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Fig 1. Chemical structure of ipriflavone (7-
isopropoxy-3-phenyl-4H-1-benzopyran-4-one).
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obf el YL FAANA B0 AFHH )W B
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FYAL dFdE AFEFd 2 fFAHez |
g5 MC3T3-El, stromal cell, osteosarcoma cell
line, WA FABME 5] AH4E 4 Jlom@P =
& McCarthy $72 WA EABAM L7} HAAA
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A4 9 2FY 42 ddo vjA e A4S #F)
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phenyl-4H~1-benzopyran-4-one)& A FEFAF
AsAtell A AxEE FeE AT Bgtoen 724
2 CistidOs2 BAFS 280331} (Fig 1).

Ipriflavone2 dimethyl sulfoxide (DMSO) &< o]
%o HEFEES} 47 10° M, 10° M, 107 M,
10°M, 10° Mo] =& Fulste] Aol A3
.

ST

McCarthy 579 W8& W&F 4488474
< o] &3to] YA gzl FAANEE &2 gt
ATk e 20-21454 9} WA Ao FARA LS
At =& 7R AEsln 02% collagenase
(GibcoBRL, U.S.A)E 353 bone cell buffer (1 M
NaCl, 0.3 M HEPES, 0.125 M CaClg, 0.5 M Mannitol,
0.1 M K:HPOg pH 74) €9 15 mE o] wukshd
A 1587 A AT 33)9] A3y Fol dojd
Az@egde ez Y oA Ede
AL A ALE FRGS SRE AE
E2 75mm flaskel 10% fetal bovine serum (FBS;
GibcoBRL, US.A)Z 1% antibiotic-antimycotic
solution (GibcoBRL, U.S.A)ol F718 BGb #iA
(GibcoBRL, U.S.A)olA] vl ksl ch. vl ¥ Al 95%2]
719 5% COE AL FF3HAM FEE 100%,
LEE JITCE #A9 R, WFAL 39 HHe=
2E}AT. B AN A AW A
el AEE o] &3t

MEFE HI}

WA FABRAEY FA o et ipriflavoned] <&k
< Yol 7] 93t MTT A4S AJgiste] E4L- S
Hrbetaek. wjgs N EE 96-well plateel] 10,000
cel/well2 BF w3t T A2} 70% DA xF
=S o 2% FBSE A7 BGIb viA 2 mgheta,
o] wjx]o] DMSO &4 ¥aA wE 10° M¥H
10° M 559 ipriflavone %98 A$9 DMSO
fogt B3l F-E A oY 19419 3¢
Aol CellTiter 96 AQueouss Non-Radioactive Cell
Proliferation Assay (Promega, U.S.A.) kitZ o]-&3}
o] MTT EB4% A33std ELISA plate reader
(Microplate Manager®, BioRad, US.A)E 3 490
nmelAx FBEZE Z3stn, DMSO €97 g
Ao FH=o g3t wELEE FAIST
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PCR primers
Primer Expected base pairs Sequence
GAPDH-sense (+) 418 5 -CACCATGGAGAAGGCCGGGG-3'
GAPDH-antisense (-) GACGGACACATTGGGGGTAG
COL I-sense (+) 250 TCTCCACTCTTCTAGGTTCCT
COL I-antisense (-) TTGGGTCATTTCCACATGC
BSP-sense (+) 1068 AACAATCCGTGCCACTCA
BSP-antisense (-) GGAGGGGGCTTCACTGAT
OCN-sense (+) 198 TCTGACAAACCTTCATGTCC
OCN-antisense () AAATAGTGATACCGTAGATGCG
PCR programs
MUT MUT 60°C 72T 72C
. . . . 0 mi
CAPDH 1 min 1 m‘li 2 min 1 I{mn 10 min
{
25 Cycles
AT YUTC 55T 72C 72T
COL T 1 min 1 r{nn 2 min 1 r\mn 10 min
[ |
30 Cycles
4T HUT 50T 72T 72°C
BSP 1 min 1 min 2 min 1 min 10 min
OCN - |
30 Cycles

Fig 2. Amplification primer sets and conditions used in polymerase chain reaction. GAPDH indicates
glyceraidehyde-3-phosphate dehydrogenase; COL /, type 1 collagen: BSP, bone sialoprotein; and OCN,

osteocalcin.

Xelel dH Y& FHo}

A3)gt A4 PAo| it ipriflavone®] 48S &
oti7] #ste] wjkd WA FAHBAZE 12-well
platec] 100,000 cell/welle] H =2 B33 3 10%
FBS, 1% antibiotic-antimycotic solution, 50 ug/mé
ascorbic acid, 10 mM sodium B-glycerophosphateE
A7¥8 BGIb #iA el ipriflavone 107 MEE 107
M sE2 Foigt 499 DMSO &4yt Fol 3t 7 ¢
2 o] #As wixl e 3Y A er wEksl
dom wjoF 144 A9 alizarin red (Sigma, US.A)E
A3t Tmage Analyzer (Media Cybernetics,
USA)IA M3zl Adud e Sgston, A4
W Fg7] WA dig A3 AdRA Wiew
FA A

R -

Tpriflavone©] AR} o] v)A] & J&FS dolr
7] 918t} 100 mm FA7]9] viFA Al vl WA
ENBA LS BF38a 10% FBS7F H7H BGIb
Ao ipriflavones Fo1g %9 DMSO &d9 &
o3k A9-2 stk wid 7dR et 144 Aol 7t
ZF e oS AAsIL 20 me TRIzol (Promega,
US.A)E #7218t 2709 1.8 me Al ol Z+2h 1 mb
A ZAsrdrt 200 49 chloroform 37l
RNAZ £3)A17] 2 12,000 rpmol A 10%-7F LA &&
I =8 # st 500 ul isoprophyl alcoholS &7}
sle] RNAE FZ3%th. %3 RNAT Tris-
EDTA buffer 40 uloll %91 & -70C W¥E1o] B3
3tttk RNA 5 g2 Superscript 1T (GibcoBRL,
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Table 1. Effect of ipriflavone on the proliferation of
rat calvarial cells

Control 100.00 (0.00)

100.00 (0.00)
10° M 91.00 (6.11) 102.00 (4.04)
10° M 95.00 (2.33) 98.00 (6.23)
107 M 91.00 (651) 97.00 (3.76)
10° M 99.00 (551) 10000 (458)
10°M 94.00 (4.16) 10100 (5.49)

CHRIEA 36 45, 20064

Table 2. Effect of ipriflavone on the formation of
mineralized nodules in rat calvarial cells at 14
day cultures

Control 970 (1.17)

10° M 1225 (3.14)
108 M 2047 3.27) "
10" M 2499 (253)
10°Mm 2229 (5.93)
10° M 11.63 (1.32)

Values are median (standard error). Statistical significance
of differences were not observed between each concentra-
tion of ipriflavone and control (n = 3).

US.A)E ©] &3] 70T 108, 42TAA 70%,
J1CAA 168 B FHA FRHEE AANS
(Reverse transcription-polymerase chain reaction;
RT-PCR)Z fr=3td cDNAE FAa%ich

WA e] cDNA f71-gl A3 glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH), bone
sialoprotein  (BSP), type I collagen (COL D),
osteocalcin (OCN) primerE #| &3 & PCR &% &
o (GibcoBRL, US.A) 5 ¢, 1.5 mM MgClz 3 14, 10
mM dNTP mix 1 x8, 222} primer 25 (@, 5 unit
Taq polymerase 0.2 ul, cDNA 2 pl9} 33 SFSE
go 50 pb7t EA skl Thermal Cycler (Perkin
Elmer, US.A)E |88t SE34AY (Fig 2).

ZZ3 PCR AHEES 15% agarose gelo}A] A7
FES 3l I FAAF 973 Gel Image Analysis
System (QualityOne®, BioRad, US.A)lA house
keeping gene?l GAPDHe®l #de 7|Fog 7
primer®] F37 TAP=E Hrtech

SAX

WA TN BAEAA ipriflavoneo] AEFA T} A
33 24 Ao e 9FS Dolrr] $3hd
ipriflavones 54 772 DMSO &%t Foigh
A5 A7 FF=9 33 24 98 SA 5t
293 FF2AE 3t Mann-Whitney 233 &
AlgJste] o] wHlmatgow, FTAEAL SPSS
(Statistical Package for the Social Science) 100 ¥
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Values are median (standard error). In concentrations of 10
M, 107 M and 10° M ipriflavone, statistical significance of
differences were observed between each concentration of
ipriflavone and control (* p < 0.05, n = 3).

Azza8e ol gssrh
oI
NEZN0 DIRIE St

WA FABAMES] 4] N ipriflavone®] FF
< dolr 7] 9Jste] MTT £4& A3t FZEE
2% A jpriflavoned T RE FZoiA
DMSO &5t Foi 3t 7o Hlste] o3 Aol &
Ho|z] Yt (Table 1).

Mglgh 28 A0l OIXl= 2t

Ipriflavoneo] WA F/l&A Ee] X33} A4 FA
o BXe EFHE Golrr] it uF 142
alizarin red §4& A 33 43, F4d 2H L 94¥
TE gegos Azt 2dd0 e 28 $%
BE A HHog FE A ANz A
Aok A4 M35 2de WS AA wFsr ¥
Ao i A2g2 B AR ipriflavoned 107
M# 10° M 352 43 A% 27 12.25%,
11.63% % YER} DMSO €95t o33t 3£ 9.7%
o A 298 mgov 108 M, 107 M, 10° M
e 27t 20.47%, 24.99%, 22.20%= JEh}
DMSO &9k Foj gl A-9-o vjsted BAHSE
ol &tAl =A ettt (Fig 3, Table 2).
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Fig 3. Culture dishes containing alizarin red stained nodules after rat calvarian cells were cultured for 14
days in the control (A) and ipriflavone groups (B~F). Many larger mineralized nodules are seen in the
ipriflavone groups (C~E). A, Control; B, 10° M: C, 10° M; D, 107 M; E, 10° M; F, 10° M.
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Fig 4. Reverse transcription-polymerase chain reaction (RT-PCR) analysis of bone sialoprotein (BSP), type
| collagen (COL 1), osteocalcin (OCN), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
messenger RNA expression in rat calvarial cells after 7 days treatment of ipriflavone. The RT-PCR specific
products for BSP, COL |, OCN and GAPDH were analyzed by agarose gel electrophoresis and Gel Image
Analysis System.

N 42 LE= SR 801 0IRle g #2238 A3 ipriflavones £ 7% BSP +34}

=l 7dA o] 2 HH S HY o), DMSO €9

Ipriflavone©] FotA 2] F-3}ol| v]x)= g S & T 2ot e HE g Holx] ggron w14

o}E7] 913t ipriflavoned FAska Wi} 74A 9 Aol= DMSO A% T 735 vla) 2312 *
14979 F&¢ RNAZ dAAL STFaL dute 2 4 e By

(RT-PCR)Z AlA BSP, COL I, OCN 34 2d-& A COL I f+3zte Wl 747 <l DMSO &%
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Fig 5. Reverse transcription-polymerase chain reaction (RT-PCR) analysis of bone sialoprotein (BSP), type
| collagen (COL 1), osteocalcin (OCN), and glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
messenger RNA expression in rat calvarial cells after 14 days treatment of ipriflavone. The RT-PCR specific
products for BSP, COL |, OCN and GAPDH were analyzed by agarose gel electrophoresis and Gel Image

Analysis System.

FAG AR 52 BRS BAom wlF 1494
T DMSO &4t o3t 7359} v 2@ A o] Td
< B3

OCN ¢4a+= o 784 o ipriflavoneS Fof 3
729} DMSO £9gt 503t A% n= 252 Hol
okgron] HleF 14UAd] DMSO gt Fofgl
oL wge Holx ¢ksgtor} ipriflavoned ol
A% 2o wde B} (Fig 4, 5).
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ipriflavone SZ A E9] E3}9} A Aol 2831 F
F5E IAs e A9E UyehliE Aoz Z3A gl
% &9 ipriflavone & )23} H4A 2] Bale
FA71H N33E AT T FoHTAdE
¥ vAtn Ragn Ak £F Martini
e wlx e stetzd 2242 YA F ipriflavone
o o Al Aol 31HY 53] AFE A FAT)
S} 7hE Bl A M2 Fol AAHAES
SHATE w3 X G oA N 2F 900 A H
ﬁ*ﬂ-/] Aol Nt ipriflavone®] Z Ao}
F W29 ipriflavoned] A& o] fig dpt =

0] iﬂﬂ Aot 138y ipriflavoneo] ®1x Tl A
29 FAF 2229 Mz vRe G it A
EFEolV ZAAESAR] ATE AF-g A% o]
A B A A FABA Z ipriflavoneS 2 &
atod AEZA T M3)g 24 34 L BSP, COL I,
OCN fHzte] wd & A E g

=UAL AFoM = MC3T3-El, stromal cell,
osteosarcoma cell line ¢ M ZL7} A5 &GP 3
ol MIEL AFEA Wy sAFom WHyy
AEz ARAQ]N A2 St 9hg3 i o]z}

= T o], E AFAE FE SUAF Aol
Feoittn BudE WA FARANENE B wjoka)
o] A2-3F9Th

Ipriflavonec] oj@k WA FHBAES FAATE
MTT £4& Aldste FFEZ F78IHth MTT
AL Aolle AlEY SAdFu AEEAe
3T wf ol AMEH I e J o7 AR FE
A AAE AT gAd ez 245 /I a dE
‘ﬂli_LH nEZEjolo] &4 St Az A
== = A3 akz% oz #7§ &= 1—@ o] t} AolglE=
H\EE MEZ=gole] B4ah FAKE| odld]

E@M 484 MTT tetrazoliumE AHEAS o=
8449 MTT  formazan® 2 QA7) &4,
MTT formazan® &%=+ 490 nmol| A o-go] 2o
7t He 545 71 °]7] “H—roﬂ o] I =

ml
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e dFE FA e ez UEygoh
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2 Ao oAl ou| @A ipriflavone 10° M %
T2 Ad Af Axe 7] FAF F2o] dA 9
ZHasto] B A ME 10° MREH 10° MR 55
9] ipriflavone= /‘PQ-:GPOiU}.

AfotAzy ZAAZE dez M3 24
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AANEZE Ao B 3 B A F M= ascorbic acidet
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AL A=ttt 2283 Notoya 5 0] MA &
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ANA 2303 244 d4& B AHE FopAx &
Ao A% #+E3F ipriflavone = el = oA
o] gloj old) thE ¥ WL At 2ot AR
Ut

Ipriflavone©] WA SR L] 32| 7|29 7
A g dolE7] $st] AEA7|A P &
o8H= COL I, OCN, BSP 437 28& A &
FEL QY-S 53t Ao, 435 A
A BAgo] A vehd 10° MEH 10° M 59
ipriflavone$ o8] AdE 4t £ A o]
48 9N FARALE F94 243 239A
U Mol 719l (cytokines) 59 HAT A= ot
o] ZopiEz BalEc) Li 5% oahd WA et
ENRALTE 294U A -T(recombinant
human bone morphogenetic protein-7; th BMP-7)
ZEA) oA mF 8LA ZTAEXY EI A
(marker)$! COL I, alkaline phosphatase, BSP2] %
o] 718l vl 102 o] Foll = OCNY F717F
e AT &3 o] APddtn ATk
COL I F37e ZolH 27}t #ulshe ndd o4
24 F {7149 FE TP EIERZ 2344 o
o] 288 482 sle Aoz A YA AT
A7 COL [ §-4 A= ipriflavone o] &5 F4 %1
o] IryEom 53 B 745 DMSO 947 &
of 3t A -Ho) fAA Lddlo] wA YERg o), wjek
1484 = DMSO &9t £ 49 20| & Kol
A 2k9kt). Notoya 72 ipriflavonedl ¢}3) BA€
233t - F9Z collagenous fibrous network”}
Z7r8tha Bustg e, of & ipriflavoneo] oAl
2o wPA L FHAA fAF 224E FHANU 2
Heta 3irt B AFoA = g 724 DMSO &
A B3 490 ¥ls) COL I FAA9] =& 33
& Bg+d), o]E ipriflavone] WA T EA EA
A ZoMA 2= E3lH e A S ZAAA 28 =
7o) #dsh= COL I 44 28-S S7H0 R
2 AaHAY a8y Bl 1494 COL I #-3A1e
g4He BE FoA H&3 4dS B, oe
COL [& A FolH XA FolH 2] £3} 2714
wo] B o]F 743t Franceschi’e B
Z Ro} ipriflavonec] WA FAATM LA ZolA L
29 §3E A= 27)de COL 19| ¥dS &
7NN A G Zo] FEsF AYHE AT]de 9
< FA 97 fRo 2 Aztdd.

BSP9} OCN A= FolA 7} £H|81E H]

ok o

El
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- ORIGINAL ARTICLE -

Effects of Ipriflavone on bone remodeling in the rat calvarial cell

Yong-Seung Lee, DDS, MSD.? Young-Jun Kim, DDS, MSD, PhD °
Ki-Heon Lee, DDS, MSD. PhD.° Hyeon-Shik Hwang, DDS, MSD. PhD¢

lpriflavone (isoprofoxyisoflavone), a synthetic derivative from soy isoflavone diazein, has been
shown 1o inhibit bone resorption and perhaps stimulate bone formation. This study was performed
to examine the effects of ipriflavone on the proliferation and bone remodeling in rat calvarial cells
in vitro. The rat calvarial cells were isolated from fetus aged 20 to 21 days and cultured in BGJb
media. The graded concentration of ipriflavone (10°-10° M) was administered Into cultured cells.
When the cell proliferation was estimated through the measurement of MTT assay, there was no
increase in cellular proliferation of the rat calvarial cell at any ipriflavone concentration. The cellular
activity was evaluated through the formation of mineralized nodules stained by alizarin red. The
formation of mineralized nodules significantly increased at concentrations of 10°M, 10" M and 10°®
M ipriflavone. Reverse transcription-polymerase chain reaction analyses (RT-PCR) were done at 7
and 14 days after culture to detect the expression of Bone Sialoprotein (BSP), Type | Collagen (COL
I) and Osteocalcin (OCN). As a result, the expressions of BSP and COL | increased on the 7th day
of culture and the expression of OCN increased on the 14th day of culture. These results indicate
that ipriflavone facllitates the bone remodeling process by promoting rat calvarial cell differentiation

and stimulating mineralization through increased expression of extracellular matrix genes. such as
BSP, COL | and OCN.
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