J Korean Soc Food Sci Nutr
34(7), 929 ~936(2005)

0|95l (Solidago virga-aurea var. gigantea Miq.)¥2| F&EE0|
MC3T3-E1 ZZMEQ| M1} 2510) O|X|= st
‘ﬂ‘@?_:ﬂ olxlo_IZ ‘7:!5‘_:!7::;{1 0|ﬂﬂ1,2*
AEE D MEL NSRRI Y A ST ME
ZAgdoystm AlE7|ZEn)
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Abstract

The purpose of this study was to examine the ability of alkaline phosphatase (ALP) synthesis of MC3T3-E1
cells when above edible sources, Solidago virga-aurea var. gigantea Miq. root (SVR) extracts, were sup-
plimented. MC3T3-El1 cells were cultured with @ -MEM (vehicle control), dexamethasone and genestein (positive
control), and SVR extracts for 27 days. The effects of SVR MeOH extracts and its fractions on cell proliferation
were measured by MTT assay. At 10, 100 ng/mL of SVR methanol extract treated, that were elevated of cell
proliferation to 140 and 120% via vehicle control, respectively. And then ALP synthesis was measured by
spectrophotometer for enzyme activity and by naphthol AS-BI staining for morphometry at 3, 9, 18, and 27th
day. As the results, every extracts and fractions were promoted ALP activity by time course at 1, 10, 100
Bg/mL, except n-hexane and chloroform fractions. Remarkably, the MeOH extracts were increased ALP
activity more than 4.4 times compared with vehicle control, 2.2 times via positive control at 27th day (p<0.05).
The SVR MeOH extracts treated cells, especially at a concentration of 10 1g/mL, showed remarkably higher
than vehicle-treated control cells of mineralization which were checked by Alizarin red staining. These results
indicate that SVR methancl extract have an induction ability of proliferation and differentiation on osteoblast.
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v) 9 # (Solidago virga-aurea var. gigantea Miq.)®#-2] 5% %] MC3T3-E1 ZZAxe] A7}t 23l vxj= o8 a3l

Freeze dried Solidago
virga-aurea var. gigantea
Miq. Root powder

Extraction with 10 times volume of 80% methanol
Vacuum filtration
Evaporation under reduced pressure at 55°C

[ 1

Methanol .
extract Residue ]
Partition with distilled water and hexane
Hexane Aqueous
fraction phase
Partition with ethylacetate
Ethylacetate Aqueous
fraction phase
Partition with chloroform
Chloroform Aqueous
fraction phase
Partition with butanol
Butanol Water
fraction fraction

Fig. 1. Procedure for the methanol extraction and the frac-
tionation of Solidago virga-aurea var. gigantea Miq. root
powder by various solvents.

BRL, Grand island, NY, USA)$} 1% antibiotics(Gibco BRL,
Grand island, NY, USA)E H7}3}e] 37°CE] 5% CO, vl oF
71ell A 2~3dwhe} Al s FatRa] Al ARg-shod .o,
23525 98l 10% FBS o -MEM# A ol 5mM B-glycer-
ol phosphate(Sigma Chem. Co., St. Louis, MO, USA)2} 50
mg/mL2] vitamin C(Sigma Chem. Co., St. Louis, MO, USA)
F A7Vt LRl A 2 AM-3kgl o, 3 vt} v A &
a3t S B3 2 7| A S vl A= S s
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ZFAEZARE EA A5 FrE Ayl & =
TFAEO] A A &= Green 5(28)9] v o w}e} (3-(34-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide |
ek YA L E 2A 5= MTT assay® A 314 th WA
wjj k3t cell 2 0.4% trypan blue® A}&-3}ed A4 F 1X
10° cell/wellZ A 3to] 253 g 24 N8ES HEFE
1, 10, 100 = 1,000 ng/mL =7 20 pLA A7}gr § 37°CH
5% COz WioF7] ol A 48417k vl sl et F T o 2=
genistein(10° M, 107 M)} dexamethasone(10° M, 107 M)
F AFE3FE 20 (12), Al dET-E AR A4l el A E 20
uL H7iste] FdstA wl ksl ol

wl) oF & (3-(3,4-dimethylthiazolyl-2)-2,5-diphenyltetra-
zolium bromide(MTT; Sigma Chem. Co., St. Louis, MO,
USA)A %S 5 mg/mLE%E 10 uLS 7+ welld]l & 7}sto]

4A7F o] wioFgt ¥ wiR) & A)Asta PBSE 23] AHg
DMSOE- 100 L A 7}sted A= B84 9] formazan 2
A& 431 A A ELISA reader(Spectra MAX 340 pc, Mo-
lecular Device, USA)E 550 nmol4] FF =& A3
AEe FAES AEY FAEE 2T F34x= g
&2 e S Th29).

WETY] FHE
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Wz F4=

Cell proliferation (%)= X100

ZF A 3£ | o} A 7t o} & alkaline phosphatase &4
84 27 : z3huoFE MC3T3-E1 M ZE 1% 10° cell/well
B ZA3}o] 96 well platedl] #53} 1 2447k & 23} u)
2 2 wgksle] 24412k vl ¥ A B A g & shoict uf 3w}
o} wiA) w3k el ARl 2E5E Y FEEI FANET
< o] 274 EqF £31A]71HA] 3,9, 18, 27U A ALP £4
gA& =As14dct. PBSE 33 AlH3 kS 0.1% Triton
X-100% 20 uL¥ Arhste] 37°Coll A 30%-7F lysisshaich.
Lysis® cell®) A5 5 pl&= whalal ko] AlL-3819) 3,
v 2] A5 e 20 pLe) 0.1 N glycine® 10 pL.¢] 100 mM
p-nitrophenylphosphate(p-NPP)& & 713k 3 t}A] 37°Cell
A1 3047t uk-&- A1 Z e} ¥hE F 200 L2 0.1 N NaOHZ ¥h-g-
4 F#]8}aL 405 nmell A FFEE A8l ot ALP activ-
ity p-NPPE*-¢] A = p-nitrophenol(p-NP)E &4 3}
o} p-NPol| 3t TE N ZE AT F= 4= E =&3)
A, gl dgke 2 o] cheehild el o AT
5 AHE3F oH30,31).

ALP Aol 93 ZZAXE FAZ A ALP 849
A A2 g 23] 93 24 welloll 1X10° cells/mLE 3

FEES A FEE IAAT F A el o
£ 84 3AE 2489l 4 42 alkaline phosphatase( AP)
kit (Sigma Chemical Co., USA)& A}-g-8te] 2o, 1
uh S ohS 3 ok HA w25 Al A SR 5278 o (citrate-
acetone-formaldehyde)& A 7}8le] & 3027F Al & 23
sldvbrt 4527 ZH42 e} £4) = diazonium so-
lution(sodium nitrite : FRV-alakline : naphthol AS-BI al-
kaline solution=1:1:1)& A 7}s}od &k 1587t A -l 4] B}
3 o 287 2% 2 A" 3} hematoxylin solution 2%
287 oA 4% H 2 EE A4S AT dE
dAwl A o2 FaAsrglvh(32-34).
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2 4°Coll A 1A 759t 324 A1 7 v}, Alizarine red(AR) solu-
tione- 10 mLe] ZF-¢l| 40 mMe] A =5 243 ¥ pH
£ 427 A3t 9] 8 AR solution®- 2 1087 9 A3}
al, SRR 2 AT 7 AR gL ¥E-E PBSR

5
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932 EISE
F AMAFHA vH 22 noduleF A A =S BAslelc).
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10% cetylpyridinium chlorideS & 7}8le] 1587 o)1 &
AY A== 562 nmellA] F3=2 489 cH35-37).
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572 123 v H 82 & methanol 2 &3 o} FA
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o] 2 &8 Table 13 7to], aqueous 69.0%,
butanol 7.2994, ethylacetate 2.67%%] &9°.2 FAo] =&
B $go] =9t}

Lee(33)9] vldH&7]9] A48 Aol 93, aque-
ous 47.4%, butanol 22.29%, ethylacetate 4.08%, chloroform
5.08%, hexane 16 47% % A o] F&FE $§o] Zolx}

BS54 % 9= hexane?] 8&°] Z A veht &)} malA

2 Aelrt &S Falsksdh
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Fig. 29} 2t} MC3T3-E1 celloll 7|9 3 #e] et 2225
2] 7% 10 ug/mL H2l&td& o A 8E HrlshA e o
F-ol ¥ 8hed 140%0] 432 %’i}%a B9, 100 ng/mLel

e 1200/01%, 1 pg/mLellM = 100% o] SHEE &
Hom H7 L =l 1,000 ug/mLell e & &2 24
o 223 $8 80 S detHo] 2R Y E | ug/mL
9] FEAARE 120% o] 4] M & FAFEE ey
A3 TEEA 1,000 ig/mL FEANE FHE 25 2F4)
Zol A A EE 2o 10 ng/mL TRl 28 E
o} A s &-& Bol ) gkt whebA 2 FA 7l T A 4
&8 78] BolA & v AR F2E54 $9E59] 44

Table 1. Yields of hexane, chloroform, ethyl acetate, butanol
and aqueous fraction from methanol extracts of dried Sol-
idago virga-aurea var. gigantea Miq. root powder

Sample (%)Y
Hexane fraction 1.58
Chloroform fraction 1.21
Ethyl acetate fraction 2.67
Butanol fraction 7.29
Aqueous fraction 69.0
Total 81.80

l)Percentage of each fractions to methanol extract content (100 g).

180 r * @1 ug/ml
010 pg/mL
160 W 100 pg/mL
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= 120 r
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Fig. 2. Effect of SVR MeOH extract and its fractions on the
proliferation of MC3T3-E1 cells by the MTT assay.
Data were expressed as a percentage of vehicle control.
“p<0.05 compared with vehicle control.
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1~100 ug/mlsx2 Aeta 3~2747bA uf ksl
ALP 34 848 A8t 2 A3 Fig. 3ol4 ¢ 2
ZENEE ASE F2F A= F A2 Aol e} 2nkx
d BAEE 57}6}51 e F 189 o] F4-E ALP &4
ol F43] frxH = & &g o, vl ge] Hwt
FZE10 ug/leLE«l A5 271d Aol Al Fh Z ol ]3]
ok 44909 ALP &A4lo] $-x =gl on, kAR T dexa-
methasonel] ¥ & 28l o] 212 2l ALP 4] =51
th(p<0.05). £HEF oldolAElo]E F-3 oA ok 18Y
A of 26l o] 4}e) g wol o) 1 9 uA] B3 EelA
T ALP fr=84 2] Wistr} BAA o2 23 2ol 7t gl
t} o] A& A E-o] ddolAEHdE FedAg
24 dd g P 5 Axd7rE 8ty Abs g
FE A ETo| AgtEe] Exlstes G714 A4 FA A
7]z\ Eo]k}_\,]. 037] A) pHo]]x—] ‘,424_,] %H L}-E]-q]“
Bhola AxZest X3stzAe] 7|ALFdA =2
T2 WAE e M35 R eet Tl Fad &
7Y, B3 AR ARG A A 2] FAaH =53] T4 21k A
Tdolv 3t 2HEAEH S JEg ghri(40). 1y
Zt <l At fFsled Fofshs AhmH G4 Ak #
s ase] A 7 e deiA QA Yok 2y Be B
ol & Robinson(41) #7147 A odlA 7] 14t
22g ¥ ¢ s Azt Bs)el 3, Stein S(8)&

] ru]o }11 e

k%

ALP activity
(nM/mg protein)

MeOH
Aqueous
BuOH

EtOAc

CHCI3

Hexane

GEN(10°M)

DEX (10°m)

Control

Day
Fig. 3. Effect of SVR MeOH extract and its fractions on the

alkaline phosphatase activities of the MC3T3-El osteo-
blastic cells during the differentiation.

Cells were cultured in 96 well plates with 50 ug/mL of vitamin

C and 10 mM of B-glycerol phosphate.
*p<0.05, “"p<0.01 compared with vehicle control.

Eo] MC3T3-El A xe] 45 £33} vixe 4F 933
A28 FAAAZ Q7 A EL G E= FAXLE
3‘2]-94 F Azt ¥ 38}g o). Fukayama$}t Tashjian(42)

2 ALP7} 22 ZETJAZFEANA ZFgdF o Dt
Ao Ry o EANAA s AsAEe] 24
ol 2 Fed gl shgch

A7 FA R ET o H713 dexamethasone-
steoidd] TE2E AAZ AMEEH = GE2A ZFAEE
AA = FA4E S G sk 43), 79 FA-ET
Foll 4] A A 2FA dexamathasone o 2 27 A%
E-o] e ol osteopontin® ALPE .4, osteocalcin 52
Ao Z713t} 1 slgdth(44). &, dexamathasoneo] ¥
g A ol A= 22 A E BRE ol e} ZEFAMNEE AA

ofvh 9} FAlsh AW Ek EAE FAATA Lok I
(45) BaEeo] glrt it & GFol A= o] 2l o] A
2 B3}50] 9]2% dexamathasoneS A2 SFAANZT
o} A §-ur} vl H e B-&32EE-S s o ALP
A =7t FA debgth 2922 B 72 AFE 53]
B NUE & Qle AEH TRz &85 Hald B
T g Aol oh2e] A E B4 S A X
 @el = 3L 3l isoflavone’! genestin % A] phyto-estro-
gen®| A% 2.2 dexamethasone®ll ¥]&te] 28] A& F7}A]
ZAX uk, vl e oekd £Z5L genesteinB ol 26l
ol &AL FHAT= AHE Brh

ZFAEWF A AH71]F vitamin C2} B-glycerol phos-
phate= ALP29} Al Z.2]7]7d 8] A 5] 3}ofl of 3k-& vl Rhar o
22 g)lt}, Vitamin C& MC3T3-E1 A} Zell4] Type I col-
lagen #d & A3 = A A Z9) 7] " A collagen
AZo| = = A] Haste], ASA oA ALPS EAE F
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AsAAE Holw, B35l 2T A EA collagen 53 o]
v ALP AEE Y-S F7HAAY e BaEs glth46).
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vl 2] o) A ¥ P48’ 7 A 7 caffeic acid, rutin, as-
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Phase contrast micrographs (X10) were taken by ALP staining after 3, 9, 18, 27 day, respectively. Cells were cultured with @ -MEM
containing 10% FBS, 50 Wg/ml ascorbic acid, and 10 mM B-glycerol phosphate.
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