i3S (Korean J. Medicinal Crop Sci.) 27(4) : 247 — 258 (2019) ISSN(Print)  1225-9306 )

. ISSN(Online) 2288-0186 check
J http://www.medicinalcrop.org "= =D
Check for http://dx.doi.org/10.7783/KIMCS.2019.27.4.247

updates

XX SetE29| A= M EO0|AM 2| Matrix Metalloproteinases X3l S2} &

E| X! . E| 22! O|CHY* - F[5Q e+ . O|UM* . ZF=T

PEEAER FYNNSAFA QUEAR, Bl sl AEADATA

>

Inhibitory Effect of Mixed Extracts Obtained from Astragali Radix and
Lithospermi Radix on Matrix Metalloproteinases in
IL-1B-induced SW1353 Cells and Quantitative Analysis of Active Compounds

Doo Jin Choi*!, Bo Ram Choi*', Dae Young Lee*, Soo Im Choi**, Young Seob Lee* and Geum Soog Kim**

*Department of Herbal Crop Research, NIHHS, RDA, Eumseong 27709, Korea.
**Plant Resources Research Institute, Duksung Women's University, Seoul 01369, Korea.

ABSTRACT

Background: Astragali radix (A) and Lithospermi radix (L) have long been used as traditional medicines due to their known anti-
inflammatory effects. This study aimed at evaluating, their optimal mixing ratio and their functional compounds by investigating the
inhibitory effects of mixed extracts of A and L and their active compounds on matrix metalloproteinases (MMPs).

Methods and Results: A and L extracts were obtained by extraction at 80 C using 50% and 70% fermented alcohol, respectively,
and then mixed at a ratio of 5: 5,6 : 4,7 : 3 and 8 : 2 (w/w). The activities of MMP-1, MMP-3, and MMP-13 were evaluated in
interleukin-1beta (IL-1p)-induced SW1353 cells. The extract mixtures showed synergistic inhibitory effects on MMP-3 and MMP-
13, higher than the effects of the individual A and L extracts. The 7 : 3 mixture (ALM16) showed the most effective MMPs inhibi-
tory activity, while among the active ingredients, calycosin-7-O-f-D-glucoside and lithospermic acid exhibited excellent MMPs
inhibitory activity. Additionally, an HPLC method was established for simultaneous quantification of the effective components of
the extract mixtures, and validated by measuring the linearity, precision and accuracy of the limit of detection (LOD) and limit of
quantification (LOQ).

Conclusions: ALM16 showed the most effective MMPs inhibitory activity. Calycosin-O-B-D-glucoside, calycosin and lithospermic
acid were identified as useful candidates, as they were the major functional compounds in the MMP inhibitory activity. Summarily,
ALM16 might be a highly effective in osteoarthritis management, owing to its because it exhibits a protective effect on cartilage via
excellent inhibition of MMPs.
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ZFZE - =|2E - oloHy -

X9} A9 714 (extracellular matrix, ECM)Z ©]Fo|A
Nom, MEe 7]AL type 1l collagen, proteoglycan}t
glycosaminoglycan (GAG) S2& A%t} (Tanaka
et al., 1998).

ZH-EH-S tumor necrosis factor-alpha (TNF-0), interleukin-
lbeta (IL-1B)e} IL-69F 72 HFA AllE7IQD (pro-
inflammatory cytokine)e] S7t2 <13 dAZ7|d EIai
(matix metalloproteinases, MMPs)2] M|Z<] 7]d Hsf 24
o] F7ete] ofslEe AoE dHA Atk (Wu er al., 2007,
Li et al., 2011; Chen et al, 2014). MMPs+ collagenases
(MMP-1, MMP-8 and MMP-13), stromelysins (MMP-3,
MMP-7, MMP-10 and MMP-11), gelatinase (MMP-2 and
MMP-9), matrilysins$} membrane type (MT)-MMPS (MMP-
14) 5 709 F2 groupl @ EF%™ (Nagase and Woessner,
1999), o] ZFollA] collagenase= =2 type Il collagens &
3|51, stromelysin type II collagen, aggrecan 5= 3
she AoZ d#A Atk (Goldring, 2000).

2}7] (Astragali Radix; Astragalus membranaceus Bunge)
£ T3 (Leguminosae)ll 451 thaAl ZE2|E<] thite]
BE|R oprlo} XA frE dFA|He s Ut (Kim

et al., 2013b; Koo et al., 2013). dZFE 37|= FFolA]
o} AGejjA] o]z, 71, it & /\1 A JJA e

EHo7 AMESIYTE (Yang et al., 2005; Im et al., 2010).
2 AFoME r)e WIZA (Qin ef al., 2012), FF=
(Yang et al., 2005), &3k} (Wang and Feng, 2000) ¥ 3
¢+ &3 (Cho and Leung, 2007) 5 Tkt Alg] &o] B
IEAJT 719 PP RS Z = isoflavonoid, saponin,
5ol 4 Ut (Yang et al., 2005; Zhang
et al., 2012). 3], isoflavonoidi= calycosin, calycosin-7-O-
B-D-glucoside, formononetin, formononetin-7-O-B-D-glucoside,
astrapterocarpan, astraisoflavan 5= 383} (Shirataki et
al., 1997; Toda and Shirataki, 1998; Yu et al, 2005), ©]
£ Aol tig FHEd v B A3HF 5o AEge]l B
At (Su et al., 2016).

A)A] (Lithospermi radix; Lithospermum erythrorhizon Sieb.
et Zucc.y= A3 (Boraginaceae)?| <3, A ($6IR), A

polysaccharide

Z (ZH), Ax &F) o2 Bfle tpdA iy, 2
BolE okg-o 7 o83t} (Lee ef al, 2005; Kim et al.,
2006). sHEolx= s, T 9 dA T FF A3ke] X8

A]-%zz]gigct], F2 }_Dzﬂ Foptslahe 2 IRF g
$3t A= AFEETL Y} (Thuong er al., 2009; Hong et
al., 2015). A|x|9] TFA3JFE S 2= shikonin, acetyl-shikonin,
teracrylshikonin, isovaleryshikonin 2 isobutyrylshikonin &
X3}l naphthoquinone pigment, lithospermans A, B %
C 52 x§3l+= polysaccarides®}t phenolic acid 5°¢] X 3LE

[e]
o=

A2 - Ol

kS A=
Tk (Hwang et al., 2000; Kim et al., 2011).
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3}7] (Astragali Radix; Astragalus membranaceus Bunge)
9 2z fFaAgEe] #4S 93l YMC (Kyoto, Japan)<]
YMC ODS-AM (4.6 x 250 mm, 5 /m) 473} Waters €2695
series HPLC system (Waters Co., Milford, MA, USA)S
ARSI T EFE9) calycosin, calycosin-7-O-B-D-glucoside
3} lithospermic acid= Chem Faces (Hubei, China)Z-H

TAste] ARESIAL, cHEUEL, WEE B SRTE
HPLC+H (Thermo Fisher Scientific Inc., Waltham, MA,
USApller, o 9] Alof 8l grlle 5 AdF o]de® 7
Yskint.

AZAE viYS 93l AFEE Dubecco's Modified Eagle
Medium (DMEM), fetal bovine serum (FBS), penicillin and
streptomycin, trypsin-ethylenediaminetetraacetic acid (EDTA)
= Gibeo BRL (Gaithersburg, MD, USA)IA F+8t].oH,
IL-1B¢}  3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium
bromide (MTT)= Sigma-Aldrich (St. Louis, MO, USA)®ll
A Fd it

2. IR Sgk=9] Mz
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&7 |=2=2l MMPs Xalf St

o

9] brixz= ZF2F 50+ 1 brix, 66+ 1brix ©]Jch 7] & x]H]
&2 80-90TolA 1 AR st § 21zsto] 22} 97
2 B (A extract powder, yield 24%)Z A% FEE

L extract powder, yield 42%)S AU+ (Fig. 1). 71
2FoEA L] AgA 84S IHT o Wt dET
oA X FEg A= G719 HlEo] Ee SES
o2 Skal, A extract powder®} L extract powder]
A zam)s A 8] YEAOE 5:5, 6:4, 7:3, 8
:29] 4 F9] TR (ww)R 3 53ES MMPs AslE
B7t N8R ARSI

i

&

@ el off Az
42 ooz nd

3. Mt

SWI1353 A7t AZAEFE= American Type Culture
Collection (ATCC HTB-94, Rockville, MD, USA)2 2 F-E
TU3 O, 10% FBS9} 1% penicillin-streptomycin®] -
¥ DMEM HjA|oIA 37C, 5% CO, 72| ujd7|ollA 48
A7 FoF wiFstdtt 0.25% (w/v) trypsin 0.53 mM EDTA
|doz Al 2 A 7HHo =z A wjdsie] Aol AMg

st

4. NIEZ=d 2ot

SWI135341220)] st ZF Al5e] Al 54 (cytotoxicity)=
z2Abel7] flal ZF sEe] A EE AME AEd F MTT
assayS AAIEFITE SWI353 (8 x 10° cells/well) AlEZZ 96
well platecl] 31 24 A|ZF wigsidnt. 7], x| F=&
2 &3 v BIELS 50-400 pgml, @Y RS ZFEE
S o83t 5-80 M FEE 7Pz} Ao HEe T, 24 Al
7F wFeih AlE AE & S AlASL HEFETt
1 mg/ml o] H=% MTT solutionS FH7HH &, 37Colx 5%
CO, 2702 2 A7k whgAIZT o] %, 4d¥ formazan
crystals DMSO9| = microplate readerS ©]-83kd 570 nm
N FHEEE 43I Al AEES ol Axtyez
A%tz (Con) thH] ZAthHE &S WiEa= YeERHITH

A AEE (%)

=& Al F8%)/(3d R F3E) x 100

Astragali radix (A)

Rough grinding

Lithospermic radix (L)

l

!

50% aqueous fermented ethanol
(80°C for 4 h)

1st extraction
& filtration

70% aqueous fermented ethanol

(80°C for 4 h)

!

!

Vacuum at 60°C or lower

1t concentration

Vacuum at 60°C or lower

l

!

50% aqueous fermented ethanol
(80°C for 4 h)

2nd extraction
& filtr_ation

70% aqueous fermented ethanol
(80°C for 4 h)

l

!

Vacuum at 60°C or lower

(50+1 brix)

2nd concentration

Vacuum at 60°C or lower
(66+1 brix)

1

!

80-90°C for 1 h

Extract sterilization

80-90°C for 1 h

l

!

Low temperature vacuum drying
(-0.08 Mpa, 60-70°C)

Extract powdering

Low temperature vacuum drying
(-0.08 Mpa, 60-70°C)

l

!

A extract powder
(below 100 mesh)

Packaging

L extract powder
(below 100 mesh)

Fig. 1. Manufacturing process of Astragali radix (A) and Lithospermi radix (L) extracts powder.



5. Matrix metalloproteinases (MMPs) &4 =3
AZAEE 6-well ZH)E [ x 10° cells/well T2 &
Zalo] 24 A)7h viSIAT). MESA el AFERE 7 Al
5 FEEE 30 27 AXE S ¥, IL-1BE 20 ng/mb 2 A
St 24 A7 F)F HEEAIZTE MMP B4 S g%
ELISA 7]E (SensoLyte® 520 MMPs assay kit, AnaSpec
Inc., Fremont, CA, USA)E ©|&3ld A #2315 ¥%
ELISA A= A& A2 wjekelle]] MMP-1 (71150, AnaSpec
Inc., Fremont, CA, USA), MMP-3 (71152, AnaSpec Inc.,
Fremont, CA, USA)®} MMP-13 (71156, AnaSpec Inc.,
Fremont, CA, USA) 712& g3t 30 &7+ a40ks &,
excitation/emission 490/520 nm 9|4 43} T}

6. 79| HPLC M

HPLC #4& YMC2| ODS-AM (4.6 x 250 mm, 5 /m) Z
HE AREEte] 30TColx AABIGATE o5 212 0.1%
formic acid, acetonitrile &7]S E3}15te] ARESIATH A
7+ acetonitrileS 3 ¥ B9 S%E FAIT ¥, 3 E Bt
20%= S7HA71AL, o]ojA] 25 B Bt 28%= S7HAALE o]
T 4 B e 100%2 F7MY)E 2R 7187] S
th 58 1 ml/mineE §A813L, UV AZ719] 254mm 3}

AollA FHEE SHst] 7] FEAE calycosint
calycosin-7-O-B-D-glucoside & XX FJJH lithospermic

acid®] S AT
7. HPLC 248 ZHZ (validation)

EFAFTF A4S 918 EFEZ calycosin, calycosin-7-
O-B-D-glucoside 2 lithospermic acidE methanolol] =] 3%

140

*k

120 —_— *

k% kk K

*
*
*

100

Cell viability (% of Con)

EE AN
A AMIMIIIIIIHITHITHITHTITN
LHIIIHIHHHITHITITNINHY
TN

0 o .
Con 50 100200400 50 100200400

-
o
o
N
o
o
£

o
o

R|H - 2|zt - Ol - 2l - Ol - 2B

TE&A AzsAT EAHS AFsr] AH A
(linearity), 7=3H (limit of detection, LOD) % 7 %3
(limit of quantitaion, LOQ)E #A3}th. 7zt A&l dish
LOD, LOQE EFAHFAL AT F, Ald (S) v
=ol= (N) &8l SN ghol 74zt 3, 10 & wj9] FE=EA
Ttk g 7} Agitel thete] 3 £ = 2SS

re
Wl @
4

e ofo

=1l
2 5 3] B39 intra-day precision® #H7lsle] A
(precision) ¥ HE%E (accuracy)s ZH sl AW
4] (reproducibility)S 53T}

2

8. SH=A

R2E Y A5E Hd £ BF23F (means+ SD)E YERY
o, AsAv= GraphPad Prism® Version 5.0 (GraphPad
Software, San Diego, CA, USA) Z2I3S o]&3fo] EA+
24 (ANOVA)SZ Dunnett’s test HS o83t 242
ARSATE (p < 0.05).

2} o oz

20|, NXl 52422] matrix metalloproteinases (MMPs) &
s keas

SW1353 Al ol thet Al254e H7kshr] 218, SW1353
M3z 3}7] (Astragali Radix; Astragalus membranaceus
Bunge), A% FE& 9 £ &Y BFES sEEE A
S & AR AEES (cell viabilityyS S35t ZE AR
HElollM] oFFAE A5 ¢k AT (Conyt H]wsle]
FH3L F% 400 pgml =7 AE 548 JERA ek A

*
*
*
*
*
*
*
*

2222222222222
22222222227

Y7222
7777722772777

50 100200400 0 50 100200400 (pg/ml)

-
o
o
N
[=3
=3
s
o

1 2 3

4 5 6

Fig. 2. Cell cytotoxicity of extracts and mixtures in different ratio on SW1353 cells. The cells were
treated with samples (50 - 400 pg/mk) for 24 h. Cell viability was measured by MTT assay. 1;
astragali radix extract (A), 2; lithospermi radix extract (L), 3 - 6; mixtures (A : Lratio, 5:5,6:4,7

: 3 and 8 : 2, respectively). Data were analyzed by One-way ANOVA Dunnett’s test to compare

all of the tested groups. ‘p < 0.05; “p < 0.01; *'p < 0.001 compared with control (100%) cells.
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&7 |=2=2l MMPs Xalf St

Fol&tt (Fig. 2). o1F 8544 A8 AE APst
Hrh Bk 1002} 200 g/ml EollA] MMPs A &3
A7ttt

Zhou 5 (2018)¢] ATollM= &719] dF F= ¥ 100%
NekE FE2EL 3 7HA] H1t Ao J

NARE] ME 58 B3l Aot FAo
ol Bl Fl= Alxol BolHoz AXE 54S JErd F
JoH, 70% F4 FEEL SWI353 AZA EollA] L=
T NE 540 fle o= Az
TS AR dAelld AX)9] 2YA FE2EE 08 F=

Y

rr
R
ir

(A) 10.0-

& SWI353 AlZAA 5 g/l o] TEE AHEEs o
HNE EA4o] Yeh = ZAo® Byt (Kim er al., 2013a).
SHAIRE 70% F8E o183 AFFES P W, SWI3S53 Al
FolN ATE FE7A] AE 54 UeliA] 2= A4S 3
ettt olEst A7E B3l A= FEH o8l Alx =
Aol UeR 4= o, 70% T4 FEES Aoz o
dol T2 Zo 2 AlRHL ZHzte] 7] B XA FEEH
3 v1gd BIE A27b AFAHEFoNA IL-1B8l <Js) &
%% MMP-1, MMP-3 2 MMP-13¢] A% Z7to) st
AA &5 Yefl=A F7reh IL-1 A el e

MMP-1 Contents (ng/ml)

0 100 200

100 200 (pg/ml)

1 2

4 5 6

IL-1B (20 ng/ml)

(B) 12.04

11.04

10.0+
3.0

2.0

MMP-3 Contents (ng/ml)

1.0+

o6 2
100 200 100 200

100 200 100 200 100 200 100 200 (pg/ml)

1 2

4 5 6

(C) 20.0-

18.0+

16.0-+
10.01

8.0+
6.0+
4.0

MMP-13 Contents (ng/ml)

2.0+

0.0-

IL-18 (20 ng/ml)

200 (pg/ml)

4 5 6

IL-1B (20 ng/ml)

Fig. 3. Inhibitory effects of mixtures on the levels of (A) MMP-1, (B) MMP-3, and (C)
MMP-13 in IL-1B-treated SW1353 cells. 1; astragali radix extract (A), 2; lithospermi
radix extract (L), 3 - 6; mixtures (A : Lratio, 5:5,6:4, 7 : 3 and 8 : 2, respectively).
Data were analyzed by One-way ANOVA Dunnett’s test to compare all of the tested
groups. ‘p < 0.05; “p < 0.01; "'p < 0.001 compared with only IL-1p treated cells.



bh
bh

|FZl - Z|[2Ef - OfcH -

MMP-19] A= HsE &<
Z7 (Con)t H|asle] MM
ST (Fig. 3).

a8y ARE AHAE AT AgoM
F MMP-19] A =o] ?ﬁ*& Nz AR 2714 A
sk A RIS olgfst Ao 7] 2 AA 7Y F
7~‘=’o] MMP-1 /\gﬂa‘c =
102 A7bEE, ookt S5 HEol o3k EhEe] 735l

Agk Azt IL-1p A A%
P-19] Aol °F 9.6 Wl S7}

EENE
-

N

N H

T 9 2329 o4 G} aEA 27 SHEY] o
wol BaE 70 B4 Aws} SR UeRd Ao Ale
A,

MMP-3¢] e Wste] 7, IL-1f Aelwt2 A4
(Con)t Hlaate] MMP-39] Ad o] oF 49.9 v F71315
ot 22y AlRE AEES B9, BE AR AEielA IL-
18 Aol gk MMP-3¢] A o] #Hase= 1S ERIs3
. 53], 7:3 T & E¥E2 100 ggml A2]A], IL-
1B A= thlate] 98.5% 744 EFE HYoH, BE A&
% 7P a3F o2 MMP-32] A 57@ °*ﬂlﬂ°ﬂ ow, 5
d Fxo 7] FEE (854%) F AA FEE (90.7%) A
g7 vlasl] o a3 e MMP-3 A4S oAlskE A
< RIS olelgt Aak= F 7] ' FEEo] 3
o] Al|A] 2Hgo] 28] MMP-3 A4 oAl a3t S| A
o AEH.

MMP-139] A% el = IL-1B A2l 44 vz
(Con)a} v]wsle] MMP-139] AJAd ko] <F 40 u
< Rlsidith 2y AEE AHEPE AS
—‘,Loﬂ/q ZEﬂ.Q MMP- ]39;] /\gﬂa‘co] 7:](/\
NBE FoM 6:4,7:3 2 8:2 &g 1
pgmé A2 A, IL-1p A2t HlaLste] 74z} 95, 2, 97.1 #

rkﬂ
Y, d
m{o
Jﬂ
[e]
QL
32
o

97.6% MMP-13 A 74 G392 Bt 59 w9 ¢
d F25 AT E IL-1p M3t vlaste] 2k 757,
72.0% A 3 B3eH, olgdt AHE B °dd F&
& Aol s 6:4, 7:3 B 8:2 TFEIA AUA &

S B S 218 -
ol AAE B

IL-1p A2l 23 A

o A% S/1% st ft s
]n} Htﬂ—

9l 3= HAEA %?9}@
B Ee AA B FEE ‘;‘ =
Hlwste] IL-1B 2ol o3t AFAES] MMP-1, MMP-3 &
MMP-13¢] ARF T7Hs 7P a8 oz A8l em, o

= 4719 9 FEE0] 7K = MMPs A4 oA 85

zi2] - Olet - 2ka%

o] B3lwo] AU 2 (synergistic actions)oll 9lsf
S 091 Ro® A w25 7], A7) B3
S o]&3 ZHEY AN AFE 7:3 @& AA, wiw)

H|go] 29
MMPs= #AYg o
Ho] Hall==d &

3 A2 AlEE
A sPgoA A wkgol <sl] AF 7]
Hefsi, 71 Fol A= MMP-1, MMP-3 2
MMP-13& Z3EYA SxjollA =7 LHE o] o™ MMPs
o] Aslle FHAE ABAM A QTS ghrhal HaEd
t} (Jin et al., 2001; Blaney Davidson et al., 2009; Li et
al., 2011). Kwon 5 (2015)2] a7l oJahd A4 F&2&
o] AFAM X} FHAY FE oA MMPse| B34S &3
o= AA|sle] FHEFe WS Ak a3t e A
o2 HIEATE E3H Choi 5 (2017)2] AFolHe ofME
ZHo|2HepA @43 AE Alstel] i AT 2 FdRE
T3 B3]l ¢ F2EHT ¢ aFFoR JAEe
ol EHeHEo] *Mﬂ 2E Helle Zle® BAsigith
E}EW 7] 2 AF FE2ES 7:3 ¥R S¢3 HE
AYA @32 Ed MMP-1, MMP-3 2 MMP-13¢] &
Te A 7 Adete] dIAlE Be a3 9 3
o] W ik A a5 U F Ug ZeE 4
}.

i)

oX i ox rlo

it o2

2. REAL| MMPs OHIE}

B7] B MMPs A4 oA Aol e HEANES
Felslas P71 Ee AR fel VY BEe WY AE
=4 3 MMPs B4 A% Frkan. 37 Fa

flavonoid AJ%-<]

MAsl] AL

calycosin %! calycosm-7-O-B-D-glucomde%
H7rskad. H2 3719 total flavonoid A

ol in vivo E in vitroo|Xe] WA 9 IAF a3t
BrE v I} (Guo et al, 2016). T3+ calycosin-7-O-B-

D-glucosider= A& AT-ollA Z3EH ik B3 HAlE
A9 (Choi et al., 2007), FZAE e &3 2 2 7|4
of thgh A= HILER] 3%

AR+ shikonin A|E2] A4 *35—94 sl o] HEY
o, $g|& AgAelA, AXZHY Fest pseudosh1komn
o] AFAEFIM MMPs E4 AslleS UEPdS
Sk v} Tt (Lee er al., 2016). SEXITF shikonin 7l

H]=4] naphthoquinone A|F2] AJ&<l HHH 2 239 ]
-zr%%g 70% 74 FEE0]7] W&ol lithospermic acid
JEoR AAste] &S HIekiT). Lithospermic
acid-* ] o4l WAE= 9 phenylpropanoid oligomer *J
FolM (Murata et al., 2013), &Fs}, 7+ BE a3 2 Ad
A Al afst 23 5 oks Aol dvkal &
#4 At} (Shigematsu et al., 1994; Chan and Ho, 2015).

F71 2 AR 3 7 9L AdEe] SWI353 Al

ﬁi@ﬁ

mlm N rlo
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&7 |=2f=2 MMPs X3l

60

Cell viability (% of Con)
&

*%

*k

2

10

20 40 8 5 10 20 40 80 (uM)

Calycosin

Calycosin-7-0-3-D-glucoside

Lithospermic acid

Fig. 4. Cytotoxicity of calycosin, calycosin-7-O-B-D-glucoside and lithospermic acid from Astragali radix or
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A& Ist (Fig. 4).

Fo| AZA|EFIA IL-1p 28 ="
MMP-1, MMP-3 % MMP-13¢] A4% S7tol| mx=
< H7¥et A3 calycosin 40 uM At IL-1B 3 E]ol
juste] MMP-1 3 MMP-3 A% 72 19.0 B 43.7%
H2AZ T 2y, MMP-139] A4 oA B3k 719 yet
2] 24Tt (Fig. 5A). Calycosin-7-O-B-D-glucoside 40 uM
A2 A, IL-1p A3 HlaLste] MMP-1, MMP-3 3
MMP-13 Aol Z}7} 203, 54.6 2 34.5% 7Haske AS
glsksitt (Fig. 5B).

H, 8719 total flavonoid 4] Freund's complete
adjuvant (FCA)Z F=% 55 mdox #do] o %379
osteoprotegerin  (OPG), receptor activator of nuclear factor-
kB ligand (RANKL) 2 nuclear factor (NF)-xB p65 &9
Z-o o3k EY gt e AR B HII (Liu er
al., 2017). OPG/RANKL/RANK-S Q3 Ztjrle] Als %

=
Loof
o

ot

3]
©

A Az"o|A uZFM|ZE A (osteoclastogenesis)A F a3t
7158 k= Fozw d#A o] (Wada et al., 2006), 3
71¢] flavonoid 3+ A, FrtE s #HYd 5 2E @
A A g HEAR F8A40] w2 7T AEYE
o} 2= 0

2 T Mm-T.

HEgh XX 2 lithospermic acid 20 uM A 2]A], IL-1B
A tiHlste] MMP-19] A% S7tell thsle] 42.7%9]
A A= HIon, MMP-3 2 MMP-132] A&kl ths)
Me 72 Z37F 242 7.0 D 144%2 A9 Qe Ao 3
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was determined by MTT assay. Data were analyzed by One-way ANOVA Dunnett’s test to
of the tested groups. ‘p < 0.05; "p < 0.01;

ook

p < 0.001 compared with control (100%) cells.

o1= 9t} (Fig. 50).

A FAFZE] FHrE] = lithospermic acid= &
4 HEYG BN gdF &9 2 dIA aH4E e A
o2 BWyHE v 2oy (Liu ef al, 2008), #Ho] AZHS
23 2 2 ZgTIHel gk A obd HAlER] kst
o, AR WERE: FEEe] I FTHY EellE Aside
A Al REYAE fRE IEestE JAsial 539, <
7¥e] R AfobA|EA MMP-19] &S 74719, o]
= A21¢] phenol 3}5HE2] 28l 7] UTHL A3
v} I} (Yoo et al., 2014).

o]&3l A= 53, calycosin-7-O-B-D-glucoside, calycosin
lithospermic acid= MMP-1, MMP-3 ¥ MMP-13 A3
BHHOR JAleks Ao I o|27H olF 4

o] 7] el dIHE &% Brreke T8

I's/ddolin AR EoR &8 ZOF AlEEH

i off

re
ol

=
o138} =

fai3
=
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72| HPLC &M

7], AR BIFEC] FEAECE A3k MMPs A3
% 7}8k calycosin, calycosin-7-O-B-D-glucoside®}  lithospermic
acidol] thate] 7] EjtEere] & At flsl, ols

3 %9 Avs B wNE HPLC #4H< =3t

o0
o=

2> 0]l

T AT
At
APAtor] 7] s FEE] 75 95 NEE 9%
ABAE A AANE el 7] AsEAdwel g 24
AEE AA3E ¥ 9oy (Kim et al., 2013b), o A&
G371, AA HFEL] 7158ES Al FAeke TR &
Al EAH o R BHoh Adsia JEE BAY AEr 83
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Fig. 5. Effects of (A) calycosin, (B) calycosin-7-O-B-D-glucoside and (C) lithospermic acid on MMP-1, MMP-3 and
MMP-13 production in IL-1p-treated SW1353 cells. (A-1, B-1 and C-1); MMP-1, (A-2, B-2 and C-2); MMP-3, (A-
3, B-3 and C-3); MMP-13 contents. "Data were analyzed by One-way ANOVA Dunnett’s test to compare all of the
tested groups. 'p < 0.05; "p < 0.01; ""p < 0.001 compared with only IL-1B treated cells.

Aok HEH2Z, YMC] ODS-AM 94 AHE A3},
H,0%} acetonitrile®] 38wz 7187 &85k 254 nm 1%
i FFE=E =4 A, calycosin, calycosin-7-O-B-D-
glucoside, lithospermic acid Z}Zte] AJ&o] 433l HiEleS
Yelll= HPLC $A 24%S g9kt (Fig. 6). o1&

T HE=E "

HPLC #A4W& ASsk7] #l8l, 0.78-100ng/ il &% He
oA BAsle] Ao HTmA S o)gate] 3|73 A

TE 27 it

Table 19149} Zo] calycosin, calycosin-7-O-B-D-glucoside
3} lithospermic acid®] 3F2]S YERHNLH, o]E A9
AHAT (R 2 BT 0999 24 w2 AAAES YEh
th. Signal t™H] noise =, S/N H]o] =3 calycosin,

254

calycosin-7-O-B-D-glucoside % lithospermic acid®] Z# 7
E3HEE (LOD)Y= 2+t 1.06, 0.56, 2.45 ng/rLo]1 3L, A
AT (LOQ)= 4.50, 2.88, 8.22 ng/il 2 =3 %3]},

HPLC #A41He] Add AR fFadee] 3os B4
thet 2ol AAsnh. Zhzke] fasddel sl 10, 25, 50
ng/Ke] 3 7K s&ollA s Ete] 24 AdA (5 3] W
&, intra-day)?t A& 5 4 Bt B4 A (5 3] wHE,
inter-day)2 218}, A% (precision) 2 FEH= (accuracy)
© 27 A EE A wFt 3EEA YERARITE (Table 2).

FEAE 3 F9 intra-day BUE= 0.52 - 1.69%, e
98.48 - 101.36% HANSH, inter-day FL=9} A== 7+
7} 0.33-2.02%, 96.51-10024% B2 ZAH AT} Intra-
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Fig. 6. HPLC chromatogram of the mixtures with a composition ratio [Astragali radix extract (A) :
Lithospermi radix extract (L), ww]. (A); 5 : 5, (B); 6 : 4, (C); 7 : 3 and (D); 8 : 2. The structures
of calycosin-7-O-B-D-glucoside (1), lithospermic acid (2) and calycosin (3).

Table 1. The regression data, LOD and LOQ for three compounds analyzed by HPLC.

Com.! Calibration Correlation coefficient ~ Concentration range LOD? (ng/40) LOQ” (ng/s20)
curves ) (ng/12L) Conc. SIN Conc. SIN
1 y=2.033x+0.849 0.9999 0.78 - 100 1.06 3 4.50 10
2 y=3.023x+1.291 0.9989 0.78 - 100 0.56 3 2.88 10
3 y=1.222x+0.041 0.9999 0.78 - 100 2.45 3 8.22 10

Com; compounds, 1; calycosin, 2; calycosin-7-O-B-D-glucoside, 3; lithospermic acid, ?LOD; Limit of detection, *LOQ; Limit of quantification.

day$} inter-day w4 A3e Folxl Fx HE ol o Calycosin-7-O-B-D-glucoside®} lithospermic acide= ©F2] &}
15%E BlojuA] &= ASAS BTt 2 o] &5 flall ZHt rat®] plasma®t serumollA EAHel] Z
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Table 2. Accuracy and precision data of three index compounds by HPLC analysis.
) Intra-day precision (n=5) Inter-day precision (n=5)
Com." Spiked Conc.
om (ng/s) Measured? RSD? Accuracy” Measured RSD Accuracy
(ng/140) (%) (%) (ng/140) (%) (%)
10 9.85+0.05 0.52 98.54 9.65+0.11 1.18 96.51
1 25 24.65+0.20 0.83 98.63 25.06+£0.33 1.34 100.24
50 49.24+0.83 1.69 98.48 49.48+0.39 0.79 98.97
10 9.87+0.05 0.55 98.73 9.66x+0.15 1.58 96.62
2 25 24.60x0.21 0.85 98.68 24.98+0.50 2.02 99.91
50 49.28+0.81 1.64 98.57 49.46+0.39 0.80 98.92
10 10.14+0.16 1.60 101.36 10.00+0.03 0.33 100.02
3 25 24.86+0.27 1.08 99.43 24.54x0.16 0.65 98.15
50 49.56x0.82 1.66 99.11 48.70+0.44 0.91 97.39

Com; compounds, 1; calycosin, 2; calycosin-7-O-B-D-glucoside, 3; lithospermic acid, ?All values are means=+SD, *RSD; Relative standard

deviation, ®Accuracy (%)

(Measured value/Spiked value) x 100.

Table 3. Quantification of index compounds in individual extracts
and mixtures of the different mixing ratio [Astragali radix
extract (A) : Lithospermi radix extract (L)].

Calycosin-7-O-B-D-

Calycosin Lithospermic acid

Mol el Yo e
1 0.304=0.003" 0.429+0.007° 0.912+0.008*
2 0.362+0.005" 0.505+0.007" 0.728+0.007°
3 0.424%0.001° 0.586+0.004 0.554+0.008°
4 0.483%0.001¢ 0.666+0.001¢ 0.382+0.001¢
5 0.603%0.001¢ 0.818+0.001° -
6 - - 1.780+0.003°

"No; number represent mixtures [Astragali radix extract (A) :
Lithospermi radix extract (L) ratio] and extracts: 1; 5:5,2; 6 : 4, 3; 7
:3,4;8:2,5; only Aand 6; only L. All values are means + SD (n =
3). "Means with different letters (a - e) in the same column are
significantly different at p < 0.05 by One-way ANOVA.

<% vl 3le=d, HPLC-MSE ol & AR BalelA
calycosin-7-O-B-D-glucoside 10, 100, 1,000 ng/ml 2] F%
Tl A = A, inter-day % intra-day A7} bz}
1.9 -4.46%, 1.66 -3.14%%= A o] & A7e] EAHETH=
AT thd "ojR= FFS BHATE (Wen ef al., 2008).
T3 lithoseprmic acide LC/MS/MSE o83k B4 7
Zol|l A inter-dayoll 4] 7.94-9.37%2] AUAS YeERJSITH
(Wang et al., 2008). 22502 o|H HPLC ¥4%3o] H|lw
A F2 Agrel YUnE HoFd wgt 7], AA 3=

i3

=]
o

A

= H =
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0.603, 0.818 mg/g F=0]A M, A
95 FEE9 lithospermic acid 32 1.78 mg/g 0]
ok 7], AR e &9 Bl wet calycosin T
0.304 - 0.483 mg/g, calycosin-7-O-B-D-glucoside T2 0.429
-0.666 mg/g, lithospermic acid $H#-2 0.382-0.912mg/lg F°
Fo|lor, 7P 43 MMPs A& &S Yehd 7:3 &
3Hu]e] E-3E-2 calycosin, calycosin-7-O-B-D-glucoside
lithospermic acid &r&e] ZHz} 0.424, 0.586, 0.554 mg/gl &
A= AT

2 A7 A3E g8 = W, 971, A9
Az3HS dHsiaen, AzA
9 MMP-13 B4 A& H7kE Sall 7)ot A FE=
o HA B9 2AHE AAsaL, S o3 Aux|] a3
(synergistic effect)S 21} t}.

F7Ho 2 87] F2 calycosin-7-O-B-D-glucoside, calycosin
#+ A= F2 lithospermic acidi= MMP-1, MMP-3 % MMP-
139] S AAlete a3E vElen, 971, A
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