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ABSTRACT

Objectives : From this study, we sight to identify chondro—protective and anti—inflammatory effects of Sorbi Commixtae
Fructus extract and its compound, chlorogenic acid,

Methods : Sorbi Commixtae Fructus were extracted by 50% ethanol, And chlorogenic acid in Sorbi Commixtae Fructus
50% extract was quantified by high performance liquid chromatography (HPLC). To investigate chondro—protective
effects, we treated Sorbi Commixtae Fructus 50% ethanol extract and chlorogenic acid in TNFae—activated ATDCS5
murine chondrogenic cells, After 24 hours, protein level of matrix metalloproteinase—3 (MMP3) and mRNA level of
matrix metalloproteinase—13 (MMP13) were measured by using ELISA or reverse transcription PCR, respectively.
To examine anti—inflammatory effects, we treated Sorbi Commixtae Fructus 50% ethanol extract and chlorogenic
acid in LPS—induced RAW 264.7 murine macrophages. We measured the level of inflammatory mediators, such as
Prostaglandin E2 (PGE2), Interleukin—6 (IL6) by ELISA and nitric oxide (NO) by Griess reagent assay.

Results : A concentration of chlorogenic acid in Sorbi Commixtae Fructus 50% ethanol extract was 3.9 mg/g. Sorbi
Commixtae Fructus 50% ethanol extract and chlorogenic acid attenuated protein level of MMP3 and mRNA level of
MMP13 in TNFa—activated ATDC5 cells, Sorbi commixtae Fructus 50% ethanol extract inhibited the level of PGE2, 1L6
and NO in LPS—activated RAW 264.7 cells in dose dependent manner, but chlorogenic acid has no anti—inflammatory
effects,

Conclusions : These findings demonstrated that Sorbi Commixtae Fructus 50% ethanol extract has chondro—protective

and anti—inflammatory effects showing possible therapeutics to ease the symptoms related with osteoarthritis,
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=P BAY A Al dZof st &
o] A&xHoz HEly, dFS 444 29, B4 29l
B4 27 Sof By,

B2oA wgsls HPHBEEL T L
BEEE FAste JFE 7]5ol st FEol EiEdd Fk
FERS) WRIT el B A, AL, TR 5k,
g, B, Fik, BAERS) FEA, JEMHARA 59 ZAHS Sulsli
Aoz w1 QU FAre] Axol ulet HE, HEE, EE
AE TR, B, B, S A AL 2R EEBIR,
TEATERS, TR LR 1%% Abgstar kY,

EPABEALES 43 Y RA 7Hg WA AL

A AEL

L oko nlAg RO EA AE l°ltﬂ o)l 717+ AH A
o, 7H 9 Al7)5o Hagg doz 4 ). o]o whale]
717 AEoZ AH 5 & ool 31% AA A8 29 &
B Aoz BzRgo] H1 thergt JEo] FgE o] glo] thg
a9lo] 9Jste] WA7} otstEls ElPHBAY 2 Rof tharat
a5 By 7Mool oY,

2 QoL AU FUSSA WBEAA BT
9 2 ALGES Fote S48 ERYAER, SEeEY
AUAEZARANE 2R A WS HAE 274 & Sl
EFXRARE AFHESHE Y. BFEAK (Sorbus commixta Hedl,)Z
Aujat AER URAZALS TAKE 91 %S #IL ke
wolty, TAKE ik, 1A, $8% &0l glo] AAl 3,
8EF, S5, W NEE Ysto] T o] ARG g},
BRARY dule BERFE dFoH FUY oA 280 7]'“'6}
22 SA=E o}, M2 Pt mke HESIY &
S, R, RIK, 1R, Ao R dEA At

EZFFo)l= chlorogenic acid, neochlorogenic acid, rutin,
hyperoside ¥ isoquercetin®| $H-g5o] oty Ry E v}
Jed?, £ dFre BRTY AF/sHECR Jd &
Lol Ag A1H vt 91=? chlorogenic acids® AAdte &
7 50% 74 % W BF 2 A% BUs s,

2 ARG BRT 50% =3 FEE(SCE)S Ax3t1

=ZE U chlorogenic acid ?é]'%k—‘% BAS 5] AE $£F9
EPAHEE modelol] BFERT 50% F4 325 9 chlorogenic
acidE AH2gt o]F [Fog A aIE A7) o]of Hs}he
Hustaat g,

I, A2 %
1. A&

Al9F2 Roswell Park Memorial Institute (RPMI) 1640
" A (Gibco BRL, USA), $-ejo}&3(FBS : Invitrogen, USA),
A AL (LPS . Sigma Aldrich, USA), TNFe A&
W& (Peprotech, USA), cell counting kit—8 (CCKS8 : Dojindo
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Molecular Technologies, JAPAN), penicillin—streptomycin
(Gibco BRL, USA), Dulbecco's phosphate buffered saline
(D—PBS : Gibco BRL, USA), Griess reagent (Sigma Aldrich,
USA), Prostaglandin E2 (PGE2) ELISA (Enzo Life Sciences,
USA), Interleukin—6 (IL6) ELISA kit (R&D systems,
USA), matrix metalloproteinase—3 (MMP3) ELISA kit (R&D
systems, USA), AccuPrep® universal RNA extraction
kit (Bioneer, South Korea), cDNA &4 kit (Phile Korea
technology, South Korea)& A3t &3 =32
microplate UV spectrometer (Synergy H1MF, Biotek,
USA)E A&

HE|Ho| A LA &
2 LE €3 60CoA 6A17E &
FE2 12%% T

3. High performance liquid chromatography
(HPLC)

W =)

2 A= BET 50% F4 F2E9 chlorogenic
acid S 2A4517] $Jste] HPLCE ARESFITE Chlorogenic
acid EFE-L Sigma—Aldrich (USA)o|A F+UdstE T, B4
ZAL NRE HE2o) &3 F Agilent Poroshell 120
EC—C18 column (C18, 2.7 gm, 4.6 mm X 50 mm)< A}
23} 40CoA 0.1% <lAte] &4H E3} acetonitrileS
ol gL 2 AHESIATE, Chlorogenic acid®] E&EFC| gt
A9 AE T2 327 nmo| At

4. A= wjF

AF fef AAZF RAW 264,7 Al SA LT
(Korea) S 2HE Hokdkglon ANEZ:= 10% FBSS 1%
penicillin—streptomycin® 2 ZAJE RPMI 1640 HiX|Z=
2-39 F712 A wjFstact. BF fH ASAHESF ATDCS
A|3EE= Sigma Aldrich (USA)oA Fuistg e, 10% FBS
2} 1% penicillin—streptomycin®.2 ZAE RPMI 1640 Hj

A2 2-39 F7|12 Ad wjdstAt.

5. NIZ 54 &3

ATDC59t RAW 264.7 N|ZE Z}Z+ 96 well plated] 5 X
10* cells/well, 8 x 10* cells/well2 E3ata] 24X]7F B¢k
vjoFstgdch, Wik B S A AT & FBS v]EZ3 RPMI 1640
iR o) BRTF 50% FF F&E 12.5, 25, 50, 100 pg/ml,
chlorogenic acid 0.05, 0.1, 0.2, 5, 10, 20 pgg/ml< ©3}4
Z- NEZoj] A Egt & 24A17F s Fst . B F CCK8 &9
20 p1& 7ysto] MlZujek7] 37C, 5% COx 274 30&
ZHBREAIFTY ¥R T 450 m YO R FFEE SH/T &
gzol theh AlZ HELS WESE FASHA



6. MMP3 3% &4

ATDC5 M|ZE 96 well plated] 5 x 10* cells/well2 B3
sho] 24417t Bt vkt vk WA E AAT & TNFa
10 ng/ml T§E FBS mZ3F RPMI 1640 HiX|ol BEHRF
50% &4 F2E 50, 100, 200 pg/ml, chlorogenic acid
0.05, 1, 2 pg/mlS B3t A|=Zo) s} 24X7+ vjF3}
ek o] & 1,000 rpmollA 3 7F YA Balste] FE3 A4

Fo12 ol g-3ko] ELISA kite] ZFHE A=A A=
AL Akl MMP3 BAFL B34t

7. MMP13 mRNA & 23

ATDC5 HJZZ 24 well platec]] 2 x 10° cells/well2 23
Shof 24A17F Bt wjeketgich, i MiAE AAT F TNFe
10 ng/ml ©] $-F¥ FBS | Z3 RPMI 1640 iAol B%K T
50% F4 F#2E 25 pg/ml, chlorogenic acid 0,1 pg/ml<
tate] MEo] Hz|sta 24X2F SR AccuPrep”®
universal RNA extraction kitE AFEste] RNAE E8]3} 11,
cDNA 34 kitZ cDNAE gA4stgtt. 1 & RT-PCRS &
P33t T 1% agarose geldl PCR 2AEL Fstx, 258 7+
100VE #7195 S 43319t RT-PCRo| ARESH MMP13,
B—actin® PCR primer+ Bioneer (South Korea)ol|A] #|Z+
atgon, AW Table 13} Ztt,

Primer Primer Sequence (5'-3')
MMP-13 F: AGAAGTCTACAGTGACCTCCACAGTT
R GACTCTCACAATGCGATTACTCC
. F : TCGTGCGTGACATCAAAGAG
p-actin

R | TGGACAGTGAGGCCAGGATG

Table 1. Seauence information of MMP13 and S—actin PCR primers.

A719% =3 & 2%=E =EH gel W band?d =&
Imaged (ver, 1.53a)2 &35} t},

8. PGE2, IL6, Nitric oxide &3

RAW 264.7 H|ZE 96 well plate®] 8 x 10* cells/well2
EF35to] 24A)7F Bt vt wiek v E AAS T LPS
1 pg/mlo] 354 FBS m|2Z3F RPMI 1640 wjA|o] HHRT
50% FA &% 12.5, 25, 50 pg/ml E= chlorogenic
acid 5, 10, 20 pg/mle ©ate] Axo| Hastn 27l 24
A|ZE vjoFstAT), o] 1,000 rpmofl A 38 7H 94 Ealste
3| S5 A2 o] 835t PGE2, IL6 5 =2 7 ELISA kito]]
23t A Z3|ALe] AU E AHE S5 F 2439
Aite diz gy AdE W EZ9 528 Haste BE
€= FASHTE. Nitric oxide (NO) AL 45N 3} Griess
reagentE 1 : 1 H|&E WA & 158 5 540 nm T#
°2 FF=E ZHste g2 g A gE A vl
sto] WEE R FASYCH

2 Y Bl B3 A7 39

Zzbo] AL 3 oA BiE =35t i 1 AxE= B
[o]2] 547 94 =
o $AF ZolE p (0.05 ¥
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1. BET 50% 3 F2E9Y chlorogenic acid
F B At

BETF 50% F4 8L HPLCE AME-3}t9] chlorogenic
acid &FE B4 23}, 3.9 mg/gAh(Figure 1).

— 518 R

P B

Fig. 1. HPLC chromatogram of chlorogenic acid standard and
Sorbi Commixtae Fructus 50% ethanol extract.

2. BRF 50% A F2E, chlorogenic acid9]
A 54 g7t

BRT 50% 33 229 NE 548 RAW 264.7, ATDC5
Alzol| A ERlgh Aat RAW 264, 7 AlZo| A= 100 pg/miell
A 2 tie] FAFLE {95 54| YE A, ATDCS
AEzoMe L 100 pg/mIZtA] FA4do] Uehtz] gttt
(Figure 2A, 2B), &% Ad Z3 A] RAW 264,7 AlZol+=
BERT 50% 4 F=2ES 50 pg/ml ot FE2 AL
ATDC5 A|Zo|= 100 pg/ml ©)3F F=2 X3ttt E35F
chlorogenic acid®] AZ EAL wjelstal A@sH 21}, RAW
264.7 AJZA ) 20 pg/ml, ATDC5 AlZA ] 0.2
pg/mlIZEA] 2t ofe] fogt A2 5Ado] EASHA] Ett
(Figure 2C, 2D),
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Fig. 2. Effect of Sorbi Commixtae Fructus 50% ethanol extract and chlorogenic acid on cell viability. SCE: Sorbi Commixtae Fructus 50%
ethanol extract, CA: chlorogenic acid. Bar graphs meant relative cell viability (%) compared to control. The results presented as the mean
+ SD from three independent experiments. The statistical sianificance of differences between control and sample aroups (***: p ¢ 0.001).

3. BT 50% FX $%5, chlorogenic acid”}
TNFe A=l &3] 3713 AEAZ MMP3
3ol v A= 4T

BFXT 50% F4 32L&, chlorogenic acid®] MMP3 Al
oA 535 B3I ATDCS A= A cytokine TNFa
10 ng/ml& A 3te] MMP3 A4S F=3H3L SAlo BERT-
50% &4 &% 12.5, 25, 50 ug/ml, chlorogenic acid
0.05, 0.1, 0.2 pg/ml& AT A3} BHEKT 50% T3 F5=
A 12.5 pg/mlolAl(p € 0.001) - HfH] o5 a7t
AR 50 pg/ml A2 Al FIL 36.5% A AHE EHHp
< 0.001)(Figure 3A). Chlorogenic acide &4 0.1 gg/ml
A Al iz o8] {3 JA a7t AAL(p < 0.05),
0.2 pg/ml AT Al 19.5% A a5 EHchp < 0.05)
(Figure 3B).

4, BFRKT 50% % F%5, chlorogenic acid7}
TNFa A=l &3] 3713 d=AZ MMP13
mRNA 2@ u]X|= FTF

BFET 50% +4 3L, chlorogenic acid®] MMP13 24|
IS B3R ATDC5 MZo] d354 cytokine TNFe 10
ng/mlS A28t MMP13 mRNA 2dE-& =3t FA]9
BERT 50% +4 F2E 25 pg/ml AT A3, F3+

SLAATE control HHB] band =7k Aadte B HIA
(p = 0.2), chlorogenic acid 0.1 pg/ml A2 A] 2T
] 9131 243H3EH(p ¢ 0.01) (Figure 4B),

= R orr
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Fig. 3. Effect of Sorbi Commixtae Fructus 50% ethanol extract and chlorogenic acid on TNFa induced MMP3 production in ATDC5 cells, SCE:
Sorbi Commixtae Fructus 50% ethanol extract, CA: chlorogenic acid, TNFa: tumor necrosis factor &, MMP3: matrix metalloproteinase—3.
Bar graphs meant relative MMP3 level (%) compared to control. The results presented as the mean + SD from three independent
experiments. The statistical significance of differences between normal and control groups (***: p { 0.001) or control and sample groups

(#: 0< 0.05, ##H: 0 (0.001).
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Fig. 4. Effect of Sorbi Commixtae Fructus 50% ethanol extract and
chlorogenic acid on TNFa induced MMP13 mRNA expression in
ATDC5 cells. SCE: Sorbi Commixtae Fructus 50% ethanol extract,
CA: chlorogenic acid, MMP13: matrix metalloproteinase—13 (A)
Representative RT—PCR result; (B) Bar graphs meant relative
MMP13 : S—actin ratio compared to control based on band
intensity of PCR product. The results presented as the mean +
SD from two independent experiments. The statistical significance
of differences between normal and control groups (***: p ( 0.001)
or control and sample aroups (##: o { 0.01).

5. BRF 50% A F5E, chlorogenic acid”}
LPS A=< 93 F713F dAAIZ PGE2 A3
Ao v X &= FIF

BFXT 50% &% 3ZE1} chlorogenic acid®] PGE2 A
A ARE SR RAW 264, 7 A2 LPS 1 pg/ml&
st dF vHS AU SAlO BER T 50% 8 F&
= 12,5, 25, 50 4 g/ml, chlorogenic acid 5, 10, 20 xg/ml
= A 21} BERT 50% +H FE2E 4 25 pg/ml o)
oflA 2 ] Fo7 AA A7 AR L(p € 0.05), 50
pg/mlolXE HA 36% o2 JASHG(p < 0.01)
(Figure 5). Chlorogenic acide BE oA oA Az}
gl th(data not shown)
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Fig. 5. Effect of Sorbi Commixtae Fructus 50% ethanol extract on
LPS induced PGE2 production in RAW 264.7 cells. SCE: Sorbi
Commixtae Fructus 50% ethanol extract, LPS: Lipopolysaccharide,
PGE2: prostaglandin E2. Bar graphs meant relative PGE2 level (%)
compared to control. The results presented as the mean = SD
from three independent experiments. The statistical significance
of differences between normal and control groups (**: p ( 0.01)
or control and sample aroups (#: o { 0.05. ##: 0< 0.01).
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6. BEKT 50% 4 F=E, chlorogenic acid7}
LPS A=of 93] 3715 A AZe] NO A

el WlxE G

BFET 50% 4 =25, chlorogenic acid®] NO A oA
ETZ BT RAW 264.7 Al Zo] LPS 1 ug/ml 225k
5 TS I S ERT 50% =3 FEE 12,5,
25, 50 ug/ml, chlorogenic acid 5, 10, 20 pg/mlS &3t
A3 BERT 50% 4 FEE 2 12,5 pg/ml oA =
] FoJt A a7 A (p € 0.001), i 50 pg/ml
e 42% AAELE EIJH(p < 0.001)(Figure 6).
Chlorogenic acide 2= g sZoA oA axtzt gt
(data not shown),
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Fig. 6. Effect of Sorbi Commixtae Fructus 50% ethanol extract on
LPS induced nitric oxide production in RAW 264.7 cells. SCE:
Sorbi Commixtae Fructus 50% ethanol extract, LPS:
lipopolysaccharide, NO: nitric oxide. Bar graphs meant relative
NO level (%) compared to control. The results presented as the
mean * SD from three independent experiments. The statistical
significance of differences between normal and control groups
(***: p {0.001) or control and sample aroups (###: o { 0.001).

7. BXF¥ 50% A F2E, chlorogenic acid7}
LPS A=) 93 F-7Fat tjAAZ2] IL6 AF
o] v A= 4T

BERF 50% F4 %5, chlorogenic acid®] 1L6 A4
JA] EIE B IX} RAW 264.7 A|lZof| LPS 1 pg/ml& Az
sto] A5 WSS U Al BRT 50% £ FE2F
12.5, 25, 50 ug/ml, chlorogenic acid 5, 10, 20 pgg/ml<
AYe AT BERTF 50% 4 FE8 25 pg/ml o)A o
z23 dH] Fo3t 9A 537 2 (p € 0.05), 50 pg/ml
A7 Al 53% A &I7E YTHp < 0.01)(Figure 7).
Chlorogenic acide= 2= A2 w=oA4 oA a3t7F Aok
(data not shown),
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Fig. 7. Effect of Sorbi Commixtae Fructus 50% ethanol extract on
LPS induced IL6 production in RAW 264.7 cells. SCE: Sorbi
Commixtae Fructus 50% ethanol extract, LPS: lipopolysaccharide,
IL6: interleukine 6. Bar graphs meant relative IL6 level (%) compared
to control. The results presented as the mean = SD from three
independent experiments, The statistical significance of differences
between normal and control groups (***: p { 0.001) or control and
sample groups (#: p { 0.05. ##: 0 < 0.01).

Egd@a go] dHeA =W T Aetd AN EZE=
=24 A=, 4 3, AE F oI I3 acle] st
43t HHAY 2% 954 cytokine, PGE2, NO 5 &%
EAES YAt W Y 43S s, g44E 9
E2-& A ZA Nuclear Factor—xkB (NF—«B), Mitogen—
Activated Protein Kinase (MAPK) AZAE3]2E A3}
Al#A MMP3, MMP139] 84& £x15ty Ag7]d& &alst
12 Fu Az 2L AN EPHREY A
AFZo A AF 3 MMP3, MMP13 5AA}2] non—methylated
site H]&o] A tiu] Zrz) 2u), 4uf o] F7teto], HAAt
o] 715t Y HolE A7 AFE gt

£ dFof|A= 94 ATDCS A2 TNFe 10 ng/ml& A&
gt MMP3 A4 2 MMP13 2d& £33 & BRT 50%
F74 257} chlorogenic acid®] A &5 BI85

MMP3 #/439] 3% EXRT 50% 4 F252 Hd 36.5%
(50 pg/ml A& A)(p € 0.001), chlorogenic acid-2 o 20%
(0.2 pg/ml 2] A(p 0.05) JA &5 Ech(Figure 3).

MMP13 §4x Hd] - ERT 50% 4 FE2E 25
pg/ml A Al iz ¥ 25% TASHEL(p = 0.2),
chlorogenic acid 0.1 pg/ml g2 2 8] 27% 72
sHA sk AtH(p € 0.01)(Figure 4).

2712 BEF 50% 4 FEE3} chlorogenic acid®
LPS A=& B2 RAW 264.7 Al f8 45 2 A4 A
g5 H7ist 23, BRT 50% 3 F&8 50 pg/ml A
Al PGE2E & 36% (p € 0.01)(Figure 5), NOE 2t 42%
(p €0.001)(Figure 6), IL6Z | 53% (p < 0.01)(Figure 7)
oA st
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Chlorogenic acid7} BEF 50% 4 FE2=2 2 7|5

&R mhebstaiak HPLC BA% 23, BKT 50% +74

O 0 B
= &

==

&5 chlorogenic acid”} 3.9 mg/g T o] 9
stgtH(Figure 1),

BERT 50% 4 FE2EY 5% 5%(12.5, 25, 50 pg/ml)
HQ Y| E3HH chlorogenic acid 550,05, 0.1, 0.2 pzg/ml)
< ATDC5 AlZo] TNFa & A A & MMP3 A4
MMP13 2&-& SIg 21t FAHE A antE 1T 4
AR HFigure 3B, 4B),

a3y 539 chlorogenic acid (0,05, 0.1, 0.2 pg/ml)S
LPS A= Foto] 43k RAW 264.7 Al 2o Aejgh 3¢
AZE29 NO, PGE2, 1L6 A A &7} ¢l%ichdata
not shown). wWatA] A8 E& AL A3 LPS AL 53}
EAd51E RAW 264, 7 A|Z2] nitric oxide (NO) A4, COX—2
(PGE2 XA &4) &, IL6 ¥ TNFe Tdo| chlorogenic
acid 5, 20 #M (2F 1,77, 7.08 pg/ml) Ao oJste] oA
=go] Bug vk glo]? da A7) fAF HE(5, 10, 20
pg/mD)E AStRAT A7t HAEHZ Fotrh(data not
shown).

A1 ol & nARAY, A3 AFollA= NO B4 AE
9] 7L RAW 264.7 Al3E9] chlorogenic acidE 1A]7F WA
A 2gt & LPSe} g7 chlorogenic acidE 24A|17F FA] A2
ated NO BAZFE 4891 COX-2, IL6, TNFe A4 4
o] AL chlorogenic acidE 6A]7F WA A3t o]& LPS}
&7 chlorogenic acidE 24A17F FA] A28t mRNA &&
S 24514 th Chlorogenic acidE vl2] X2 o=2n &
7t AAF 2 LI E 7o 2 A+ LPS} chlorogenic
acid A Ag] B div] L% 598 BY 4= S Aol
ot gty A¥ 959 B9 COX-2, IL6, TNFa
EE A7 204 Fste] 2 At 2 Eore
oA s EPoy & dFolH= ELISA W& Fsho
AZ vz Woll 2447k F<t FA 4 L6, PGE2, NO £4 9
A A 235 &21817]4l chlorogenic acid®] &3/} F
Z319 49 Aojgt =t AZEFO=Z chlorogenic acid:=

BRT 50% 74 2580 T A 5 shtelzl shxut A
B s gste
BRA 9 TAKS @5 F2ER 106 74 £

B9 1ps ApFoz ggstE RAW 264.7 AE] PGE2,
NO, TNFa A4 94 &3 5 BFA &7]19 4= # 4
2280 Fatst a4V Wate] ojn] HuE uf g, 2
AN FUH A8 7He 2AE SAEY A= BRAY EH
A BFRTY 50% 4 FE2ES o|&3te] A& APt

TAH02 TE oA BT = = 85 vhea 12
P AZ Bl O3 Oy 71dE BARELA TNFe A=
I AZAZ2] MMP3, MMP13 &4 AL 31 A4Z &

AZ £
!
g

ol

ol

1o
ok

PS A= oate] &/dstE RAW 264.7 A|EZoj|A

PGE2, ¥%4 cytokine IL6, NO 52 13 %%

Aol BERF 50% £ F2E L chlorogenic acid®
s= grlstairh
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o 717t AH Aol e
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