KR EEEEE A37H A135(20224¢ 1¥) ISSN 1229—1765(Print), ISSN 2288—7199(0Online)
Kor, J. Herbol, 2022 ; 37(1) : 51-59 http: //dx.doi.org/10.6116/kjh.2022.37.1.51.

Q 7Vu|(Eleutherococcus sessiliflorus) 2]
AAZA ATDC5 A|Z9] B3} &

sd|aE ARZFAY, $HNT oW, o5R, AEHY, 22T

1 Aedst Ao, 2 Asgsta s Bastnd, 3 @RE FIdTe
4 PR st iyt Bastndl, 5 ARdEE ofshst
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ABSTRACT

Objectives : The process through which mesenchymal cells condense and differentiate into chondrocytes to form new
bone is known as endochondral bone formation, Chondrogenic differentiation and hypertrophy are essential steps in
bone formation and are influenced by various factors., The stem bark and root bark of Eleutherococcus sessiliflorus
(ES) have been widely used to treat growth retardation and arthritis in traditional Korean Medicine, In this study, we
aimed to investigate the possible role of the stem bark of ES in the stimulation of chondrogenic differentiation in
clonal murine chondrogenic ATDCS5 cells,

Methods : In ATDC5 cells treated with ES extract, cell viability and extracellular matrix production were determined
using CCK—8 assay and Alcian blue staining, respectively, and alkaline phosphatase activity was measured, We also
examined mRNA and protein expression levels of genes related to chondrogenic expression in ATDCS cells using
reverse transcription—polymerase chain reaction and western blot analyses.

Results | ES extract increased the accumulation of Alcian blue—stained cartilage nodules and alkaline phosphatase
activity in ATDC5 cells, It increased the mRNA expressions of chondrogenic markers including bone sialoprotein (BSP),
cartilage collagens, Runt—related transcription factor—2 (RUNX-2), osteocalcin (OCN), A—catenin, and bone
morphogenetic protein—2 (BMP—2), as well as the protein expressions of f—catenin, RUNX—2, BMP—-2, and alkaline
phosphatase (ALP).
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Conclusion : Taken together, these results suggest that ES extract exhibits a chondromodulating activity and therefore

may be a possible agent for the treatment of bone growth disorders.

Key words : Eleutherococcus sessiliflorus, endochondral bone formation, ATDCS5 cells, chondrogenesis, chondrogenic

differentiation, BMP—2
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A (cartilage)S 3 (vascular), Al (neural) ¥ F=
ZA)(lymphatic tissues)?| = EE3L 315 XA ZZ (unique
load—bearing tissue)®|™, A& &AF A] d=Z3Z Yo A=
8}&(subchondral bone)o] AU7HA] grol A A4 (cartilage
regeneration)o]] TAa3 FAdFF EE HFESIIAE
(mesenchymal stem cells, MSCs)ol 2|3t x}<d2] <1 Y o]
E7bssi . mab B ATAEY o8 A3 A=)
A3t o] 71A] 7|aEo] ALHYAR R 7|aEL 4
f+AZ(fibrocartilage) B4 AZEIFe} 22 F2&S of
718 B AFXRE Y8 A7HAEol4)(autologous
chondrocyte implantation)2 & A% AgtE A= AZES5¢}
e A TR dZ2Z Y 271 &4 9 o]2d H oA
S E = 43S (fibrocartilage) ] A& x5t X R0
ol#go] glt}”, wabA Hjolembryonic stem cells) X 7+
E7MZ= AZAAl Hite R e 2 W Ao A
=3 o, 2 27120 B3tE fEsty £akE A%
9] 715& ol A&A7|= ol g EAl oFF sjd=
UA ek,

E71A29] B3 582
2 A e 2o T 24
215 Uedd, A& S o356
TGF-B3+ NXZ EA | wat dZFHS EA5A gAY
ARt A= Jop). meby AT ARt obyat
et wWE FA T 22 B4 7H E OE A Al
ZF7F "Basith, ATDCSE 1990 Atsumi et aloll 23]
AT805 713YF AZFAA FRAEYRY, B2 Ao
ATDC5 AlZF7F MSCs¢t A& 588 9& 34 B4 %
Ltk Aol YFE AT E3 ATDCS AlZ3FE C3H10T1/2
9 RJC3.1 A& NZFo Hg] A& A=z 237 f459
AYAEE T AIANY =d=2 AMEHEY, wEkA
ATDC5 N|ZFE o]-§sto] A Lo A AZA|Z] AAgol chgh
dTe E7NNEZFE AFSS A7 2 A7tAE0lAE B8 £
AHE 2 A2 7|gdr},

T HAAES o] &35 Ato] Edhs] ZPE L Qi
AFYE D AE 52 ohFet AR 9 9 Ao g
oA Ao wE E53 A2y E4E X35t 7] BE
o F&Eo|U SMEIES YRR o] gAY &Y 3t
TE Ee FEAE BT 2L ooz Hfdo] A=
= o,

FEUTH(Araliaceae) &3t e Zu RS
(Eleutherococcus) A EEL g, &2, & Ao} 25
A SOl Bxst ¢, £7], ¥, g 5 b EA7

M2 £ (embryonic or MSCs)
of wat dEtA ANE FFEHE=

AEBY F=dAE E8e
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gda] ogEo] gt aF A9 UR  Eleutherococcus
sessiliflorus (Rupr. & Maxim.) S.Y.Hu 7|73} ¥z
AA-L st ertu(Fing) 2 B AFSERIR),
HAANBZTEWIFERGE) AR F5H15(RREH),
T (HEE), L&AV (EREYR), o)A (NRATE)
A Aol AEHLT?. 2 fAgonE
QFAY, GuATYY, FEATO 9% ARHET Sol
o

, ZEFA B AFE 277t dAEA] S o)A

H & o

9, olysl FJItEE 550 SRR lignan
AF eleutheroside E ¥ B So] waRcH*?  ®3h
eleutheroside E= collagen = T F upg-2oA TEY
AN B3} BaEo] YUY 2eit BAzA 2 sbe o] A
Al Bt A= AY o] FARA gken, 1 8T
5k g vt gl

B Ao ATDCS HEZFo)A 719 2580 AF
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I. A= 9 ¥4

1. 2719 &8 A=

LAWUE(E, sessiliflorus)®] £7] AL WA 0@ A
TYste] FIdgn stojaofst E2xsruioA HET +
ARgsHETh et 27172 (60.0 g)oll 30% Neh-E-2 8ulj=F
Y3 Ry 7t 2248 s|YWE(MS-EAMD 940306,
Misung Scientific Co., Ltd., Gyeonggi—do, Korea)< ©]-&
st 85T AlA 5AIZE B¢ 14} ¥ &% ohS oSt
Al 27178490 30% NS 3uiE Wil 85ColA 241%F
Bt 22f R &3 S ISk, 13 € 23 AT A S
el 7AolsE3t & =4 AR (FDCF-12012, Operon Co.,
Ltd., Gyeonggi—do, Korea)2 ZAXR3lo] BT A= A%
St & £&2 5.5%%2H, 4ToAA Bstart,

2. High performance liquid chromatography
(HPLC) &4
Eluetheroside E= Zu 24 A EQ F9 oFg] AE
o2 WA 9o ABAQPR O R AAYE o, HPLCE o
43t 2EF Y eluetheroside E &% S4sAtt. 24
7171% Agilent 1260 Infinity II (Agilent Technology,



27V (Eleutherococcus sessiliflorus)® AAZ4 ATDCS AlZ2] £3}F F= 53

Santa Clara, CA, USA)E A3 2™, ZORBAX Eclipse
Plus C18 (4.6 x 250 mm, 5xm; Agilent Technology) 2.2
4 AYstget. o] 542 0.1% phosphoric acid (A)<}
acetonitrile (B)& AM&3lgon, &9 7| &7])= 0-18-20-
35-36-45 min, &1} B 12-17-32-38-12-12%%t}. §&&
1.0 mL/min, FYH 3= 10 pLF 2, eluetheroside E=
205 nmeollAl E78stgch 271 &2 500 mgs HEHET}
dimethyl sulfoxideZ} 9:1 (v/v)2 Z%% €9 10 mLof| &
¢l & gyringe filter (pore size 0.45 gm, polyvinylidene
fluoride; Merck Millipore, Burlington, MA, USA)Z o3}
sto] Aolo 2 AHgtanh

3. ATDC5 AN wjeF 2 &3}

ATDC5H A|2FE= RIKEN BioResource Research Center
(Tsukuba, Ibaraki, Japan)olA F¢Iste] ARESEATE ATDCS
M|3Z£FE= Dulbecco’'s modified Eagle medium¥ Ham's
F—127} 1:12 Ao 9L vjA(Gibco: Thermo Fisher
Scientific Inc,, Waltham, MA, USA)®}| 5% heat—inactivated
fetal bovine serum (Gibco)@} 1% penicillin (100 U/mL)—
streptomycin (100 xg/mL) (HyClone, GE Healthcare,
Chicago, IL, USA)S #H7Iste] 37C, 5% COq, 95% =
2ol H WFFAT, 271m 2B AEES 2 B
aHIsiy) 3l Aol 23S A7Isto] He) 2192 BaE
pEsiRon, 29 4AOR WAE BHIAT

4. NZAEE 4

ATDC5 AlZFE 96—well plateo] 5x10% cells/well2
B ¥, o0ty 2EES FEH(1.25 ~ 20 pg/mL)E A
5t 24A|17F <t ksl t). Phosphate—buffered saline
(PBS) Al& & CCK-8 solution (Dojindo Laboratories,
Kumamoto, Japan)©] %% fresh mediume ¥ 37C
oA 2417 Fot vjdEttt. &F == microplate reader
(BioTek Instruments, Winooski, VT, USA)E o]&3}d]
450 nmolA St on, A FE2&L x| g o
EE&E FASH4T

Table 1. Primer sequences and conditions for RT—PCR.

5. Alcian blue |4

AlZ B2 E AASHIL 1 xPBSE AA% F 52 F¢ 20T
oA 95% HEtEE TAA]Z]2L, 0.1M hydrochloric acidef
1% Alcian—blue 8GX (Sigma—Aldrich, St. Louis, MO,
USA)E #7Fste] 16417F AT A8 AlA & 3%
acetic acid® 30% ¢ Al ¥ A&t G4 H=g &lstr]
Asto] @ml BF 9 APE B, 10% acetic acid=Z G4
< 5o W ¥ 650 nmollA FFEE F5HAT

6. Alkaline phosphatase (ALP) &4

27t FEES AYste] wiget AZE harvestdt ¥
lysis buffer (50 mM Tris pH 7.4, 150 mM NaCl, 1 mM
EDTA)E  H7istel  Bafjalzlch, AlZ&siE(ysate
suspension)2 4CoA 12,000 X g2 1587 A8,
A5 WL Bradford assay= T d-& AgFstl ALP 4L
=439tk ALP &4-& p—nitrophenyl phosphate (Sigma—
Aldrich)& 7|42 Agste &Fstgen, 4= Hehe=
405 nmol|A] UV—visible spectrophotometer (Shimadzu
Corp., Tokyo, Japan)2 &=t}

7. RNA 3% 9 947 $gaL: ANRS
(RT-PCR)

TRIzol reagent (Invitrogen: Thermo Fisher Scientific
Inc., Waltham, MA, USA)E o]&3lo] A|Z=2EFE total
RNAE F&3}92 1, SuperScript II reverse transcriptase
(Invitrogen)& AR5t &3 RNAZRE cDNAE T4
5} tt. PCR primer:= Table 13} Zro] Bioneer Corp.
(Daejeon, Korea)o|A AZFsle] AFESE 2™, primer 7]
Mgt PCR W3- 272 Table 13 2t} ¥-8 $ SZ g PCR
AHEL2 Tris—acetic acid—EDTA buffer2 W= 1% agarose
gelo Al A7) 85 AABIE2H, ethidium bromideZ XY
3t 3 UV 3lof|A] ERI5I$TH Band intensity+~= phosphoimager
(Bio—Rad, Hercules, CA, USA) ¥ Quantity One software
(Bio—Rad)& o|§3t] Z4siict,

Target genes Primers (mouse) PCR condition
(Accession number) Forward Reverse Tm (‘C) Cycles Size (bp)
Collagen I (NM_007742) 5 —ttctectggtaaagatggtge—3 5 —tgttaaaggtgatgctggtee—3’ 50 35 254
Collagen II (NM_031163) 5 —ctgtaagaacagcatcgectacctg—3 5 —caggaatttggtgtggacataggg—3’ 60 27 271
Collagen X (NM_009925) 5 —cgtctetgettttactgtca—3’ 5’ —ctcacagaaaatgaccaggt—3’ 48 35 300
RUNX-2 (NM_009820) 5’ —actttctccaggaagactge—3’ 5’ —acagcaacagcaacaacagc—3’ 50 35 366
B—catenin (NM_007614) 5’ —ggtggactgecagaaaatggt—3’ 5 —ccttgggactctagtgcage—3’ 52 27 394
BSP (NM_008318) 5 —gagccaggactgececgaaaggaa—3 5’ —gcagcagcggaggagaaacgg—3 60 27 653
OCN (NM_001032298) 5 —cagcttggtgcacacctage—3’ 5 —ggagcagtgtcacgttaacct—3’ 58 30 242
BMP-2 5’ —gcaccacaaacgagaaaagc—3 5’ —agcaaggggaaaaggacact—3’ 65 40 1182
B—actin (NM_007393) 5 —ttctacaatgagctgegtgt—3’ 5’ —ctcatagctcttctecaggg—3’ 50 26 1889
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8. Western Blot ¥4}

kst A|ZZE ice—cold PBSE 33 AAI & lysis
buffer (20 mM TrisHCl pH 7.5, 137 mM NaCl, 10%
1% Triton X—100, 1 mM NasVOs, 1 mM
phenylmethylsulfonylfluoride, 1 X protease inhibitor
cocktai)E ¥l 4TCo|A 30 E7F BEFA]Z] I 16,000 X gof| Al
1583 AR st 4FHE ARE AMESHRT 24 Al29
el A Bradford protein assay WS AR
595 nmol M FHES 2gste] AT BAT pel
g 8~10% SDS-PAGER EAIZ &, Eejd dujd s
polyvinylidene  difluoride membrane (Bio—Rad)®]
transferstgltt. FA 9 v Eold Ags Adstr] #fste
membrane< blocking buffer [5% non—fat milk ¥ 0,1%
Tween 20°] &-8&% Tris—buffered saline (TBS)|&}+ 18T
oA 1A17E B ¥EA17] &, f—catenin, RUNX-2, ALPo|
st 12} A (cat. no. sc7963, sc10758, sc73839: Santa
Cruz Biotechnology, Dallas, TX, USA; 1:1000)2} BMP—29]
3t 12} 34| (cat. no. ab14933; Abcam, Cambridge, UK;
1:1000)% 7Fste] 4ColA 16412F WA AT olo1A 0.1%
Tween 20°] EFH TBS Ao 1087t 35 A&t o2,
ojxp FA|et AHo|A 247 WREAFT 23} FARE=
horseradish peroxidase—conjugated anti—rabbit T+ mouse

glycerol,

antibody (Santa Cruz Biotechnology)& 5% non—fat milk
2 0.1% Tween 20°] 45 TBS| 1:30002 3]4I3}te] A&

A

mAU

2500
2000
1500

1000

500 ﬂ
0

st9ct. 1 ¥ ECL Plus kit (Amersham Biosciences,
Piscataway, NJ, USA)Z HF-A]Zl & X-ray film A4
S A-S 0159 2™, Imaged software (NIH, Bethesda,
MD, USA)E °|-&3ste EA43t3itt.

9. FAA=
BE Y 33 vHE Algstqlon], Sk
#42 yegfdch, 27 #9494 34e 9
(A7

lo

A+

] one—way

AN

- oo [

analysis of variance Tukey's multiple
comparisons test) T+ independent ¢t—testE AA|SFA T}
EALAL Prism software (GraphPad Software, Inc.,
San Diego, CA, USA)E o] &3lo] £3J=| 9o, P-value’}

0.05 mlgkl 392 BAH R folsickn Wt

1d

. 23 9 33
1. &7}9] 559 HPLC A&&4
EEZAT o7ty FEE9 HPLC ARMEIHRS
Figure 13 Zt}h 27102 A EAJEQ Eluetheroside E=
16,280 A&=HY o, FF2 13.52 mg/go = e
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Figure 1. High—performance liquid chromatograms of the standard compound (A) and Eleutherococcus sessiliflorus ethanolic extract (B) at

205 nm.
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2, 2719 &8 A7 & ATDCS A3
F9] proliferation¥} differentiation 9% H7}

27toe g2 AR 288 et o 2% i
Z© 2 eleutheroside B9} eleutheroside E7}F Qlow, 9+
2EY 2o hFF H|[Eo|d H§HYL Z=  adaptogenic
activitys 7}A|2L I H2ZHE 59 B4 AY glvtar B
HAoH?, ST ATDCS AlZFo et Az o E4H7}
4 AAY s dF A= AY §ioh, 2HER 2 A3
Ae 27t 2EE] dig Ax W 54872 ATDCS AlZ
T dE &3 A A F=E BUhe] Qo AzEs &
A3} Alcian blue GXS =33t}

o7tm 225 A{Ro wE ATDCS AEFQ A Y

EAS Z937] 98 CCK8kitE AHgdle] AZAHELS
EZA359 o AZEEL 2719 FEES 1.25~5 pg/mL
FER A AL dz2Ld o7k gleleut, 10 pg/mL
A2 Al 4 BEE BEe™ 20 pg/mL XF] Al 85,5 + 3.8%
2 27 98 FY5tA FastHoh(P<0.01, Figure 2),
weba] B Ao A ATDCS HZEFoA &8 X Al &A

5 2.5 95 pug/mLE wddte] S A3t

120-
—_
§, 100- o
_,,§~ 80+
8 60-
0
> 40-
8 20
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0 125 25 5 10 20

Concentration of ES extract (ug/mL)

Figure 2. Effect of Eleutherococcus sessiliflorus extract on the cell
viability of ATDC5 cells. Cell viability was measured with CCK—8
assay. Values are expressed as the mean=*SD (n=3). **~{0.01
vs. control by ANOVA with Tukey's multiple comparisons test. ES,
E. sessiliflorus.

ATDC5 AlZE B3} A 234 (multi—step)S AA 4
ZAEZ B3t 99, 27] ATDC5 AIZZL spindle—
like shape® 7AW 27| B3} A A] cell aggregate”’} B4
=)o} cartilage nodule®] FAHT Z7]9& round FEH =2
Halsly  olul collagen type II, aggrecani® T}E
extracellular matrix (ECM) EA-5o] @#ddt, ZF7|=
hypertrophic chondrocyteE ¥4J3HH, matrix mineralization
4& F3f collagen type X7} AEHTh, wahA 2 A9
Me 271(79), $71(14%), £71(219)=2 &5t 27ty
FEE°| ATDC5 AlZF9] £3}o] u|X| = FFS Felstazt
skl

27t FE&E0] A" wA A 7\1]:-‘—E 74, 144, 214
B9t viFSt & Alcian blue @& Al 7155’—1’, jxe

yal

214712 W& staining intensityS HAA W FEHE A
oA cartilage nodule @A o] Z7}5}cH(Figure 3A), E73]
2147 o 22T 225 A2 Zoj7l 79 9 14¥ T}
YL, = QEHe AvE Byo, B3 ¥4 H=E
FEES AYsA] @2 HEZL LS E normalizations g+ Ak,
e7te FEE 2.5 pg/mL AZFAA 214 2T
e BetEAPEst 1,98 F7HHATHP<0.01, Figure 3B),
22890 5 yo/mlL BEZ X3 ZoAE B3} Ao gz
23+ dju] 7LA o) 1.381(P<0.01), 14LA)o) 1.584(~<0.01),
21979 3.181(P<0.001) 273ttt o|#3st 2SS vig

o2 54 A (Figure 4~6)oA4& AHE %5 5 pg/mLE
7shednt,
A Days 7 14 21
ES extract (SRSt
0 pg/mL
2.5 pg/mL
Mg, ]}&
Sug/mL |-
B 400+ bk
:\?
= 300+
E *ok
p 200 **
-
3 L]
[
£ 100
°
< n
0
7 14 21

Days
| = IV
ES extract 2.5 ug/mL
Il ES extract 5 ug/mL

Figure 3. Alcian blue staining of ATDC5 cells treated with
Eleutherococcus sessiliflorus (ES) extract. (a) Untreated cells or
cells treated with ES extract (2.5 or 5 ug/mL) were incubated for
7, 14, and 21 days, rinsed with phosphate—buffered saline twice,
fixed with 95% methanol, and then stained with 1% acetic acid
for 30 s three times, then photographed (X 100). (b) The histogram
represents the levels of Alcian blue staining compared to the
control group on different time points. Results are presented as
means * SD (n = 3). **~{0.01 and ***~{0.001 indicate significant
differences from ES extract—treated aroups with control.

3. &7 FEE A
Z9] ALP &4

ALPE cartilage ECM2] mineralization=

o] u}2 ATDC5 A&

Festan’?

prehypertrophic chondrocytes® % 923% marker $ sl
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o) ALPE 37| B3MRE 57704 dd ], ALPY] 2d
Azo met AF 23 AT E SHY 5= Uk & A4
o7te 2&E9| 5 pg/mLe FEE A H wiX|oA A2E
Z+Z- 74, 144, 219 B wiFS & ALPY 54 S S
Aotk o7ty FE2ES ALP €4S iz tiy] 14444
158 (P<0.01), 214 2.1¥(P<0.001) ZF7HX Tt
(Figure 4), 2710 &5 23t ATDCS A|ZF9] &3} 4=
Al 271(TD)olA = 5237t gleen S71(149)dARE F7]
(219)7HA &2 ALP 42 YetW7] g0 &5 943
£33l 53t= 53] 7oA T 7HA
ohEln| ATDC5 MZ3e] B3l A 2197
Aol o o 582 ANz Bils

= Control
300 Il ES extract 5 ng/mL
k%%

:\?
E 2004 *k
>
©
©
o 100+
-
2 ﬂ I

o " | L T

0 7 14 21

Days

Figure 4. Effect of Eleutherococcus sessiliflorus (ES) extract on
alkaline phosphatase (ALP) activity in ATDC5 cells. Cells were
treated with 5 ug/mL ES extract for 0, 7, 14, and 21 days, and their
ALP activities were measured. Values are presented as means £
SD (n = 3). *P(0.01 and **P{0.001 indicate significant
differences from ES extract—treated groups with control determined
bv independent /— test.
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4, 2719 %
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57| A-F &3} matrix mineralization¥} ##3lo] F 23}
Al ZAgFH, webd B o As dZ B3} ¥ maker
genes= w3 Fet UE A=E EAS4T

AT B3} #3H maker genes2 mRNA levelZ H|IZ &
A7t A3KFigure 5), 2719 FE52 7, 14, 2199 Collagen
I 4ds Q2+ tiu] FYsHA S7HART E3F OCN, 8-
catenin, BMP—-2 ¥ RUNX-2 ©&d& 14 ¥ 210 =
ol 222 ATolH felatA 27kt Collagen 12
X HHLE =5 ATolA dxa diH] 7eH HFastR
o 14dA o FTste] FE2E A2 Al 710 B4 =
Aoz gt 2194 Collagen T &&8E thA] A
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Figure 5. Effects of Beutherococcus sessiliflorus (ES) extract on mRNA levels of chondrogenic marker genes in ATDC5 cells, ATDC5 cell were
treated with 5 ug/mL ES extract for 0, 7, 14, and 21 days. Relative expression of genes was observed by RT—PCR analysis and compared
to S—actin, Results are presented as means + SD (n = 3). *~{0.05, **P{0.01, and ***P{0.001 indicate significant differences from ES

extract—treated aroups with dav O.
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5. 2719 &8 AT 5-5o] "gE ATDC5 AlEF2] chondrogenic differentiation ¥ Tz Wy
o
o

BMP A& A4 A2 MSCs9 aggregation®} sizeE Z7}
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Figure 6. Effects of Eleutherococcus sessiliflorus (ES) extract on protein expression of chondrogenic markers in ATDC5 cells. Cells were
treated with 5 ug/mL ES extract for 0, 7, 14, and 21 days. Relative expressions of genes were observed by western blot analysis and
compared to B—actin. Results are presented as means * SD (n = 3). *~{0.05, **£<0.01, and ***~{0.001 indicate significant differences
from ES extract—treated aroups with dav O.
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