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atechin, Epicatechin, Daidzin, Genistein, Genisn®l H2 =

1o

16.805 >

19121

20.84 M)

24426 Qg
—_— 30819 m

3BT M

\

Standard

-

FEASRRAN

2.20
2.00 |
1,801
1.00;
1.405
2 1.207
1.00]
o,so—f
0.60

0.40

'5.00 | 1000 1500 2000 2500 3000 3500  40.0

Minutes

194418

D
g
ol

1605 T
20885 M

191 M
41.167

E
3 .
Sl L 1L lwii 1 1.

©14—41.160

" 4500 | 50000 | 5500  60.00

i
ofu
4
¥
Mo

_al

'5.00 | 10100 1500 20,00 2500 3000 3500 40,00

Minuies

© 4500 | 50,00 | 5500  60.00

A: Catechin, B: Epicatechin, C: Daidzin, D: Genistin, E: Daidzein, F: Genistein
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Aggregation

A: Daidzein 150 A: Daidzein
B: Genistein B: Genistein
C: Epicatechin C: Epicatechin
D: Catechin D: Catechin
— — E: Dadizin — — E: Dadizin
F: Genistin 100+ F: Genistin
G: Soyasaponin Bb G: Soyasaponin Bb

il | ]

100 100 50 25| 50 25|50 2550 25 |50 25(|50 25|50 25 (ug/ml) 100 100 50 25 50 25| 50 25 50 25 50 25|50 25 50 25 (ug/mL)

=y

o

o
1

100

(4]
o
1
(2]
o
1
-

(% of Contorol, collagen)
I
i
1
Aggregation
(% of Contorol, ADP)

(-]
I

CON ASP A B € D E F G CON ASP A B C D E F G

- L J — )

[A-I

T o

F|II

B2 FEE9 invivo &8N "It

Ol

. 83 ICR mousedl 1% 9’}E'+7|'—F(type )

gt7t2F AlO|of| FALSID 72A12F & nE| EX @g Zl0| = a
2 Zt 70% OBt FE=TS *éi?F?_F A1, =2 70% OE2 FEE OO 200
100mg/kg 0122} positive control®l RXB(rivaroxaban) 5mg/kg §£0iZ0M 72| ¢l
gl I F3t =l E

-9 -

jo
>.
E
1>
N
>
2
Iy
2
2
I
o
T
=
M
to
rn
1R
win
inl
o

OF

F-l-l

90
80

70
60
50
40
30
20
‘o B
0

M_400 PV_400 RN_400 GS_400 GS_200 GS_100 RXB_5

Inhibition(% of control)

[E2 F£29 /n vivo anti-thrombosis &2} ]

R TME 2 REMHE HEEYN
=29 dau SX AX Mol REMECl epicatechin® CHE FH/0lAM X5 HEZX| 24t
oo, genistine e, 2k2, AMZ[E oA TF Z+2F 9.0 £ 0.09, 9.8 £ 0.07, 11.0 £ 0.46 mg/g
Zxgto| aolslo] E20| 4T ST o9 4 LxelS HHelgt
[FRol X242 B3]
& (mg/g)
Catechin Epicatechin Daidzin Genistin Daidzein Genistein

ufn
OHI

3.6 =+ 0.05 10.0 = 9.3 £0.38/9.0 £ 0.03|0.9 £0.01|1.1 £ 0.05
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[AEIR| & 7IBEHE FoME &Y
== (mg/g)
Catechin Epicatechin Daidzin Genistin Daidzein Genistein
10.0 £ 1.1 £
CHEF A 3.6 £ 0.05 9.3 £ 0.38/9.0 £ 0.03/0.9 £ 0.01
0.14 0.05
_ 21 +
Microwave 74= | 3.7 £ 0.04| 9.7 £+ 0.05 | 6.2 £ 0.05|5.9 £ 0.02|1.4 + 0.05 0.09
_ 2.6 =
KOC_1(%=&) 0.0 £ 0.01 0.1 £006 |02 +£0.02|0.1 £003| 1.4 =*0.6 0.96
12.5 £ 10.5 * 10.2 = 0.8 =
KOC_2(xtlf) | 2.8 £ 0.09 -
0.15 0.34 0.02 0.05
12.7 £ 1.8 +
KOC_3(Al &) 1.4 £ 0.05 88 £ 0.15| 7.2 £ 0.08 -
0.08 0.083
12.1 10.3 = 10.5 = 0.8 =
KOC_4(Xted) | 3.2 £ 0.05 -
0.15 0.41 0.16 0.01
13.0 + 13 1
K045712 52 + 0.15 95+ 0.15/9.6 £ 0.13 0.9 £ 0.07
0.38 0.05
0.9 =
CW15445 0.4 £ 0.02|1.1 £001 |56 +0.11 8.4 £ 0.07 - 0.02
CW14807 0.1 £ 0.01| 0.0 £ 001 1.0+ 0.04|0.5 % 0.02 - -
71003 6.0 £ 0.02| 0.0 £ 0.23 - - - -
A/E7 - - 1.3 + 0.08 - - -
ColEte Bl Cl2 FoME I REME Y 24
[l ElZ H|2d HE FMHE 3 FEHE ]
2 (mg/o)
ol Et= stk , Epicatechi , - , , -
Catechin Daidzin Genistin Daidzein Genistein
n
0% 0.92 1.71 1.11 1.10 0.39 0.23
30% 1.44 9.27 4.07 2.69 - -
50% 0.83 10.21 6.86 4.63 - -
70% 0.58 10.71 10.43 6.10 - -
100% - - 4.53 2.63 - -
=S 70% OlEE FEEC V|E 44 8-
72 % XEMHE?l epicatechine AlMA HMES &H=S J|He=z J|FE A4S
epicatechin@2ZA1 10.0 £ 20% = M& .
23 2a 3320 AEYE FYEY
£3 9 wa E3 70% OELE F329 HPLCERTUYS s Hi, wa Al
catechin, epicatechin, daidzin, genistin®| &2 sl =22 FL isoflavonll
aglycon HElQl daidzeinZ} genisteine| &2 s1X{s| S7lst= 0| =olE.
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Standard

ng
fot

[E2 &7 HPLC A20tE0]

[OlEte Hgdl mE FRAME U FAME ]
&2 (mg/g)
Catechin Epicatechin Daidzin Genistin Daidzein Genistein
R Hf 2.8 12.5 10.5 10.2 - 0.8
ELg=2 0.0 0.1 0.2 0.1 1.4 2.6
£2 9/%7| Zzuyd
C2E 2 E fIStd =3 Y/EV| 70% olEtE FEE2| HPLC =23 s Fast Z ot
=2 AET|oE S22 FME2l daidzin, genistin, dadizein, soyasaponin BbZ} Ct&F &
7= U= AES FHelgh
240
220 Standard
2.0
1.80 1
1.60.
1.409 3
= 120
1.0
2.00
0.604
2.401
1504 4
s ) i
200 200 400 630 800 1000 1200 1400 1600 1890 2000 %u& 2400 2600 2800 30.00 3200 34.00 3600 3300 4000 4200 4400
Mirutes
12
" 1 55 /37
299
2.00
2.7
2 0.62
2.5 2
240
2.329 3
j.md Lo _,_J,_JJL S o b |
000 9lﬂﬂ 1hﬂ AN H‘Dﬂ ‘W\Iﬂﬂ 1]'(\] 14‘(\“ ‘m‘ﬂﬂ 1R‘ﬂﬂ 9(‘““ 77I[IU Tlilﬂf SF\‘fﬂ 2800 Hﬂ‘ﬂﬂ Hglﬂﬂ ?1'(\] ?F\‘Dﬂ ?Rlﬂﬂ lﬂ‘ﬂﬂ li;‘ﬂfl Lilﬂﬂ
Minutes

1: Daidzin, 2: Genistin, 3: Daidzein, 4: Soyasaponin Bb
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Lt 71 QIE THel (REAl s¥7|&s dE X))
- 38 EZA sHI7|SMEM AMH|E X|2lgtol sTlol EISI] 24 AEH ef
200m? H&A o dhof otz Tz Zo| D&l 7HA 1.2m, 22| Zo| 12mE 168m?
ol golaks Mx|stn 22 AI TX|501|A1 20215 2 7Hufsto] ==tsk XY uY
[m}

- uE2 20224 5% 30¥, EF—’OE?_FZ.% 350m, —?,— -’.Eil7|3P_T’_ ZHES T HUS
- Rl 2O0|A FAYE, XFUH= SHRAE XE 26mm 2| Lt0|ZE ALESIAUZ

4

5

6 HdEY A KA. F 2AV1BL 7 & FA A4S

14m

12m

(571 /I Muj(ZHA s7I& HE X[#)]



- 57t B2 SISmIu) A 2A

7154 T A=A A kA

1. Al e

7154 =3 A=A

o A &9

2 ekdg] 220

: 200

O AuliH A
o A7) 7+

: 20229 5¢ ~ 104

3o e Aoks B

Jo

—

rt e

3]

oW

4

2022\

AN FAT FAUNE 1662, 306-307%

=
il

A

F 24

gtgittol A~ 102% 7025
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Mo

"ASoHE

MHE 1=

O A s

Ab B F234AQARF 2 FAA)

94 A s

TFE/AR o 168m | Al 2bER" =kae] 220
7] 2022885 e Rl
W ¢ ANE =T AuE 39 2 A48T 8

O
!
>y
e
ol

A f\
( (

2u = a3

1-1:1

5 2022, 100 17 G

oA o fo S riz

[T

e
il

O Aup7H e
A2 A : 3t 35cm

AN FSE @O * 2% -

BE(1AR) 2022, 6 12.(%0) — Wol £k

12F) 52022, 6. 210 & 1055 & 6HGEa )
2AF) v 2022. 6. 2002 = 10650 2= oL@ )
Z HE0Z HZE 2ZO ofAIEFTO0FE HA

» 2022, 10:-26i-1)

805 / 12) * 12& = ¢F 960F

AFZHA 0 1.2m * 1271/14m
%83 : kg (21g/1F, 120g/ni, 400g/8, 120kg/102)

Al U7X |UE 2 Ho|2MEIO|2E2| ¥ =F MEl7|s o5

% 2022 CHRIZ of Ab$=2F : 305kg/10a(1kg/E)
O =A% 2 Axe
RlEEA B HEo s 2] SolXd % A SOZ A% A% Xl B
= AN 2RLFY oY YD) B AF A F 3%
3 mEelsk A3 gl A4 $8AY] By AW Fo| ¥
- nFY A2 FA0E H/5Y L AH F Az ¥ oI

b/ DEK /2022-11-11 16:55:33"
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=2 O #_ﬁ
- 108 & =3 =2 510 77t vl StA Lf diEo| M2 Z0 el FZX|TF 2 5]
oS of 7tX| 22l T Ef&Sto] ZX} 22 510 MA A=, o|2& HH DH S S50 A ai
THHE 2 MoS 5 Sto] Muf =HE 3.3m*°Y TEHIFS HMSIHS(E 1).
¥ 1. =2 M =of| = ==t
%7/ CHRI MM E _
= oZ Al | opEZH R i 24 & Tt
RY uiff &4 SHEF Tt
& 7| A (m?) ) (ko)
7 (kg/3.3 m?)
=4 <X
1 = 5.30 25cm O/X 550 0.45 75
=4 <X
2 = 5.30 25cm O/X 550 0.44 73
=4 X
3 = 5.30 25cm O/X 550 0.21 35
RENEE
4 3| 5.30 35cm O/X 168 0.40 20
EQEN TET: 203
- 202149 Muf =4 & 20| 7 =UdE MY Muj =4 10HZ s =HSZ Mujst E12|
1, 2 =ZH2 2021H =26t 0.52kgECl %2 0.44~0.45 kgg TESIF S
- 0|l= 7|Z =79l Hislof wWE ZHe =z 2021 AECt 20220 Zolyt Zo{M $=&t2ko| Zhash A
OZ AMEEHH, T UM BXZ XAA =Z20|LE Tuf =B S AFSE XH0l= 815,
- &£ F19 3H M =HS = Al 7|HE ALSE o JlsM s 27| #5tq HIE A2
St |oldte SIX| &yt 2022 71 Aotz 2lsto| SZX[7} Bo| M= siAto| gl SHod
T=tzho| ol ZAsids
- m2iM, =2 Muliol= H|d &3 Felaks & A5k Yol £
2f. Auf 2ol 2 =2 XN E(FE)HAE 2 BN
— Mo =ZHof| 2 & E2 S 70% O|EF=2 2 80CO|A 3A|ZF &5, of(5um FIEE[X| Z
B), 4 55, SZAZTSIH =222 FLAES HPLC/UV HE7|2 MHEN SI¥S(E 2).
¥ 2. Mol =Hof|l E S22 XE(FE)ME SF
&= FE F8(%) epicatechin(mg/g)
1 14 17.5 12.37
1 2H 17.4 12.35
¥1 3H 17.6 12.34
¥1 4H 17.4 12.33
- A1 229 F£& 8 9 epicatechin? &St S,
of, el 2ol 2 =2 FE=2| Al2 M=, HPLC 7|7| ¥ EM=Z3} HPLC 2 Z20IE3
- MEXM=: 10mL EZ2tAF0] 100mgel =2 FE=2 Y11 HPLCE water 5mLE 7‘47P3P
1 FE25| =0|1, HEEZS 10mL EA| M7IX| M2 =STZE 102 4422 335 A
5l & 302 =9t =01 10,000ppm AlRE M Z=shC},
- =3 FE=9 EMxAH E HPLC AZ20tETH
(1) AFE717]: HPLC Waters 2695 Separation Module
(2) AZ7|: UV detector (mHEF 220nm), 2998 Photodiode Array Detector (mH&EH
200-450nm)
(3) Z=: INNO Column C18 (5um, 4.6X250mm) (M =A}: Youngdin)
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(4) 23 2% 40T

(5) FE: 20 L

(6) ¥=: 1.0 mL/min.

(7) ol=4k: A (0.1% Trifluoroacetic Acid in Water)
(8) 2% HH: Gradient elution

. B(Acetonitrile)

Interval (min.) Mobile phase A (%) Mobile phase B (%)
0 90 10
10 90 10
60 40 60
61 0 100
76 0 100
77 90 10
95 90 10
. 2114 (B2 £X18)
l Il\ MM AN //\ A A A A AJ& M
H12M (23 X8
A /\/\/\ A A A A A A /\ SR N . .
) 134 (28 218
N /k A A A A A/\ N
i H149H (L5 oda|)
A //\ n A A A Y NN ) .
[X{ul 2ol 2 =2 FE=9 HPLC A R0IEOH]
2. ¥lE Jts zH™3E
7F MA 2o E X x(RE)ME =S 24
- MZ "o 2 =2 A|REE 70% O|EH2 2 80COIAl 3A|ZH 251D, o{2H(5um FHEZ|X]
ZH), 4 55, sZU=xs5t0] 232 XE(FE)HES Mo ol b2 =3 FE210t =
Ust WHOo 2 HPLC/UV HEZIZ HEEM SIUS(E 3).
E 3. MA g e = X E(RE)dE o
=H | ™HM$F 22( T ) MA Bl epicatechin(mg/g)
1 25 1 12.36
2 25 3 12.30
3 25 5 12.15
4 50 1 12.22
5 50 3 11.56
6 50 5 10.89
- A1l MA Sl S5 AHHA epicatechin SH2F0| O|M|SHH| 24 == Z&k0| RA2nd EESH
HH 4 257t =255 MUHE2Z epicatechin 20| ZAst= A &0l AUct w2t =HEE Al
XM S5 0|1 MM 2EE 50CoM ECl 25TColM F=&35t= Zo| £3.
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12.35

12.37

11.46

9.66

12.55

12.62
HHX|l=
epicatechin &tZko|

epicatechin (mg/g)
20|

[ =2
=

H(%)

12.25

10.78
9.35
413
9.25
8.05

A=
T

Al ZH hrs
16
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Yol st Epicatechine| &tz st

=2 20 meshZ
| =22 =ZF

S3MMAE TERAE(%) FETE(%) Epicatechin (mg/g)
2015 10.75 17.4 12.37
20204 10.79 17.5 12.39
20214 10.78 17.3 12.36
20224 10.83 17.6 12.42
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Abstract

Background: Glycine sojois an onnuol winder plant widely grown in Koreo, fopan, Ching, and Russig. It is known to be an original
species of soybean, We studied anti-platelet effects of Giycine sofo seed extroct and its main components.

Methods ond Results : Glvcine sojo seed wos grinded, extrocted with 70% ethanol, ond freeze dried. Glycine sofo seed extroct{GS) wos
analyzed by HPLC and the main component were fdentified os cotechin, epicatechin, daidzin, genistin, doidrein, genistein, ond
soyosaponin Bb, Woshed plotelets were prepored and platelet oggregation wos induced by adding 5 s'ml collagen, 10 pM odenosine
5'-diphosphate, and 0.5 U/mL thrombin, respectively. Anti-platelet effects of G5 companents were evaluated. Epicotechin ond Genistin
were significantly inhibited plotelet aggregation. Glycine sofa were extracted 0, 30, 50, 70 and 100% ethanol, evoporated, freere dried,
and analyzed on guantity of eplcatechin and genistin, 70% ethonol extract of G5 showed higly quantity of epicatechin and genistin.

SR AR Majer components of G5 extract Content of main companents of G5
- Glycine sojolGS) extract
.0, 30, 50, 70, 100% ethanol
= Major components
. Catechin, Epécatechin, Daidzin, Genistin,
Daidzetn, Genkstein, Soyasaponin Bb
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- Column temperature : 40°C
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- Detection : 200 nm

PR A PP I PR PR 1 PR 1

Conclusion

Giycime sojo 70% ethnool extract conteined much more guantity of epicatechin and genistin which represent antiplotelet oggregation active
imgredients. It Is proposed to be used os o functional agent for improving blood clrculation.
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Abgteact: Wild sovbean, akso known ag Giycine safa Sieb, el Zuec. (GS), has bong been known for ibs
varirus health benefits, Although variows pharmacological effects of G. sofe have been studied, the
effects of G5 leal and stem (GSLS) on osteoarthritis (0A) have not been evalualed. Here, we examined
the ant-inflammatory effects of GSLS in interleukin-1 3 (IL-1 2 )-stimulated SW1353 human chon-
drocyies. G515 inhibited the expreasion of inflammatary eviokines and matny metalloproteinases
and ameliorated the degradation of collagen type 1 in IL-1 f-stimulated chondrocytes. Furthermaore,
GELS plaved a peotective robe in chondrocytes by Inhibiting the activation of NF-eB. In addition, our
i wive study demonstrated thak GSLS ameliorated patn and sevessed caelilage degeneration b joinds
by inhibiting inflammatory responses in a monosodium iodoacetate (MLA-induced OA tat model.
GSLS remarkably reduced the MIA-induced OA symptoms, such as joint pain, and decreased the
serum levels of proinilammatory mediators, cytokines, and mateix metalloprofeinases {MMPs). Our
findings show that GELS everks anti-osteoarthrilic effects and redibces pain amd caetilage degeseralbon
by downregulating inflammation, suggesting that i is a useful thesapeutic candidate for OA

Keywords: Glycine sopr: leal and stem extract: inflammation: chondrocyte; osteoarthritis

1. Introduction

Osteparthritis (00A) i a chronic progressive degenerative joint disorder characterized
by cartilage degradation and physical disability [1]. The development and progression
of 04 lead to cartilage matrix degradation caused by inflammation, which results in
the degradation of the extracellular matrix (ECM) [2]. Many proinflammatory cytokines
participate in OA pathogenesis, with interleukin 1 beta (IL-1j), [L-6, and tumaor necrosis
factor-alpha (TANF-a) being the most important proinflammatory mediators [3,4]. IL-1p
15 a key inducer of inflammation and directly participates in the generation of multiple
inflammatory mediators such as nitric made (MO and prostaglandin E2 (PGEZ) [5]. Addi-
tionally, cartilage-degrading ensymes such as matrix metalloproteinases (MMPs), which
are upregulated by IL-14 in chondrocytes, degrade collagen type I {COL-II) and accelerate
the decomposition of the ECM during OA progression [6]. Thus, candidate drugs capable
of targeting [L-1§-induced inflammation may be effective as novel therapeutic strategies
for OA

Matural products have been evaluated for their potential in the prevention and treat-
ment of O0A, providing an effective and safe adjunctive therapeutic approach. Many studies
have investigated herbal medicines and natural products for their suppressive effects on
chondrocytes apoptosis, induction of ECM degradation, and prevention of ECM decompo-
sition in articular cartilage [7.8]. Glycine son Sieb. et Zuce, (GS5), wild soybean regarded
as the progenitor of cultivated soybean has a long history of use in China dahng back
more than 2000 years; it is considered an excellent source of soybean-derived drugs [9]. G5
exhibits various clinically relevant effects, including improvement in blood lipid profile
and redurction in hepatic steatosis and adipocyte size in high-fat diet mice [109]. The health
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benefits associated with polvphenaols in sovbean are attributed to phenolic acids, favonaids,
and anthocyanins [11,22]. In addition, according to recerds of folk remedies in an ancient
Chinese book, Material Medical for Famanes, aerial parts of the plant have proven clinical
effects, such as controlling excessive sweating and tonifying the kidnevs and spleen [13].
Flavonoids and triterpenoids from the aerial parts of G5 exert growth-inhibitory effects
against insect pests [14]. However, to date, no studies have reported the therapeutic effects
of G5 leaf and stem (GSLS), particularly in OA. Therefore, in this study, we investigated the
effects of GSLS against inflammation and ECM degradation through the downregulation
of MMPs (MMP-1, MMP-3, and MMP-13} via activation of the NF-cB signaling pathway in
[L-1-treated SW1353 cells. We further investigated the potential of GSLS in preventing
inflammatory responses and protecting against articular cartilage degradation in a rat
moedel of monosodium iodoacetate (MIA}-nduced (AL Our findings reveal that G5LS
significantly attenuates the levels of inflammatory markers in chondrocytes and reduces
pain and cartilage damage in MlA-induced rats.

2. Results
2.1, Chemical Profiling of GSLS

Based on the absorption profile and retention time, GSLS contained 3.10 = 0L008 mg /g
daidzin, 2.22 & (03% mg /g genistin, (L71 £+ 0,014 mg/ g daidezein, and 7.75 £ 0343 mg /g
soyasaponin Bb. Mass spectroscopy data of GS1S predict the presence of apigenin (M + H]",
271.12), formononetin ([M + ], 26910}, and soyasapondn I (MM — H]~, 911.46) (Figare 1).
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Figure 1. Representative UPLC chromatogram of the 7% ethanclic extract of Glycine soia leaf
and stem (GELS). Mixed standard solution (A) and 7% ethanol extract of GSLS (B). Daidzin (1),
genlstin {2}, daidzein (3}, soyasaponin Bb (4], apigenin (5], formenanetin (6], and sovasaposin 007

2.2 Effects of GELS on the Viebalihy tn Chondrocytes

The effect of GSLS on cell viability in SW1353 chondrocyies was examined using
the 3-(4.5-dimethyithiazol-2-y1)-2 5-diphenyitetrazolium bromide (MTT) assayv. IL-1f4
and /or GSLS treatment had no significant effect on cell viability after 24 h of ncuba-
tion (Figure Za). Therefore, GSLS concentrations at 200 g /mL or less were used for all
subsequent experiments.
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Figure 2. Effects of GELS ok the levels of Inflammatory oytakines in lnter]ewkin (IL)-1 5 -atimilated
5W1353 chondrocytes. Cells were protreated with GSLS 2 h before [L-1 3 stimulation (00 ng/ml) and
wete malntained for 24 h. (a) Cell viability was measured wsing the MTT assay. The concentrations
of PGEZ {b), IL-12 (e}, TWF-w (d), and IL-6 (&) releaged into the culture medium were determined
kg an enzyme-linked immunosorbent assay (ELISA) The values e expressed as the mean + SD
(=30 " o < (L0001 va. untreated control. © g < 005, * g <000, *** p < 000, and ** p < (LKOT vs.
IL-1f-treated group.

2.3, Effects of GSLS om fL-1 i, TNF-a, and [L-6 Prodiection

The effects of G5LS on the expression of inflammatory factors, [L-13, TNF-o, [1-6, and
PGE? were analyzed using an enzyme-linked immunosorbent assay (ELISA). As shown in
Figure Ib-e, PGEZ, IL-1§, TNF-x, and [L-6 levels were significantly increased in the culture
medium of the IL-1-stimulated SW 1353 cells. In contrast, the expression of PGEZ was
decreased when the cells were treated with G515 (200 ug /mL) and indomethacin (INN,
2ug/ml), a positive control, by 21.76%:, and 65.97%, respectively. The [L-15 level was
markedly reduced (by 14.98%) in cells treated with GSLS (200 pg/mL) along with [L-15,
compared with those treated with [L-15 alone (Figure 2c). In addition, G515 treatment
significantly decreased TWF-oo production in 1L-1{-stimulated cells in a dose-dependent
manner; at GSLS concentrations of 50, 100, and 200 ng /mL, TNF-o levels were decreased
o FH.29%,, B4.95%, and 97.09% at concentrations 50, 100, and 200 pg/mL, respectively
(Figure Zd). 1L-6 was significantlv suppressed by 31.47% and 34.71% after GSLS treatment
at concentrations of 100 and 200 pg/mL, respectively (Figure Ze).

2.4 Effects of GSLS on {L-1 f-Induced Extriecellular Mutrix Deyrodation

COL-II is the primary component of the ECM and contributes significantly to the
support of the cartilaginous structure. ECM degradation during OA is caused by matrix-
degrading enzvmes such as MMPs [15]. To evaluate chondrocyte degeneration, we investi-
sated the effects of GSLS extract on COL- levels in IL-1B-treated SW1353 chondrocytes
by performing ELISA and immunoefluorescence analyses. As shown in Figure 2, COL-II
levels were significantly decreased after IL-1[ treatment; however, pre-treatment with
GSLS at 200 pgr/mL prevented this decrease by 49.04%. In addition, immunoffuorescence
analysis showed that in contrast to the [L-1§ group, treatment with GSLS also inhibited
IL-13-stimulated cytoplasmic COL-II degradation.
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Figure 3. Effects of 200 pg /mL GSLS on [L-1-induced ECM degradation in [L-1f-stimulated SWI1353
chondrocvies. () Prodein levels of OOL-11 were determined uaing ELISA. i) Immunalliosescence
staining of COL-I protein (red) and nuaclek (blue) with -I'.r.--lJl.|||1|.|.1.|||l.:--_'-p|||.!r'._'. lindole (DAPT. Scale

22

rar 20 pm. The values are expressed as the mean = S0Hn = 3), pro< D01 vs. untreated control.

e 0.05 ws, TL-1 A-freated Rrowp.

l'o further investigate how GSLS suppressed [L-1 p-induced chondrocyte degeneration,
we analyzed the MMP production using ELISA. The results (Figure 4a—c) showed that
IL-1j treatment stimulated the protein expression levels of MMP-1, MMP-3, and MMP-13
and increased them to 2362, 132.35, and 1.90 ng/mL, respectively. However, treatment
with 2000 pg /ml G515 decreased these levels bo 1192, 8872, and 1.05 ng/mL, indicating
inhibition of 49.52%, 32.9%, and 44.80%, respectively. In parallel, the effects of GSLS
on MMP-1, MMP-3, and MMDP-13 mBEMNA expression were studied using RT-gPCR. As
shown in Figure £d—f, the elevabted mRN A expression levels of MMP-1, MMP-3, and MMP-
13 were significantly suppressed after GSLS (200 pg/mL) treatment to 549.76%, 45.28%,
and H4.13%, respectively. Furthermore, immunoflucrescence analysis showed that GSLS
protected against [L-1p-induced elevated expression of MMP-1 and MMP-13, which was
consistent with the results of mRNA analysts and ELISA (Figure 5ab). Thus, GSLS ex-
hibits a protective effect on the cartilage matrix by inhibiting ECM degradation via the
downregulation of matrix-degrading enzyvmes and COL-II degradation induced by IL-13
in 5W1353 chondrocytes.
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deteemined using ELISA. The mENA expression levels of (d) MMP-1, (e) MMP-3, and (£} MMP-13
were detesmined using real-thme PCR. The values are expressed as the mean + SO (=31 p < 005,
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Figure 5. Effects of G515 on IL-1f-induced ECM degradation using IL-1f-stimulated SW1353
chondroe f;{u'.'r. {a) MBP-1 and (b} MMP-13 {red) were visualized |'l:\.' rnmunoflucrescenoe staining.
Thie cells were statned with DAPL to visualize the nucled (Blue). Scale bar 20 pm.

2.5 Effect of GSLS on IL-1-lnduced NF-xB Signal Actioation

Lo explore the underlving mechanism of the cartilage protective effect of GSLS, western
blot and immunofiuorescence analvses of NF-x6 pé5 were performed to examine the effect
of G5LS on the MF-B pathway. [L-1( significantly upregulated pa5 phosphorylation
(p = 0.05), whereas GSLS markedly reduced [L-1§-induced NF-«B activation in a dose-
dependent manner (Figure ¢a). Furthermore, immunofluorescence analysis revealed that
[L-1f-induced nuclear transtocation of p65 was significantly blocked by pre-treatment
with 200 pg/mL GSLS (Figure tb). This observation was consistent with the western
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blotting results. Taken together, these findings demonstrate that GSLS effectively inhibits
IL-1 p-induced WF-xB signal activation in SW1353 chond rocytes.

EF (15} Con IL-18 GELS

u

i -ul Tl
Bt v ey A8

Figure 6. Effects of GSLS on [L-1 f-induced WNF-kB actvation in IL-1 f-stmusiated SW13533 chomdro-
cytes, Cells were pretreated with GSLS for 2 h followed by co-incubation with 10 ng/mL [1L-15 for
30 min, (a) The protein bevisls af E.'I-I.'I'\'_! and E"r": weere determined by ot forming western hlotting and
quantification analvses. (b) The localization of NE-xB pab was visualized by Quorescence microscapy
after immunoflucrescence statning (red). The cefls were stained with DAPI o visualize the nuckel
(blue). Scale bar 20 pm_ ® = (.05 wu. untreated contral. * p o< (L05 va, [L-1f-tneated group

2.6, Effect of GSLS em Jemf Pain in Rats with Monosodivar lodoscetate-Induced Osbeoarthritis
Weight-bearing distribution was measured in sensitized contralateral hind limbs to
assess joint pain. We evaluated hind paw weight bearing using an incapacitance tester
on days U, 7, 14, and 2Z1. The weight-bearing in the MIA group decreased rapidly and
became significantly different from that of the saline group on day 7 post-MILA injection and
was maintained for at least 21 days. These values increased slightly in the GSLS-treated
groups on day ¥ compared with those in the M1A group. However, in these groups, the
balance between the hind legs was restored after 21 daws. The 200 mg /kg G515 and GLM
(green-lipped mussel oil) as positive control groups showed maximum pain reduction of
32.4% and 51.9% 21 days post-MLA induction, respectively. These results demonstrated
significant recovery of hind paw weight bearing in the G5L5-treated groups (Figure 7).

2.7, Effect of GSLS on Inflanmeatory Medintors and Cytokimnes in Bats with Monosodiun
lodvacetate-Indueed Oisteoartiritis

As shown in Figure &, the levels of inflammatory mediators and cytokines were
significantly elevated in the MLA group compared with those in the control group. In
contrast, the GSLS-treated group showed remarkably decreased serum levels of IL-1B
(64.8%), TNF-ox (comparable to levels in controf), [L-6 (51.7%), 5-lipoxygenase (3-LOX,
i, (), cycloonygenase-2 (COX-2, 68.1%), leukotriene B4 (LTB4, 87.7%), and PGEZ (79.4'%)
in rats with MIA-induced (A at a dose of 200 mg/ kg (Figure Sa—g). These results suggest
that G515 suppresses inflammatory responses by inhibiting the produchon of inflammatory
cvtokines and mediators in rats with MlA-induced OA:
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Flgure 7. Effects of GSLS on changes in the hind paw weight-bearing distribution in rals with
MlA-induced OA. The treatment effects of GS1S wera compared with that of the MIA-induced OA
group. i =7 per group, " o< 00001 vs, control; * p< 005, " p < (U001, and **** p < 00001 vs,
BLA-treated raks.

Flgure B. Effacts of GSLS on the serum levels of infammatory cytokines and mediaboes in rats with
MiA-Induwced (AL (a} Serum TNF-o (b) IL-a, (] IL-18, (d) 5-lipoay pemase (5-LOX, (8] cyclooxygenase-
2 (COX-2)Y, (f) leukotrlene B (LTBA), and {g) prostaglandin E2 {GE2) levels. n = 7 per group.
UER = 0L001, B g (LN va. comirol; * o= 005G, ** o= 0004 p < 0001, and *** p = 00001 s,
M1A-treated pats.

2.8 Effects of GSLS on Carfilage Degradation e Babs with Monessdium
Indoacetate-Indueed Osteoarihrifis

T assess the inflammatory mediator-promoted secretion of MMPs during the inflam-
matory process, we next examined whether GSLS inhibited the secretion of MMP-2 and
MMWP-% in the knee joint tissues of rats with MlA-induced OA. The MLA group showed
elevated mRENA levels of MMP-2 and MMP-9 compared with those in the control group.
However, the 200 mg / kg GSL5-treated group showed a significant decrease in MMP-2 and
MMP-4 levels (Figure Ya,b}, Conversely, mEMNA expression of ECM genes such as aggre-
can (ACAN), and COL-II, was dramatically reduced in MlA-induced articular cartilage.
However, increased ACAN and COL-II mBENA expression levels were observed in the
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GSL5-treated groups compared with that in the MIA-induced group. These data suggest
that GSLS may inhibit cartilage degradation in MIA-induced OA
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Figure 9. Effects of GSLS on cartilage degradation in eals with MlA-induced A, The mREMA
expresalon levels of (a) MMP-2, {Isy MMP-9, (e} ACAN, and (d) COL-II detéemined by real-tmie PCR.
n =7 per group. ™ pa 001, T g < 0.0001 v controd; * p 0U05; % p < (U001 vs, MIA-treated rats,

3. Discussion

(4 is a chronic and degenerative joint disease characterized by the destruction of
articular cartilage due to an imbalance between biosynthesis and degradation of the ECM,
and it leads to physical disability [16]. Although the underlying pathological mechanism
of 4 remains unclear, inflammatory responses contribute significantly to the symptoms
and progression of OA [17]. Various potential natural products and herbal resources
have been used to treat OA and /or to delay disease progression [15,19]. The therapeutic
effects of GSLS on OA have remained unknown so far. Here, we investizated the effects of
5515 against inflammation and ECM degradation using in vitro and in vivo models and
investigated the potential of GSLS in preventing inflammatory responses and protecting
against articular cartilage degradation in OA. Our findings reveal that GSLS significantly
attenuates the levels of inflammatory markers in chondrocytes and reduces pain and
cartilage damage in MiA-induced rats. In previous studies, proinflammatory cvtokines,
such as TNF-o, [L-13, [L-f, and [L-10, were detected in svnovial fluid from patients with O
and in several experimental animal models of cartilage degradation [20-22]. In particular,
IL-1f3, known as the master regulator of inflammation, has been reported to be directly
mvolved in the generation of multiple mfammatory mediators associated with carbilage
degeneration, such as pro-inflammatory factors, PGE2, MO, and MMPs. THNFe is invobeed
in driving the inflammation process [4.5]. Furthermore, the upregulation of 1L-1 and
TMF-o in articular cells stimulates the production of pminflammatory cytokines such as
1L~ [23] and chemokines such as IL-8 [24]. Hence, in this study, we used [L-13-stimulated
S5W1353 cells as an inflammatory chondrocyte model and evaluated the anti-inflammatory
effect of GSLS by measuring the changes in the levels of the inflammatory mediators MGEZ,
IL-1, [L-6, and TMF-or. Our data revealed that G515 significantly attenuated these changes
in [L-1 p-treated chondrocytes. Previous studies have demonstrated that daidzin, genistin,
daidzein, and soyasaponin Bb, the main ingredients in GSLS, play roles in the suppression
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of LPS-stimulated inflammation in macrophages [25-27]. Considering these reports of
representative compounds, it can be inferred that the therapeutic effects of GSLS could
be due to the synergistic anti-inflammatory effects of these compounds. NN, one of the
MNSAID drugs that reduce the synthesis of prostaglandin by inhibiting cyclooxygenase
(COX) o reduce pain, inflammation, and fever, was used as a positive control [25]. TNK
significantly inhibited the production of PGE2, which was increased by [L-1§ in SW1353
cells, but did not show other cytokines inhibitory activities.

IL-1§ induces catabolic responses by suppressing the expression of cartilage-related
menes, such as that encoding COL-IT [29] and promoting the expression of matriv-degradation-
related genes, including those encoding MMP-1, MMP-3, MMP-Y, and MMP-13 [30]. The
degradabion of collagen, one of the ECM components, is an impertant process in the devel-
opment, morphogenesis, ssue repair, and remodeling [21]. ECM degradation involves
different types of proteases; however, the MMFP family members including gelatinases
(MMP-2 and -9), collagenases (MMMP-1, -8, and -13), stromelysins (MMP-3, -7, <10, and -11},
membrane type (MT}-MMPs, and matrilysins are the major enzvmes that degrade ECM
components [32,33]. In particular, collagenases, including MMP-1, -8, and -13, facilitate
the farmation of a suitable microenvironment for the development and progression of (A
and specifically degrade COL-Il and proteoglycans through other MMPs in the cartilage
matrix [ 4], The activity of gelatinases is higher on the subchondral bone rather than on
cartilage ECM [35]. Among MMPs, MMP-3 (also known as stromelysin) activates MMP-1
(also known as collagenase-1) and cleaves a broad range of matrix proteins [36]. MBMP-1 is
expressed ubiquitously and is found in various normal tissuse cells, including chondrocytes,
whereas MMP-13 {also known as collagenase-3) is more closely inked to COL-I degra-
dation rather than MWMP-1 and MWMP-8 and is usually produced only by cartilages and
bones during development and by chondrocytes during OA [37,35]. Therefore, the levels
of COL-IL and MMFs can be used as indicators to investigate the progression of cartilage
destruction. In the present study, GSLS imhibited the [L-15-imduced secretion of MMP-1, -3,
and -13 in 5W1353 chondrocvtes. In addition, mEMA and immunofluorescence analyses
showed that G5SLS treatment reduced the expression of MMP-1 and -13 and increased
COLA-ITin chondrocytes induced by IL-1#. GSLS treatment thus shows a protective effect
against BECM degradation and delays O/ progression.

The NF-kB pathway mediates important events in the inflammatory response of
chondrocytes, leading to progressive ECM damage and cartilage erosion. NF-kB is activated
by the inflammatory cytokines IL-1§ and TANF-a and mediates the expression of MMPs,
including MMI-1, -3, and -13 [24,539,40]. Therefore, MF-kB pathway activation is blocked
by drugs currently used for the treatment of OA, such as nonstercidal anti-inflammatory
drugs (NSAIDs) and glucocorticoids, and is a promising strategy for developing novel
therapeutics [41]. In our study, GSLS suppressed the signal activation of NF-kB by inhibiting
nuclear translocation of ph3 induced by [L-13 in chondrocytes. Thus, GSLS has protective
effects against inflammation and collagen degradation associated with increased MMPs
expression. Considering its anfi-inflammatory activity and protective effect against cartilage
degradation in vitro, we evaluated the therapeutic potential of GSLS for OA in MLA-
induced rats by measuring joint pain, levels of inflammatory cytokines and mediators,
and cartilage degradabion. GLM, used as a positive control, is produced as a variety of
therapeutic supplements and is taken orally as a whole powder or oil extract. GLM is
beneficial in relieving pain, reducing inflammation, and ameliorating other debilitating
symptoms associated with inflammatory diseases such as OA without the adverse side
effects of NSAIDs [42]. The pain-relieving effect of GSLS in MIA-induced rats, as measured
by weight-bearing distribution, was markedly higher than that in the MLA-induced group.
We pbserved that GSLS inhibited the produoction of inflammatory mediators and cytokines,
including [L-1, TNF-a, IL-6, 5-LOX, COX-2, LTB4, and PGEZ2, in MIA-induced rats. We
demonstrated the ECM degradation effect of GSLS by MMP-1, MMP-3, and MMP-13 in
SW1353 cells. Furthermore, to confirm the ECM degradation effect by gelatinase (MMP-Z,
MMP-9) in animal models, we tested the mENA expression levels of MMP-2, MMP-5,
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ACAN, and COL-II in animal joint tissues. As shown in Figure Y, reatment with G515
significantly reduced MMP-2 and MWMP-2, while it increased mENA expression levels of
ACAN and COL-IL These results suggest that GSLS blocks gelatinase activity, thereby
protecting ECM degradation in MIA-induced OA rats.

Compared to GLM, GSLS has a similar effect and has demonstrated statistical signif-
icance in several biomarkers. Considering that the GLM dosage was administered at a
higher concentration than that obtained by converting the animal dose to human equivalent
doses based on body surface area, the GSLS extract also showed potential as an excellent
therapeutic option for OA. Collectively, these resuits demonstrated that G5LS could ame-
liorate OA progression by inhibiting the expression of inflammatory factors, relieving pain,
and protecting against cartilage damage in MIA-induced rats.

4. Materials and Methods
4.1. GSLS Preparation

The leaves and stems of GS were collected from the fields of Munkyeong (Chungbulk,
Republic of Korea), 100 g of which was extracted with 1.5 L of 7% agueous ethanol for 3h
under reflux, concentrated under reduced pressure, and freeze-dried. The extraction yield
was 12.3%.

4.2, Chewmical Profilimg of GSLS

A Waters Acquity UPLC system equipped with a guaternary pump, auto-sampler,
photodiode array detector, and QDa detector with an Acquity UPLCY BEH C15 column
(100 % 2.1 mm, 1.7 um) was used for the analvsis (Waters, Miltord, MaA, USA). Solvent
A {water) and solvent B {acetonitrile) were used for gradient elution at a flow rate of
(L5 mL/min, which was carmed out as follows: -2 min, 5-5% B; 2-5 min, 5-15% B;
5-30 min, 15-55% B; 30-35 min, 55-72% B; 3540 min, 72-91% B; 4042 min, $0-100"% B;
4244 min, 100-5% B; and 4445 min, 5-5% B. The detection wavelength was set at 200 nm.
The column temperature was mamtained at 40 °C, and the njection volume was 2 pl. A
(Ja detector equipped with an electrospray tonization {ESl) source and mass spectrometer
(M5) was used to obtain mass spectra. The ES source was analyzed for both negative and
positive ions. The optimized ESI source parameters were: capillary voltage 8 kY and probe
temperatura 00 “C. Nitrogen was used as a curtain, collision, nebulizer, and heating gas.

4.3 Cell Cultire

SW1353 human chondrocytes were purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA) and cultured im Dultbecco’s Modified Eagle’s Medium / Nutrient
Mixture F-12 (DMEM /F12), supplemented with 10%: heat-inactivated fetal bovine serum
(FBS) and 1% penicillin {100 [U /mL} at 5% COy and 37 “C. The medium was replaced with
serum-free DMEM/F12, and 10 ng /mL IL-1§ (Sigma-Aldrich Chemical Co., St. Louis, MO,
UsSA) with or without GSLS (50, 100, or 200 g /mL} was added for an additional 24 b to
stimulate the cells. GSLS was dissolved in 100% DMSO, stored at — 20 "C, and diluted in
PBES immediately before use to obtain a final concentration of 0.1% DMSCL DMSO(0.1%)
was used as control (Con).

44 Cytotoxicity Measurenmal

The effects of GSLS on chondrocytes were determined using the MTT (Sigma-Aldrich
Chemical Co., 5t Louis, MO, USA) assay SW1353 cells were seeded into #6-well plates
(5000 cells /well) at 37 °C for 12 h and then treated with GSLS at 37 "C for 1 h before [L-13
(10 ng/mL} treatment at 37 “C for 24 h. In each well, 50 pg MTT solution was added and
incubated for 4 h at 37 °C. The supernatant was removed, and the formazan crystals were
dissolved m 100 gL dimethy] sulfoxide (DMSO), Absorbance was measured at 570 nm
using a microplate reader {Bio-Rad, Hercules, CA, USA) to assess cell viability.
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4.5, Rat Model of Monosod i ledoncetate-Induced OA

Male Sprague Dawley (50 rats (7 weeks old, 190-210 g body weight) were purchased
from Orient Bio (Seongnam, Republic of Korea). After acclimation, rats were housed in
individual cages and familiarized with the testing procedure. Male Sprague Dawlev rats
(& weeks old) were randomly divided into four groups with seven rats in each group: (1) con-
trol group, (2) MLA group with MLA injection, (3) GSLS-treated group (200 mg/ kg body
weight) with MILA injection, and {4) GLM (green-lipped mussel oil, positive control drug)-
treated group (100 mg kg body weight) with MIA injection. MLA solution (3 mg /50 gL
in (1.9%: saline) was administered as an intra-articular knee injection in the right knee of
anesthetized rats under a mixture of ketamine (25 mg /0.5 mL) and xylazine (20 mg/ (0.2 mL).
All drugs were dissolved in (.5% carboxymethyl cellulose (CMC)-containing saline im-
mediately before use. The rats received 2 mL G5LS or GLM via oral gavage once daily
for 21 days after MIA injection until the end of the experiment. Control and MIA group
were given the same volume of (1L.5% CMC. After GSLS treatment, no evidence of systemic
adverse effects was observed in any study group. Changes in the hind paw weight-bearing
were determined by the incapacitance tester {Bioseb Co.; Pinellas Park, FL, USA) on davs (0,
7. 14, and 21 after intra-articular MIA induction. The hind paw weight-bearing distribution
between the right knee joint (with the MIA injection) and the left knee joint {control side)
was evaluated as an index of joint pain in the OA joint. All experiments involving animals
were approved by the Institutional Animal Care and Use Committee of Daejeon University
(DIUARB2022-027, Dagjeon, Fepublic of Korea) and conducted in accordance with the
Guide for the Care and Use of Laboratory Animals published by the US Nabional Institutes
of Health (Bethesda, MD, USA]).

4.6, Enzyme-Linked Tmmunesorbent Assay for Proinflanrmaetory Cytokines and
Mutrix Metalloprofeinnses

The levels of proinflammatory cvtokines and mediators (IL-15, TSF-o, [L-6, PGEZ,
LTB4, 5-LOX, and COX-2), MMPs {MMP-1, MMP-3, and MMP-13), and COL-II were
determined using commercial ELISA kits (MyBioSource, San Diego, CA, USA and Ré&D
Systems, Minneapaolis, MM, USA), according to the manufacturer’s protocols.

4.7, Western Blot Analysis

The cells were lysed using Laemmli sample buffer (Bio-Rad, Hercules, CA, USA),
heated at 100 °C for 5 min, and electrophoresed with 30 pg protein /lane on denaturing
sodium dodecyl sulfate-polyacrylamide (5DS-FPAGE) gel. Proteins were then transferred
onto polyvinvlidene fluoride membranes (Bio-Rad, Hercules, CA, USA). The protein-
blotted membranes were probed with specific targeting primary antibodies (1:1000 dilution,
Santa Cruz Biotechnologies, Santa Cruz, CA, USA) for 1 h, washed, and then incubated
with horseradish peroxidase-linked secondary antibodies (1:2000 dilution). After 1 h, the
membranes were washed three times, and the signals were detected with SuperSignal
Chemiluminescence Beagent (cat no. 46640; Thermo Scientific, Atto Corporation, Tokyo,
Japan} using an image analvzer (LAS 4000 mini, GE Healthcare Bio-Sciences, MN], USA).

4.8 TmmnunofTuorescence Sfaining

The cells were stimulated with IL-1§ alone or with GSLS and fixed in 4% (0/7)
methanol-free formaldehyde solution {pH 7.4) for 25 min at room temperature.  The
cells were permeabilized in 0.3% (w/v) Triton X-100 for 15 min and then blocked in 5%
(/) bovine serum albumin for 30 min. Subsequently, the cells were incubated with
anti-MF-kB pa5 (1:200 dilution, Santa Cruz Biotechnologies, Santa Cruz, CA, USA) and
Texas Red-conjugated secondary antibodies (1:100 dilution). The slides were covered with
mounting medium containing 4’ 6-diamidine-2-phenylindole {DAPI; Vector Laboratories
Inc., Burlingame, CA, USA) and visualized using a Fluoview FV10i confocal microscope
(Olympus, Tokyo, lapan).
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4.9 Tote! RNA Extraction and Real-Tame Quantitafive Polymeraze Chain Renction

Total RMA was extracted using the RMeasy Mim Kit (Qiagen Inc, Valencia, CA, USA),
according to the manufacturer’s instructions. cOMNA was synthesized from total RMNA using
an iScript cOMNA Synthesis kit (Bio-Rad, Hercules, CA, USA) and amplified with SYBR
Green Supermix on an ABL StepUnellus™ Real-Time PCR Svstemn (Applied Biosystems,
Foster City, CA, USA) according to following conditions: 30 s of denaturation, followed
by 40 cvcles at 94 °C for 5 s and 600 “C for 35 5. The relative expression of gene-specific
products was analvzed using the comparative Ct {27 44%) method and normalized to the
reference gene glyceraldehyde-3-phosphate debhydrogenase (GAPDH). The sequences of
primers constructed were as follows: GAPDH: F, 5 -CACCCACTCCTCCACCTITG-3 R,
SCCACCACCCTOCTGOTGTAG-3,; MMP-1: B 5-CACAGACATGAAGTCCGGTTT-A R,
S CCCAAAGGACCTGTAGATCTC-3,; MMP-3: E 5 ATTCCATGGAGCCAGGCTITC A R,
S CATTTGGGTCAAACTCCAACTGT-3 MMP-13: E 5-AGCCACTTTATGCTTCCTGA- R,
S TGGCATCAAGGGATAAGGAAGY,; ACAN: E 5 CAAGTOGUGTOCAQAAACCAA-S
B, 5 COTTCCATTCACCOCTCTCA-Y; COL-T F 5-GCAACAGCACCGTTCACGTACAA R,
5 -TCGGTACTCGATGATGLTCTTG-3.

.10, Stakisticad Anelyses

All data were analyzed using Prism 7.0 software {GraphPad Software, Boston, MA,
Usa). Differences were considered statistically significant at p < (005, Dunnett’s test was
used for multiple comparisons among different groups. Data are represented as the mean
= standard error of the mean (SEM). One-way analysis of vanance was used to detect
sigmificant differences between the control and treatment groups.

5. Conclusions

This study demonstrated that GSLS can inhibit chondrocyte inflammation and have
a protective effect on MlLA-induced OA. GSLS inhibited chondrocyte inflammation and
amediorated cartilage degeneration by suppressing the WF-kB signal activation in SW1353
cetls. In an MIA-induced OA rat model, G515 administration relieved the pain and reversed
cartilage degeneration in joints by inhibiting inflammatory responses. Chverall, our findings
sugpested the potential of GSLS as a therapeutic supplement for relieving inflammation
in OA,
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