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g3, IL-18 ¥ PGE:
2] collagenase = A&

AEH Y, WEFEES IL-
18 ¥ PGE:2 A2 & 3}, collagenase g9
Az I3 ASHFoE 438 o4
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a3 Zo] Fold nf glomu oy =
25 AFABAR BF FFEL &
e o sl w3 olg Ay 974
3} TAZ B ARES T ¥ g2FE
B9 ATRN A ST Aol
A ZAY FAEHE FAT v Aok,

23} (#11E, Safflower : Carthamus tinctorius
%E _‘,}_18 19) %}%}3;}20) %O]
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o2 1 kAAT g oA
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g 9 $93589 A3E oA, AF
ARAE % ZZALY 5H AEBA
AE Azt ATRA A9 FAT B
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I ATAE Y kY
1. ofxle] |

S 3H(#I4E, Safflower : Carthamus tinctorius

Linne® & 2 =2, 183 Sk
Dipsasi Radix) 300g& 70% EtOH F=-&2tol| A
60C 3AIZH 23] &F, FE8IUT. FE2E
EtOH& & oJstar ofdg 7etet & 7t
Zte] EtOH extract(140g)S Adth A=
TOE SFFEHSFEE (Zea Mays L) ¥
PDGF-BB(Genzyme, USA)Z AM&3131 3, 4

Lo Ze THEFEE(s
extract, SBE), &3}=£x4}

= (safflower seed
extract, SSE) ¥ &4

(Dipsasi Radix

868

extract, DRE)& AHE3tith 2 259 +
T JUAE S Fote] A 125 250 ¥
500 pg/mlo 2 3to] A3t
2. XFAHME U =FZME| FH|
AFAYM Z(PDL cel) =, WAXEE 9
G| %7%'3& Al 14FA 22 A2F7F 1/3

9] 9
3k o2, 35mm*ﬂvu_

Penicillin, streptomycin 2

FUNE FUAoE AH st Ad
ik Aol F2A7]A,
amphotericin-B 7}
8% 1% antibacterial-antifungal solution
(Gibco, USA)3 10% FBS(Gibco, USA)E
718t a-MEM(Gibco, USA)S HIAZ 3},
39 HASE wigdg wIeE] FHA 5A
7WA] v Fste] Aol AREEFATh vl FAl
9%, 2Ev 3ICE FAFAA 5%
, 5% COz2 A% Fwstith Z=ZAE
2+ ATCC MGGS human osteosarcoma cell
(MG63 cell) S o] &3t}

<

1=}
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&7

Al ke AFAUAE 2 MG cell&
0.25% trypsin-EDTA (Gibco, USA)&HO =2
s & AR5l d& = ujooZ
ANEEFAS HET EFITARZE wel
3 1x105709] MES7F HA de] 96 well
plate(Nunc, USA)dl =39k & w3t
24N 7+ Wik & A AT F Hank's
balanced salt solution(Gibco, USA) S 2 A&
stk 7b oAl o)t MEEAEE rapid
colorimetric MTT assay?? 2 H7}3}4th =
29 7 ot BEEE BHE Wl
200d 7 S she] 2407 W F, Wl ol
& AASL AAAR50] £ methyl
thiazol-2-YL-2, 5-diphenyl tetrazolium
bromide(MTT)(Slgma UsA)&d s0u s z+
wello] Y17 4A]7F FoF wjckslt & MTTEY



[e]

S A A3 formazonZ AF-S L3]A)7]17] 9l
dimethy! sulfoxide(Sigma, USA)E 50u ¥ #H
715t} PlateE 2 TES ELISA reader(
Thermo max, molecular devices, MelanoPark,
CA. USA)E 570nmolA FFEE A3
o} Zb oFAlo] % Mz A Tl
gt MEEZ ZASHS

4. Alkaline phosphataseZMd T =X

Z7] 2] AFQAd Al B MG63
cellE 96 well culture plated] welld 1x104A4]
HEeT 2407 WFet . ZrekAl 7}
WA 2 wekste] 48417k uj Fstaith. vl
S AAST 1% Triton X-1002.2 A X
48]33 sonicationd}$1th. 04mM Tris-
HCl, 2mM MgClz,
phosphate (PNPP) ¢]
I/well & 7133 308 =l
IN NaOHE 7}3ted s TANZ F &
3l ¥ p-nitro phenol(PNP)2 405nmol A
Beckman 25 spectrophotometer(Beckmam Ins.,
CA. USA)=2 wA A Feodtt. ALPase &
AE 9ol didds 7ECE &t
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5. '2-PDGF-BB binding assay

GravesE9] W
A Al 3R o=

2ol Wt binding assay=
stH, A FAA =
MG63 celle 24 well pla‘[e(lO5 cell/well) ol
23t A wjekst I, depletion medium
(05% FBS)SZ W35 72417+ wj sttt
50/mie] IL-pot 7t A& TEHE 7}std
20X 7F Auj el & 10 ng/ml®] I-PDGF-
BBE 7Fstal 4°CollA 3A17F vl FstsiTt. wl o
A& A A3} 1% SDSE 12[-PDGF-BB
151-PDGF-BB+&
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counter(Packard Ins, CT., USA)E &A &% th

=i
=

ili=s

Fs}
“
o

ko3
<
=
=

F23A. F24

869

st
=14

5. M Z

&}

0x

F=M "7t

ME3stFEA F 7= Adelmann-Grill =
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o2 A3} chamberZ 2R IF o] A= 48well
microchemotaxis chamber® A}&3}%ch 2zt
well?] &} 22 oAt EFHA
B HWAE ARSI AL
PDGF-BB R 7} ofAl7} &=
g AAANGY. T
10°cell/mle] MG63 cell & =]F¢l
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drAos ZHALAS FFSIL, Image
analysis system(Global Lab Image, Data
Tanslation, MA., USA)o] WAH AFE o

AAste] AE A= WA S S
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| 3= 2l Ml Z 2] *ﬂEE‘éi =of IZ'IJEI

(% 1), MG63 ceuoﬂ r:HoH 1b 31
(SBE), %3l%
(DRE) ¥ %##‘ﬂ @r%“—%

A AEE] FHAEHE BT T3

It 1 Effects of safflower extracts and Dipsasi Radix
extracts on the growth and survival of ATCC MG63
human osteosarcoma cells and human periodontal
ligament cells(by rapid colorimetric MTT assay)

Group growth and survival rate (%)?
MG63 cell PDL cell
control 100 100
PDGF-BB(10ng/ml) 1355 118.3
ZML (125¢g/ml) 1188 97.7
ZML (250pg/ml) 1179 102.7
ZML (500pg/ml) 114.1 929
SBE (125¢g/ml) 133.2 109.2
SBE (250pg/ml) 1439 1215
SBE (500¢g/ml) 1475 126.9
SSE (125¢g/ml) 114.8 1095
SSE(250pg/ml) 119.1 1114
SSE (500pg/ml) 1299 1145
DRE (1254g/ml) 1287 101.9
DRE (250ug/ml) 1295 100.1
DRE (5004g/ml) 1253 102.2

ZML . Zea Mays L, SBE: safflower blossom
extract, SSE :
Radix extract

safflower seel extract DRE: Dipsasi

2(mean O.D. of each test group/mean O.D. of control
group) X100 %,

o AxgA FAZH 7 FedodA B
E Ad+EF 7P =%, 250-500pg/mle] F
E¥ 9 A= PDGF-BB(10ng/m) HUtE =
< A4S BAY SFFEASFEES &
3 AEEAAFTZ &34 BYoy I Axs
o2 Aol Bls] 7HE Wokth X FAuA
o i E TotE 9 TAFEENA Al
284 ZXEFFHE HolT 9o} MG63 cell
of nlsiME FAFAELAT AL, &5
FEHsFEE ¥ SEFEES HUE =
FE Holi YA Ltk MGE3 cell A%
AFJAN M E S 7392 o], 250-5004g/ml®]
TEHS Y TEFEEO 2 AXTNS
A&#E Ho], PDGF-BB(10ng/ml) <] ;;JJr
Ho 52 3AS =2

OITNA 3 HFol| A Eﬁ_lﬂ.zzu‘/l %@%X
=X, 125-500pg/ml1o] FEH
7vol wet AEgA Z=NEI

2. 3} 9 HchFEE0| MG63 cell H
X|F=QIHM Z Q| AlPase &M Tof O]
AN A

7} kAo o3 MG63 cell 2 X FIhA 2
o] ALPase A3tazs =43 A3(F 2
MG63 celle]l tHalHE, TaLFEE 9
AlLPase@A =2a37F 718 =4 Uegge
o, 125-500pg/mle] FEW A FEZ7})
w2} ALPase® X &7} oFH Z7tst
o] 250 B 500ug/mle] FEoA Fol3t &4

Fazs B AF OHMJOH R
3 (500¢g/ml) ¥ FAFEFE (250, 5004
g/ml) ¥ HGFZE(250pg/ml) oA o] g
ALPase®/] SR EFH7F Holal it o]F
A FIAEAFEEY] FHEW MY FE
A7, FEE7t wel SRa37 7138
o] 250mg/ml, 2 500pg/mle] FTEoA 2%t
ZAEHE FAT § Y. F5FEAE

H:



I 2 Effects of safflower extracts and Dipsasi Radix
extracts on the ALPase activites of ATCC MG63
human osteosarcoma cells and human periodontal
ligament cells

AL Pase activitya(nM/30min/mg protein)

Group
MG63 PDL

control 3345+187 27641137
ZML (125¢g/ml) 366.6+16.0* 2819+157
ZML(250pg/ml) 3471£165 276.7£21.3
ZML (500pg/ml) 3423£175 2747x116
SBE (125¢g/ml) 3622+315 287.1£235
SBE(250pg/ml) 369.8+17 4% 2922+125
SBE (500#g/ml) 3715+22.2% 302.8+16.7*
SBE (125¢g/ml) 341.6+£288 2975+169
SSE (250pg/ml) 3379+353 3126+225%
SSE (500#g/ml) 3422+222 3165+ 9.7%*
DRE (125¢g/ml) 3425%249 301.4+442
DRE(250pg/ml) 344.3£140 298.1+164*
DRE (500¢g/ml) 344.7£16.3 2865%£199

ZML : Zea Mays L, SBE: safflower blossom

extract, SSE: safflower seed extract, DRE: Dipsasi

Radix extract 2meanzsd., "P<0.05 vs. control,
“P<0.01 : vs. control

FEE9 ALPase 45X E = MG63 cell
2 AFQARAHE EFIA, 125-500¢g/mle]
TE WA gEE o WstE HolA
2okt

3. &3 o {oFEE0| MG63 cell I
x| Z=OoI|MZ 2| PDGF-BB $+=2#| 4t
8of| ojx|= A&k

MG63 cell I X FQIHA X EF A IL1-B
Foo osf §9% PDGF-BB 4&A9 2
8 Ass B, 7 oAl Foo 93 &
LA HIHEE % 33 7 MG63
cellol A= 313 (125, 250pg/ml) 2 3515
A% 5 (125-5004g/ml) o) /1 PDGF-BB &
Al fFoet FEAS/E YEREh XA

AEAAE F3E 9 FoEAFEE oA

PDGF-BB 4%
500ug/ml 23}

g/mle] FHEAZS

Al

=
h=
=

Gl
_l:'—i_
=l

Z7} e,
o3 125 2 250p
A fole bR
A

&5 HAI, MG63 celloﬂ ] Hoe= 1 5239

7t okt $4587

FE=9

Ao =

I 3 Effects of safflower extracts and Dipsasi Radix
extracts on the expression of ATCC MG63 human
osteosarcoma cells and human periodontal ligament

cells(by '%I-PDGF-BB Binding assay).

thymidine incorporationa(cpm)

Group

MG63 PDL
1%51-PDGF-BB 63334536 5386+176
IL1-B+%1-PDGF-BB 51544146  4401+181+*
(10ng/ml)
IL1-A+2[-PDGF-BB+ 55374494 4881 +221**
ZML (125pg/ml)
IL1-B+%1-PDGF-BB+ 5617+281%* 40894331
ZML(250pg/ml)
IL1-B+%1-PDGF-BB+ 5668+ 459 46694269
ZML(500¢g/ml)
IL1-A+2[-PDGF-BB+ 6085+289™*  4848+164
SBE(125¢g/ml)
IL1-A+2[-PDGF-BB+ 6943+349%* 48124424
SBE(250¢g/ml)
IL1-B+%1-PDGF-BB+ 55244548 5073+520*
SBE (500¢/ml)
IL1-A+2[-PDGF-BB+ 5745+344* 4722456
SSE (1254g/ml)
IL1-A+2[-PDGF-BB+ 6347+399%*  4930+308™
SSE (250pg/ml)
IL1-A+2[-PDGF-BB+ 6575+600%* 47144393
SSE(500¢g/ml)
IL1-B+%1-PDGF-BB+ 52574244 47094292
DRE (125¢g/ml)
IL1-B+%1-PDGF-BB+ 54294248 49514590
DRE(250pg/ml)
IL1-B+%1-PDGF-BB+ 5826396 4487380

DRE (500¢g/ml)

ZML : Zea Mays L, SBE:

safflower blossom extract,

SSE: safflower seed extract DRE: Dipsasi Radix extract

amean=+sd., **P{001 :

vs. 151-PDGF-BB,

“PC0.05 : vs. IL1-B+51-PDGF-BB,

“PL0.01 :

vs. IL1-f+%1-PDGF-BB



MG63 celld] A= 500pg/miFol =+ 183
FOoIthA Eoll thaiA &= 125ug/mitto] Fof
oA o3t F7taxnE HYo b
i Iy

A]

4. 23} o HFEE0| MG63 cell H
X FolthM Eo| 3stF Mo o|x=
Ask

T3 9 EgFEEEo| 93 MG63 cel %

X FAUA E tsk sletaAdad= ® 49

7tk MG63 cell o thel, TaEAFEELS
125-500pg/ml FE=H oA o Z7tol H]3)
frolst st assE Balov PDGEF-BB
°ﬂ Hsi e 2 237t kst A=A Al

o HeirE SIETAFEEANA tixTol

It 4 Effects of safflower extracts and Dipsasi Radix
extracts on the chemotacticresponse of ATCC MG63
human osteosarcoma cells and human periodontal
ligament cells(in Boyden-type chamber)

Hla) fodk segFAars BAg Tk
AFZEE9 3FA G HE MG63 cellol A
HoE XFAgAEAA o FEH3A T
PDGF-BBe| Hls|A= A @& &3&

o3 9

N
o
X
I
X
Y
_‘
2

S5 Aol
(& 5), S35
o Mgte]l Fo&
I7F g4l El"*‘:} 3
Fof A,
%Q?‘f} ?401

[e)

&oli éﬂr
/kg, day Fol
Ao =HE

e
i
i [

7
= ‘Si‘}ii} TeEFEE ¥

Group cell number?
I 5 Effects of safflower extracts and Dipsasi Radix
MG63 PDL extracts on the regeneration of rat calvarial
control 103+24 97+21 defect(by histomorphometric analysis)
PDGF-BB(20ng/ml) 31.0+51" 342+62"
ZML (125pg/ml) 97426 125427 Group 3weeks, induced bone formation(mm?)?2
ZML(250¢g/ml) 80%£31 88+35 control 0.82340.234
ZML (500g/mm1) 93424 83433 ZML 035" 085240257
SBE (125¢g/ml) 103+22 13134 SBE 0.02¢ 1.158+0.191
SBE (250¢g/ml) 70£23 9.7+26 SBE 0.l1g 1.071+0.243
SBE (500¢g/ml) 11.3+32 214+32" SBE 0.35¢ 1.017+0.264
SSE(125¢g/ml) 190+26° 216+26" SSE 0.02¢ 0.768+0.267
SSE(250¢g/ml) 140£18° 145+21° SSE 0.1g 093240215
SSE(5004g/ml 148+20° 262+4.3" SSE 0.35¢ 1.84540.225%*
DRE(125¢g/ml) 85+37 103+34 DRE 0.02g 0.78440.283
DRE(250¢g/ml) 10.0£27 9.7+36 DRE 0.lg 0.7294+0.169
DRE(500¢g/ml) 155+33 123+38 DRE 0.35g 0.864+0313
ZML : Zea Mays L, SBE: safflower blossom extract, ZML Zea Mays L, SBE: safflower blossom

SSE: safflower seed extract, DRE: Dipsasi Radix
extract, *mean+sd. "P{0.05 : “PO0L -
vs. control

vs. control,

872

extract, SSE:
Radix extract,
“P<0.01

safflower seed extract, DRE: Dipsasi
*g/weight kg, day, ®meanzsd.,

: vs. control
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1 control after 3 weeks of healing.

Between the wound edges, the defect is filled with a thin loosely organized connective
tissue. Limited bony repair is localized to the defect rim. OB=old bone of the defect
rim, NB=new bone, CT =connective tissue(Masson-trichrome stain; original
magnification X5)

unsaponifiable Zea Mays L.(0.35g/kg, day) after 3 weeks of healing.

The main part of the defect is still filled with a loose, fibrous connective tissue. Limited
bony repair is localized to the defect rim. OB=old bone of the defect rim, NB=new
bone, CT =connective tissue, V =mid-sagittal vessel(Masson-trichrome stain; original
magnification X5)

safflower blossom extract(0.35g/kg, day) after 3 weeks of healing.

A little new bone from the margin is growing into the defect center. However, the
main part of the defect is still filled with a loose, fibrous connective tissue, OB=old
bone of the defect rim, NB=new bone, CT =connective tissue(Masson-trichrome stain;
original magnification X5)

safflower seed extract(0.35g/kg, day) after 3 weeks of healing.

The significant bone regeneration has advanced from the margin. The newly formed
bone is substituting for connective tissue which was filled with the defect. OB=old
bone of the defect rim, NB=new bone, CT =connective tissue, V =mid-sagittal vessel
(Masson-trichrome stain; original magnification X5)

Dipsasi Radix extract(0.35g/kg, day) after 3 weeks of healing.

A little new bone has advanced from the margin. However, the main part of the
defect is still filled with a loose, fibrous connective tissue, OB=old bone of the defect
rim, NB=new bone, CT =connective tissue, V =mid-sagittal vessel (Masson-trichrome

stain; original magnification X5)
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-Abstract-

The biologic effects of safflower(Carthamus tinctorius Linné) extract and
Dipsasi Radix extract on periodontal ligament cells and osteoblastic cells

In-Chul Rhyu!, Yong-Moo Lee!, Young Ku!, Ki-Whan Bae? and Chong-Pyoung Chung!
1Department of Periodontology, College of Dentistry, Seoul National University
2College of Pharmacy, Chung-Nam National University

Safflower(Carthamus tinctorius Linné has been traditionally used for the treatment of blood
stasis, and Dipsasi Radix has been used as a drug for fracture in Chinese medicine. The purpose
of present study was to examine the biologic effects of safflower extract and Disasi radix extracts
on the periodontal ligament cells and osteoblastic cells and on the wound healing of rat calvarial
defect. The ethanolic extract of safflower blossom, safflower seed and Dipsasi Radix (125, 250, and
500 mg/ml) were prepared as test group, and PDGF-BB(10ng/ml) and unsafonifiable fraction of
Zea Mays L.(125, 250, and 500 #g/ml) were employed as positive control. The effects of each
agents on the growth and survival, AlLPase activity, expression of PDGF-BB receptor,
chemotactic response of PDL cell and ATCC human osteosarcoma MG63 cells in vitro were
examined, The tissue regenerative effect of each extracts was evaluated by histomorphometric
measuring of newly formed bone on the 8mm defect in rat calvaria after oral administration of 3
different dosages groups : 002, 01 and 0.35g/kg, per day. It was also employed the same
dosages of unsaponifiable fraction of Zea Mays L. as positive controls. Safflower blossom extract,
safflower seed extract, and Dipsasi Radix extract stimulate the cellular activity of MG63 cells in
concentration range of 125-500¢g/ml, and safflower bolssom extract and safflower seed extract
stimulate also the cellular activity of periodontal ligament cells in concentration range of 250-500p¢
g/ml. In activity of ALPase, 250-500ug/ml of safflower blossom extracts showed significant
stimulating effects on MG63 cells, and the same concentration range of safflower seed extracts
showed significant effect on periodontal ligament cells. In the recovery on PDGF-BB receptor
expression which was depressed by IL-18, 125-250 pg/ml of safflower blossom extracts and 250-
500 pg/ml of safflower seed extracts showed significant increasing effect on MG63 cells, and 500
pg/ml of safflower blossom extract and 250-500 pg/ml of safflower seed extracts showed
significant effect on periodontal ligament cells. In chemotactic response, among all tested group,
safflower seed extracts only were chemotactic to MG63 cells and periodontal ligament cells in
concentration range of 125-500 pg/ml. Also in the view of bone regeneration in rat calvarial
defect model, the only group that was orally administrated 0.35g/kg, day of safflower seed
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extract showed significant new bone formation. These results suggested that safflower extracts
might have a potential possibilities as an useful drug for adjunct to treatment for regeneration of

periodontal defect,

key word: saffewer(Carthamus tinctorius Linn€ ), blossom extract, seed extract; Dipsasi Radix
extract: cellular activicty, ALPase activity, PDGF-BB receptor expression, chemotactic activity:

bone regeneration: drug, periodontal regeneration,
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