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pase7} B a-MEM)O] BT} 37C water bath
oA 2027t shaking® 3=t 3 WA FZ A4S 1]
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Dimethyl sulfoxide(DMSO)YE 7Fste] A€ for-
mazan A& AL YHAIE # EE F
ELISA reader 3% 570nmE FHEE 233}
MTT #2445 A3t

(2) ALP staining

24well plated]] TR S0 A1 EE 03X 104/cm?
MY BEF3 3 S0t FEE 10 pg/ml, 1 pg/ml,
100 ng/ml2 242} gejsteir] sUzt widkst H, ALP
staining kitE ©]-8-3t] A 3far FEFn| A 3}ell M
&3

(3) Reverse transcription - polymerase chain reaction

A RNA £8] 9 F=3Q)

6well plated]) PR FF A EZ 0.3 X 104/cm?
A £ F 2o 43279 DFPRY] 558
10 p#g/ml, 1 pg/ml, 100 ng/ml2 2z} EejsledA] 5
Azk o ) Wb AT 1 mis] TRIzok
H7Vste] 24 7] €8]d AEE 1,5ml eppendorf
tubed] 3349t} 0.2ml chloroform AH7}Fslke]
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] 3ttt 45Anke g $ 0.5ml isoprophylal-
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ethanol& 718+ F 41, 7,500g004 dAlEe F 4
F9L AAT 7 3715l s¥ LA F 0.1%
diethyl pyrocarbornate(DEPC)-treated distilled water
£ 50 4 73}l vortexingF- 55°C oA 1087+ A |
Bt

RNA2| ¥+ spectrophotometer& A}-&-3}e]
260l FHEE 2P

B. Reverse transcription - polymerase chain reac-

tion(RT-PCR)

RT-PCRE Accupower® RT/PCR premixE A3}
of AT RNAZF 14g0] HE=S A A 3
.39 reverse primer 20 pmole H7}skaL 70C 52
AR H el FAAIZITL, forward primer 20
pmole} 0,1% DEPC treated distilled water® AH&-3}
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running3le] 4181910}
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5) Reverse transcription - polymerase chain reaction
(RT-PCR)

RT-PCRE &t AR Ao A9} 53 W
< 531 o] FoJH ). markers glyceraldehydede-
3-phosphatase(GAPDH), Alkaline phosphatase
(ALP), Osteocalcin(OCN), Osteopontin(OPN),
Collagen type- 1 (COL)-Z AR&-EFStTable 1), vR Sk
4,8, 12, 16494 2] markere] ¥ 3}E T&a gk

GAPDH, ALP, OCN2 denturing 94C 30%, anneal-
ing 56°C 302, extension 72°C 30%, 34 cyce=. A3}
31431, osteopontin denturing 94°C 303, anneal-
ing 58T 30Z, extension 72°C 303, 34 cycleZ. A3
3990 COLE denturing 94C 30%, annealing 60
T 302, extension 72°C 13 30 cycleE A 33}5ch

%% % RT-PCR product 10 #1E 3} 2%



Table 1, Synthetic oligonucleotide primers used for RT-PCR

Target gene Primer sequence Length of PCR product (base pairs)
ALP* Forward: 5 -TTAAGGGCCAGCTACACCAC-3 401
Reverse: 5 -GATAGGCGATGTCCTTGCAG-3
OPN® Forward: 5 -AGAGGAGAAGGCGCATTACA-3 497
Reverse: 5 -GCAACTGGGATGACCITGAT-3
oo Forward: 5 -AGAGGAGAAGGCGCATTACA-3 74
Reverse: 5 -GCAACTGGGATGACCITGAT-3
cor Forward: 5 -AACGATGGTGCCAAGGGTGAT-3 1077
Reverse: § -ATTCTTGCCAGCAGGACCAAC3
CAPDHS Forward: 5 -TGAAGGTCGGTGTGAACGGATTTGGC3 083
Reverse: 5 -CATGTAGGCCATGAGGTCCACCAC3
* Yoshiko et al, 2003
* Paik et al, 2004
§ Uchida et al, 2000
agarose ethidium bromide geldl] 50VoA| 9027t A oA {eto. 2 T k] o] & T
runningdhe] 43344
[ e

6) Von Kossa staining

16243+ v kg Gwellel] Wi et oz, A1, 2,3
Z-& Phosphate buffered saline©. 2. 23] A% 5 10%
neutral formaldehyde®@ 143 3, 5% silver nitrate
golo 2 3027 ek 48 A ool e
4 433 B8o) AR §AL AATT D2

1. eligis=9 F

) ME=YAH
DFPRY] FEE 10 #g/ml, 1 p#g/ml, 100ng/mlZ ¥
32 Z 0] 397 Wl T MIT testE A g A 31

Table 2, Cytotoxic test at 3 day.

group Control 10 g/ml

1 g/ml 100ng/ml

O.D. 1.46%0.07

1.44£0.08

1,39+0,06 1.40£0.05

* No statistically significant difference was observed.

10micro
concentralon

1micro

Figure 1. Cytotoxic test at 3 day.
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Figure 2, Alkaline phosphatse staining resuilt at 5 day of culture,
(A) Control, (B) DFPR 10 pg/mml,(C) DFPR 1 #g/mi (D) DFPR 100ng/ml

control 10 pug/ml 1 /00l 100 ng/ml

ALP normalized by GAPD

con 10micro Tmicro 100nano
concentration

Figure 3_ Effect of variation in concentration of DFPR on expression ALP mRNA,
A:RT-PCR B: Densitometric analysis
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Table 3, cellular activity of rat calvarial cell at 4, 8, 12, 16 days

group control EXP1 EXP2 EXP3
O.D. Dex - + - +
DFPR - - + +
8 day 1,154%+0.379 1.239+0.253 1.379%0.236 1,1440,135
12 day 1,76410,464 1,490%0.393 1.820+0.382 1.867+0,284
16 day 2.184%+0.326 1,927+0,397 2.397%0.543 2,29510,427
8 day MTT 12 day MTT
16 P — —
14
1.2
o
(=]
508
06
0.4
0.2
0
CON EXP1 EXP2 EXP3 CON EXP1 EXP2 EXP3
CON EXP1 EXP2 EXP3
Figure 4. cellular acitivity of Rat calvarial cell at 8, 12, 16 day
o $-2J3k z}o]E Bolx] ggo B 2 (ANOVA test) Zyz} )il A sYZE vl et & mRNAS #-23

B FE =N AESHL glATHTable 2, Figure 1),

2) Alkaline phosphatase staining

DFPRY] F=& 10 pg/ml, 1 gg/ml, 100 ng/mlE
2hzk grajshelq sUTH A% 3 o4 F Bedn|
ol B2 B3k Fet FHYSE G99 B9
7} 57k8Re A€ B8 5 YTk Figure 2)

3) Alkalline phosphatase mRNA 2 (RT-PCR)
DFPRE] F%E 10 pg/ml, 1 p#g/ml, 100 ng/ml
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o] ALPS] WS RT-PCRE S8l Hlms) £ A7}
10 #g/mlol| A} ALP mRNAZ} 713 Bo) w3l A
& 13 4 gl %ltkFigure 3), o)) HtE ulgt
o2 &) FEE 10 #g/ml2 B3I,

2 NE gy=5Y
7} ol it 8, 12, 1680 MIT testE £}

NI E 24319 tHTable 3, Figure 4). ZF 7+
2ol NIZEAH T F9 3 Apo]&= HolA] gghrt,



3. Alkaline phosphatase, osteocalcin, oM 7P B iEe YeRlar BolFo g
osteopontin, collagen type - | 2 mRNA  4ojA B oke] Wae VehiiRich 431, 2, 37
g150| =7 (RT-PCR) 2 A2 AR P R osteopontin 4,

1684 tlzTto] B Fe JEPIAT AR o

AANH O 2 markerE] AHA7)9) Ao)& vep] = T FARE PE HERIRL $ITHFigure 5).

A g 202 BEErh Alkaline phosphatses}

collagen type 12 thzro] 718 & o] &S 4, Von Kossa staining

ERRSIAL AF17o] vhe-o 2 YeRdt) A2t

AA3TE FARE o YeERIITE osteocalcind Von Kossa staining & ¢t 2 Z3}-E 2ele 4
A
Day 4 day 8 day 12 day 16 day

Group CON EXP1 EXPZ EXP3 CON EXP1 EXP2 EXP3 CON EXP1 EXP2 EXP3 CON EXP1 EXP2 EXP3
GAPDH &

W A BRGS0

ALP
OCN
OPN
COL B
B
AP OCN
—e—CON —e—CON
—m -BEXPI —n -EXPI
ExXP2 | EXP2)
B3 EXP3
L
4 day 8 day 12 day 16 day
day
coL OPN
|
| [~—con
—= -BXPI
EXP2
ExP3
4 day 8 day 12 day 16 day 4 day g day 12 day 16 day
day day

Figure 5,

A, Expression of GAPDH, OCN OPN and COL at different time points of rat calvarial cells, The total RNA was isolated £)m culture
at indicated time points and subjected to RT-PCR,

B. Densitometric analysis on ALP, OCN, OPN and COL
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Figure 6, Von Kossa staining result at 16 day of culture
(A) Ostegenic medium only

(B) Osteogenic medium + 10 nM Dexamethasone
(C) Osteogenic medium + DFPR 10 #g/ml

(D) Osteogenic medium + DFPR 10 #g/ml + 10 nM Dexamethasone

A
Proliferation Matrix Mineralization
Maturation .
oc C'ASE
OP~\
AT10
MGP T
AP E
7ER
|F
B — —
Proliferation E + ECM l I
Phenotype wfpp- [Mineralization
Suppressioni  +AlkP :
H i
Restriction Points > _f Apoptosis

Figure 7, Reciprocal and functionally coupled relationship between cell growth and differentiation-related
gene expression, (Adopted from John et al, Principles of Bone biology 1996 p71 Academic press)
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Aol A7hek A¥3do] fAtE FFE BHor,
DFPRYMS H7Fek Ag2atolA] 718 A& 3]s 2
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S BFsATH

B g9 AHE-¥ DFPRY =& o] A7
o4 DFPRS] AP EE 10 #g/mlg AHg-3g o}
AL AE7L ol R A EF Z(hFOBL 1.19 5
American Type Culture Collection, Manassas, VA)Z
B Ao Axehs g AdE =g AR 93t
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o] AZEstgTh 4 MIT test® 4 HAVste] &
€ T2 4] gle-s YEiSla 1 AFE
dolH 7] $38t] marker2+ Alkaine phos-
phatase(ALP)¢] H@E& ARZ-3H3ITE ALP mRNAS]
wgo] gizTlA 7P Bol FAE7)E sF o
ALP staining¥} ALP2] mRNA2] ¥H& o] 10 pg/mlof| A
71 3A Yo ER AEFEE 0pg/mlo s
AR

£ d7oA AHE AEE vh-s TS AR
(rat calvarial cell) 2 heterogenous population 7}4]
A AT ZBATZY SAE A ek

ATZIANLE ZZAEE B3N 7= 588 e
ZZ)| o} (osteogenic medium)S ARSSFIIL L
ZAe a-minimum essential medium (a -MEM)]|
10% Fetal bovine serum (FBS), 10mM f-glyc-
erophosphate, 50 ¢g/ml ascorbic acidg ©]t},

A)FE L) BF= plated]) 03X 104/ cm?2 A8}
T} o] subconfluentdt 2H O R o) ZZAEY
E3A oM F21719] AolE BE3}7] HsiAol
o} ZEAEY BalaAE ko AEe] 84
of wehx] F217], NEL7)1A J=57), 71483} 3
A2 FEEY A]71E SAE vhe 2,

%719 osteoprogenitor cell&- Z-2150] vh$- ¥l
collagen type I, fibronectin, transforming growth
factor- 87} 717 ol A=W AE71A 45719
= A7 dEoA BF o2 wslatdA FHER
¥ 734351 52 alkaline phosphatase2] @@o] &
VA =@, 71dBsldA g E 24 F
HEEo] NEL71E-E F3A717] ARSI osteo-
calcin®} bone sialoprotein®] 2dlo] £718HA =1
232 alkaline phosphatase®] W& o] A3 €}
303D(ZZ Figure 7).

£ AT olXE DFPRY) AFZE A XY 27] £33}
o vl X I HIRP| Yot 2IA R 3}
$}A4 Fo] JeElE marker$] Collagen type-
1(COL), Alkaline phosphatase(ALP), Osteopontin
(OPN), Osteocalcin(OCN)& ©]€-3}9th, COLS &
o] 718AQ 1A E 9 713 F 9% o A
A &= BEE pre-osteoblast THA o)A dHE 5
ALPE B3}2 7o W =] F3hA] Foll A= pre-
osteoblastol] A e} ThE collageno] 9]¢ 7]
A E(Osteocalcin)o] @A H7] Ao 2@ g}, OPN
& pre-osteoblast BA X FAE7] A= ¢
8] £3}¥ osteoblastol| A ZEHAl LA EE 2949
4y Yy g sl OCNg ¢A3] B3ld
osteoblastol] A} S Hr} £33l & 7P =A 2
& 5= markerZ pre-osteoblast A A= W& 5
A ekt 3719 #3138 B718k7] 918k von
Kossa staining& AHE-8FI T

£ d7tellx] DFPRS] &3H-E W7F8P7] 9% 43



FT0 & 10 nM dexamethasoned ARSI} dex-
amethasone+= 3] glucocorticoid 2 in vitro Abei|A]
bone marrow stromal stem cell(BMSCs)Y] ZZAMER
o) B3HE AP0, A4 0 2 Soleh A5
alkaline phosphatse2] 848 F7FA]7]|31333437)
osteocalcin, bone sialoprotein®] '#&-&- F7HA| 7] 15"
0, 7170¢] 3318 FAA7) A2 B 53 0]
3334404 dexamethasone®] 77} de] F2839 3
3& FrEshe AgA ge AR gl

v} 2 &3l thEfrl s obF] =ik oi=]7}
= AHolt}. dexamethasoneZ} A2 M X vl Fl
o 24, Axe] B3|, &3 A7kl metA
22 AT Bt AbElE G VAt A7
AT v Hugy Qo IBZ osteo-
progenitor cell®] F237} £3}o)) )3t dexametha-
sone] ¥+ A S35 A7) met wstEE
Ao W Hx ke 2 dpelnsl Aee)
Z710) dexamethasone®] 32| AJol] HEo] Halet
A7} marker®] WS AsfstRE Ao 2 AZITE

AT e 23S 7H dizad Hd
ZT0 2 10 nM dexamethasones H71gH AE 1T
5} DFPR 10 pg/ml& 8743 AR22F 10 nM dex-
amethasone®} DFPR 10 #g/ml& A713819-& o 4+
Fadzt e A Wtehr] A% ddsw = 44
sk %S X1ttt

AEBAE 2L MTT testS 53514 8, 12, 16Y
o A3t AP ol 94 A& #olg vt
ERJIR = E9drh

DFPRS] AF2ZAH X £3} 315 H71sh7] ¢
slo] B dAqtol| A ARE-H M| E+= primary rat calvari-
al cello]t}. heterogeneous population®. 2 ALP 7}
S 73 LA G Fo 2 FAE e
heterogenous population-& L& wfo 41 9]
Bk opatol| A 2719 marker®t £7)¢) marker/} £
A== mRNA 28 Y| (Figure 5)2 A AR
population pre-osteoblast$} mature osteoblast]
T Fds ¢Sl

COLe] @7 ALPS| W& [ALG oS Vet
Ui glof dizwely 7 & $ES BT A
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et A3} FAashe S Ho)al itk OPN

88 AT 4, 164949 the ol H)3}y]
WS Vel dizT, 482, 372 fARSE
T & vepdt) OCNg & dizTolA 71
BEE FAS AR wek Hab Flshe
S Bt o] A2 AT 7H E3le] &
T9] zpol= A e AO=E oA gzt
A] ALP, COL8] mRNAY] W E TE #RT &
AL E FAEE Von Kossa stainingsA] &+
NA 71 Be A S A3 A gA|3ith

o)/de] AFH= DFPR2 mhe-2 F7iE A2 £
o & T e Ao T dzTte
H)aAlo)] S7] 22 o] mRNAS] UHE A
7oz gldo AT ZAHI F4- FAAE
T2aA e AR FAE o8 A= o)y
2ol thE ZAAE Pt tE 23E Ve
e dRloze 7ol AH-E Aot oE Aol
AL 2 AR,

o] 42| AFBo A AMEH AEE cell linel 2 €
o} ZF HAH XF Z(hFOBI 1,19 ; American Type
Culture Collection, Manassas, VA)O] 1L & ¢5-o]]A]
A28 M E = primary rat calvarial cello]t}, A ¥
ghe] EXN BlolE EAIES BT} primary rat cal-
varial cell& £317} 1] 1€ Axolt. o] gk Al
Fo) B3}e] ©A|e] Ao & DFPRE] A}=o] 7187l
A17]9] Aol & Q18ke] DFPRY) &J§h A7} AHkd
AAE YEPd AL 2 AR, 2T AL £3}o)
gk tE Q] in vitro AT R Q] primary rat cal-
varial cell@ MC3T3-E1¢] x}o]H o & BMP-3b7} nf
S FINE AR FEE R T MC3T3-E1]4]
+ S ER] gevhe 377 AT, hFOBeA]
BMP-3be] L@e] tidt Bile §lovt o]3e A%
A7} 2po) & Ash= 2A7 2 7 U

ojFe) Af} B AFor FFILR 10 nM
dexamethasoneE * X3+ FAJtlZT3} DFPRE A
A3k To] U3 S vEPATE 2= 2 DFPR
o] ZZAHEY v]A= PFL dexamethasone}
A}et opAS AU Ay, DFPRZ | dexametha-
sone?] o] XFEHO Qs AR AAZ,

s

o Hif o g lo Y
fo r1°m
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DFPRO] ZF A X 9] £3}ol| A& FTFE HA3
H71s) s chafe Z2EAEY E3hdT
ol &8 = Sl ME} iR =& Y in
vitro ¥ o] B Q8 in vivodll X T8/3& H7}3t
71 Y3t critical size rat calvarial defectS o]-&3F &
TF7F Bt HQY Ao F AT ®3 ¥
FPAAL T S 1A, HEFAY A, e
AE Aol B4HQ FAola Fo AFYE AA
= ATAE] E3lo} A FEo|Yelx AY
Aol FQ83F @ 20|tk DFPRE 3hejst F-al Aol A
EE ), NS FECEM)SHE £5, ()Y
A, o84 AL) A% Ky HEg FYAHE 3
e A ool = FFE F7t, H] S &2
3 T BRI E G X AR YRR,
DFPRo| @A) v x| J3kol] gt in vitro 4
P Q8 Ao 2 ALY, '

V. EE

Z¢he] Dichloromethane #8E(DFPR)S] v}~
FHE A £l vixl= dFE Bk Hst
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-Abstract-

The Effects of Dichloromethane fraction of Phlomodis
Radix(DFPR) on differentiation of Mouse Calvarial Cell
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The purpose of this study was to evaluate the effects of DFPR on differentiation of mouse calvarial cell in vitro,
to examine the possibility for periodontal regeneration. 10 #g/ml of DFPR was used as experimental concentra-
tion, osteogenic medium only was assigned as control, Experimental 1 was supplemented with 10nM dexam-
ethasone, Experimental 2 with 10 #g/ml DFPR and Experimental 3 with 10nM dexamethasone + 10 #4g/ml DFPR,
cellular activity was evaluated by MTT method at 8, 12, 16 days, expression of mRNA of ALP, osteopontin, osteo-
calcin, collagen type-1 was detected by RT-PCR method at 4, 8, 12, 16 days of culture . extent of mineralization
was observed by Von Kossa staining at 16 day of culture,

The results are as follows 1)Any acceleration of differentiation was not observed at expression of differentia-
tion marker, 2) Decrease in expression of extracelluar matrix and in bone nodule formation was observed

The results suggested that DFPR have negative effect on the rate of differentiation on rat calvarial cell,
decrease extracelluar matrix formation ,decrease bone nodule formation, Ongoing studies are necessary in
order to determine effect of DFPR on periodontal regeneration,

Key words: DFPR, mouse calvarial cell, differentiation
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