ttt 70% el AH R A & I Zujst
TAEZ WAEste] Sgolte BEAIF T Safranin-O fast Green %
hematoxylin & eosin(H&E) staining ¥ permount(Fisher Scientific, Pittsburgh, PA,
USA)e.2 B9sted &AW (CKX41, Olympus, Tokyo, Japan)o.&2 ##stil Azl #9Y
2 AN,
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Table 1. Macroscopic scoring chart for histopathological analysis

Synovial Pannus Cartilage .
] ] ; Bone erosion
hyperplasia formation destruction
Normal 0 0 0 0
Mild 1 1 1 1
Moderate 2 2 2 2
Severe 3 3 3 3
Very severe 4 4 4 4

(vh BA 24

Ao A Lozl AF, WBI, €54 cytokine P Histologic score =4 A
SPSS(Version 20.0, IBM Corporation, Armonk, NY, USA)E At&3te] AAsATH A
AT H SAAWETS student’s t-testE AAISHATH Levened| Si#4F AA AA=E
Q0] A
[} o

|
=
SRS FASRI(FFE: FS 005), SEMY A3 Aol mel PFol
) )
=

o hE t-#2A AH}E A h(FIeE &= 0.05). SANETd
kel o4 &1E #1383t One-way analysis of variance(ANOVA)E A A|(F2 4

0.05)3t] Dunnett’s t-test®] GsAAS AABATH(FYIFF &= 0.05).
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h 2ESEFESELEC] AT 73 A5 (Weight Bearing Index)oll HIX= |

=0ddEs #ds Eié‘} Je A= EFolv HPFAY Wstz 3] #HE ol F=
ol A AT FFol YAsts dfolrt. ddHANA 7Ed 4
2 FY AN BHEE A4 dWA=E S0l FF FEA

(nociceptor) & A=, GAZIAA FTF S A= ALE dHA AT (Lang™

Hope, 1994; Millian, 1999)
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st7] 98t AA AF F3F H2E”] (Static Weight Bearing test device)E AH8-3}31

o] 77l AlEEES sudgE 289 oY AAdd 44 &9 ¥, 74 sl

dEe IS SHse AFer, $5°] AgsE vy E & HuA Hol FAUE AA

dgA A

BEES 2% 2RH AdEde FASSL, AdEd £ 3,7, 14, 21 B 289A

WBIE S4ste] 5 /A 545 Bristsith

AT weight bearing> Al@d=d Fof 3AFE 28U7HA H 49.9~50.6% 2
o

H UEtd L, e 54 ARlddA & el dels FAVE L3 As &5k
o SAET 9 weight bearinge A @EZE Fo 3YFEH 28U71A H 22.8~39.9%
o WMEs Yei, A4z Hlaste] =

T SAHAAAAA FBATHORE {9

(/<0.01)3HA] A= o] MIAFA A &t FFo] Fidtd As AT F+ U 53,
MIA ©3] Foz2 f3d AP 3LEA 5Fo] 7P 4 Aoz Fxglon,
530] MAEES AT 4+ JAT 150

Aztel Aol wah AAH FHEo| o
%

mg/kg &2 ‘%i—"r%—%%%%“ NP=d T2 weight bearing2 A d=4 F
3UNE 28U7HA Wt 384~44.9%° WEE YE I, SAUWETH Hlawste] IR F

CIR K %ﬂ]ix—' B f9 (X005 FEreFEEEE AdEd 79 7, 2894,
<7

PR001: FELEFEEAE AFEH Fo 3, ULA)SH S7HE AT 300 mg/kg &
Fo] AR FEFEHITE NTEEFATY weight bearing AZEd Fo 3YHFH
28UA7M A B 36.8~46.7% WES UEHWIL, AT Hlwstd e A AA
ol SATAHCE {F9(/x0.01)5HA F7HEUY. AEZHOE, HHACE FE¥H TF
= YEFEFEEYEE HHAE Bt 55 A a0t UEESS 0T+ AMH

—&—Normal conirol —e—Negative control
55 | —B—FAAE 130 mg'ke —8—FAAE 300 mg'ke

Weight bearing by ipsilateral limb{%)

s s o1 w3 m

Day after administration
Fig. 1. Hind-limb weight bearing index of rats on monosodium iodoacetate
(MIA)-induced osteoarthritis. The values are mean + S.E. ~P<0.01, significant
difference from the normal control group by student’s t-test. *P<0.05,

significant difference from the negative control group by Dunnett’s t-test.



"P<0.01, significant difference from the negative control group by Dunnett’s

t-test. FAAE: H 8 &3S 53 E

z
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A$-EFEBFE0l ¥4 IL-18Y TNF-a 2dd vXE 9%

dZ4 W AZSN WAHE L1689 TNF-art #dde 9= wgol] 738 o3
S s Ao ¥EA I FHAFol IPHW FHYWE BAE monocyteE
macrophage® £33 ¥ #4850l IL-18 2 TNF-ao Aol FZ 2713t} IL-1B

3l TNF-a &% Afohd=ZodA IL6 IL8 A= =x4 IJIE IYste
collagenase, matrix metalloproteinases(MMPs) & H5UAet AHAE Ela4y &
HE FX8H HEE W 2Ho Ril= EE FIAEY 498 A W FF
U 33 & Fdtti(Takanori 5, 1998). Bl%o] I8t s wEdk oiyeh dddE
o &4 B A e IS ENRoEA AF 5 Lot Scott T,
1998). IL-1B+= A=A EZA A MMPs] S F=3te] A A& 7[AAAE 5
WA 713, ZREEUY B29] A4S X ZrE IS £AAT AR
< JAIZH(McDonnell, 1992). %= TNF-a® ®HYHg Z7]o Id &HlEHo| 27|dF
I e FIAES 238 GA4SE o|Fx, BH AIV|AY ZrEH =YL Fa
=71 2 A dAstY =HdES 713 AlﬂD}(Beutler 1995)

B AP s, AFEED T 3, 14 2 2894 (FHEE i 3, 14 F 28YA) Ao
A 9354 cytokine IL-18 2 TNF-o& =33t AP EZ 0] u% gs AAstE &

5 Frlstan
ANEED T 394, Az 89 W IL-1B9 =& 73 pg/mLE UERSTH
SAHETY €9 Y IL189] =& i 5448 pg/mLE xg/;, ZT3 vty &
AH O T F2(/X0.05)3A F71E o] MIA Fo2 A3t AFA Mo|E7LQ wHdo)
7t Ze sttt TESEFERGE NFEAFAEA A5, 89 U IL-189]
TEE 1622 pg/mL (150 mg/kg HEFESFEEYTE AFHT), 1246 pg/mL (300
mg/kg HEFEFEEGE HAAD)E FATHCE FUX0.01)EA ZLaH AT Al
FAEH Fol 14, 28941, AUz A W IL-1B9] T=& 212 H+F 375 9 4.95
pg/mLE Yelgor, SAUzTe] dH W IL-189 v =+ 747 H+ 227 2 931

w3 Blaste] FATAQ Fogdo] UERAl skt ol MIATF
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B MolE7IR] IL-18 T&o] AlRto] Ao we} negative feedback
AAH s Fol o WY dart vEhd Zlo 2 Addn. dassFE5dE
A FATE RRVHAE, €9 W IL-1B¢ %< 44 H+ 717 3 917 pg/mL

(150 mg/kg LEFEFSHHE HFT), 843 B 827 pg/mL (300 mg/kg LEFEF
TS AATD)E FASTAR] Fode] YERA] 9k th(Fig. 2 (A)).

% TNF-a &3 #dsto], NdEd 5o 3dA, Adtizce] €9 Y TNF-a9 &
=& 3.05 pg/mLE YEEH. SFAtHETe] dY Wl TNF-af s=< B 597
pg/mLE ANz wuste] SATGHOR v4(13<005)o}7ﬂ "7}5401 MIA %o
2 3t 3ol fddE As ATk 150 mg/kg §H] HEFEFE

HEF T g U TNF-a2 & 3.63 pg/mLE F“ﬂ% %ﬂr Hlalske] FA
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St o0& f19(/x0.05)3 A THAEUTE 300 mg/kg &FY LEFEF=E
AEAT] Y Y TNF-a9 FE& 251 pg/mLE S4HEZT I ¥ Wt 4
o2 9 (P<0.01)3H HAHAT AANzTe APED B 14, 289 A Py 1
INF-a®] $E& 42 B3 381 5 378 pg/mLe Uehdeh gAvlzzel AYEd
Fol 14, 28U A
A ) TNF-ao 5= 27 H+# 6.1
7HE= AEFE JEhgdlen, A
7bE Atk 150 mg/kg &< @
2844 d U TNF-a2 vE+ 24
of FATAR] fFeldel e %—k%t} 300 mg/kg Qg 4 E%%%%%%% A
HEAE T AFEA Eof 14, 28 s 217
452 pg/mLE FAUZETFH Bluste 7 5:‘5}% BEE L}EMJ%O‘% SAEAA e
ol YehA e SkHh(Fig. 2 (B)).
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Fig. 2. Effects of FAAE(ZEFEFEHYE) on the level of serum IL-1B
and TNF-a in MIA-induced osteoarthritic rats. A: IL-13, B: TNF-a. The
values are mean + S.E. 'P<0.05, significant difference from the normal
control group by student’s t-test. ~P<0.01, significant difference from the
normal control group by student’s t-test. “P<0.05, significant difference from
the negative control group by Dunnett's t-test. "P<0.01, significant

difference from the negative control group by Dunnett’s t-test.
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AT H&E stainingS = %’ 313 /d (synovial hyperplasia), 232
(Pannus formation), 1= 33 (Cartilage destruction) ¥ # F-2}(Bone erosion)
W 7}3al, safranin-O fast green staining®.Z A=9| I3 HEE AF3ta H43lst
tH(Fig. 3).
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Histopathological arthritic index
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Fig. 3. Histological examination of the effect of FAAE(F&E$-&E5F253+E) on joints

in MIA-induced arthritis of rats. (A) Cartilage H&E staining. (B) Cartilage



Safranin-O & Fast green staining. G1: Normal control (upper left), G2: Negative
control (upper right), G3: FAAE 150 mg/kg (lower left), G4: FAAE(ZEF-EF25
=) 300 mg/kg (lower right). SH: Synovial hyperplasia. Magnification: x40. Scale
bar: 200 pum. (C) Histopathological arthritic index. The values are mean + S.E.
"P<0.01, significant difference from the normal control group by student’s t-test.
*P<0.05, significant difference from the negative control group by Dunnett’s t-test.

"P<0.01, significant difference from the negative control group by Dunnett’s t-test.
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Human equivalent doses (HED) & Z783}7] 3l Mouse® km value®t
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L plantarum 5% BF, 37°C, 24 hr i ¥ =

100°C, 1hr 7B 27 =

HityEE |HIAEEH FUSHYA filter press F 55 H 0.134 S 48
s I1EE HE 7IE £ i )
& 552 pE-cD=30:152233]
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(th BESEFZELE 274 FY L HREY
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Analytical Tests Specifications Results
D= Ehzra Jar Pass
20-Hydroxyecdysone 0.056~0.084% H 0.065%
28 & Decursin 0.16%~0.24% D 0.182%
Pinoresinol diglucoside 0.30~0.46% P 0.408%
3) g 1.0 ppm O[5t Pass
4 & H& 1.0 ppm O[5t Pass
5) 7tE& 1.0 ppm 0|5t Pass
68 1.0 ppm 0|5t Pass
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8) tiE=z = & =4

* H, 20-Hydroxyecdysone; D, Decursin; F, Pinoresinol diglucoside
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D 174 F==x=7: 95T, 43
@ 2z F==7: 95T, 2417+
-FF FE
34 TE5F (kg brix(%) I FHE(%)
LA E 55 100
12 & 450 1.3 11
23} F& 250 11 1.1
D 1x F==7: 95T, 4417+
® 2z F&2Z7: 95T, 2417
- E TF
4 TE5EF (kg brix(%) ILFHE(%)
& 1122 2.6 25




! 5 \ 200 \

14.2

|

@ 15 kg9l b-cyclodextring FFH &3, < 75t &3t

- AERA BA
AzxE3 & (mg/g)
20-hydroxyecdysone 0.384
Decursin 0.079
Pinoresinol diglucoside 2.443

(vh QA A
OUAHEAY AAF 24
@ AAF Bk A=

¥4 AHF F7MR

MHEE Mo 93 UHAR (LS REFESTE)EM 1,000 mg/e
TEEE de2sTEE 2HxEEE FEExTEE
AHEAZ 2 HEHazt 300 mg 220 mg 150 mg
TE(ED) 40 % 397 % 8.8 %
HEZ sHioh SHF 0.75g 0.554 g 170 g
SET 9H 17.2 g/day 2.15 g/day 29.61 g/day
H4E GHE 7IE H7t gt Mg 5
@ dBANE AFZ R 23
1) AN =4 2 P
OREE
- AT dasEeFEEgE (FAJEO
- 9 AY: de e 7
- &=k 800 mg
- B AARAE 3 AqEd St B
- &N B 8% 1Y 13, 13 23 A5 =3 A A




- A R AY Eo A AeE
- $F=F: 800 mg
- BYTR ARG S 98 A5 3o B
- 8 %2 85 1d 139, 13 278E A% =29
- YAE 2 vigelE 800 mg/lE F
5 AJAE 2AAE
R Al g A F o =2 %
1] (%) 3t (mg) Hl] 0] &(%) HF(mg)
DESEFERYE 55.5600 250.002 - -
frd 38.4400 172.9800 83.9000 377.5500
AQPAEZ o~ 3.0000 13.5000 12.0000 54.0000
o] Akt & 2.0000 9.0000 2.0000 9.0000
2gloldabml 1 4 1.0000 4.5000 1.0000 4.5000
7+7+9 A 2= (JS-200) 0.6000 2.7000
%) 2+ 8 600(#M4015) 0.500 2.250
37 100.0000 800.0000 100.0000 800.0000

a1,

2) AAH LN Z2EF (HE &YV TESR

FEAEF e 2 AR

AFES e 2 FAJEC7F A A7

25, T, FEeu, ol vt

HYH s8dd S4e 71
nAE a5 RS HIbeh] AE 1
g, Aoz AAAH A E
- JIAAGAE AN H: FEUT L AAEY PG, AetidtuEd
S
- AAH A 71 G DA B o A A E s
- JAAGANE W Bee H3Y SBEE S K AE
- JAHEAE 54 B <

o

AAAEAD L BT YL ddE 42 7K

o
ot

dZHEH 1271 ¢

L.



AtgS HI o= FAJECE AFse o HAH S ddd S48 dd a4
LIS SRR P 2 Ho}oi A=
- AAHEAE R AF AT 19 138, 13 298€ A% E34 34 HH
- AFA71Z 127
- JAAGAD B AU A AYE JIAHEAID FofAo A F, T
TH7ME B3 AB/AE AF ARE AAT FH, HFS A @A g
sl SEH A wEl AT e 2T 5 3% 7o FALuj g
A" AR 1273 JIAA AR S AFNTHF B x2S
Gl
- HF HF AAA AR A FAHY AT AT 38, tHET 38
_ 2k .
NEEd WA | 4AF | wrol vt SR ul 3
el
1) VAS
2)K-WOMAC?] |4 359 HaA
total score®} 2+ |FHAYE F4E
3% G Y 7R Aol
oz 5 3 A 3) KKS9] total [HESTEFEES
sm g |12 TASIE A score®} 7} AFstel AHA (UL
TEITY — .| 2g/day |_ . T o = - L
s e e B N L e B e B
A, Az s 73l 4) KSF-36 MAAR=E Az
(FATEQ A @ SEE IR ERES
(n=96) Tl Ak v wale] §ol e
WA= B2t Aol & =<l
0% A5 (P<0.05)
#) 3% (CRP, ESR)

AR Ao HAY 2AIY B4 7P AR o= FAJECH #A
Ao vAE fE4 9 kdAe WrEr] 9% 12F oB, TAsNA,
FEHY, A= AAH S E

h AAHEAE AN

OIHEEMNE H©

fai

SKBL_FAJEC




SHEEME BH

AHESANE

J\t & xH 01 i.

- —

AH=EZAME SEUS Y SAEH(IINE AN AT AEZ 170824 22)
2 AJ= AU NEHAHEAN S2F HEZ 101)
HEZAE SKHIOI 26 HEOI A 0124
=B FIYL A € #3H ZFcl 22 59
© SK Bioland Co., Ltd.
This protocol is the property of SK Bioland Co., Ltd. and may not in
Confidential

full or in part - be passed on, reproduced, published or otherwise use

without the express permission of SK Bioland Co., Ltd.

AHEEME HS

ZE2 4 sHEY S4= JIE MBS WASE FAIECIH 322

OX=s S84 2 SEAS BIIsH| 98 123, DI, SEAWE,

92AT ZEHUD oA EUD SEE 2EE 22 59
01 7 = & Al & ASY DA(STYTD HAER B W)
LT S D(ASHTDER 3H2AD)

HEEAN

A

SHMSD HAEA (FIS UTA SO BEZ 170 22)
NEBSDHA(NSA 527 =2 101)

SIFEZANE 22t

=

= ANEEMNYS FEQ HuH BIFY NS I ABS Qae=
FAJECE HH5I%S [ S8 S23Y S0 He 254 L FHLS

B H: JIEHHZINISNE)

CIRel: 12, T2, SEAWE, 0SS0, HAHE

MEMS: 12 18], 151 28 A5 S0 &8N &4

(HESF===8=2M 1g/day)

HEAS: AMASD SAs Lo

2%

Hu




125

IHEZAE S

NEZE (FAJEC)

—
! N

HEZ (Placebo)

ge1 422 223 @24
(Screening) (D-0) (D+42(£6), 6F) (D+84(+6), 125F)
| N | N
| I I 1

Randomization PHEEMNE &5

Stot S84 =A0l Mict MEEZ E= 2D 5 & 222 FEAWMS
SO HEES MBOATIS 1252 ANYESANEE ME(MEAE I= 0
EME)E EHED
MBI =x== Z MBI =
OIFIEE AN &
HE Bt d==(PP) 38 38 76
Har =+
Drop-out(20%) 124 0<% 43 48 96
(1) Bt 40M 0|4 ~ B 754 0I5+S) &4
(2) VAS(Visual Analogue Scale) 30mm OI&0 HEEH=E Tt
(3) X-ray &0ld =28 T= 02E =2 Kellgren & Lawrence grading
HFI=

scale0| grade I, II & #HEE= Tt

(4) AHEEABO AEDI| HY = HESAHO




(1) NBR BOo2 g3 020 SHQOIN ojFt BESEN HZet= &
(2) 22 2120l 2mm 0I5+ Tt

(3) 2R FHO B A, SPED JEH, DB WA BLE S0

SHD(f 2O =SS5 FHSECE BOOE T
(4) BT DEE 02N VMO Som MDY, HAN, oA,
EoH ZHZ IE T

(6) =&KX = EY 2HIH160/100mmHg O0l&, 102 o4& F

(7) ZEHEHT

W2
rr

E=E BTH(ES Z2Z 180mg/dl 0l&)

(8) TSH 0.1 pIU/ml 0I5+0174Lt, 10 pIU/ml 0j&rel T

(9) AST(GOT)2t ALT(GPT)7t =221 FAHER2 3 04 T
(10) Creatinine0] =273 FHAEHSZ
(11) ZLal Z0|HL =3 = E=

3
(12) 232 J1F 25 0|0 2EY 2P E = ATHAS SHO=E

(13) Ba=23F,

(14) A3z J)3

(15) IHEZAIE AF 202 OlUM COF UHAIEN ZHBHL =2
SIHEZEA S J|2t SoHl CIE LA SHE AZ0 A= R
(16) QAESAEE ME 2 ASH VZEHL SH2I0 U= R

(17) AETIOHE AHEEAH0 TG0 BEES T

40
o]
0L
A

(1) VAS

(2) K-WOMACS] total score®t 2 2552 H==
(3) KSF-36

(4) A& HHT Bt

(5) AIEDHATIS) HAT BI}

(6) = == T E (CRP, ESR)

e
rz
0r

(1) olargs
(2) LuERIBA(ERS R/ HASSE N
(3} ;—1§l|x|_=;a_{ =13 a.'um}

(4) AECHAM




SHES

1. 854
VAS, K-WOMAC, KSF-36, 8= &= T Z(CRP, ESR)S &5 ®& 3o

He= Ed B

IH

> (=0 T2+ Paired t-test £= Wilcoxon signed rank

testZ2 O|E6IH E55td, &4 AMBUAHE T2 E52 H2-= ANCOVAS:
Oil=l

Hd g

=

It

12 %

Jd

M2t Two sample t-test £= Wilcoxon rank sum
L&)

testE 01

o

2ot SAH
AT SE HE T EHIt= HER4dE IS 50 02t Two sample t-test

2 Fo/s 0|2 =R BB MElgR 2

E= Wilcoxon rank sum testZ (| =5t S &S},

AFEBANBE AE SF5 F HMS | &EEZ(treatment-emergent
adverse events, TEAEs)2 MedDRAW Ot Coding GfH, SIHEEAMNEE
AZE EF & 2T ZE (dEEsS TEE B F RHEES M4EGH
BEOFEICH 2z 2b OIAEE0] s AIBEOATS HSS AHd4ct
SHOIR =2 E(Chi-square test) F= TIAHS ZEEHEH(Fisher's exact

test)}= CIE6I0H H =4S

EHSS QO HMGIESIA ZAXS 20| S@=%(Continuous type)li=2:
It2+ Paired t-test E= Wilcoxon signed
, T2 HinE E@RE s HEM el Two
sample t-test == Wilcoxon rank sum testZ2 Q|Z235H SHESE
Fasr A0 2U=SA EHELE I M Al HEAHS=ZE UEH

McNemar testE 2 AIGHH =W TH0IE Qi sl

3) SHIS(HuLE), MHHS(HS)

F(ue-gon), M= AN et & = 22 X0Io CHSt
ZUdll=s E74d S H=E0 T2 Paired t-test = Wilcoxon signed
rank test® OI2ot E4otl, T2 HuEs Ed S HE0 T2k Two
sample t-test £= Wilcoxon rank sum test2 0|ESHH EHESEZ

Faer 0|3t A=A EHEL

-

AECIAMZN= BHE FHE0 Ot &0 HEE2=

HAISHH, =W HIX=sE McNemar2E 2 0|Bal0 =4St

HI
4
ol
=
HH
HU




(W) A EANE 1Y L=

Period Screening Active Treatment

Visit 1 3 4
Week 1! 2~ 0 6 12
Window period (day) 2 +6 +6
K E 2l v
QIS EEA 3 v
HE U 2SO0 EA Y V!
0l = 24 A v v i
pHIR(uy, 2Y) v v v
MEZAN D v v
MRHE © v v
A 2 H (X-ray) 7 v
ANTE I AOIZEA ® v v
ANHPZA D) v v
U MBS A D) v

VAS v v v
S54 | KSF-36 v v
L v v

ABOIATHS JE S F O v v

&= ®= T|IZ(CRP, ESR) v v
AECHA T Setd Bt v
SEAHH
QIHERAHEE MEO HY v
Ol&ers atol v v
=SC 8ol 10 v v
HEo2 U HEOW HE Kol v v




(th AAHEAE 23
O rEgH A
AAALEA Y 1A-FEdB 7= AF 125 $ VAS(Visual Analogue Scale)
Hstgo e AlgT fﬂz‘?«] MIAEE B4 2 ¥lste Eﬁlﬂoi
ol gk Apolzt A=A Brksk . 23 EAH 7
Analogue Scale) K-WOMAC¥] total score®} 7}
T HS A E(CRP, ESR)9| Wt Aot 2 A=} AR =R 7L 52 A
NREa 2o ANYES B4 9 vmete BAHoR §ea zto]s}
A=A H7FeEA T

= A4 6—r % VAS(Visual
&2 A<, KSF-36,

@b VAS (Visual Analogue Scale)
VAS WHaleF BEXoA HFH 657 & AP 4.7349.24mm
192 32 (p=0.0010), ﬂ]zili 4.52+8.15mm 743+ 2 U (p=0. 0.0003)
F FAIACE {93 Aol YERUA] &tk AH 125 ¥ VAS
etO. 2 FA% Ao AldT2 11.91+11.01lmm
2 9.90+11.89mm 743+ 2 1H(p<0.0001)
ZFol &= YERUYA] %%E‘r FA Set‘:'*ﬁ,oﬂHE PP

& K-WOMAC
K-WOMAC?] total score H3&2 PP Seto. = v‘i"—‘if‘f} A JBH 12+ &
T 1641213828 2251313 (p<0. 0001), ) 27S 9.33+14.347%
7231 (p=0.0001) A E3E BAHOE {7 2ho] 7} UERETHp=0.0222).

Foll A HH 127 F
52+3.12%
e TH(p=0.0232).

K-WOMAC®] 535 H4WM3a< PP Seto.2 &4
AN ETE 3.1643.34% A
728t (p=0.0031) AH T BAH R FolF 2ol

—.~*—‘mﬁ

FU

Aol A AHF 125
: S 0.79+1.517
o= Fol ‘}017} U EF THp=0.0141).

K-WOMAC®] #imet Hislafs PP Seto =2 5‘-@,%&
3 NPEE 157414
23} (p=0.0011) A E7F 54

=
Ret) d

)

o

o

o

2
P

&)

A

(@]

(@]

o

(@]

=

=

PN

10

K-WOMAC|OAA A 753 As#FS PP Sete 2 &43F Ao A 43
125 & AP 11.68£10.028 A 43FH 31(p<0.0001), hZT2 7.02+10.48%
74284 (p<0.0001) AHATXE TAH R 727 2Ho]7} YEFTH(p=0.0381).

K-WOMAC?®] total score ‘jﬂﬁ}%*% FA Seto. 2 43 AFoNA HH 129 &
NETLE 15.78+13.84% 7439 2L (p<0.0001), EH&EL% 8.89+14.61%
7 42314 (p=0.0001) 43447} SAACRE 727 ZHol7} YEFSTH(p=0.0218).

A3k Ao A A 125FF
< 1.57+3.28%
Fol7F WY TH(p=0.0393).

K-WOMACS O5 % W3 FSOFA Seto 2
AL 3.00+3.35% @i—é}%i(pq) 0001), th=
Aate(p=0.0022) HH T3 FAH LR 77t

IHJF{E

N

K-WOMAC<®]| w3l HH3lF S FA Seto 2 HA3

> Ao A A3 125
T NPT 1.5241.43% 7489 2 (p<0.0001), =TS 0.

77+1.487%



K-WOMAC®]| A A& 7|5 d5HssFs
AHF12F T AP 11.26110.0138 A8 321 (p<0.
6.55+10.7078 7+4:31(p=0.0001) HH I FAXHSZE {9
U ES TH(p=0.0310).

@ KSF-36

g+ Ao A AdH
EHZ:‘TLL o 5.40+15.74%
% TH(p=0.0078).
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KSF-362] 2lAA 75 A5HsdFS PP Seto2 43 2
T ANYTELS 13.07+11.224 F7FHQ 3L (p<0.0001), th 2T
Z7}8ke] (p=0.0213) AH T SAHCE F93 2fo|7} 1}

oA AFH 127
55+17.72%
3% th(p=0.0174).

Sop

F-369] AlAA 98 A3 A4HEFS PP Seto 2 BA3F Aajoa A
T APTE 14.06+19458 274519 31 (p<0.0001), TS 3.27+1853%
7F8ked (p=0.2589) A FH w3t A A o= Fold 2ol 7} U ERsETH(p=0.0016).

WR
i —m

et 2 EAF Ao M AFH 12F
0027), =72 1.19+17.42%
AATD BAHLRE Fo 2ol7F YERLTHp=0.0486).

ol9] A A 7|F, AAA &G, FIFEF, BAA
AHrA <l AR e A,

Aol 7} UERIA ekt

KSF-369] 715
F AP 120
S 7}+3k (p=0.021

!
o
23
ot
ot
o
oy
>
&
o
fru
M
Y
rsﬂ
m&

ol A A 125
59+16.13%
3% thH(p=0.0106).
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5,1 ul

£13.75%
) HAT

KSF-362] AAA 7|5 H3lES FA Seto 2 B3 AtoA AF 125
T NPT 1239+11.73%8 F7H8EA 3 (p & 5.96+19.217%
718 (p=0.0389) AT BAHOE {3 2ol 7} UERETHp=0.0214).
KSF-362] 2AA A&A 3t H4H3leFS FA Seto = B4 ?& Ao A A
12 3 A FL 13.59+19.15% =7 —3}311(p<0.0001), T 4.12+18.81%
S7Fet (p=0.1398) HHA T3 FAHLSE ol g zto|7} L]'E]' tH(p=0.0055).

0|9 ALY 7%, A VA, PSR, FUAY, BY, BF,
Ak ol AZmshae, duizig, A Wad S wkebE oA =
EAHCR o7 o7k thehiA gttt



AEdzte] MAEH7T AFE PP Seto 2 BA3 AFgoA AH 12F &
AN FTL 22740504, 2T 267053002 AHTZ EAHOE G935

Zpo] 7F WEFS T (p=0.0009).

ABA] MAE B7LA S FA SetO. 2 BA3F Ao A A
AL 22840508, ETFL 2641057002 HHIAIL A
2Fo] 7} UERsTH(p=0.0016).

HZFHSAE CRP(C-Reactive Protein, CHF-&-THH &) 2} ESRSErythrocyte
Sedimentation Rate, 48 T4 &) B4 T3t 945 M =5

R A3

CRP= Z¥oly ¢
EHl 5= gA7] |

CRPY W3}&FS PP Seto 2 #4913 AFoA HH 125 & A
0.34£2.07mg/dl 7}t 2 (p=0.0151), hZT-& 1.15+7.24mg/dl
S7Fst A oW (p=0.0011) AFHXF TAH = F23F Zfol= UEhA] Fdtt
AldTe] CRPYSHFo] tixT ) vluste] A4S Yefd At

ESRe] W3} FS PP Seto® #A43% AoA AFH 125 & AT
0.68+6.71mm/hr Z7}38}9 3(p=0.6890), ™l &2 0.31+7.18mm/hr
S7FF A o (p=0.7353) HFH Xt BAH SR Fo37F Aole YEUA FUTh
CRP, ESR ®W3}#2] FA SetEAoME AT SAHCE {23 Hol=

UERLEA] 39kt

vl SA4 B{r7L ((FR71HE: A 0] Hol LAE(F), AFTIH: (F)HO]| L EX2H)
(1) Sprague-Dawley HEE ©| &3 25 W8 HFEA EFAHAA (Non-GLP)
B AN AFEAR] HESEFEESEEE S Sprague-Dawley (Crl:CD(SD)Al &+
Fed 2 F3 RbE BT Foste, 13 F BEFA SAAE A §FAEA AR
A&t A A8 T
A AFEA 1,250, 2,500 F 5,000 mg/kg/day o 2+ 3 7 &FH thERT
(FAHET)S 2AS o 7 27 5 mkEel 2 3 AT TSt
7L T, dirsARE, ASESAH 2 ARAAY S A, B3t
5 g AL dRsterE AL AV SRS 2 A A 44
Fadt.
71ZF b, & 1,250, 2,500 2 5,000 mg/kg/day FoIwol A AHEEHE BEE X

°
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o
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=z 2=
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1§ 4 o o
H ¥ 2 >

1,250, 2,500 2 5,000 mg/kg/day FotolA AFEZAN Ho| AAEHJL, FA
00mg/kg/day FoAT oA o] Fof Fof] A&

5,000 mg/kg/day FHTolA depd ofn| 7| o]l &4 (ALT)Y F7H7}

FHAQa, 4A 5,000 mgkg/day FATANA 7He Al FEe] 78T

5, AFEAHAE, AT AA 2 724 A3, o 1,250, 2,500 25,000

mg/kg/day FAAToA AFEAD o3 FFo = AdE = A= AT

9]
S

b

(

o
ofv m

b



oo, WMESLIERGEDL o Ao 2 7 WE AT B3 A, 13 F
MRS E4AY] TEEL 5000 mykgday 2 A w of & Aoz weHE.

2) F+H=4%7} (GLP)

hH EAEEHOIANE (Ames Test)

NP=d TEPEFSEGELY FAAEdHe] 8 6]

atwdeld (TA98, TA100, TA1535 2 TA1537 o5 l

(WP2uvrA(pKM101) )< ©] &3t thAtZAdsiu| &6t 2 %—XH%‘}PJ 73l

tjste] 242 A Esk .

BEAFe &S AAsH7] sk, 5000 pg/plates H18Fo = stal, o] &2

FH4E H&314, 1,250, 313, 78.1, 195 £ 4.88 ng/plateZ SFAHAH S A

A, NgEH o AEA) 9 IHe A& st @ EAEHe] 4

To BE &FolA #FHA st

kA, BAR] &S oot o] AU w3, SANET ¥ NS

AR

759 S9 mix | BAIP ] &F(ug/plate)

TA98, TA100, TA1535,
-/+ 5,000, 2,500, 1,250, 625, 313

TA1537, WP2uvrA(pKM101)

EARY A, AgEATAAAE dAZAsE 50 B#Aglel 24 359 Be

|FA BEAWMEFEUTE dHET e 28E 23R sk

Zh 5ol ik FAHET e EAHEREYse AW Hlaste] 26 oY

gdsA Skt

1’4 ARz RE, B AFx stollA AdEd dassFS5dEZY

FRAAEAR] e gle Zos AdET

=
o (m
EYLJ f
2 1y

il

.

o

() A1 AR

ANFEE] HESEFEE5FEEDY AT EEE Zf/F W EAZF (Chinese
Hamster Lung (CHL/IU) cell line)E ©| &3t HESIS T

B A &F & A% Hdt4, 5,000 pgmLE HIAEFOZ L,

SHEFS FH2E 8314, 2,500, 1,250, 625, 313, 156, 78.1, 39.1

2 19.5ug/mLE SFARAAHES AAIG A3, GAZEAEH A2 A3 v &4 5
2 EAstoll A= MESA ] FFEHA Fhoy, ASH Y dAEA S}

H ZA gt &= AlZ=/do] AZHAT. Tt A& H e thARAd st v &4 319
ZF2AE 50% ©l7(eF55%) dAlstE e AFES 243 2,500 pg/mLA T
ANFEZD 3 e 2E ALAA 313 pg/mLolde] &FNA FEF AT
i
]

o]
121)

HANY Aol wehd, B Ao g obdel Lol HATAT. =9,
gAzz 2 FHUze s,



AL S9 mix | BAIA Y & (ug/plate)

DW A 2l H -+ 313, 156, 78.1, 39.1
42 2] Y 313 156, 78.1, 39.1

B A 64«1 A}, A A 2 o ﬂv}%*@r =08 9@ =438}, A

AL 8 vl EA)ste] FAA oS TR AﬂEA = &4

FATgHoZ Folgk Afolr) ERIE A ekttt

ZF YA L FANEZRTANAE FFo)4S /IR Axeo FdAVEE 2R

Hlwsle] FAEgH o2 {3k S EAFEAT

oo ARZHE, B A=

o 1__
AAl e A P o wuan

(th &3AH
NEEd YEFESFESEFEDY vhs2 ZFAE i &8 f

3k ICR vh9-2E o] &3t 2443 HAH 02 23] A FEAste] HESYTH
B A &3S A3 95+, 5,000mgkgS Hi &F O s, o] &HS
FH2E 2831, 2,500, 1,250 2 625mg/kg 2 EHFAAAHAN AL HAAT A
RE BE S AZEZE Y3 LIRS ol R AdEES #F
webA, B Ao HaE&ELS 5000
2,500 2 1,250mg/kg®] A RAEDTS AASATH wf&, =%

ARG, SFUYNGAA G5 BF APFE] BAHA Wgy] W Fof

8
[0}
~
~
(41}
O
ol
_|_.
=
o
off
o

AL Ao Aol i 4EA e FHRE AFESEAT
2 A A, ANdE-ET S a4 A E FH(Polychromatic erythrocyte, PCE)
Z 29t A 2 E - (Micronucleated polychromatic erythrocyte, MNPCE)2] SR ==
AT Hlaste] FA SO R Folgk o7t ElH A et E7L,
FTAET dg G4 T e AR sty FAGHCRE {FoF
AFol 7} ElE A ekt
FANETAAE iz 754 dddEd T AN =T SAdETH
Hlwste] FASHA o2 Folg S7p7F =t FH ol ek a2 d 79
& AT Hlwste] FASHH o2 Folg 2foj= I A ATt
ol de] A RE, B APzt AdEd HassF=EEZEY
e 2F A ol thk AdFdAde] gle Aer AddHn
(3) Spague-Dawley RAEE ©]&3 B3 B7Fo SAHAF (GLP)
B AYHe AYHEZAQ BageEF2EIR LS Sprague-Dawley Al 6 7% AT
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BLUDAPEST TREATY ON THE INTERNATIONAL
RECOGNITION OF THE DEPOSIT OF MICROORGANISMS
FOR THE PURPOSES OF PATENT PROCEDURE

INTERMATIONAL FORM

To, SK Beodand
RECEIRT IN THE CASE OF AN ORIGINAL DEPOSIT

132. Manhae-ro. Darwon. issired pursuand 4o Rule 7.0 by the

Ansan, Greonggi 13407, INTERNATIONAL DEPOSITARY AUTHORITY

Kores identified af the botom 4f this poge
[ IENTIFICATION OF THE MICROORGANISM |
Tdentification reference given by the Actesiion number given by the |
DEPOSITOR [NTERNATHINAL DEFOSITARY AUTHORITY
Loetohgedine: planiarmm SKH 1234 KCOMIZ4501

1. SCIENTIFIC. DESCRIPTHON ANDVOR FROPOSED TAXONOMIC DESIGNATION |

The microorganism identificd upder [ above was sceompanicd by |
[0 o scientific. degeripion

1 @ proposed taxomamic dedigngtiom

(Mark with o cross where applicable)

0. RECEIPT ANE ACCEPTANCE

This Internstions] Depesitary Autbsrity socepts the microorganism identified under | sbove,
which wes recenved By ot on March, DS 20019 (dase of the original d:pugil:-l

IV, RECEIFT OF REQUEST FOR CONYERSION

The micreorganisen identified wider | shove wis received by this Tnternnfional Depositary Autharicy
an (date of the ariginal deposit) end o reguest 1o convert the osiginal deposit to a0 deposit under
the Pudapest Treawy was fecetved by it on date: of receipt of request fioT comversion ) |

Vo INTERNATIONAL DEPOSITARY AUTHORITY

Warne : Korean Cultize Center of Microorganisms Signatimeis) af persandsh hoving the power
in represent the Trtesnasionnl Dieposiary
Address © Yurm 8D Authesity or o authorized: officialls):
45, Mongienae-2gn-2il
Seadncmim-gu [hate: March: 45 2019,

SEQUL 03641
Republic of Korea

! Where Rule fndid) opplies, such date s the dme o which the sos of integ
acouired
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