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Sambucus sieboldiana (SS) is a member of the family
Caprifoliaceae and has been recommended as a functional
material because of its several bioactivities. Although
numerous literatures are available on the pharmacological and
biological activities, the biological activity of SS in bone
regeneration process has not yet been well-defined. Therefore,
in this study, the effect of SS was investigated in the proliferation
and differentiation of MC3T3-E1 osteoblastic cell line. The
treatment of S did not significantly affect the cell proliferation
in MC3T3-E1 cells. SS significantly accelerated the
mineralization and significantly increased the expression of
alkaline phosphatase (ALP) and osteocalcin (OC) mRNAs,
compared to the control, in the differentiation of MC3T3-E1
cells. SS significantly accelerated the decrease of osteonectin
(ON) mRNA expression as compared with the control in a
time-dependent manner in the differentiation of MC3T3-E1
cells. These results suggest that the SS facilitate the osteoblast
differentiation and mineralization in MC3T3-E1 osteoblastic

*Correspondence to: Do Kyung Kim, Department of Oral Physiology,
School of Dentistry, Chosun University, 375 Seosuk-dong,
Dong-gu, Gwangju 501-759, Republic of Korea.

Tel.: +82-62-230-6893, Fax: +82-62-232-6896
E-mail: kdk@chosun.ac.kr

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http:/creati-
vecommons.org/licenses/by-nc/3.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

121

that appears in the International Journal of Oral Bilogy 2013;38(4):155-160. In page 155,

cells. Therefore, there may be potential properties for
development and clinical application of bone regeneration
materials.
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AL Edo] AV ISy Ee A =
Aol ik ¢ QItH4-7]. 113t ARRE FolE
A, 2 dF 53] oA oA AT =R A3t ot =
e B FAVE 95 F24E 0 Q48] Evhee
oAt 2 X g5 AMgEE ABAE R 555 9
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A= A|3EQ] B-glycerophosphateS +-2]5H= alkaline
phosphatase(ALP), 413|315 7AISH= bone sialoprotein
(BSP), @ wabAFS k= procollagenlysyl
hydroxylase-2(PLOD-2), 3]s} ZAAIHS FH3s=
osteonectin(ON), osteocalcin(OC) %! osteopontin(OP) -©]
ATH1,3].
257 o] ~EZ 7= isoflavone, coumestan, lignan
o] 9lom o] ZF isoflavone> =UIALS} Tdste] b
A77F 218 FQl Al A=A dAERZNIN
4], HE5(Sambucus  sieboldiana) &Y} HE L
&of] Hatal A9 54 W FA7 o Aehs AelET]
LHrolH, okgA TR delAd QITHISL 1 FREE W
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og] @ Sy 5ol glor, BF HEHOoE AMES
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A T N ZZAHET MC3T3-E1> American Type
Culture Collection(ATCC, Rockville, MD, USA)°lA ¢
slo] Al3ef o] 83tk M-MLV reverse transcriptase 2}
RNasin® plus RNAse inhibitor %! dNTPi= Promega
(Madison, WI, USA)ellA %1331 2™, AccuPower® PCR
premixi= Bioneer(th 7, thetil=p)elq F-qlste] ARE-3)
St} 3-(4,5-dimetylthiazol-2-y1)-2,5- diphenyl tetrazolium
bromide(MTT)< Sigma(St. Louis, MO, USA)°lA 413}
%°m, TRI reagent kiti= Molecular Research Center,
Inc.(Cincinnati, OH, USA)°l|A -¢J3to] A8t Brilliant
Il Ultra-Fast SYBR® Green gRT-PCR master mix+
Agilent Technologies(Santa Clara, CA, USA)°IA] 13}
%19™, Von kossa G4-S $I3t silver staining kit acc. to
Von kossa®} nuclear fast red-aluminum sulfate solution-
Merck KGaA(Darmstadt, Germany)olAl F+¢Jsto] ARg-3f
Ak

=2

Az¥ HEZ5(Sambucus sieboldiana)= Jeonnam Herbal
Medicine Farmer's Cooperative(Z1'e, thetul=h)olAl F-91s}k
o, E2+ =& olgste] BELEs AAT o st
Ak s F 10812 95% olleeS o] g3dlo] A2
Al 24N 7F 5t FAA ko] FESTE FEES Advantec
No. 2 oJ#X|E o]gste] o]i}st 2 rotary evaporator
(N-1000V-W, Eyela, Japan)E ©]-&3sto] 79t =533k
EEE FEES 40 TAA 39 ek wAAE Sgle
o, 2°CollA] Husiglty AEE FEFES dimethyl
sulfoxide©l] 5?1 5, wjx]of] 3|Asto] HEle] A2 AHE-

stk

A 3Zv) ok

A TS ZEAEF MCT3-ELS 10%  fetal
bovine serum(FBS, Invitrogen Co., Carlsbad, CA, USA) %!
AW A (100u/ml  penicillinm, 100xg/ml  streptomysin)7} $F
¥ 37°C9] alpha-minimum essential medium(a-MEM,
Invitrogen Co., Carlsbad, CA, USA) “37ulj#] slollA] nj
FetA Adel ol geith AxEstel IS EE
fl8te Al E7} i FE A oM FREsHA Absh F, FdEiA]
of| ascorbic acid(50./ml)2} B-glycerophosphate(10mM)E 3
7¥eto] kst TH18,19].
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MTT 24 93 A 254 54

Humel gt AF F/HY ZEAEF MC3T3-E19
AxZ2 G392 BZalr] 9, 24well plateol] 4 x 10°
cells/well® MC3T3-El AI¥XE AHE3E oW, 37°CY
CO, viF7IelA 2417 wieket & A= wjkujA =
wASAY HEFE FE55 1 ~ 300pg/ml> 471k 24
}\]{]_ %cﬂ. HHooka}gj\onq ,(ﬂu&/ﬂ fg‘_jq.é MTT _‘?«/\-1 o)
2 SHsTE MIT 242 J=8% FE2E5 Agd
MC3T3-El M2 MTT SHAMTT HFEE 0.5181l)=
37CAA 4AIZE AHEst & MTT |95 AAs L
0.04N HCIo] &% isopropanol® ool 570nmef|A]
FHEE A3t AlESIT20].
Von kossa BA-& 53 71 A £A

=AHET MC3T3-E19] A3]3t d4d& glstr] 9

o}oﬂ Von kossa XS Aldstlch EeHtEE 98t
ascorbic acid(50.0/ml)$} B-glycerophosphate(10mM)E 7}
fﬂi HAEE FE225 A 2 4972 MC3T3-El Al
PBSE 33) AT 3 70% ethanolS ©]-&35F] 10

AT FRTE AT & 5% AgNOsE A
1 3023 sHalell Basiglon, SRTE olgato]
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Al FEEAAAHES(RT-PCR) 24

o FEES At AEEske A3t e
7 AT MC3T3-El AESellA TRI reagent
kit(Molecular Research Center, Inc., Ohio, USA)E ©]£-3}
o] total RNAE F&% F A 37UV
spectrometer) & ©]-8-3t0] 260mmolA SFEE 4, F=
¥ RNAS 55E AAeIGITh cDNAS UV‘* J3st7] H sl
5ug°] total RNAE reverse-transcriptase(Promega, Madison,
WI, USA)$} oligo(dT) primerE- ©]-§-35ko 42°CollA] 607t
AHAE HESS AlYEIGItE E4dE cDNAE  alkaline
phosphatase(ALP), osteonectin(ON) % osteocalcin(OC) 52
primer(Table 1)E primer 1.3} 1L‘EZZB”(http'//sg idtdna.com)
£ S183H A0 T, FHELAAVEOCNE A
Stk PCR WHg- 72 94CollA 5%, ¥4 (denaturation)
HES-S 94T oA 15%, A3 annealing)TH5-& 50~55 Tl

—

Table 1. Primer sequences for PCR

Primer T PCR
Names Sequence (53) Product (bp)
ALP
(sense) CTCTCCGAGATGGTGGAGGT
430
ALP
. GTCTTCTCCACCGTGGGTCT
(antisense)
ON
(sense) ACGGCCATACCTACAGCTCT
268
.ON AACCAGTCACGGAGCCTATC
(antisense)
oC
(sense) CCACAGCCTTCATGTCCAAG
173
O9C GGCAGAGAGAGAGGACAGGG
(antisense)
((}szigl GGTGCTGAGTATGTCGTGGA
196
GAPDH =\ GTTGGTGGTGCAGGATG
(antisense)

ALP: alkaline phosphatase
ON:: osteonectin
OC: osteocalcin

A 30%, & §H(extension)RE-&-S 72 CollA 307t 30577
HHESa, v e S-S 12 ColA 1087 st
HES-AIZAT. 7} primer®] T abS 2128k ONZ} GAPDH
o] AFNEE 25 55T, ALP9L 0Co AP &5+
50CZ Al33t) RT-PCR ¥ 15% agarose gelollA %
71953k Z+2+e] PCR products 135S

A% PCR &4

AEEskel 3|37t e ZF Ao MC3T3-El
AEZFoIM 0CS mRNA ¥ ‘4% 4% PCR 402 A
+¢15}Ick. Brilliant I Ultra-Fast SYBR® Green qRT-
PCR master mix(Agilent Technologies, Santa Clara, CA,
USA)E ©]83}%] ¢cDNA 1lpg, 2X SYBR Green master
mix 10xl, 2} primer 140, 100mM DTT 0240 2 RT/
RNase block 105 &7 5 A 97} 20u07F &%=
= DEPCE At EE A8k}t Exicycler™
96(Bioneer co., Daejeon, Korea)s ©]-23F] 95ToA 15
w1 REEAIRL -, 94°CellA] 15%, 55TCellA] 30%, 70°C
oM 30x% 453 WHEsto] WESAIZGE AT PCR A3t
£ qcalculator 1.0 program(Institute of Pharmacology &
Toxicology, University of Bonn, Bonn, Germany)s ©]-&
ato] Ct gholl whE mRNAYS A o= AXtste] &
AstAt) S 93k Uy o ZK(internal control) O =
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+ GAPDHE ©]&3l3lom, d&F PCR Ao AH&E
OC primer sequencei= RT-PCROA1S] Z-¢-9f FLst A
= AHESFAT

AR R FATEA HH

Re APAAS H4 33]9 AdE 955k mean +
SEMOo® Yepia, 7F A3t 78 /o4 A
ExcelZ} SPSS Z2 73S o]g&3le] ANOVA F°
Dunnett testE 3F1S™, p valueZ} 0.05 7] THp<0.05)°]
A-elx TAIA el e AoE it

o] 9]3 MC3T3-E1 Al Z£F &4 &%
NP ZFAELF MCITI-El AEFM HEF
= g S nAE qavE Yoty
As AT HEE FEE 1-3000
% A¥, Has FE=S MC3T3-El
& T4 ke, 7P needl

300pg/mle A= MC3T3-El AJEF] S4& oFt T
A7 Aol Aoy SAE FAdS USITHFig

). T2hA o] & A= HEE FE5 100ug/ml
S o]g3ste] MC3T3-El A|ZTF w3fe] v|X&= o8 7}
A a¥E AT
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Fig. 1. Effects of Sambucus sieboldiana on the cell
proliferation in MC3T3-E1 mouse osteoblastic cells. The
MC3T3-E1 cells were treated with various concentrations of
Sambucus sieboldiana for 24 hours. The cell proliferations
were determined by the MTT assays. The percentage of cell
proliferation was calculated as a ratio of A570ny, of Sambucus
sieboldiana treated cells and untreated control cells. Each data
point represents the mean + SEM of three experiments.

MC3T3-E1 #3333 A A28 7|ZP Aol v =
HEEY &5

ABF ZFAEF MC3T3-E19] AL 71484 o) vl
A AEHe a3E gelsy] flskel, MC3T3-El Al
X3 3ol HeE FEE 100pgmle A2d
T F7]do] HAH 7AS AMo® xS Von
kossa FAS AlPslF o, EIFEE ¢35} ascorbic
acid(500/ml) 2} B-glycerophosphate(10mM)E 34753t
TIHE 109 A A FH 23 a3 F25 AT
of| Al A|3ze] 714 & do] dojur] Al&stl o, e
BSYA7HA = 23 A28 F55 AgdedA] A=
o] 714849 Afoli= flSlThFig. 2). Zeivt E3HTE
20449} 21941 dizTel vl Ja3E FE2E A
TolA AEES] 7R FHE g1 sl
(Fig. 2).

ZFAZF E3HAA 3 SolfZAEY ¢d
of A= HFE A

A ZZAMET MC3T3-Elel  ascorbic acide} B
-glycerophosphate & 4 7}3sto] A1 3]5} A4 9] 495 2t
HjF g el A E5e] a¥E FA38H7] 9@, MC3T3-El
AZF F3golA JE3E FE25 100ugms A2)sh
< ALP, ON % OC Z+7+9] primer(Table 1)& ©]&3}o]
RT-PCRS Al 35}iTh

ALP mRNA®] W& MC3T3-El A¥XF9] ®3f%
oA F718k tHFig. 3). tiRTelE Bk 744
of vjek 0L K} 6.664¥12] ALP mRNA T3S Ko7
AAsIR o 15U AN = 4.828), 204 A M= 5.14
Hje] ALP mRNA &S #H3k 5= QlltkFig. 3). A
5 FEE ATolMes 194wk LA H
1251809] ALP mRNA 23S BT, 15U =
119040, 204 A4 = 10.738912] ALP mRNA 23S

0 5 10 15 20 21 days
Fig. 2. Mineralized nodule formation in MC3T3-E1 cells. The
mineralized nodule formation induced by the differentiation
media and Sambucus sieboldiana was examined after 0, 5, 10,
15, 20 and 21 days of culture. The cells were grown in the
presence of ascorbic acid and 3-glycerophosphate for inducing
the mineralization and were examined the effect of Sambucus
sieboldiana on mineralized nodule formation. The nodules
were detected by Von kossa staining.
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Fig. 3. Effect of Sambucus sieboldiana on alkaline
phosphatase (ALP) mRNA expression. The first stand cDNAs
prepared from the MC3T3-E1 cell total RNAs were used as
template for PCR amplification. The PCR products were
electrophoresed on a 1.5% agarose gel and visulaized with
ethidium bromide. A. Agarose gel -electrophoresis was
performed on the RT-PCR products from MC3T3-El cells
(ALP; 430 bp, GAPDH; 196 bp) (0; 0 day after treatment with
differentiation media, 7; 7 days after treatment with
differentiation media, 15; 15 days after treatment with
differentiation media, 20; 20 days after treatment with
differentiation media, Control; treatment with differentiation
media only, Sambucus sieboldiana; treatment with
differentiation media and Sambucus sieboldiana) B. The
percentage of ALP mRNA expression was calculated as a ratio
of GAPDH band. P < 0.001 vs. day 0.

238 4= 919l oM, ALP mRNAS] Halo] thztol H]a)
oF 28l HE S7HEHS ERlE & Qlith 2 ATelA
MC3T3-El MEZFoA 235 F5E3 $ ON mRNAS]
o] fhashs AS #Ee = AhFig 4). tET
ol A1 ON== uljeF 7L Aol A wlSF 0 A KT} 0.774] 2] 2
S Bgom 15404 0.7849, 204 A oA = 0.809)
2 o] 74 tkFig. 4). HEE FEE Aol
A= wlleF 7 Ao vk 0L AT 0.708]2] ON mRNA
18-S WA, 15944 0.4540, 202 Aol 4= 0.124H

WEo] Zhaste] ®IGE Aj7ko] AyeEE ON
mRNA 2] Wgo] Thaghs glgk = gQIlth oC
mRNAS] &S MC3T3-El AXEFS] 2355 740
A 7Vt thFig. 5). thERTolAs ok 7940l Hjok
044K} 1.21¥12] OC mRNA &S wol7] A&slel
o, 1598 A= 1258, 204414 1.18819] OC

Control Sambucus sieboldiana

0 7 15 20 7 15 20 days

—@— Control
—l— Sambucus sieboldiana

Density of band (relative value of GAPDH)

Time (days)

Fig. 4. Effect of Sambucus sieboldiana on osteonectin (ON)
mRNA expression. A. Agarose gel electrophoresis was
performed on the RT-PCR products from MC3T3-El cells
(ON; 173 bp, GAPDH; 196 bp) B. The percentage of ON
mRNA expression was calculated as a ratio of GAPDH band.
P <0.05and P <0.001 vs. day 0. Other legends are the
same as in Fig. 3.
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—@— Control
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Density of band (relative value of GAPDH)

Fig. 5. Effect of Sambucus sieboldiana on osteocalcin (OC)
mRNA expression. A. Agarose gel electrophoresis was
performed on the RT-PCR products from MC3T3-El cells
(OC; 268 bp, GAPDH; 196 bp) B. The percentage of OC
mRNA expression was calculated as a ratio of GAPDH band.
"P<0.05and P <0.01 vs. day 0. Other legends are the same
as in Fig. 3.
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Fig. 6. Effect of Sambucus sieboldiana on OC mRNA expression
by real-time quantitative RT-PCR (qRT-PCR). The expression
level of OC mRNA was calculated by using qcalculator 1.0
program after internal control u6 normalization. Each relative
copy number value represents the mean of three independent
experiments. The relative expression of OC mRNA was accessed
by qRT-PCR according to methods described in 'Materials and
Methods’. "P < 0.05 vs. control (the control was measured in the
absence of Sambucus sieboldiana).

mRNA 2ds A28 = QIUthFig. 5). H=5% F5=
AgelAe 1Y &H | HH oF 0dAETE 220819 OC
mRNA ZdS B3, 15444 = 1.9508), 20454
= 1.5281¢] oC mRNA 'E‘l__}téa WA = glelenr, oc
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A S71E Z1E 4 ik

A 2 233 A ol A A= PCRel 93
SO UH A

-3}o} **ilzﬂrﬂ ® ZF A3e] MC3T3-El
4] 0C2] mRNA H—D}?ia & PCR o2 A
7] $13ll, MC3T3-El HEF B3940 Ha3E
=5 100 pygme A2st ¥ OC primers ©]-&-3to] 4
PCRS Al#&Fgith RT-PCR 274 OC mRNA2
o] b wotow iy 7 zpolzk W wiek
TdAl A 2] 5 PCR A3}, OC mRNAT tjzetol H]
8 HuEd FE= AgTtelA 1 Edo] 2108 S7ks)
RO (Fig. 6), dF PCRe &3t mRNA T4 A
+ RT-PCR #4439} A= 3leh 4= QIqlth
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LYY= | dolske AT 2TATY o3
AZZA, o) F Azl 3] F Fol FAH 2 o

AbEIE[L], =AML ThA|aEe] o8 AfEE o]
e, e =2 EelEe w49 il
Axzre] st ggdel 2six WFHTH2) F2A
TE AF3}EQ1 3] A (hydroxyapatite) 2] A7 739} ofw 4,
ZAEC] #ofeh= vlotwdA Tl 9 AH 7
’\J, Azl =714 78] Ajte SXohs gl oA
HeXEE, 7S o|F+= 7324
A g eIy 7hs X3 tekst TR AR
714 e s g o] QITk1,3].
TS A A H3A
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N sEAE A 3

£o| F7fehH, *O] 01}‘44 A5 H7 o] %o o AER
21 Ejghael oa EUEe] A @ido] us Alsted]
=thasel tish Wy Eo] YR dAA ] =& o
2 A Qlol, olof st A7} wig- &is] 28]
L EH4-7). HZ 5ol SveTs ARE 9F olAER
Al Fole] oy Fzhg-S wekslr] fdl, kAl WA
F 5 A= SYES o & thAl .X At
2as] AeEar glom9-13], FrhES Wy A5E
3 iAoz AEA c’ﬂiEE73_](phytoestrogen)«1
ATl B o] vk dretal Qv AFE AFTL
A ZE 3 QH14]. HEZE5(Sambucus szebolahana)g A
v @RSl &ehe AW ruHrelt15]. A
& TEANEY, 9%, =84 9 o £ fast
than g A glom, 58 =4 £ o] dAg vk
= YEkAth L dEA 5ol E7-shal, A
A Etpgella a5 EAEEEE] 71de of
A 7hA] v €s] 5"11‘642% UA %}E]r[w ] weEbA 2 od:rL

E_l

5 wsl7] S, AF FoNE i%xﬂ jz— MC3T3-E1
N BAFEY BEE FEES AT T MOTIEI

eSS LA

ZTAES MCIT3-El AlZFolA Has FE2=2 4
& 4 S vR= Z3E gotry] 95 MTT #4] 4
o 2 Aol AlEEE S 5(1~300ug/m)) o] HEE FE
B MC3T3-El MEFO] 240 S 4] SFQHrhFig.
1). %% = (growth hormone, GH), insulin like growth
factor-I(IGF-I) & transforming growth factor-B(TGF-B) &+
AR S FAete] W] s Sshs 4%
AAERE dHA 9lem™[21,22], platelet derived growth
factor(PDGF) %} fibroblast growth factor (FGF) < 47?1
A2 o] AES] 7]l AgE o] =2 wA|g oA

ZAHH 3 E(progenitors) &) 212 FXHE 475 Al
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sttty 43 QIth21-23]. $HH bone morphogenic
pr otem(BMP)J = A osteoinductive effect)= 15

JFstol BMPE| ofgo|uf Zx /Al 2ol wet
Z}—Z‘l 7150l h2A YeRdT24]. 2 AFelA A=
ér%% MC3T3-E1l ,q] _Z’,,] Z=X) oﬂ 01?51:_4 _r;q OLOLo
H, °] JJrL Hasy FE=0] oA A3 T2
T 9% A g A V\}EPE}

2 Aol ekl 2EAET MC3T3-E1S] AlE
o] 71AFAl mAE HuHe adE @ls] ¢
o, MC3T3-El A5 3ol Has F5=
Aget & Frlde] JHE V|AE ANow FHe
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