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Abstract

This study was performed to evaluate the effect of Kangwhal-Sokdan tang(KS) on osteoblast function
and gene expression. The osteoblast separated from the murine calvariae and MG-63 cell were cultivated
to evaluate the cell function and gene expression.

The results were summarized as followes.

1) KS increased cell proliferation of murine calvarial cell.

2) KS increased protein synthesis, collagen synthesis and ALP activity of murine calvarial cell.

3) KS increased the survival rate of murine calvarial cell

4) KS increased the expression of calcitonin receptor and PTH receptor.

5) KS increased the expression of PKA and PKC.

6) KS decreased the expression of PLA;, COX, PGE; synthase, but increased prostacyclin synthase.

7) KS increased the expression of collagen(type IV) gene.

* Corresponding author : Teak-Jun Lee, Dept. of Third Medicine, Professional Graduate School of Oriental
Medicine, Wonkwang University Tel : 82-63-850-6836. E-Mail : kinaml@wonkwang.ac.kr
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It is concluded that KS might improve the osteoporosis resulted from augumentation of osteoblast

proliferation and gene expression.
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FiE Rhizoma Notopterigii 2g%3
A Radix Saposhnikoviae 2g%3
=Y Radix Angelicae Dahuricae 2g%3
M Herba Asari 2g%3
K Cortex Eucommiae 28x3
sz Radix Achyranthis Bidentatae 2gx3
EH Radix Gentianae Macrophyllae 2g%3
b=t Radix Dipsaci 2gx3
ot Radix Rehmanniae Preparata 2gx3
o Radix Angelicae Sinens 2ex3
A2 Radix Ginseng 2g%3
PSS Radix Paeoniac Alba 2gx3
REE Poria 2gx3
O Rarmulus Cinnamomi 2g%3
I Radix Chuanxiong 283
4E Rhizoma Zingiberis 10g
100g
@l 10ug/mle] KSE A71E F(KS10-d) o2
2. g ol A&tk
1) AYH = 3 Fetal calvarial cell culture(FCS)

KS o 100g¢ 334EFF L000mE 7k
I 6AIZE o) FHEdEt #F -’;‘—%3}9&5}. of 3}
A& o] &dd A thg, JA-g Evaporator
(EYERA, Japan)s ©]-8-3t9 79t 5% g
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Atk 58 AL 121g(121%) ISt *r—l
GAlole HAKS FEEDS X 50 &
pore size 045um ¢ AHRAE FHAZ F A}
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2) A4EH}
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@4 1 ug/mle] KSE #H7K3F F(KS1-d), (6)
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enase, trypsin, 05mM EDTA £-9e) @o} 37C
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(1) MG-63 Cell®] Hj%

Q7o FoM B2 Cell-lined! MG-638 &
£3] #5AIZ ¥, 10% FBS/I X3 DMEM
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Fig. 1. Effect of KS on cell proliferation of murine
calvarial cell. Cells were counted in 10 days
after KS treatment. Each bars represents the
mean + S.D. of 6 wells.

NC : vehicle

KS 1:1 ug/ml of KS

KS10 : 10 ug/ml of KS

OC : vehicle + prednisolone

KS1-d : lug/ml of KS + prednisolone
KS10-d : 10ug/ml of KS + prednisolone
*ip<005 T:ip<o001
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H= g2te] FAFIZRE FHT FAXE
1097 W Ax, B8 AErr Adse @
WAZE 35g/d oo, lug/mie] KSE A
g3 ASoE 348z/d 2M WgE FA XA
th. 10ug/ml®) KS& AT ZFole 36g/d
24 A ws] ozt Ehste AFES UE
Yt ZH=UEES 4 A FAS
AEojA e Thld Fae 2065g/dl 2A, B
ol Hls) BA3) Astgol #EH ZIAX
oA Agsts vudel J%g A A2
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Z A9 71594 lug/mle] KSE st
Aol wuE AFAAFo] 330g/d 2A
ZzH=USEE AT vd FoAHQd EmE
JepRATh E3 10ug/mle] KSE A=s 4
Sol= 372g/dl 24 €Al TP=ULEo] o
& EWoe guA AFAGFE FolskA B
ZtHp<0.01).

40

dexa (10 nM) treated groups

Total Protein (g/d!)

NC Ks1 Ks10 oC

KS1d KS10d
Fig. 2. Effects of KS on protein synthesis of murine
calvarial cell. Total protein were determined in
10 days after KS treatment. Each bars
represents the mean + S.D. of 6 wells.

NC : vehicle

KS 1:1 ug/ml of KS

KS10 : 10 ug/ml of KS

OC : vehicle + prednisolone

KSi1-d : lug/ml of KS + prednisolone
KS10-d : 10ug/ml of KS + prednisolone
*ip<005  Tip<o00l

3) ALP2| &Mojl a|x|= &

A= gizte] FIFE2EE 2 IAXEE
109 7+ wiFs Ad, A4 AxeAe ALP &
A8 13 unit/ml ©|Re™, lug/mlie] KSE A
23l ASol= 165unit/ml 24 KA
2 JeEhigith 10ug/mle] KSE A2 25l
T 175uit/ml2A Al uvlE @mskich
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AAA7IE Aoz Jehyth ZHz=UEEe
o8 a3} FAF AXE ALP AL
lug/mle] KSE AH2d Zfole 17.4unit/ml,
10ug/mi®) KSE A Z-ole 151unit/ml
2A Zy=Usd o3 FWAd ALP 848
FoEH A BImA A THP<0.01).

dexa@ (10 nM) treated groups

20 .-

151

ALP activity (unit/mi)

NC kS1 kS10 oCc IS kS10d
Fig. 3. Effect of KS on alkaline phosphatase activity
of murine calvarial cell. Alkaline phosphatase
activity was determined in 8 days after KS
freatment. Each bars represents the mean +
S.D. of 6 wells.

NC : vehicle

KS 1:1 ug/ml of KS

KS10 : 10 ug/ml of KS

QC : vehicle + prednisolone

KS1-d : lug/ml of KS + prednisolone
KS10-d : 10ug/mi of KS + prednisolone
'ip<005 :ip<o00l

4) Collagen M grMoff njxj= P&tk
A= eixte] FAREERE B2 FARE
1097 widsh Az}, A4 AEAM 9 collagen
AL 140ug/well o]l lug/mle] KS

g A3 Ao 133ug/well 24 7 T4
3

e 23S JeRIth 10ug/mle] KSE g
3 AL X 142ug/well2A Aol W3tE Yg
W= 2Pk Zd=yLES I A F

A MEAAQ collagen A DS 110ug/well
2A, Bl vis) @A) Msigo] FaAH
ZZAR 7158 JANIE RAom et
o ZHEUER 93 F4F FE AXY
collagen A &S lug/mlY KSE st A$-
Ne 122ug/well, 10ug/mle} KS& Aag 3$-
dl= 155ug/well 24 ZA =V &2 o] B
43 collagen HHE FsA FUHAIRATH
(p<0.01).

dexa (10 nM) treated groups

hydrolysate of collagen (ug/welt)

NC Ks1 Ks10 oc ;Sld. Kstod
Fig. 4. Effects of KS on collagen synthesis of murine
calvarial cel. Collagen synthesis was
determined in 10 days after KS treatment.
Each bars represents the mean * SD. of 6
wells,
NC : vehicle
KS 1:1 ug/ml of KS
KS10 : 10 ug/ml of KS
OC : vehicle + prednisolone
KSi-d : lug/ml of KS + prednisolone
KS10-d : 10ug/ml of KS + prednisolone
"ip<005 T:p<o00l
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5) Cell Apoptosisoll Olxl= L&t

A= eixte] FAZERE PP IAXE
1047 o3t A} Fd AXAAYg ASEL
050 °llen, lug/mle] KSE At Z$ol
= 052024 #oHel #EmE Jehiddh
10ug/mlie] KSE A Fgode 06224 A
Aol wlg] Emstath ZTH=USES A A
28 FAE MEAA Y HEEL 03924, A
el vlg] @X3] Astgol BAFA EIA
9o 715 dANIE AeE Yyt x|
=UEE o Z24ad FAZ AEY JEE
2 lug/mle KSE A Afole 058,
10ug/mle) KSE A2§ ZA-5-oe 05024 =
USR] o3 BT AEES R
7 FHp<0.01).

08

daxa (10 nM) treated groups

MTT assay OD 4500

Fig. 5. The Apoptosis of murine calvarial cell in the
presence of KS. Cell viability was measured
by MITT assay. Each bars represents the
mean * S.D. of 6 wells.

NC : vehicle

KS 1:1 ug/ml of KS

KS10 : 10 ug/ml of KS

OC : vehicle + prednisolone

KS1-d : lug/ml of KS + prednisolone
KS10-d : 10ug/ml of KS + prednisolone
Tip<005 “:p<o00l
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6) L& A& s=of ol
2= gizte] FAZERE 2% ZATES
1097 W Az AAZIAM 2.97mm’/well
9 2439 nodule areal HASY L, lug/ml
¢l KSE AYF ALdde  2%mmiwell,
10ug/mi®] KSE AP ALode 331mmY
well®] 2319 nodule areaZ FAstH ZH5
Aol &% nodule AL F7HAIIE AEE

HER L.

o1 5k

>
i

)

Nodule Area(mm %/well)

N
.y

[+ Ks-1 KS-2

Fig. 6. The Nodule formation of murine calvarial cell
in the presence of KS. Each bars represents
the mean + SD. of 6 wells.

C : vehicle
KS'1:1 ug/ml of KS
KSI10 : 10 ug/ml of KS
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g oA d2 FAAY 42 1317£00332
KS+ Vitamin D3 83 22 2@ #9
Al JFE FX X
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Vit D, Receptor

[+ Ks

Fig. 7. Effect of KS on Expression of Vitamin D3
Receptor Gene in MG63 Cell-ine .Gene
expression was represented as a fluore-

scence of Cy
C : Vehicle
KS : 50ug/ml of KS Extract

incorporated into mRNA.

2) PTH receptor S X} gsiof o|x|= &
FH x4 PTH receptor #4AF @dL

Azt ¥ fluorescence FE A3t
Astdct Agds, dzxde] FA” &
0906 = 002001‘21.9.“1, KSE #Hrleted s
TolA BE FAAY 4L 1191:0064=, KS
£ PTH Receptor @A 48& FolatA =
7HAZ eHp<0.01).
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c KS
Fig. 8 Effect of KS on Expression of Parathyroid
Hormone(PTH) Receptor Gene in MG63

CellHine. Gene expression was represented as
a fluorescence of Cy incorporated into MRNA,
C : Vehicle

KS : 50ug/ml of KS Extract

" p<0.01 vs C

| AR B #hed niAle mE
3) Calcitonin =& RXX} 2adof
ojx|= gt

ZFA XA calcitonin receptor FAAF TH
FrAA #iF fluorescence FE ZA3)
ARsT Agdy, dEre 34 &
0.108+0.006 oI, KSE #Hrbste wjg
oA dL FHAY %2 0.118+0.005%E,
& calcitonin Receptor F&A ¥dS 9
3HA] 9 A8k TH(p<0.01).

(& oro 8 rﬁo

020

0.15

Calcitonin Receptor
°
S

0.0 4

0.00

Fig. 9. Effect of KS on Expression of Calcitonin
receptor Gene in MG-63 CellHine. Gene
expression was represented as a fiuore-
scence of Cy incomorated into MRNA.

C : Vehicle
KS : 50ug/ml of KS Extract
™ p<00l1 vs C

4) PKA(Protein Kinase A) $ A}
waio] o|xl= He
FAEANN PKA S8z 2L AR} 3
Fr¥ fluorescence H2S ZAsl AASAUCH
Agd7, gz2H0)Y FAAF &2 3.02240.131
ojlem, KSE Hrtete] wigddt TollA 2
FARY 2 31%H0175 2.2, KSE PKA
FAx AHS fely oz Z7IAATHP<0.01).
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Protein Kinase A

e 3ke)alalA] F8H A28 (20041 12)

c Ks

Fig. 10. Effect of KS on Expression of Protein Kinase
A Gene in MG-63 Cell-line. Gene expression
was represented as a fluorescence of Cy
incorporated into mRNA.
C : Vehicle
KS : S0ug/ml of KS Extract
" p<0.0t vs C

5} PKC(Protein Kinase C) XX}
waiof ojxls Hg

EMEAA PKC G342 2@ A &
¥ fluorescence S FAst] AAs Nk
AEEAF, 2O 44 FS 325910123
olen, KS§ #Hrlste wigst FollA de
FAzLe) L 37010082 2.2 KSE PKC &
AZ FPE FYeA F7HAHATHP<0.01).

6) PLA2 (phospholipase Ap) RH AL
Dixle Y&

SAEAA PLA; 32 2EL {32
58 fluorescence@S =A3}o :
AAA3, 2T FRA KO 1.979:0.072
ollom, KSE #Hristd wigdt oA o2
ALY k2 17580062, KSE PLA: #+4
A 8 S Foa A GRS THp<0.05). .

E gy
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Protein Kinase C

KS

Fig. 11. Effect of KS on Expression of Protein Kinase
A Gene in MGH63 Celine. Gene
expression was represented as a fluore-
scence of Cy incorporated into mRNA,
C ! Vehicle
KS : 50ug/ml of KS Extract
*p<0.01 vs C

Phospholipase 4

Fig. 12. Effect of KS on Expression of Phospholipase
A2 (PLA) Gene in MG-63 Cell-line. Gene
expression was represented as a fluorescence
of Cy incorporated into mRNA.

C : Vehicle
KS : S0ug/ml of KS Extract
" p<0.05 vs C
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7) COX (cyclooxygenase) ®XIX} gtsiof
o|xl= gt

SAHEAN COX FH2F LHE FHzpe] g
¥ fluorescence@F & 43t ZAAIAH A
A%, dz2TY F34 HCO 0.145+0.0100]
Ao, KSE Hrlsted wigd FolA g2
AR %2 0.06:00042, KSS COX H#3
A El-g FojEhA AR p<0.05).

04

Q3 J

Cyclooxygenase

. [+] KS

Fig. 13. Effect of KS on Expression of Cyclooxy-
genase(COX) Gene in MG-63 Cell-line.
Gene expression was represented as a
fluorescence of Cy incorporated into MRNA,
C : Vehicle
KS : 50ug/ml of KS Extract
" p<0.05 vs C

8) PGE: (Prostaglandin E2) synthase §X A}
waiof ojxl= et

FAEAA PGE: #Hx LEHES f3zld
9 fluorescence™d S SAste] AASAT)
AEAH, dzT FAZ HOL 0.167£0.012
ojleH, KSE kst wigd oA de
AR F2 013300062, KSE PGE#3
A HEE 7oAl A5 THp<0.05).

p

| RGO B Biedl viXe B

0.15 4

PGE, synthase

c KS
Fig. 14. Effect of KS on Expression of Prostaglandin
EA(PGE2) Synthase Gene in MG-63 Cell-line.

Gene expression was represented as a
fluorescence of Cy incorporated into mMRNA.
C : Vehicle

KS : 50ug/ml of KS Extract

" p<0.05 vs C

9) Pprostacyclin synthase X AL g&i0]|
o|x|= g&k

FAM XA Prostacyclin synthasef-ap
dE A #F8 fluorescence HFS =4
st} At Agdn, dE2FE0)Y FAA
Fe 4228+0.0831 o1, KSE Hrlsted wj%
T e A FS 4680201762,
£ prostacyclin synthase $§3x 2$&d& &
oJ5Al F7HAIHTHp<0.05).

7

ﬁr?‘i

Prostacyclin Synthase

Fig. 15. Effect of KS on Expression of Prostacycin
Synthase Gene in MG-63 Cell-line. Gene
expression was represented as a fluores-
cence of Cy incorporated into mRNA.

C : Vehicle
KS : 50ug/ml of KS Extract
" p<0.05 vs C

23



e tahel sl x] A8A A235(2004d 129)

10) Collagen XA} wdol] njx|= HE

ZAEAA Collagen(type IV) F2x &
SAxte &8 fluorescence FE ZA8}
AR, Agds, 20O FAA Fe
0841+0.102 2™ Hrlste] wigE oM &
& gAY e 1277+0.0972, KSE prosta-
cyclin synthase 32 2@E A3 F7HA
AHp<0.01).

2 rlo
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Collagen {Type IV)

Fig. 16. Effect of KS on Expression of Collagen(type
V) Gene in MG83 Cel-line. Gene
expression was represented as a fluores-
cence of Cy incomporated into MRNA,

C : Vehicle
KS : 50ug/ml of KS Extract
* p<0.01 vs C
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AT} A5RAT olo] e TP AT
P)5ol g gom], ATAs A oo

2 A8 FESH 4oz FThe B2
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wilol] ma} 22 X 750l A3hEe) Ue
Unl, w@ el Ade] 7 glo] wAlstn
k8 7 dlo) 228 Yooz RANAS
289 Ftt 542 fitg 2hESo] gick
o:]7]oﬂ‘- 17]7&1_0_ xg}\-la-}._,_ zu}*_g_ ;‘d;‘_q-}\]
& Y= 2TAELY 2 71Ae B
3ol Zgel AFSE 2R FTHAE} A
sakgsle] AN Tz fiate] Bdst
= Z2ZAEY FZATE GYH QRS0 9
3 2AHW o) A¥ole Iv|Ae AT
2ol 432 F+ growth factorSol i3t 4=

L4171 Uk SAXer #-o] dFE growth
factoroll=  TGF-beta(transforming  growth

factor beta), IGF-I( insulin like growth factor
1), IGF-I, BMP(bone morphogenic protein),
PDGF(platelet derived growth factor), IL-
1{interleukin 1), IL-6, CSF(colony stimulating
factor)$°] <tk =3, PTH, calcitonin,
thyroid hormone, estrogen®< 32EFE &
Ago] 9O

g4 #HA@7] olf dehie IHETFES
estrogen 742 28] calcitonin 715 Al o
2 SG3AXe] 71egAdst da Fr]Ho] &3
o] Zg9 AFFIE F7HA ok =g, F
A3 32 E(parathyroid hormone, PTH)4
A2 Q3 F FF F7E 1,25(0H) VitDY
AAZ AT Fo & REY ZIE FF Aa
wF g wiAde FUt Sol RuHI gon,
IL-6 59 F7I2 g AFFAEY Aslee
Basly gop®

g, FEF FLy el deg &
L3l FANA 22 2 2FAXY 7

g AdASL ZSAXY AE HAAA
FA5E WAATIH, FAlH F2ARXY 7]F
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& o7k BmATE 284 Qo
= R3HNIEEPTH Y A4S #BinAl)
I ZFAM X PTH &A1Y &4 #BNE %
3 PTH 3229 U3 78S Einrz 2
F2 Belck EF ZIAX os] AAE
o] 7|AEAZE L3 type I collagen &
A FRARAS JA3L, collagenase FAAE &
gNgozn = 714E23¢ I I
PTH= A¥EAA #Ho| 9+ growth factor
29 IGFl, IGFBP-5¢ #dg oA,
TGF-p =&Ao i3 AsALE Aoz
A ZZAEANA L collagene] ARAEL AAs
I, AT Bdd 342 AP 1
Bt R=oA g T3 Axo R
AnFAZ2ES A A5, SAXY FAFH

Re

(<]

Bgo] AgAlEE Aol TAHIoH, F 7|A
E242] collagen A¥Ael JAHU of=st
gL ME U AzAGHAC FTAd}=

protein kinase A¢] 848 HAst] Vepd A
o2 BuEch

HEEAA F& B 4 @A v
REd <K EARER >N “BETTE, &
AR ol e A BRI BoE
A7t Be o] B %2 AR a4y
o, <HRIWERR>OIA “BEAKL, METE B
TAEEMBEREER 12t 3t Be RfTFN Kol
& F& 4t Bl F& 454 23t
A Fhic U £ vt & ol FulAt
£ FAIG FAT £} FS WK, A
2 FEALo] glonw FEVl EIE BE
AAl FHAE BHEE IHL wEslEE I3
o] A 715 BRY B ugd 24
g1 sk alE2 BEsld o) 2E
A FI g8 KESHA Bkl wASEE
B By 4HS #AE ¢ F U

Fa&IYe FEEG HEEH HR
& Agste txA] Aoitt B KEolnZ
SR R BRI 37l FdstER i

o] gl Hlo] BREtL, AT B} BHE
Aok, & He Fotw, B B Fah v
Efrol L3r1E EI)E B SHE e
23 Re ol ol YT, e FAT B3}
A 28 AL Wo| Fo) Yi®x siginh

B A7dNE IUEE 9 2 M8 $u
& Masy] et 2T V)5S B4
A 2 894 BmAE Eme 23R 8

t}, olZ gstd, Y=o TATERE 2y
Bloks ZHAE 2 ZASULES HF A
To| 27 BeLUEe Sosid 2TA L
2%y Asietd Qe WX Qe =4
Q.00 MG-63 Celll Zg&wee Hrls
Wloket The §AX W) nAE @IS
= QA sk

LA, Ygze TAZTZRE ZIANTE WY
st} JBLEGHKS)O) o]F HEe] Z4%50)
nXE qagn, FALY FAd nAE e
gals] mokth ATAN, cultured] Zuko:
ALPY 4ol ZAHA &k, o|F ALPY
BHo] &M oz Z7HEAT. ALPY @40
&M o7 Z7HEA noduled Aol )
AYPSAL. AT AT KSE TATY 2L
22819 0m(Fig. 1), B3/l 293 dojue
AR ALPe] BAo] Zrlsl: AL &3
AL ST FE AL collagend] A
3} calcium ol % nodules] A4S 27}
AR E=F, ZgsusEel T wixg)
ZHSVeEo) TIER Fe wNAN wj
3 calvarial cellol thd ok2e &3 BIs
ok HixolN ZHEULES We A AT
9 $E ZPs=UEEL /18 ALRG o
wa) Z71stgou nodule B4 Yojun)
¥tk

A= Gze) FAZERE RS TAXE
1097+ ¥ 2w, ATl lug/mle) KS
o 10ug/mle] KSE Hajs A4S 2T A4
Hle) Z7lEle A%E B ZYsSUEES

a4

e 2
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A A FAE AEAME Gdel vl
AA3 F7HEE Aol JEE 2IAXY 7]
TS FATIE Ao YEsTh(Figl) 18
I F NS AEE 1093 et 2IAE
7t AAsHe 71dERY dRARAe PlAE
S SAT Ay, FAAEN KSE lug/ml
= 2 10ug/ml FEZ AT A A
v&) F717F gtk ZH=UEES 834 Ae
3 F N AXoAe dwa %‘v‘w o
o Hla) "@A3] 7 is}iioui ZEZAEANA A
AEe dude 71%5S JAsE 3 Qi A3zt
HAG  E3 EBﬂEH EE o AT F
ME AXEY 715H94E KSE lug/ml 2
A2lst Afoae] dild AP ZHs=
£& Ao vl8 #2440 FUHE s
o, 3 KSE 10ug/ml =2 HEg 3ol
= KSE lug/ml 352 s 248 o
A AFAAFES ST AT (Fig.2)
ZIZAXY 71%E EFR%e 2
ALP9] &4& 4% AF, HJHEN KSE
lug/ml F=2 X B4 KSE 10ug/ml
TEZ A3t AS 25T A vls Fr1st
FRon, ZHCUEES A F HE AXE)
Ao ALPEA o] ATl Bl @A 3] A3ty
of ZZAEY 7150 JAE Ao eI,
A7l KSE lug/ml 58 AT A9
g 10ug/ml T2 AL F9- EF A
3t 718 1 A9.(Figd)
ZZAX o A= 2l
collagen AP vlXE KSo IS 3H
& A, AT KSE lug/ml 52 A
& 299t KSE 10ug/ml 552 A3 2%
e vlE ke Y-S JYERAT =
=UEES 7 HEE FAZ ARdAe
collage A ZFL A3l vlsl] A3 A3}
5101 ZFAE 7lFe] dAE Aoz JEy
0471011 KSE lug/ml 352 A3 39
£ 10ug/ml FEE A 4 =g

_{

714 E4

Lo
3¢ E5F
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TU&E o8] 7A%F collagen WA LS
%—7}*1214 (Fig4) '

KS Azg Z$o deEhde cell survival
rated] VX FIFE FAHT A, HAA T
KSE lug/ml =2 A} 299 KSE

0ug/ml 32 A F¢ BF ozt A&

g0 F7hetRe, ZU=UEES @4 A
T AE AEEl JAT FA2FHAUL A7)

KSE lug/ml T3 Ask A9 KSE
0ug/ml =EZ A 29 25 Zd=ys
29 o] 7AE HEEL Z7H AT (Figh)

ZZAXL} AAR DHL AN 59
S 4% A7, AT KSE lug/ml ¥%
2 AP 499 KSE ug/ml =2 A
3 A BF ZAEY nodule AT oAkt

# A1 ok (Fig 6)

ol fe] ATFAHAE viRoE ZFEEUHo)
FMEY FAA Sl vX e JIE Hrist
7l $18ted MG-63€ st dFsct &
Efiige] PLA2E Vitamin D;, PTH, Calci-
toning-9] #iEko) 3] EAo] FUlete] MR
o] JAXAZHE AAE HEEsH, AAE
A& AX AYHE GIFF prostaglandinF &
3] RIAES AIATY KEES BET
o2d Tl BARTEA? HeeEE 2g
SOye e KEWY PLA29 3x ¢d
< dAEd, §713 49 A& T F¢&
Aol HMEEEE S Aoe2  AZHUY
(Figl2).

PLA2 280z #FEE AAT COX-13
COX-2& %38}9 prostaglandin endoperoxide®
sl AAZRE AJAE Pendoperoxide &
E 18HEY peroxidationg -3} caspase
pathway g &3] Z+% #MfEe] apoptosisE FHi
ok A EERAIA AEED"C] 2IFAME
COX 4z} W@ vXe IS F4% 2
o, EIERS Jel A tH(Fig.13).

PGE:9] A4 2 ZSAX(0B) ¢ 34X



oldiE 9] 621 : EiEMEIECl Bl #ekol vIXe K&

009 #3F 2 715 438t mAe 4%
el o}k, PGE:= OCY #3 $a.3%
d%& s PKCe €43 MAPKS 84 3
7¥Al715.,  G-protein®l  @AAE  Adenylate
CyclaseE® #A43A#H cAMP-dependent PKA
o A& F7MA7IH, OCAA cAMP &&
29l collagenS #aste MMPY 4 23S
z5t 2o AFso HAt® A¥AH,
284 oere PGE; synthase #3AF 4@E o
A3t (Fig.14) OCe) 71%5& AT ez A
Z= et ‘

ol9}+E WX Z prostacycling cAMPe)| &)&
¢l PKAY z4-8 %3l OB MAPKE &
432718, OBWe cAMPSY Z7He  bone
ALP 2 osteocalcin®] §457M8 $=388 OB
o] ¥t} FHo #Am vk EF,
prostacyclin OB¢l 7Is&X4st A3}, 712
°] #4¢ f=3h= BMP (bone morphogenetic
protein) $&e} F7te}, collagen §A3E F7HA
AP A¥7s, 3E&AFE PKAS PKC,
collagen FAA LHE F7MAFH 2 (Fig.10,
Fig.11, Fig.16), E£3F 12} ey HA=9] FiF
MNEZHE collagen A (Fig. )3 ALP #3
2 gy gl J4E S LH(F.3),
T3 bone mineralization® 5 7HZ tHFig.5).

e}, prostacycling OBe} ®3l¢} 7158
e AFsa OCe #3tet OCEZHE MMP
Az HEdE dAEtY Zo| AFFE AP
< Au®n wasAT ERER, Fgsuy
2 prostacyclin synthase®] HHS #£inAlA
PGLe A& ®iAE ZHo=z AZHJG
(Fig. 15). WebA, ZE45IEL cAMPS 37}
A71H PKAS &S B8 EFMEe 71%5S
43 AN pEEY 71%S BEEe, &
o] AFFE At SIUFTFY A8 E oy
A" = g Aoz AZE<

ol4re] Ax, AFL&dwe T sy LEOR
B 2ZAXY] BFEF % 715e ®inAE

oy

Lo

T e ReE HrHEHLew, o FAIAE
009 £39 7I5& A= /A

4y S oAty =ZAE0B)e #3e} 7%
< 4TI HARe] B S FUMA, &
SZHFNA Y] AEFTAT GwHe] AFH,
ALPS] g4, Collagen®] Aol #BmeE F3
o Jehles Ao AtaHEAch

2e @bt widst o fHA L4E

e 9% FA439 don e ARE

Rk

(1) 2FATY BFd5L TY=yEEd 9
3 Whstgon, AEEURL ol F
71t

(2) AR vy AFdF AP &
4 2 collagen PAAFL ZYg=1&2

of o3 #Astgorn, ZEg&dEge o
£ S/ AL

(3 ZZMEel apoptosist ZIHE=ULEE
o3 Frietden, BAEEUGE =23
Xo] AESLE S7HAHY

(4) 72E&4£9d9LE vitamin Ds receptore] %
Holl= IS Fx o, calcitonin
receptor @ PTH receptor®] w3 Z7}
Al A

(5) ZEE9"E PKA 2 PKCY 238 &
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