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T MC3T3-E1°l

o] x4 % & A <) adenosine 3',5'-monophospha-
te (cCAMP) ¢ &9 &3 B AFE0] U
o F Jhzd AEA AXE W A3EHA WIE
of7|A17]E ARE HAA Azl F4F Q)
Az TR A FEH st A Fell 9§ 2]o}9
ol 53} 2L FAAY = bl HAlH A
Bibe F43 A& Fo4o ZAxH1 ok
678

wAH 93t ¥ Mz FAANAN FEHE A
o7 4HA F4UA FAA arachidonic acid
AFEQ] prostaglandin & FFA TS FHS
AZAA Holol B Z1VA7IE W Ao}
o FAG BT FUAE %’E:H‘l B4
(fluoride) & FHEAEY EHE FAAIA 2o}
olFo] dAHol APA ATE 3}04 S il
vl oY, mAR 7Y FIFH 2wt HEF A
ofolgoll Ui AAHAEA 7]74]31?_ I 7}
g Fol 3l Xotols S 7HE3A e &
xS AT 7% l FFE FE 84
Eoll g ojsll= wAE oA FQsirt

Vanadium & QA S 23, A3 5094, 4%
448 ~ 52 9] FHW o] 57 Yot van-
adium & AA ] YA L VFHLEHN F
23 AETH aRE /Y A4S FHA
713 F A ® 583 Aty 988 9
e wZdaz g8 It Vanadium &
A Jo] AA M AHthAlel WS 7}

P
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Aom BdAlde R23E JHeE AoE
BauEa glom 49 FHE AA Fof &
Fol 2mgR =7} Besttn . Vanadium
< uh & A E TR 5ol U3 deE A48
o AEE 4 A7 94z geA gomt
SEAYAAME VanadumiHE Asdes A
S 40%9) AARFY FAE ARG,

Vanadium & 37 F9A] A2 A serum
cholesterol& 72 A1712"% MEUY R So|7kA
vanadyl [VO*]o] 202 &0 974 4
B EAS Z4Ee AR Fgdtia Iy
7 94t} Vanadium € vanadate 2= A3k )
ZM glucose ¢ WAt W8ty insulin SAF &
7} e ribonuclease, acid phosphatase,
alkaline phosphatase, Na,K-ATPase (Na'-and
K" stimulated ATPase) 5¢] phosphate ester
bond & 7tFEHAIZIE Ehd et A
£0] om¥ phosphofructokinase$} adenyla-
tekinasel = A ZFLo] 9Jow adeny
leyclase o isiAlE €438 280 gt Yot
¥ Vanadium®] 2%A] Vanadium 338 %ol
A orthovanadate”t 7} E218 <1 318t4 )
2 a4 9. Orthovanadate = 54 M o A
154 M F& H9] 747 Fo &5 F7to] vl 3}
o G714 UM B EAS 2L 8 F
MNRezN F L A FHS

%3 phosphotyrosine phosphatase® A8t
o MEF2A3 DNARAES &332 AxE A%

2 E33Y FHABL FEFTY A9 T

o2 Y A8 A 2gd FAE FF A
AT, =Y APH APeM AxFAhy
Na,K-ATPasel| i3l 7283 A ave 23
2 PTH, Prostaglandin E; , 1,25~-dihydroxych-
olecalciferol 5 ¥ &4 &71& W gcH®,
M E-85 38 (cell kinetics) oA A ¥ EA4 &9
W3l DNA AMES Aoz 38 ¢
Aom duky dilse] Wil RNA A4S
FAgcZHN HAg Aide Wale ndd g4
o] Was BAg o F48 4 o) wa}
AR AT BExE Ao I dge T
Vanadium o] ZFM¥E] F dAlsHo oju 3t
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FFE Uehllerte gotrr] $18ked Vanadi-
um 3329 Vanadium oxide [V20s] <
sodium orthovanadate [NasVO4] & ©]-&3t =
SHEF MC3T3-E14 %< DNA 4% ,97]
A A 23 &4 A= PTHO 9% cAMP
9 A%, 28 AlY e2 ZYZ9 m-RNA
#4509 txE Vanadium® &35 AHEA
t}

uhy

%2

.97 [AR

1. AE wj

H Ao Algd AEEL ZZAHEF MC3
T3-E1 ©1™ Kodama%?ol ¢} 4147 (C57BL
/6) & FAFAA EeEHA AdudEHE AXE
24 49714 Q428 &4 (Alkaline phosphat-
ase, ALP) 847 ugd g5l o, F7]
s 27149 A33E #EE 5 dx
44 Z289 93 cAMP ¢ AA4e #F
g & Utk AEEL 5ml F2E culture
flask(Flow Lab Inc.)¢ll 10% fetal bovine serum
(FBS) (Hycolne Lab.Inc) 2 penicilin 100U/ml
9} streptomycin 100 zg/ml7t %€ @ ~mini-
mal essential medium( e -MEM) 10mlo] ¥ i
37°C, B% 9 £5, 5%2] COp viF7]ol A l
*strh HEEL 545 Hd ot 4
Fdo 234 Ay wgFsAct. Aol A&
AEEL5X 10°celly/ml FE2 EF2A20 F A}
£33t

2. Vanadium oxide¢] DNA 4% ZHAL

5 x 10* cells/ml EE2 12 well Zet2¥
culture flask(Flow Lab Inc.)ol #53t4 10%
FBS7t € a-MEM oA 293t s ¥sta, 0.1%
FBS7} £3¥ a-MEM2.2 ¥4 3}49 Vanadium
oxide(Sigma Co.)2 X34 & T& 2T
o2 3a1, 25101520 e M2 =& Vanadium
oxideE 77t H7He ¢ AYFOE 3] [H]
Thymidine 2 #Ci/ml(Amersham Co.) & ¥H-3-A]
Zt}. 24X+ 39| Ca-Mg free phosphate buf-
fered saline (PBS)2.2 33 Aot} 100%
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methanol 1mlE 18] 151, SHFFRE 33 A
gk Fol|, 5% trichloroacetic acid(TCA) 0.5ml
E Y1 4T oA 587 st o8 Bd
Fol F71F el :2A17]31 1 N NaOH 5ml 2
AELE &1 7|2 &3 scintilation fluid
5Sml & ¥ 3 B-counter (LS 9000, Beckman
Co.)=Z counts per minute (cpm) & &% 3t}
3. G714 AAEHES BHE =4

5x10" cells/ml ¥ 52 2ml/welld 6 well =z}
2% culture flask(Flow Lab Inc.)ol &F3}e]
10% FBS7} £ a-MEM 9|4 527+ wjokataL,
Vanadium oxide$®} sodium orthovanadate®. 3
2 oA ¥ TS dERTOR 8, 2468104
M¢} ¥X & Vanadium oxide®} sodium orthov-
anadate® ZtZt H7F3F & AFT oz Fhd,
0.1% FBS7}E a-MEM2. 2 243 & Vanadi-
um oxidew& 34zt 2133 sodium orthova-
nadatew & 2UzF widsiith Wiy AEE
PBSZ 33] A¥3i 1mM MgClh 7} 3#%
0.2%9] nonidet p-40 ImlS 2& & HIZE
plate2 %8 F2slW sonicator (Labsonic
1510, Karl Kolb Co.)& o] &3ted d&&oA 75
watt 2 183 AL E #3220 F 3000G 2 10
B A8 9ARY F A2 g

HAMIEES U8l alkaline phosphatase
0

N

=% 4390 (oMbAk ALP opiAl
). B e Lowry” Yoz 2489,

2x10%cells/well = #5331 10% FBS7}  a
-MEMd| A 297k w23} 3 Vanadium oxide®t
sodium orthovanadate® ¥ 3}x &L +&
ET o2 313, Vanadium oxide 510p4M =
£ sodium orthovanadate 58y M =% Ztz+
A7 & APT R sk, 01% FBS7 23
" a-MEMO 2 WAAIZ] ¥ 397 o vjkslgd
ok 54 A9 0.3% bovine serum albumin(BSA)
°] & a-MEM Imle 2 w3tsle] 197 o miek
34tk ImM  isobutyl  methyl xanthine

Vanadium SIEES REMEN i J 19

(IBMX),0o-MEM Iml & w33t 37° C oA
1587+ wjekal 50nM PTH(Sigma chemical
Co.), 0.3% BSA, ImM IBMX7} € a-MEMS. 2
WSS 57 vl A T v FE Al oA
g v gAY ethanolS ol -20°C
2o A 24A17F B 3s & Ao} ethanolS
AT FdE 92 JAHAES sodium
acetate buffer2 &3|A]17] 1 cAMPE =439
t}. cAMPE  AFH 9 (Radioimmunoassay,
RIA)C. 2 ZA34

ol o% o

5 % RNA =

HjgE ZF A ¥ Vanadium oxide 9} sod-
ium orthovanadate® A 2|37 ¥& & dix
#2222 31 Vanadium oxide 10, 20u«M |
sodium orthovanadate 510 M =2 22 A
Ve & AgTe R 3t 0.1% FBS7E X3t e
a-MEMOo 2 wA|5te] 24A17F v %F3ts] PBS=E
23] A3 F uige] XS BolA 94l &
% Chomczynski® ¢} single step method® $-&
3] RNAE 3% 33k AEXE 4M guanidi-
nium solution®l] *o]i 2M sodium acetate
(PH 4.0) , phenol(water saturated), chloroform-
isoamyl alcohol(49:1)& H7fsted £ 5 3000

GolA 2087 d4lEe st AFdEs 5
ato] thA] 29 isopropanol® &3 & -20° C
oA Ha 1M AAAAY thA] 2087 44
12 % pellet?t guanidium& Aol ol F&
9| isopropanol#} o] &gtsle] -20 ° Coll A
¥ 1087 942Yd H 75% ethanolZ A ¥

2. pellet2 diethyl pyrocabonate® 2§ £
LA A

6. Northern blot analysis

#2% 3 RNAE 1% agarose gel/formalde-
hyde(0.44M)ol| X 7] 4% ¥ ethidum bromi-
deg GAsd UV lightdol M 285, 1859
rRNAE #9l3la 75mN NaOH ¢5 94 o] &
3t &R (nylon membrane)o] o)Al ).

Aol &8 H §&A 9 2M Na-P/EDTA, 30%
BSA, 5mg/ml SSDNA, 20% SDS, 1009 fomn-
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amide & H7F8lY 50°C oA 2417 B¢
water bath & ¥ 22 2Hprobe), -[“PldCTP,
Klenow, OLBE #7}gt £ 16-18A13t 50 ° C o
A water bath 3t B3H4 3 (Hybridization)&
A3 A AARE 35kbe] type I @2 collagen
& o]& #;on o] ATCC (American Type
Culture Colection, 57322)°1A4 T3k 422E
large scale method& ©] &3] $E38 3 A3}
At} random hexamer H o2 42] 2} EH
AF ZAsL BFAFANIN & FLAE

SSC, 19 SDS=Z 2204 3087 A3 & 0.1%
SDS, 0.1XSSC 2 65 ° CollA] 30&3t 23] Al
sttt F232 8 742417 F X-ray film( Eas-
tman Kodak)oll intensifying screen® 37)-70
TCAAM ATPRAIZIES AP filmol e
@ bandE densitometer(Clini Scan2)2 scann-
ing sttt

1057
FAAEE BT + EEAAZ BAGG LN
SPSS/PC'& ©]4-3}%) ANOVAS} Kruskal-Wal
lis A3 Sl BEA F94L AR
.

m . dA+2n

1. Vanadium oxideT¢] &I M EF MC3T3-E1

A Zo 3 DNAFA 5

v e Al X Vanadlum oxide?] FTE=&
28l Vanadium oxide®] ZZAEF
MC3T3-Elel digt 43Z3 gl tstd &
o Hkth Ao 9% aHE g wjAlslr)
st B9 FEE 01%ZE 3o ulF 3%
=3 :

Vanadium oxide?] ZIFAEF MC3T3-E19l
W AAERN 29+ g2 FAAME 4010 434
cpmywell |, 2 p Mol A& 4695+76 cpm/well, 5
g Mol A= 5186+ 799 cpm/well, 10 p Mol A&
5564% 753 cpm/well, 15 ¢ Mol A= 659011348
cpm/well, 20 Mol A& 8068+1305 cpm/well
< YEdgdth (P<0.001),(Table 1, Fig. 3) 2}z
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o AFde 0050 AN FARYA A4 &

YERA A,

2. Vanadium oxideT 9] €714 JAEs a4

A= dig 43

MEd AT A&z A3 gr)s R
g gg dolr 7] 93t ¥4 QAR ELY
M EE 4% A Table 2, Fig. 49 2t}
A7 JaRFHELe FAHEE  Vanadium
ox-ided] F=7} 2 M duj7} 7HF w¢tom o
Z7o] vl3) 64M oA 29 F7HE HEIES
¥ A" FFE JdeEdd. 4R d3s
0050 &4 TAAA FA4 & R

3. Sodium orthovanadatei2| 9714 4HE3]

Ead BT g F

HEH AT HEE9) AFsrlsd e
FaE dolry] Yty g4 AR AELY
A= E 5435 A= Table 3Fig. 59 2t
G714 QAR E ALY 8P EE sodium ortho-
vanadate®] F=7t 4 M 4w} 7HE EkoH
iz va) APs BE FLoA 2712 4
et Az 2468 M2 59 Ao
A 0050 FEAA BAAYA F94E e
t}.

4, Vanadium oxidew 9] ¥7134 S 280 9%

cyclic AMPY] §4%F &4

A E 715A] oA} messenger® #8331 c-
AMPS] $4%5& Do} B7) 98ty ZZA X
T8 2229 B34 Z22PTHY 93
c-AMPAA 5o Vanadium oxide’} ®A& &
3} #2F ZAFAE Table 4, Fig. 63 Zth
vanadium oxide$} PTHE 784 &2 7o
A& 1.82 nmol/L/mg protein 5ming YeERAA
I PTHY 718 #oll A& 46.11£8.17 nmol/L
/mg protein 5ming WERRATE Vanadium
oxideE 7} SIS 5 MolA 25281595 ,
10 x Ml A 125412 29nmol/L/mg protein 5Smin
< Yehgio] 2EA XA PTHel tig c-AMP
Aol JAEE F4S Ye A 2z 2
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Table 1. Effects of vanadium oxide on [HIThymidine incorporation in osteoblast{ MC3T3-Et celis).

Vanadium oxide PH]Thymidine incorporation
(M) {cpm/well) ( p<0.001)
0 4010+ 434
2 4695+ 76
5 5186+ 799
10 5564+ 753
15 659011348
20 80681305
* 2 03 .
§ 3 St :
I3 0.25 =
£ g 2 LA,
£ ‘; 0. 15 *
2 01 1
£ S 0.05
= 8 0 -
LY g R N S T U
FE = Vanadium oxide ( uM)
ol LA LAl LAl g 4, The effects of vanadum Oride on alkaiine
Vanadium oxide ( uM) phosphatase activity in osteoblasst (MC3T3-E1

cells). MC3T3-E1 cells cultured 5 days and
treated with vanadium oxide for 3 days. The ALP
activity was assayed by the method of Lowry with
disodium phenyl phosphate as substrate. Signif-
icance level was calculated with Kruskal-Wallis
1-way ANOVA (P<0.001).

* denotes groups significantly different at the .050 level.

Fig. 3. The effects of vanadium oxide on [*H) Thym-
idine incorporation in osteoblast (MC3TC-E1
cells). MC3TC-E1 cells cultured 2 days and
treated with vanadium oxide for 1 day. DNA
synthesis was assayed with [HIThymidine
incorporation.  Significance level was calculated
with Kruskal-Wallis 1-way ANOVA (P<0.001).

* denotes groups significantly different at the .050 level.

Table 2. The effects of Vanadium oxide on alkaline phosphatase activty in osteoblast( MC 3T3-E1 cells)

Vanadium oxide Alkaline phosphatase activity
(M) ( KA/mg protein)
0 0.276670.0320
2 0.3313£0.0412
4 0.2252+0,0323
6 0.2937%0.0473
8 0.1722£0.0321

10 0.13100.0402
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Table 3. The effects of Sodium orthovanadate on alkaline phosphatase activy in osteoblasttMC 3T3-E1 cells)

Sodium orthovanadate
(M)

Alkaline phosphatase activity
( KA/mg protein)

OO N O

10

0.2763+0.0323+
0.3804+0.0104*
0.3919£0.0142+
0.3577+0.0071%
0.3741+0.0201*
0.2952=0.0222

Effects are shown as mean=SD of 6 replicates. MC3T3-E1 cells cultured 5 days and treated with sodium’
orthovanadate for 2 days. The ALP activity was assayed by the method of Lowry with disodium phenyl
phosphate as substrate. Significance level was calculated with Kruskal-Wallis 1-way ANOVA (P<0.001). Sodium
orthovanadate increased alkaline phosphatase content in MC3T3-E1 cells at all concentration ; the greatest
response occurred at 4 uM. ~ denotes groups significantly different at the 0.050 level.

ALP activity (KA/mg protein)

Y

q . é7

| ] | |}
0 7 3 & 8 10
Sodium orthovanadate ( pM)

Fig. 5. The effects of sodium orthovanadate on alka-

line phosphatase activity in osteoblasst { MC3T3
~-E1 cells ). MC3T3-E1 cells cultured 5 days and
treated with sodium orthovanadate for 2 day?.
The ALP activity was assayed by the method of
Lowry with disodium phenyl phosphate as
substrates. Significance level was calculated with
Kruskal-Wallis 1-way ANOVA (P<0.001),

* denotes groups significantly different at the .050 level.

cAMP (nmo1/L/mg protein § min.)

T
S

Vanadium oxide ( uM)

. 6. The effects of vanadium oxide on PTH stim-

ulation of adenylate cyclase in osteoblast (MC3T3
-E1 celis). MC3T3-E1 cells cultured 2 days and
treated with vanadium oxide for 3 days. cAMP
formation was measured by Radioimmuno Assay
{RIA). Significance level was calculated with
Kruskal-Wallis 1-way ANOVA (P<0.01).

* denotes groups significantly different at the .050 level,
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Table 4. The effects of Vanadium oxide on PTH stimulation of adenylate cyclase in osteoblast(MC3T3-E1 cells)

Vanadium oxide

Cyclic AMP (nmol/L/mg protein 5 min)

(x M) Basal PTH (50 nM)
0 1.82 46.11£8.17
5 2528+595
10 1254229

Effects are shown as mean=®SD of 6 replicates. MC3T3-E1 cells cultured 2 days and treated with vanadium
oxide for 3days. cAMP formation was measured by Radioimmuno Assay(RIA). Significance level was calculated
with Kruskal-Wallis 1-way ANOVA (P<0.01). Vanadium oxide showed the tendency of inhibitory effects on cAMP
responsiveness to PTH in MC3T3~E1 cells. Each group significantly different at the 0.050 level.

= 0050 FEANA FAAA FA4 & Yehy
A

5. Sodium orthovanadates* 9] 7444 s2®2
oA % cyclic AMPY 4% 234
ZETAZAA FSA T2EPTH)Y o3

c-AMP &%l sodium orthovanadate”} #] %]

< ERE B2 A= Table 5, Fig. 79 2

o} sodium orthovanadate®t PTHE #7131

22 TolAE 1.82 nmol/L/mg protein 5ming

YR RIT PTHS #7Het ol A= 46101817

nmol/L/mg protein 5ming YISt sodium

orthovanadateE %7} &t 5 Mol A 36.20

110.34, 8 e M A 2669+ 4.82nmol/L/mg prot-

ein Sming Veho] 2 A Xl A PTHel o 3k

c-AMPAA o] A= FS Yl o

ZT% 8uMe| Fx9 AHdA 0.050 FFol A

SAAY S JEhAL

6. Vanadium oxidei¢] Northern blot 419

o8 Al 18 02 Y2 mRNAELH 5

ZEZAEY M 2483 71E] wdd A
2 %13 mRNAXd 5ol i3 vanadium oxide
ko] tist 2g A= Table 6, Figs,
9, Fig.103% Z v} vanadium oxide® 10pM,
NpMs =N 22429 A8 o2 m-RNA
o] Wl gs 74 AR

o o
w

7. Sodium orthovanadatew ¢} Northern blot &
Aol g A 13 o2 W YFe] mRNAEH S
ZEALY M FaT V)EQ) ngd 74

< 9138 m-RNAAA 5ol dig sodium orthov-

anadate®] dsko] ik A& A= Table 7,

Fig.11, Fig.12 Fig.13 3 Zt} sodium orthova-

nadate= 5« M, 10 M 2ol ZZ A9 AL

g 2 m-RNAS HdE ot S7F Al Zh
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Table 5. The effects of Sodium orthovanadate on PTH stimulation of adenylate cyclase in osteoblast(MC 3T3-E1 cells)

Sodium orthovanadate Cyclic AMP {(nmol/L/mg protein 5 min)
(M) | Basal PTH (50 nM)

0 1.32 4610+ 817+

5 36201034

8 | %69+ 482

Effects are shown as mean*SD of 6 replicates. MC3T3-E1 cells cultured 2 days and treated with sodium
orthovanadate for 3days. cAMP formation was measured by Radioimmuno Assay(RIA). Significance level was
calculated with Kruskal-Wallis 1-way ANOVA (P<0.01). Sodium orthovanadate showed the tendency of inhibitory
effects on cAMP responsiveness to PTH in MC3T3-E1 cells. « denotes groups significantly different at the 0.050

level.

wn
(=]

F-N
[>~4

0O 10 20 PMm

[ 7 ]
[~ )

Fig. 8. Expression of 18S, 28S rRNA with Et. Br. under
LV light. ‘

—
(=]

(=]

cAWP (nmol/L/mg pro. Smin. )

Sodium orthovanadate ( uM)

Fig. 7. The effects of sodium orthovanadate on PTH
stimulation of adenylate cyclase in osteoblast
(MC3T3-E1 cells). MC3T3-E1 cells cultured 2
days and treated with sodium orthovanadate for

3 days. CAMP formation was measured by Rad- 6-4

ioimmuno Assay (RIA). Significance level was Kb

caiculated with Kruskal-Wallis i1-way ANOVA

(P<001). 10 20 uUm

* denotes groups significantly different at the .050 level,

Fig. 9. Representative Nothem blot analysis of type |
a 2 collagen mRANA according 1o the effects of
various concentration of Vanadium oxide in
MC3T3-E1 cells.
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Table 6 . The effects of vanadium oxide oh type | a2 collagen mRNA in osteoblast{ MC3T3-E1 cells)

Vanadium oxide Type I a2 collagen mRNA
(uM) (% of control)
0 100.00
10 389
20 195

MC3T3-El cells cultured 5 days and treated with vanadium oxide for 1 day. Type I @2 collagen
ribonucleic acid (mRNA) expression was studied by Nothern blot analysis. Effects are shown as % of control.

Table 7 . The effects of Sodium orthovanadate on type | @2 collagen mRNA in ostecblastMC 3T3-E1 cells)

Sodium orthovanadate Type I @2 collagen mRNA
(uM) (% of control)
0 100.00
5 117.22
10 111.92

MC3T3-E1 cells cultured 5 days and treated with sodium ortovanadate for 1day. Type | a2 collagen ribonucleic
acid (mRNA) expression was studied by Nothern blot analysis. Effects are shown as % of control.

)

—
<
(=]

0
[ =]

o
(=4

s
(=4

( % of control

(%]
>

. >
0 10 70 5 10 pm
Vanadium oxide ( uM)

Type | a2 collagen

mRNA
)

Fig.10. The effects of vanadium oxide on type | a 2 Fig.11. Expression of 18S, 285 rRNA with Et Br.
collagen mRNA in ostecblast (MC3T3-E1 cells). under UV light.
MC3T3-E1 celis cultured 5 days and treated with
vanadium oxide for 1 day.
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10 pm

Fig.12. Representative Nothem blot analysis of type |
a 2 collagen mRNA according to the effects of
various concentration of sodium orthovanadate in
MC3T3-E1 cells.
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ZZAE A3 A3 RA 3, At
A BEAAESA aglu A0 A wHo
2 AR ded B d7E AsEE Uy
BARESHY uhdol o3 2ZMEY BAHEE
AR o[t

HZ 43 2AS Holx Qe AE AEE
o] AFE 93 F Mz FHE AEe A
AR Az D ZAH Qe o5 FugS o}
NG XY FAR 2ol 2EPOEA Z T
Z7} o] Fo] Atk AMAE A A s i

T Mzel B AXW A5 HsHE op)
A7E QARE ANA AR F48 AR
TFEEol AFHo g} HAA JARZE A
259 32837 vitamin o] FAEY LA ol
o3 x)ole] o]EH BL T4 FuAbE 1
Boloj BAHE F42A7Y FaA0) 2
i ek 43 ARpe] B AT oA Mostafa”
£ Davidovitchi”% 28 % Ngan®5& MEU
o] AAHE A cAMP ¢ H&o T =3
oW, Prostaglandin ¢ Fo& FFALY &9
& A2FAA Holo]5 L £FAI 2 fluoride
o] Roj= FIFAEY Fdo| ZAaEH Fo}o
go] ol #FHAYHY. 2 A7 HololF
3 #EE F AzNA Jehde A A
Z Wz}e] o]ge} ATV} wAE EopillA STt
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120
115
110
105
100 l:
95

on

e 0 5 10
Sodium orthovanadate { nM)

[T T

Type | o2 collagen mRNA

(% of control )

Fig.13. The effects of sodium orthovanadate on type |
a2 collagen mRNA in osteoblast (MC3T3-E1
cells). MC3T3-E1 cells cultured 5 days and
treated with vanadium oxide for 1 day. Type 1 @
2 collagen ribonucleic acid (mRNA) expression
was studied by Nothern blot analysis. Effects are
shown as % of control,

Hu gon wAHI APE MELET (cell
kinetics) ol & A7t AlgEo] gt

ZUAte #EE nFdiol e BA(Fluoride
F)?? Magnesium, Silicon, Copper,Iron, Man-
ganese, Nickel, Zincs©°] 3™ olF E4E &
T4 2AREZ 3l B2:213 4 (Fluorap-
atite) @A ol LA EolH ZIAEY F4HY
DNAEA S 730 dFTAXY 55 Al
o] 2 ZT4E A FuddY IR £
At Aoz @A Qo) Silicon Apatite”}
27134 ARH=A-E =951 Nickel# Zinc
= @ns dmATRE g3 ATE AES
Aoz A Aduh

dRAez FuFSy HAd ¥ IAS
AF AN FEZH EA9 anabolic steroids
So) i F F4 oA FEEMNE Calcitonin,
ascorbic acid with Ca"", Viltamin D, Estrogen
So] 9on FrhFF JWE o2 A Vitamin D
9} Vitamin D WAMEZ |, Calcium, Fluoride,
Calcitonin©) A-&€th K. H. William® <&
7AEe T YAHEAQY EiE 2IAEY FA-
QAR 8] & 4¢]  phosphotylosyl  protein
phosphatase®] ZEA4& AAlstd ZIAEY
ZA% AFFoN F A& FAEH §

At
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QiAo Q3 vk A% vanadium= phos-
photylosyl protein phosphatase ol thaF 9 A&
FHE HeEhfo] FMEY FAE Yo
g4 ok 283 vanadiume A% FX 3}
W Z2FANEY FAS E318tn FFAEY &
SAE AAAIY 222 0 2HE 9 calcium Sy
ZE JA st FHHE JA = 2945 71X
al

vanadium< 4 v FPLzZH A4
At FQ % AEH aHE A 9o
glofiolel 37 o 2mgo] ot HoA
o 17-PBmgAEE dFA Yo,

¥ A= vanadiume] FoiAlel mj X & G
& A1 Qs A FaRen vanadiumo]
ZEAEY FAFH JF T a9 Ag
FAT B A7 E dyEFe 2ZATE
Kodamas>"el 28] 2147 (C57BL/6) FHE
oA A& MC3T3-EIHEE AFE-3l9 . MC3
T3-El Axe Aotz f413 He9E 7}
A wjF 459 Fo] GEe] AEZS A s
3,79 o3 wigsld Y AE §AE, 3F0]
& wekatd Fr1d e H3ste Bas & gl

ZFAEY M3 353 BEstd RATE A

‘EMH
ol ox 2

B

3o oA MC3T3-El cell & A7) wigsid
I A3stes #E s A a9

B FA ol A 259U o] wj¥eE Von Kossa
QUG Ngate] F& du)A stol A AE 3
£ & st oy A A3 @7 5
K Figld a, b ).

a3y EA X PTH 918 cAMP #Hg A
oA 7142 1.82nmol/L/mg protein 5minol]
Hl3 50nMe] PTHZ Ae|g oA dA3
cAMP2} Z7H 46.11 nmol/L/mg protein 5min )
£ e 2I3AXY QS 2AE NEEA
AEZAF F83 AXZ Bd FHAJh
B AP A vanadium oxide® FEZ7}Fl B
3] Z2ZFAZF MC3T3-E14 £2] DNAEA
€ E7MAZ Y Table 1, Fig3). @3¢ &3
A A ST 24475 vanadiumel =

ARLH 2uMelA 200 MAA F=E F7}
Al ol we} [PH] Thymidine incorporation®] H]

ko

G

o o

Vanadium 3182 ZRATO et 9w 27

#4902 F/HEATY 2% 4 5L sodium
orthovanadate’} 2 A|XF MC3T3-E19
DNA #4438 F7HIReH 2uMolA 8 M7}
2 %7t T7F geluet fF94%0E FHE &
Z stch 28y 10peME A A&
et 8pMEsEROE AAW GA 2T
Hste] 43 DNAFRA S7H8 Yehl L

Canalis BV & #9 FAZzHd tsto
sodium orthovanadate= 0.1-10x4M ¥ X, 964]
7+ W%kl A [PH] Thymidine incorporation®]
20-38%7 e S7tB A Hasa, Aege A
o] 80%°l A o] 22 AaE YEMAT. sodi-
um orthovanadate] =Z% A7+ 223l9&
W 24470 WA Aol [H] Thymidine
incorporation 5718 ## 34t £ DNAXA
& /A AEFTAE 3 AFe A& 45
Atk 104M FE ool A= DNAZRA, & d
FAS ¥t dAEZHE e,
sodium orthovanadate™ F7]=%3 9 DNAY
e WA T uddd R JAF
S EANZAIT F7IAAAES T 0 st =
A= E77F Ak sHEh

oo & mFo] Ho} vanadium oxidel} so-
dium orthovanadate’s ®} 33HE Fefo] &4 {1
o] vanadium & 22 A% A5t [*H] Thy-
midine incorporation® %7} AR Z4 DNA
TS 78 AxY FAE EXEE 45
Aot

sodium orthovanadate®] E|=4 <} vanadi-
um AF =01 uM)AA ¥ = (10 uM )7}
A DNA #4448 371 AI71ARE 10 uM o] 39] &
T ME H7193 AAMaHE YEPYo A
10 uM ©]Aell & sodium orthovanadate”} £
38 AXFTAE dA e AL g5 Uk o
o ut8] vanadium oxidet AFTE=ANA LT
(20 uM )l ©]2717+A [*H] Thymidine incor-
porationd Z7HAA HInAH YW HHdlA
DNA &4& X33 AXY F4& FXF8E
a5 At F AL F4AE 93¢ vanadiumF
Al FFR ] 3 dA LS FAF7] ¢
&4 & vanadium oxideBEl7t &R H

o
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Aok 2y 1 F&AN #E IdFE e A
gelojo} Aoz Pz

ZZAxY FAd g 7|HAL PR =
FA e AAAE Axgd EAse 1H F
449} A8t intrinsic tyrosyl protein kina-
seE A8 A A F2EMA 9 tyrosyl protein
phosphorylation & 73l ZEAE F4
£ 73 vanadiume phosphotyrosyl prot-
ein phosphatase®] &54& A3ty F3JA4
" 9] dephospholylations ZAaAAH A &H
olx Bt} 7E3 NEFHNAAE /AT E
Aol ANH L YF®,

714 QAR HEAE 9F CalciumE &3
Al7lE 71% & 7HAY AEst dojue F#d
@43 7}5E &holth Thomas C. R? &
chicken epiphyseal cartilage®| 4] vanadate7} &
714 QAENEAE AATSEN calcium}
e EF7F dAHAG R

G714 QAR EAE ZZAXY V)5S Y
s A FolW F9 433 AA 7 FREEH
JE EAEA a7 AxF FPANE AR
ot g Ex5o] gl

714 QAR EAE vy 72e AN Z3F
oA 71ddEe FAY YE I, 53] 43
3t 2o A A3)3 YA 274 A3 FI}H
o, o] &4+ phosphateo] 2 7l B35l
A13]3t Ao FAq3h AT M E o] o] F
& w3ee Aes 23an.

vanadium< G713 QAR &4 disted o
AEZHE 7R ed ole ZIFAXY &FAY
AsHE W gl

B A4 Yebd vanadium oxided] ZF Al
FoA H7A QaEFH I AT g
[ 2, M7} 6 MAA %7 FIHE YEHY
¥ dAZ A8 FE e

sodium orthovanadate®] ZFA Xojrxe] o
7174 AR AaAe GHE U G A
3 BE TRA GAET} S e 4
MEEdA HuXg Jehil ey 6. Ms=9}
0eMEBEANNE 1 /M55 tda 319
%dE el
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Z 6uMEEAA £33 AW F7hEko] A
SuMEEANAM IEH{D} 10pMEEAA o
NESHE S YEdT

K. H. William'2 chicken embryos®] F7H%
AEE o] &3 vj¥ A& sodium orthovan-
adate”} bone cell alkaline phosphatase® %7}
ANAHLew 24 M A 10p4M 7HA vanadate®] &
% %7} Wt alkaline phosphatase@43 %= 5
7+ Yehlo] 2AFe) tda Fold AAE
el a9t
Yamaguchi®’ vanadium pentoxide(1.0-20.0
mu mol V/100g bwt)E& AT F43% FHoA
serum calcium ¥ %7} @43 F7HASE &
239tk Bone ALPY A=+ (1.0-200 mu
mol V/100g bwt) @A3] F718l 24 bone
acid phosphatase &4 xol= & W3LE 4 £
3t912™, bone DNAZAFL (1.0-10.0 mu mol
V/100g bwt) dA3] F71ge #F At
Bone calcium®] %2 vanadium FojA] & W3}
& FA E39oh 28y serum calciume] &
A3 F718e 24 (20.0 mu mol V/100g b.wt)
vanadiumo] LFEANA 238 F& FTite
B%E e

23V zinc®t vanadiumg 2% F43 QY&
w9 bone ALP, DNA ,calcium®] o] #A 3 &
7+ee #F3AT & F oA vanadiumo] A%
ToA F g4 94 F= 98 91,
LFE FAA F AL dAE e 579 5538
o] dAE=d o]H 3 FI}EE Zincd FA=
AL & 4 J&& T

EdA+ AT vanadiumo] ALPAMA]] gk
AAZL-& JEMR 2 Y A5 = 9] vanadiumoll
Al 238 gz vlsld 22 ALPEAE
£ Yebd e 24 vanadiumo] ALPAHAIS] ok
A 8L ot NEFAE X 3e T
N AEF F7hol 3 HrAG A R E A
240] 7t 295 YehiAdth

Canalis, E!¥ & vanadiume] 7]4 1353
B gigte AAZHAE XY ol 2F
Maxe] &549 Aseg wgsn] Fxolmet
vanadium® G714 AENELS AA ] g
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QA HT AEF F7tel & @713
Tx9 840l ¥ F ApdE 4887 F
712 23%E JeEh7| = X9 vanadated] ¢
NQQAES a4 g AFa A 0§ Hot
1 &

vanadate: Na'-and K'-stimulated ATP(Na,
K-ATPase)9t f71A4Q3ENEATS A7}
FEH A2 s AAZFHE AL A
vanadate?] NaK-ATPaseo] tjgt A&7}
FE JAEe 2945 veidY & 2327
2XE Ca'’o] FEHHAH sodium¥ calcium
Wgo] Wty o] A A B FHNTEE
o] sodium® ©)%e BZH 4TS T3l
FFE 22 A7) A At o] A HaF
Na-,K-dependant adenosin triphosphate( Na,K
-ATPase)7} vanadiumell ¢lste] A|=e] &
EFE70] dAEE Aojt),

Nancy” ¢ 4-699 2479 FAZZA
% o] 83 Ao A vanadateE 10xM F%
A7pat s ArbskAl & 7ol prostaglandin
Ez9t 125(0H)D;, #3434 2258 44 &
718t media® FEHE calcium® ¥ 3
3 A3} vanadate® I EE  TFoA
Calcium® 487} 74 HE=2S 37 3k
Z vanadate®] NaK-ATPaseol| gt AA¢ 2
A4 gl 938t calciumfal7t Zase] &
47 JAAEAY. 23Y vanadate®) & &
A 750l ER ZTBE EolAHS YEhy
& A i AdEFE-1A] opd A AR

e oft to [0k

o e )y ok

PR 528 Fd FE2 204
S AEA 713 cAMPAA S 2342
02N ZHENE 2 =dP) prostagl-

=1

02
>
M
o
bk
X
N
L
hul
X
)

e

8
=
]
g
)
J8
>

BN Z2EPTHS 2404 34
X, 2ZAE, FAESY adenyl cyclaseE 84
3} AlIA cAMPY FEE S7HA7IH FAXY
AE = F7HE cAMPY 913} lysosomal

Vanadium SIEtE2| Z2MIE0) CiE S 29

enzymed] ®ul7t FHAHo, FEAE &
7tk BFAXY oA E cAMP7L & 3
o 228 zFAEA FLIGY,

cAMPE adenyl cyclasegts &40 93|
ATPEEH dAHY ddg uat £33 &
2 EZ thyroxine¥ steroid TE2E& A3 &
BREL AEUE THEA RIEE A ET
receptore# AE3l4 adenyl cyclaseE €48
AlA cAMPE A5t XM T2 2
44 YeidA g

B Ao M AE o]2} messenger?l c-AM
Pol Aol A= 7IA A 1.82nmol/mg prot-
ein 5Sminol ¥l FH3H Z2ES AU A
2 46.11£8.17nmol/mg protein Sming YERY
o] Bzt F 2 Ethd adenylate cyclase®]
ARAEAS A T F AU

vanadium oxide® A& TAAME 5xMF
T4 2528+ 5.95nmol/mg protein Smin, 10 g
MEZA 1254t 229nmol/mg protein Smin
2 Y] vanadiumol ZZAENA 33
A 3220 U3 adenylate cyclase AL 9
Ashe AR e

%38 sodium orthovanadate® 2|3 ol A
= 5puyMEEAA 3620+ 817 nmol/mg protein
Smin, 8xMBENA 2669t 482 nmol/mg
protein 5ming WERN 9 sodium orthovanadate
7} ZFAFAA R g2 Y aden-
ylate cyclase system& 2@ee AEE 2o
FA

Z vanadium2 XEAETF
¢} PTH receptor®] &g F
2R 3 2F A E vgS 7
ol g Fgothst 7| AL ofA FAHEA Frt
37

ZEAE7L Adste wgde AY udF
S AA3n 9o ¢1DIH «20D
F7F gl ok F g4 A4 18
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Wit

{50 ZZAFAA AT wgd Felz
"o} '
49 A7 n¢FL 7jAyz 2ug £ o

AE AA ngdol=a, 9477t € o
A Af4del dn. AFudE L FF
proa chains2til %7 peptides’t &8+
AE ZLENGHE proel(DH proe2()e] F
Z577 €84 Utk proal()2 Exgo] o
2000dalton ] ™ globular amino terminal domain
3} central collagen domain, short globular
domains 3709 thE 7323 99o g F4H
g1ch).

@ —chains®ll & ¢ 10009719 o}v]=4to] 9l
o v 3AA vt} glycineo] EAstE (X-Y-
Gly)po] ¥tEEH = 22 A X9y YA+ gl-
ycine©] 91 9] amino acids7t 91X\ 34A B0
W olg olu:itES] FHolE glycine, anal-
ine, proline, hydroxyprolines 207} X< o}n)
Aol HAFA W proline? hydroxyproline
o] ot FF-HULth

olg XY AA¢ ohnxAEL 7Y HE
A A (genes)oll &3 A4 = AP 2 LA
elD¥ T 2008 ngde FA4RE 44 17
Azt 7H G H( chromosome) o YA 3=A
oz g#A I,

m-RNAE @719o2 7449 &2 24 DNA
7} 7M1 9id Aol g FRE AAL

oft rlo
o oft ox

Rl do

9 de] 12 2 9UIMES H3te 9ES
Fig=3

m-RNAZ 58 AAd AF31929 proa
chains& O, Fe®', Ascorbic acid, @ -ketogluta-
rate 9 93l hydroxylated Hol &3 34
A F2& 7HAA HE AEEA A 22 W
Zdd. Ax9= ad A+ 2Y93-LE proco-
llagen aminoprotease (amino peptides) 9} pro-
collagen carboxyprotease ( carboxy propeptid-
es ) 5o o3&t wYgHEZ AT YFHE S
o]Fo] E7|AL FAA Bt

EAdTdME e2(D8 9] mRNAE Northern
blot #4& F3t9 &<l st eH|, ol £49+
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o AHEE AEIF A FAT A A AHT
Axolxm A9 collagen «2()¥ mRNATZSt
AV collagen @2(D8 mRNATFZE7F wl§-
A Aoz 4HA Q7] HEUnt

B oA Northern blot#4 o2 €
Type I @2 2¥d mRNAE vanadium oxideE
Wz ok 78 71F 2239 vanadium oxideZ
10 MEERE A7 FolAE 389%, 204 ME
T2 A7 e FoAME 195%2 A3 Fade
*4e YehgAT

o) sodium orthovanadate® 94 %2 T
£ 7]&0 2 39 sodium orthovanadateE 5u
MEEZE #7Hs FolA & 117.22%, 104M T
2 HM FolAME 11192%=E 78

713 A%2 sodium orthovanadate?} ZZ Al
ol g A v G @ A7
A 7ol Hate] sodium orthovanadate®] 5
eM | 10pM F=dA F=7 S/ e
94 A9 FuRd g4 FtE #F 5
How FuWAF wddo] AAdE HEE
%7}2 Jelio] vanadate’t ZZA ¥2] g3
gAe 22 Atz FPH?,

BATF A= sodium orthovanadate”’t &
AE] thdted = RNAA Type I o2 collagen
mRNAo| A3t v && IA W3 A7AE
gl ot ¢z 3718 vl 3l en vana-
dium oxideZ2H 2 & Fo A= 238 FAE Y
el EH ©]& vanadium oxide’} B]E DNA
FA4E £ e FE oA 1FE (104M
o]4) ol = mRNAEA Hlgo] Wy g B
ZFth. 28y vanadium oxide’}t 10 # Mo| &4
AEE B3 2uMI 6 MEENA ] ZSAE
o] ¥¢d mRNAS] §4& 37 Al7le A&
EdTFdME H#aA] RI{Penz ofd HiF
A7 US AP Hojof & Aoz YZEr)

Canalis E' & A9 calvariae®] " %Al sod-
ium orthovanadate® #7}std wdd A9
Z712 B 39t} 1& vanadated] XYAZ
Aol g a7} dRHe2e AT T
7kl 23t Aoji o] H o ZE ATEIAHEY
A8 A3 Adgn FFsged o8 3
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A gkt A= glvha sk E dFdA
e ¥ 1A 1% X9 vanadium oxide’} ZFAE
o] Al o2 293 mRNAS A& A&
3 sodium orthovanadatet AI¥ o2 YA
mRNA YA S k7t F7hAZth Canalis®]
23} o] 472 v ¥ vanadiume Y29
AZAA S F7HAZIT7] Boge AEs
7kl W& 2dd FFY F7HE Tk =A

W 292 F7tE veidAcR FAHE
ol’d9 A=z w|Fo| Euf vanadiumS &
A X9l DNAZA S &xsta Ax3Ae &3
o Axu Fshed #EdE 97143 Jat
g aioe EAAA N g vanadium®] ¢
2}-g-0] 9] 24} sodium orthovanadate} 73
3

7} AA 33 EEE FE AR F
o 28y AEW 2% messengerg & g
cAMPS] E7HabM s 2Ed g3 g4 94
Hie $4E e Uik =3 234X T2
g 715 mdd A4S 9 «2() mRNAY
A% oM+ sodium orthovanadated] 7% 10
gM ol3te] FxoiA AlY e2 ZYH mRNA
o] A9 F7HE 7HA $2 Y vanadium oxide
9] A% 10puMelAe] FolA 287 A a2
294 mRNA9 &4 Hl &S ¥ e 2H4E 7}
7 %

He A7EL g4 IS A
diumAHA 9] 2FA X g JFNE AP
Avjolnz AAUWANE TUF ARE
ARNME oA @t

aeee % AYEES o 8ok vanadi-
um o] A G T WA= FEE 7
s AAATI A Adokzel 2440
Qe PARFRAN FAE FE FPER
Aot A AAEL U ol g3 A Py
59 spfoln), o] AA g ol2d WAL 4
B2 o) oo} ZTAES AFoe o
o] e f=8 Wuzl st Rolth o
£40) A48 W 2FALY BHS FEA
e Fad A7 ArkEtha gerEe) 4%
220 719% 5 AL Rolehe P54 A

Vanadium SIS0 ZEMT) Ofst P 31

2 AzE 2 94 BHUE Eael Loy
= ogddHe FAolt) E3 T FAHL 2FAH TV}
24, Baislol 2748 HE Fo| H3E

osl=d 2 dAFdME vanadium oxide$}
sodium orthovanadate?] ZZ A X529} DNA &
g, G714 QiR a4 AR, B4 &
g2¥d 93 cyclic AMPel AT, Zdx
Northern blot ¥4¢l] &gk Al [ & 02 U= 9
mRNAZ A 55& SAAh

o 1o

A7 ZBe e 2o

1. vanadium oxide® ZFA|EF MC3T3-E14)
9 DNAZAFE S7HFH L™ vanadium
oxide?] FZ7} F7Hedl wet S an
= M3t FrkEtAth £ Aol A vanadi-
um oxide7} 20y MEFE=dw Hdjo] 473 £
4 e

2. vanadium oxide®] ZIZ A X9 A&E9) A3
37150 3k JFE Golry| {5ty €]
A datEdlasre g4xE A ZEH
vanadium oxide®] F%=7} 2xM 4#7} 033
13+0.0412 ( KA/mg protein) &2 7Hd &3
o g2 02766%0.0320 ( KA/mg protein)
o] HlEh 6uM oA 0.2037£0.0473( KA/mg
protein) 2 2F7+e) $7HE YepdoZA 24 M
I} 6uM FEAA F7HE Ve B 199
FroAdE dAdE S JERATHP<0.0
01).

N
oX
o
24
M
g{é
\:0{4
e
i 194
gk
oXx
b1
=2
=)
2
o
o2
oo
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A Hzel FHXE Ve ATHP<0.001).

4. vanadium oxidet® ZIZ M X F2F 4&S
X BN 3 EE 28 cAMPAA T
& giFzToA 46111817 , SuMolA 2528
+595 , 10 MolA 12541229 (nmol/L/mg
protein 5min)& Eho] ZFA oA PTH
o 93 c-AMPAA o] dAEE S vE
WA tHP<0.01).

5. sodium orthovanadate’} ZIF A EAA F
X 32 93 cAMPAA T vAE
Qe tF o)A 46.11+817, 5 MelA 36.
2021034 , 8 o MolA 26.69+£4.82 (nmol/L/m
g protein Smin)g e} ZZA XA
PTHel 9@ c-AMPAIA o] A== F4S
HERY A THP<0.01).

6. ZZAXY 7MF T8 715 ndF #A
< $18 m-RNAAA 5ol tf$ vanadium ox-
ideq] 4F2 2TE 7IFLE 104M FE
oA BINE, 0#M F% A= 195%=
¥a pd A N 5 A

7. 2ZNEY MY Fag V15 ndd §4
£ ¥ m-RNAAA 5] td sodium orth-
ovanadate?] 9L 2T L 7|F2 8 5uM
FEAAAM 117.2%%, 10 peMEEAAE 1119
2%= 42 F7hskTh

ojAe]l A3 Bo} vanadate & RIZAE
sl 71 EAQ A XS BEA7] S 24

7Y 2EAXY 75 H B3 E AR gL 9

g v¥tI AZEn,
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- ABSTRACT -

THE EFFECTS OF VANADIUM OXIDE & SODIUM ORTHOVANADATE
ON MURIN OSTEOBLAST-LIKE (MC3T3-E1) CELLS

Ki-Youl Kwon, D.M.D., Kyu-Rhim Chung, D.M.D., MS.D., Ph. D.
Department of Orthodontics, College of Dentistry, Kyung Hee University

Vanadium is an essential trace element but has not been identified with a specific biogical role.

To study the direct effects of vanadium on osteoblast, we incubated murin osteoblast~like ( MC3T3-E1)
cells with various corcentration of vanadium oxide & sodium orthovanadate.

This study was designed to investigate the effect of vanadium on DNA synthesis, alkaline phosphatase
(ALP) activity , cAMP formation responsive to parathormone(PTH) and type I ¢ 2 collagen ribonucleic
acid (mRNA) level in murin osteoblast-like (MC3T3-El) cells.

The cells were cultured in « -minimal essential medium( « -MEM) supplemented with 10% fetal bovine
serum (FBS) and then changed to 0.1% FBS with various concentration of vanadium oxide & sodium
orthovanadate.

Quiescent cultured  MC3T3-El cells incubated for 24 hours with 2510,1520 £M vanadium oxide
incorporated ["H]Thymidine; every concentration showed increases in [*H]Thymidine incorporations dose
dependant manner,the greatest response occurred at 20« M.

Quiescent cultured MC3T3-E1 cells incubated for 3days with 2,5,10,15,20 ¢ M vanadium oxide , for 2days
with sodium orthovanadate and alkaline phosphatase was assayed with disodium phenyl phosphate as
substrate. Vanadium oxide increased the alkaline phosphatase content in MC3T3-E1 cells at 24 M & 6 M
; the greatest response occurred at 2 M. But decreased at other content.

sodium orthovanadate increased alkaline phosphatase content in MC3T3-E1 cells at all concentration ; the
greatest response occurred at 4 M.

Quiescent cultured MC3T3-E1 cells incubated for 3days with 510#M vanadium oxide , with 58 #M
sodium orthovanadate and cAMP formation was measured by Radioimmunoassay(RIA). Vanadium oxide
& sodium orthovanadate showed the tendency of inhibitory effects on cAMP responsiveness to PTH in
MC3T3-E1 celis.

Quiescent cultured MC3T3-ELl cells incubated for 24hours with 10,20 #M vanadium oxide , with 5104M
sodium orthovanadate and Type I @2 collagen ribonucleic acid (mRNA) expression was studied by
Nothern blot analysis. Northern blot analysis of vanadium oxide treated cells showed decreasing effects
0& sodium orthovanadate revealed increasing effects in type I @2 collagen ribonucleic acid (mnRNA) level.

KOREA J. ORTHOD 1994 ; 24(1) : 17-35.
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Fig. 1. Growth pattem of MC3T3-E1 osteoblast cell Fig. 2. Growth patten-of MC3T3-E1 osteablast cell line

line in condition of primary cell culture medium ~in a-minimal essential medium(@a-MEM) with 10%
on 10 hours. Note scattered spindle-shaped ~ fetal bovine serum(FBS) on 3-5 days. Note
MC3T3-E1 celis.{ X 200) o colonized .osteoblasts - and rounded polygonal

shaped MC3T3-E1 cells. (X200

Fig. 14 Staining pattem at Ca using von Kossa's method in 25 days of culture in MC3T3~E1 cells. MC3T3-E1 cells
cultured a-minimal essential medium{a-MEM) with 10% fetal bovine serum(FBS) . MC3T3-E1 cells were
stained not significantly by von Kossa's method. [{a) X200],((b) X400]



