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Abstract: The precise mechanism underlying the therapeutic efficacy of an extraction powder of Angelica gigas
(AGE) for the treatment of degenerative osteoarthritis was investigated in primary cultured rabbit chondrocytes
and in a monosodium-iodoacetate (MIA)-induced osteoarthritis rat model. The treatment with AGE (50 pg/mL)
effectively inhibited NF-B activation. The anti-inflammatory mechanism was clarified by gelatin zymography
and western blotting measurements of matrix metalloproteinase-2 (MMP-2) and matrix metalloproteinase-9 (MMP-9)
activities. The AGE (50 pg/mL) treatment significantly reduced MMP-9 activity. The constituents of AGE—
decursinol, decursin, and decursinol angelate—were determined by LC-MS/MS after a 24 hr treatment of rabbit
chondrocytes. The contents of the major products, decursin and decursinol angelate, were 3.62%0.47 and 2.14
10.36 pg/mg protein, respectively in AGE-treated (50 pg/mL) rabbit chondrocytes. An in vivo animal study
on rats fed a diet containing 25, 50, and 100 mg/kg AGE for 3 weeks revealed a significant inhibition of
the MMPs in the MIA-induced rat articular cartilage. The genetic expression of arthritic factors in the articular
cartilage was examined by RT-PCR of collagen Type I, collagen Type II, aggrecan, and MMP (MMP3, MMP-
9, MMP13). Specifically, AGE up-regulated the expression of collagen Type I, collagen Type II, and aggrecan
and inhibited MMP levels at all tested concentrations. Collectively, AGE showed a strong specific site of action
on MMP regulation and protected against the degeneration of articular cartilage via cellular regulation of MMP

expression both in vitro and in vivo.
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collagen Type 1, collagen Type II, aggrecan 2 MMPs (MMP-3, MMP-9, MMP-13)9] mRNAE &<I3] =
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ovf, 4e B, o, FE 2 2E ArolE o
g o] &3 Urt FAL F2YE S Z A= pyrano-
coumarinZ] 3}3=91 decursin, decursinol nodakentin

2 nodakenin¥} 3] A E21 B-eudesmol, o-pinene,
ol dulA Aok B o RE s,
& FESs 2 A3 N T
= n} glc} o

B AFNME IL-102 gF°] 8 E7 dFx
2 Al 3 ¢} monosodium iodoacetate (MIA)Z =4 Y
o] =H AHE ol&st] FIFH FEELL(AGE)C]
HAAZ VX = FEFS dotr At ST

2 MEME ¥ WH

Pig= %172?.? -Pr““ﬂ] /\}5151 monosodlum 10doacetate
£ Sigma Chemical Co.(USA)A, S EwF A<
Zoletil?} Rompune vlo]dFg]olthstul=)ol| A+
skt

=71 Sprague-Dawley Al 3 F (22 AEn}
°|2, =) 60 PIElE YUY SEUHTER FEANS

WellA &% 2342 °C, £ = 55+5%, 12 A7+ 7]
e 2AA 177 A%

= Zoletile} Rumpun®]
2:1 ¥ &2 A E nFHAE 3F ol Foldte] miFHA

&, 5 —”r:%ﬂz“?i% ”Hﬂol AESEAL 1 mL FA
& ol Al dr= 3§
MIA (monosodium 10doacetate 30 mg/mL) &Y
0.1 mLS FAISIATH AT N2 &% £33 7)
Wl 2zt AR Al A9 0.1 mLES FAS ],_77_ =
FF 1 mLe 3537 d 1 g% AF T3}
22 (O ¥ =3E4 ol MIA €9 0.1 mL
= FARH] Z2AAA S FEA7IEA S/ 1 mL

°l
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A AT Fost Atk A (25,

0 2 100)—3— & &34 7; ol MIA €9 0.1 mL

A 71X AGES 742t

25,50 2 100 mglkg T2 343 AIEEZ 1 mL
1 3% A5 FoA3HiT

24. M=ufef
E A7 AMgE 7] AF2A M X (chondrocyte)
~3 % New Zealand white E7] ZFHZHH <A
sted 1 af wget &, ARESHaT. E7
EE 10% $-Efol& A (fetal bovine serum,
Gibco, Grand Island, NY, USA)°] *2&¥ DMEM
(Dulbecco's Modified Eagle's Medium, Gibco) Hj A &
AHg-3Ee] 37 °C, 5% CO, ZelA w3l

25 MEZSM =X

AGES] AZ2%54 {55 golr7] $13t4 Cell
Counting Kit-8 (Dojindo, Japan)E ©]-&3}4] WST assay
Z AN AT B7] A3 Z2FAMEE 96 well plateo]
1x10* cellsywell® FE8 12 A17F vl st ohe,
AGEE FXH (0, 5, 10, 25 & 50 pg/mL)Z X 2] 5}
o] 24 A7 Btk ZF well B 10 pLe] WST-8
|88 H7lsted 37 °C, 5% CO, XA 3 A7k vt
4171 % ELISA reader (BIO-TEK Instruments Inc.,
Power wave X340, Winooski, VT, USA)E ©]-& 3}
450 nmolA FHEE S AP w2 AGES
AEslA] b2tz gk HE-g= FA8H

2.6. Western blotting

dZol e B7] AF2AAEA AGE7t NF-
kB A3} Aol vX = FFE dolr 7] 95t
western blot analysisE T3 3ttt E7] AZF2A A
EE 6 well plateol]l 1x10° cells/well2 FHE3L 24 A]
ZF sk o2, IL-1a (5 ng/mL)E @5 e theFst
S%9 AGE (0, 10, 25 2 50 pg/mL)#} $7 =2l s}
of 1 AIZE v etaiTh Mgl S Bl A EE 3
ste] PBS (Gibeco)Z 23] A& gk $ hypotonic buffer
(10 mM HEPES (pH 7.9), 10 mM KCI, 0.5 mM DTT,
02 mM PMSF, 1.5 mM MgCl, 1% NP-40)E 237
dollM 10 22 AT Fr=S 4 °C, 12,000
rpmoll A 57 A4Eelste] Fedts w2 FT
% cytosolic fraction® 2 AME-3}ATH N
< 47 9ste] AEHS =3k o] nuclear
extraction buffer (20 mM HEPES (pH 7.9), 04 M

uclear fraction
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NaCl, 1.5 mM MgCl,, 0.2 mM EDTA, 25% glycerol,
0.5 mM OMSF, 0.5 mM DTT)E 7}t 3087 &
ol WA %, 12,000 rppmoll A 10%-7F 94 28] 3}
o] J5dS 3331tk BCA protein assay reagent
kit (Pierce, Rockford, IL, USA)S o] &3] Tld &
58 4% 7 20 pg¥ LS o 4 @A S
12% SDS-PAGE gelol 71%9%3}3, nitrocellulose
membrane(Whatman, Dassel, Germany) 422 o] 5A]
Ak A 9] HEFold A¥FES A7 95t
membrane®l| 5% BXER/HE YL 1A7F vESAIZ] T
<, p65 (Cell Signaling, USA), I-kBa. (Cell Signaling)
2 B-actin (Sigma) A7} A7HE 5% BAEHFE L
Alste] 4 °CollA 12 AlZF WA H T TBST (50 mM
Tris-HC1 (pH 7.5), 150 mM NaCl, 0.1% Tween-20)=
57k 3 3] AlFstar Zhzbel] thigk ol AFAI R A2
A 1 A7 9ESAIZ1 &, ECL €9 (Amersham Pharmacia
Biotech., NJ, USA)& ©] &3t 7} @i o] e &
15kt

27. Gelatin zymography

AGE7} MMP-2 ¥ MMP-9 &4 <jAo] X+ 3
kS dolr 7] 9151 gelatin zymographyS A}
o E7] AZZFAAEE 6 well plateo] 1x10° cells/
wellZ2 HE3 3 24 A7 w3k o2, IL-1a (5 ng/
mL)E T EE o¥s 559 AGE (0, 10, 25 2
50 pg/mL)2F A A Elste] 24 A1 7F v Fek ot 2zt
zhe] v S Fste] AAREAA FTHS HAg
T, loading bufferel] 410 FYd gt Y4 10% zymogram
geloll 71953 A ). Gelg 2.5% Triton X-100 &4
o Wil ALoA 3087 2 3] AlF 3k gel Aol Hol
= SDSE A AT developing buffer (0.05 M
Tri-HCl (pH 7.5), 0.15 M NaCl, 0.01 M CaCl,, 1 M
ZnCly, 0.02% NaN;)E # 7}sle] 37 °CollA] 4841 7F wk
S A AT wh-g-o] Ext geloll 0.25% Coomassie brilliant
blue (R250, Sigma) €45 Wil 1 A7+ A8 &, 2
49 (30% methanol, 10% acetic acid) 2.2 E235}

2.8. Reverse transcription polymerase chanin
reaction (RT-PCR)

AGE 7} COL-1 (collagen type 1), COL-2 (collagen
type II), aggrecan, MMP-3, MMP-9 2 MMP-13 &2
2L o) X FEFS FolRr] 95t RT-PCRS
TPttt AGEE 3 77 Fod IHEEG /2 3

FHeAA AFE AESI #HF F, total RNA

g

Table 1. RT-PCR primers used in study

Gene Primer sequence
Collagen Forward GAGCGGAGAGTACTGGATCGA

type 1 Reverse CTGACCTGTCTCCATGTITGCA
Collagen Forward GCAACAGCAGGTTCACGTACA

type 11 Reverse TCGGTACTCGATGATGGTCTTG
Agerecan Forward GAAGTGGCGTCCAAACCAA
Reverse CGTTCCATTCACCCCTCTCA
MMP-3 Forward GAGTGTGGATTCTGCCATTGAG
Reverse TTATGTCAGCCTCTCCTTCAGAGA
MMP-9 Forward GCGCCAGCCGACTTATGT
Reverse AATCCTCTGCCAGCTGTGTGT
MMP-13 Forward ACGTTCAAGGAATCCAGTCTCTCT
Reverse GGATAGGGCTGGGTCACACTT
GAPDH Forward TGGCCTCCAAGGAGTAAGAAAC

Reverse CAGCAACTGAGGGCCTCTCT

extraction kit (iNtRON Biotechnology Inc., Korea)E
ol &sle] AFxH S ZHH total RNAE 235t
Total RNAE 4 #3}3, RT-PreMix (iNtRON Biote-
chnology Inc)E ©ol&3te] 1 pg¥ sdsk o 7+
total RNAZH-E] 7}t7}9] (DNAE 3 sklth. COL-
1, COL-2, aggrecan, MMP-3, MMP-9, MMP-13 %
GAPDH & 7Z}7te] f717}e) sjgsls Zeto|HE A}
§-3te] 94 °C 13, 50~65 °C 45%, 72 °C 1%, ¥ 30
cycles 27122 RT-PCRS -3 313 tH(Table 1).

29. AGES| ¥=E=E4

M3 W2l decursin decursinol angelate2] 418
9% LC-MS/MS= 7171 API 3000 ESI-MS/MS
(ABSCIEX, Toronto, Canada)E A}8-3}%12. ™, HPLC
£ Agilent 1100 series (Agilent, USA)S 743}
systemS A& EHOH AZEYOE Analyst 1.4.2
(ABSCIEX, Toronto, Canada)E AF&-3le] H2443}3]T).
o] o]g® ZHL KINETEX (2.0 x 100 mm, 2.6
um, Phenomenex, USA)E AF&-3131 T}

o] T 2712 0.1% /NPt & (A)F 0.1% 7H
kg FRe oA EYEY §ABER 74 H o
gradient 2] WHES A3 S0 ¥ &2 04
min (30—30, B), 4-33 min (30—70, B), 33-34 min (70
—70, B), 34-35 min (70—30, B), 35-40 min (3030,
B)Z A4 FAoH, F4< 03 mL/minl2 A2,
FYUFS 5 uLAt

LC/MSMS 4 7122 MRM (Multiple Reaction
Monitoring) mode®ll 4] monitor=| $1.2-™, ESI (electrospray
ionization source)interface”t AF&% AT}, Decursin}
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decursinol angelate 42 positive ion mode®l A A
P9 2™ decursin?} decursinol angelate®] ©]-2 3}
monitoring< m/z 329>2112 decursinol m/z 247>229
A AT

Desolvation gasZ HAE AM8-3F91.2H, decursini}
decursinol angelate #-21-& 9]¢t collision energy= &
A 3A 23 eVeolA 2™ decusinol S 17eVS 2™, ESI
source temperature= 400 °CZ 74 5193t}

AGE®] AlxUo] sEHstE #&s}7] 9384 o, 5,
10, 25 28] 2 50 ug/mLE A 2lste] & 3, decursin
2 decursino angelate (m/z 329—211) % decursinol
(m/z 247-229)% LC-MS/MSE RUE H 3} Th.

2.10. SAXNzE]

2 ATl de AFAA A= SPSS 11.09]
unpaired student's t-testg ©]-&3t] SAIA IR M,
AL #p<0.05 FEAM ABAL 2 7S Bt
(mean)+X¥ &% 2K(Standard deviation)= & 713} T},

E7 AZx2A A AGESE X4 (0, 5, 10, 25
e 50 pg/mL)& A2 3ted 24 A1 7% wjokal 3 A EAY
ETEE 5 o}‘”‘t‘r Fig. 1°] L}EM 3}9} o], 43
of AHgH BE
welel wat AGE iiﬂMl o2 H]EE%@% =
2 gsint.

ik

32, BN ASZEMZM NF-«B M3t o

s}

NF-kB= W9 3 5033 Ads o9 A=

100
80
40
20
0 c - . .

5 10 25 50
Angelica gigas extract (x/mL)

Cell viability
(% of control)
S

Fig. 1. Effect of Angelica gigas extract powder on the
viability of rabbit chondrocytes. Rabbit chondrocytes
were incubated with the indicated concentrations of
Angelica gigas extract powder for 24 hr. Cell viability
was determined by the WST assay.
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A
IL-1a (5 ng/mL) - + + + +
Angelica gigas extract (xg/mL) 0 0 10 25 50
pes [ P —
B-actin . NS SN S —
B IL-1B (5 ng/mL) - + + + +

Angelica gigas extract {xg/mL) 0 0 10 25 50

1-KBQ D e o c— w—

B-actin comme ewsmp oD emme emoE

Fig. 2. Effect of Angelica gigas extract powder on NF-kB
activation in rabbit chondrocytes stimulated IL-1cr.
Rabbit chondrocytes were incubated with indicated
concentrations of Angelica gigas extract powder and
5 ng/mL IL-la for 1 hr. (A) Nuclear extract was
isolated and subjected to Western blotting detecting
p65 protein. (B) The cytosolic protein levels of I-
kBo was determined by Western blotting analysis.
Equal loading of proteins was verified by B-actin
blotting.

o] A A}el Abtranscription factor)Z4], AGE7} NF-«kB
A3 JAo) mAle TS gotR A}
ol& 93l IL-1aE HF°] =¥ E7] AFZZAXE
o AGEZ %Etﬂ 0, 10, 25 ¥ 50 pg/mL)E A3}k
3t & NF-«xB subunitsQ] p65<} I-kBa
g 1El-g S Fig 20 vERd vhe) 2
o], E7] AZZAMEAA IL-1a ] Al p65 T
Fo] S7te whd M XA U [«Ba &
Ath AT AGES M T Al
p65 T o] # o Fo] o]F2 JAHY oW, AxF
W IxBa @A o] hA] F7HEE RS I0T &
AATE
33. BV AZZFM=ENM MMP-2 Z MVP-9
M oM Fut
AZFH = sulfated proteoglycan} collagen type 2
AZ E0]F 2l extracellular matrix (ECM) T &
Aoz sttt sARE /AN e dE 9
Z 2 E MMP-1, MMP-2, MMP-3, MMP-8,
MMP-9 2l MMP-13 & 574 MMPs 2@ 3 &4 0]
S7te o] HExF ] B E THESAIFI ok &
AP E [L-1aE G0 §5H E7] dZ2FA
_‘.3_01]1\1 AGEZ} MMP-2 ¥ MMP-9 &4¢] m|A&
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IL-1a (5 ng/mL) - + + + +
Angelica gigas extract (»g/mL) 0 0 10 25

50
MMP-9
MMP-2

Fig. 3. Effect of Angelica gigas extract powder on enzyme
activities of MMP-2 and MMP-9. After treatment
with IL-la and Angelica gigas extract powder, the
culture media were used in gelatin-based electrophoresis
and stained with Coomassie brilliant blue. The
experiment was repeat in twice independent.

ol

25 3 50 ugmL)E At 24 A17F gt &,
MMP-2 ¥ MMP-9 &8 =433t Fig 39l YE}
A ovkel o], BE7] AZZAMEANA IL-1a 2] Al
MMP-9 &/do] ZA| F7tEe A& 1T 4 A
StA T AGES A2 e Al MMP-9 &4 & M3t 744
HAew, HIATFER 50 pgmLollX e Ao B4
= A

_IIN'

>J

*zﬁ}x] Z2H 9o, MMP-2 34 ole B
S A % 2L Y F Ak
34. ELHEY /Y #F0IM COL-1, COL-2

aggrecan RTA} &E £H

A 22 5324 (anabolism)} ©]3}2HE- (cata-
bolism)®] 3ol o} FA At F32-8-2
tissue inhibitors of metalloprotenases (TIMPs), aggrecan<-
F3}38k= proteoglycan Fo] ¥ofshE Rb o] sHAHg
MMPs, NO, TNF-a, collagenase, aggrecanase 5 ©]
HoJstr}, F3lghg-o] #odst= Q1A F collagen type
12 AIFAEZET ol A 7HE Wol #Xshe=
ol 7] ]Uﬂ collagen type 2= AZxZ wwz o
50%% A stAA AZFzA o] EE3HE collagen F
oF 85~90%% XAt = T8 dolt}, 3
aggrecan< AFZA A T2 ‘?a_ proteoglycan
ojt}. wetA & HEF Vﬂ‘—:‘
I HA AGE7} A==3 U ollagen type 1, collagen
type 2 & aggrecan 47} Fd ) P A= JFS &
ol wz} sttt 2 A3} Fig 40 Uebhd wie} o],
ZHEYGo] FEE g2 28X &2 Gl

collagens,

rlo

(i

o g
R
AR #EGo] g

B]3)] collagen type 1, collagen type 2 % aggrecan
ARt dd o] 2A ZAaE A A%, AGE 100 mg/
kg TS ZHEE FEedd tixLed Hs)
collagen type 1 82} o] fo]X o2 F7E] S
w, collagen type 2 2 &d HE3F 100 mgkg F
oAoA FeHe R FIt o2l
o} Alth7t Aggrecan 532 BHS E AGE F49

i
z [

A

600
500
400

300

(% of control)

200 -

- - .
0
c 25 50 100

B Angelica gigas extract {mg/kg)

Relative mRNA expression of COL-1

600
500
400 -
300

(% of control)

200

0- .
c 25 50 100

C Angelica gigas extract {mg/kg)

Relative mRNA expression of COL-2

600
500

400
300
200
100
0- N -

ngellca gigas extract (mg/kg)

Relative mRNA expression of aggrecan
(% of control)

Fig 4. Effect of Angelica gigas extract powder on the
mRNA expressions of COL-1, COL-2, and aggrecan
in cartilage from knee joints of rats at 3 weeks after
MIA injection. The mRNA expressions of COL-1
(A), COL-2 (B), and aggrecan (C) in cartilage from
knee joints of rats at 3 weeks after MIA injection
was determined by RT-PCR. Data are shown as
MeantS.D (n=10). N: intra-articular saline injected
and treated with distilled water. C: intra-articular
MIA injected and treated distilled water. 25: intra-
articular MIA infected and treated with Angelica
gigas extract powder (25 mg/kg). 50: intra-articular
MIA infected and treated with Angelica gigas extract
powder (50 mg/kg). 100: intra-articular MIA infected
and treated with Angelica gigas extract powder (100

mg/kg).
oA §Ho g ZrlEE= AL T 4 ATt
welA AGE7F 9229 Z3 28 o3

collagen type 1, collagen type 2 ¥ aggrecan & 3
7t EIHAS & F AATH
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A ?
£ 120,
=
s 100
s
w80
§5 .
gg 60
<%
$S 40
ﬂE! L
. 20
% )
o o - v - v
& N c 25 50 100
Angelica gigas extract (mg/kg)
B,
S 120
=
k] 100
s
2= 80
§2
g§ e * *
23 % .
‘E <
20
£ O ' [
8
& N Cc 25 50 100
Angelica gigas extract {(mg/kg)
Ce
; 120
=
5 100
1
83 % .
a5 60
o o
2% 4 *
£z
E- 20 *
£ - O
= 0 - s ) i
K] N c 25 50 100

Angelica gigas extract {mg/kg)

)
o
W

. Effect of Angelica gigas extract powder on the mRNA
expressions of MMP-3, MMP-9 and MMP-13 in
cartilage from knee joints of rats at 3 weeks after
MIA injection. The mRNA expressions of MMP-3
(A), MMP-9 (B), and MMP-13 (C) in cartilage from
knee joints of rats at 3 weeks after MIA injection was
determined by RT-PCR. Data are shown as MeantS.D
(n=10). N: intra-articular saline injected and treated
with distilled water. C: intra-articular MIA injected
and treated distilled water. 25: intra-articular MIA
infected and treated with Angelica gigas extract
powder (25 mg/kg). 50: intra-articular MIA infected
and treated with Angelica gigas extract powder (50
mg/kg). 100: intra-articular MIA infected and treated
with Angelica gigas extract powder (100 mg/kg).
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Fig. 6. Representative LC-MS/MS chromatogram of the
standard (decursinol, decursin and decursinol angelate)
(A) and Angelica gigas powder treated Rabbit chon-
drocytes (B). Rabbit chondrocytes were extracted
with acetonitrile and analyzed with a KINETEX C18
column and gradient eluted with 0.1% formic acid
containing water and 0.1% formic acid containing
acetonitrile.
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Table 2. Quantification of decursine and decursinol angelate
in Angelica gigas powder treated rabbit chondrocytes

Angelica gigas
powder treatment
concentration

Decursinol
angelate
(ng/mg protein)

Decursine
(ug/mg protein)

(ng/mL)
5 0.4740.05 0.2340.03
10 0.81£0.06 0.47£0.07
25 1.9440.11 1.09+0.17
50 3.6240.47 2.1440.36
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