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The Effects of the Several Hormones on the MC3T3 Osteoblast Cells
— In Vitro Study —
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The cause of osteoporosis are multifactorial ;
factor, initial bone mass, nulliparity, postmenopa

Shin Hyang Hospital, Seoul, Korea
| General Hospital, Seoul, Korea

these include aging, immobilization, genetic
use, cigarette, etc. Among them the horm-

onal factors are very important. It is worthwhile to study the effects of various hormones
on bne cells. Authors evaluated the effects of TGB-8, 17-8 estradiol, insulin, and human

growth hormone as a stimulatory factors, and

r-interferon as a inhibitory factor on the

MC3T3 osteoblast cells with measurement of cell numbers, osteocalcin and 3[H]-thymidine

incorporation.
1. TGF-8 was a potent stimulator on ostoblast

with increased change in cell morphology

(number, size, shape), osteoclacin level and 3[H]-thymidine incorporation in dose depen-

dant fashion.

2. 17-8 estradiol was also a potent stimulator on osteoblast activity as well as TGF-28
except osteoclacin level which was not shown in dose dependant fashion.

3. There were little changes on osteoblast with insulin, growth hormone, and r-interferon.

Through this study it is confirmed that TGF-4
atory effect on osteoblast cell in vitro.
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and 17-8 estradiol showed marked stimul-

rosis.
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Ql Foldze FAHEdAZ Qg
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$7h gtk AgAoE FoAZE o] fsle B
oA zel FAE 743t Y ko] 4045} Q)

0 Aa s e Bage 4
TFHEE 4 AL ¥ ohet AJol= $8E
Atk oo AHzE FolAZE AR M
5l3 ¢} Estrogen, Insulin, Growth horm-

oned g <lxtg}l FA=El+ Interferon, 1]
o FAZLZY Al HRE 2HI= A
ZH(Coupling factor) <] s} 2 ¥ A Trans-

forming growth factor(TGF)-gE | &o]A
viokyl FolAM Z(MC3T3 cell)oll Z7t Fof &
ofd Zof| A dojits wWlEE BoT M o]E F
Zo] Fold Fof mH & S BASAC

Mz R gy

Z4 290 Wz 3% miced] ¥AFE g
A AHG = FF 2ol 4 50-80749] 27t
< deoh A" FAEHES type T bacte-
rial collagenase”} 3mg/mlEo{ %)+ 5m] Eagles
minimal essential medium(MEM)e]] o 37°C
2ol A A43tA]gich 30, 608 Fof AZoH
S 77 vzl fresh MEM/collagenaseg Aj
2 g} 1808 A3 uleg Zxliln Al
+-3(0-30%) #I3F2(60-180%)2] A X E Eag-
les MEMoj| wjoFgtc}?, 244) 7130l w2 & u}
#HZ3 397 o] wjekdlch 2% 0.1% colla-
genase/0.05% trypsine @ 2|3 %, Coulter
Ag712 A 245 Algdich

olAte] wlwlo g wjekml A Fo]A alkaline
phosphatase'¥3} PTHoll 2£]3 cAMPAAY-S
ZAsle] FopdxolE =Hqld F #EeldH Fo}
AZE a-MEM uijAlo] AlLHog Al wjck
Aok ol4el wHoz A WH FohAz
(MCSTS cell ; 0|8} Fobalzel & o % #14
Wl ol G vIAE TEE A% 9
of Fohd 29| st W 3(morphologic cha-
nge), oA X9l thAld A& (turnover rate),
oAl o) Z 4] % (proliferation index)& &
Abstdeh. w1x AlZg, 2ok A7 Ba Fo}
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Azo] ety wHEHE, chfof] AZHer 4B
435 osteocalcinX|-§ F A3t Foldlz e dof
A8 A g-g iAo R DNAS FA4AEE o}
E}W+= 3[H]-thymidine incorporation®] w3}
g 2Aso] TopAZe) ZAEE vz 3
Aok =8 ol 2 FEE AV o 2ACE
o] Eol We s AFasch

1. BOLMIE MC3T3 celle| X Qb g

Z-olA|£E liquid nitrogen tank(-200°C)ei|
B3t ol 37Ce] 4Zo 4 A XE a-MEM
mediaz AW AHG Fol olHol WAUE
culture flaskol] A19lic}k o] flask-g CO: incub-
ator(37C, 5% CO; 95% air)ol] ¥ 39no}jc}
mediag w3H3le] Alulek d1gdct.

FEY AZE A T AS RN P
Al £+ liquid nitrogen tankel| =] A3} ch
7+9] mediaoll+ 10% humn serumo| E-¢f
on Are) FEEE R A7 dole
1% human serum® 2 u}i3ic),

2. A8 ¥ 24E 2 Feuy

FotAl Lo M2 oz AL 2 groupd
FES Aol BE3t Be 4YE oo &
254 AL 71A Estradiol, TGF- 38, Insulin,
Growth hormone®} == A& 7}z Inter-
ferong vl o2 sigtoo] o5 £29 ol
GE FohAZe W g AR AN 247 o
2 5T A4AAT 4 FEe SUPEH ¥

£9) ot B3 2L s Agsch

1) 17-p3 Estradiol(Amersham, England)

17-8 estradiol2- 95% ethanole] =9l &, st-
alk solution® 8 F%% uw&drh FxdH3}+
slatA] o] Mejd FEel 1nM/mlg 7Z|Foz
stof oluch H4Y FEY ¥2H FrolA9
ub-22 k7] 98] 0.1 nM/ml, 1 nM/ml, 10 nM
/ml, 100nM/mle] FxFeolgog FH3 3 o
Z7-& 17-8 estradiol & A¥ Folslx ¢9kch
400,00071 9] FolA T} Z+72t whA ol welld
o] A&3d 77 b2 Fx ¢ 17-8 estradiolS
E3l38le] CO: incubator<-of 4] 244]7} ulfoks}
Ak

2) Human Transforming Growth Factor-3
(from R & D Sytemic Inc. Minnesota)

TGF-A+ 2ng/mlef A 7gt x5 vielylch
+ Centrella¥-2] 395 333l 0, 0.2ng/ml,
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20ng/ml, 200ng/mle] ExFo 8 TE3m A
g2 S o WFssich

3) Insulin(monocomponent regular insulin,
from Nordisk, Denmark)

Insulin& 01¢M/mle] =04 glycogen
F4e SR AGAANE Basied o,
0.1pM/ml, 1pM/ml, 10pM/ml, 100uM/mle] =
EFoE o] e wylo g ujoksiglich

4)Human Growth Hormone(hGH, from Eli
Lily, Indianapolis)

AA712 hGH *EEVJ, FE+= 0,0mU/mlol] 4]
0.04mU/ml) & 72léted 0.04mU/mlg& 7|F o
2 106 A h‘—”‘?{‘} 0.1_01 0.04mU/ml, 0.4mU/ml,
4mU/ml, 40mU/ml, 400mU/ml-#3 OmU/ml+
o2 vhrel Falell Wadstaich

5) r-interferon(rINF, Lucky)

rINF2 0, 0.1kU/ml, 1kU/ml, 10kU/ml, 100kU
/ml, 1000kU/mle} s 7o 2 FE519+Ed o
+ interferon®] #A #lof thdle] o}z = alg <
H2 v} glomz Az Arte ¥
£ A58k

3 NE A R HEYHY

FolA Z 9 doubling time& ¢F 15417+ ¢
7 £85B2 s EE4 g B 9
A= 204]7F o] Ale] ulcko] H Qo dle] H o
ol e 2T olollA 244 7ke2 Wik 2 &
23 shgch

1) MiZE =4 ¥ ZHarrgy

A7e 8¢ FEYE Y3 2447 W
4% AZE 478740 @)ooz Axe) &

o v 37|& BN 2% 03% trypsino &
A2lg Fo] HAEE 443l hemocytometer
chamber& °]83led Az4+E FAdA 54
off A ZE trypsin blue& <JA3led viable cell
T3t Aol Alz4F At

2) SotMzZe| Al BIXE &3

To}4) Lof| 4 A== osteocalcin-g alkaline
phosphatase®.t} o o|2ld}A] FolAl 2] A}
I AEEL Yelur® A+ osteocalecing T
oA Z HAFS| A §9 index®E A HE P o] F
ZA3s WieoZs wAEAd  E3 9 (Radio-
immunoassay)& ol &3det. FEZEI 3
24217k wWkE A AL E YAEFH A
A& ¥ Imlg & b o] 71§ ultrason-
icator(Beckman, USA)E A ZE 7j=2ln &
AE wj7tA -20C Yol 2Aghc)

Osteocalcin &30l o] &% radioimmunoas-
say kit LN.C.(Immuno Nuclear Corporation,
USA)3 A} A& AH8-3FE 2.7 double antibody
WoZ R2]g & r-counterE %9

3) SolMEe| BAE &Y

40ut70 9] A Z o} T2 247 wello) 27
i, 3[H]-thymidine(R & D systems, Inc, USA)
< 05uCi4 742t Fojd et o] F 20417} )
%3l % mediag A A3}7] 938 PBS(phosphate
buffer solution)Z 3wl % & Fo 10% trichol-
roacetic acidE Y 4°Cof 3087 A =+
o 2% AAEL 1% SDSE 60°Co A 24] 7}
Zo} 9lch o] AL 0.5mlgt wbA 4.5mle] cock-
taile] 43 &F Fof betacountero 4] A4
ssich.

Fig. 1. Photographs of MC3T3 cells. Cells were cultured in a-MEM media containing insulin
of Op/ml(A), 0.1pM/ml(B), 1pM/ml(C), 10uM/ml(D), for 24 houre. No changes in cell numbers,
size and shape were noted.
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1. MC3T3 osteoblast celle| HE|3N H3E}

400,000702] AMZE 77 24 welldl] Holdn
77l ¥ & ajd TGF-4, 17-8 estradiol,
insulin, growth hormone, r-interferong& 7+
7 ol 244170 WD F, ®el7 sl wiop
HAZE B4 F AX4E A5 Insu-
lin, human growth hormone, r-interferon%
Y2 welll X A2 2okat 27] o w£Hal
Wk Yl s wHite AR 4 g Fis.
1,2,3). TGF-g= AZe] Z4& A#eA 23
o BEZvlol what We £Hel F4E ny
o} = 02ng/mle] FEo| A& A Z 47} 614,000
/NE controle] H]s] 15¥& Z7}59ls 2ng/

i o e

" Fig. 2. Photographs of MC3T3 cells cultured with h-GH of 0mU/mi(A), 0.04mU/ml(B), 04mU

mle] FEoAE 1,078,000/ % 2.7¢)-E, 20ng/
mle] ExolA: 1,366,000/ 2 245 Z7}4
Aok FE ol 45 Az wide Ui
A Aoz wdEe] Az arje Ast
g Az AEFE FHN] e FAHoR
ksl 7l b o7 et AT moke o o
wage & = ci(Fig. 4.

17-8 estradiol® A ZZAL F7147d. &
01nM/ml9] F x4+ 762,000/ & controle]
w3 L9ul &, 10nM/ml9] F %ol A+ 878,000
2] 2242, 100nM/mle] Exoji& 28uE 9
7+ B9ch Ax2e] 27w TGF-49} vlitrt
A2 &3 Wsst gl oH(Fig. 5).

2. BOIIE CHALEIZI @S| 8
A7tel ERE WA HFT Fol ALE 5

/ml(C), 4mU/ml(D), No changes in cell morphology were noticed.

Fig. 3. Photographs of MC3T3 cells cultured with r-Interferon of 0kU/ml(A), 0.1kU/ml(B),
1kU/ml1(C), 10kU/ml(D), No changes in cell morphology were noticed.
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Fig. 4. Photographs of MC3T3 cells cultured in a-MEM media containing TGF-8 of Ong/ml
(A), 0.2ng.ml(B), 2ng/ml(C), 20ng/ml(D) for 24 hours. Marked increase in cell numbers was
noticed in dose dependant fashion.

-

Fig. 5. Photographs of MC3T3 cells cultured with 17-8 estradiol of OnM/ml(A), 0.1nM/ml(B),
10nM/ml(C), 100nM/ml1(D), showed increased cell numbers in dose dependant fashion.

Table 1. Effects of various hormones on osteocalcin in MC3T3 cells

TFG-8 Estradiol r-interferon Insulin Growth hormone
Concent- Osteo- Concent- Osteo- Concent- Osteo- Concent- Osteo- Concent- Osteo-
ration calein ration calein ration calcin ration calion ration calin
(ng/ml) (pg/ml) (uM/ml) (pg/ml) (kU/ml) (pg/ml) (gM/ml) (pg/ml) (mU/ml) (pg/ml)
control 0.18 control 0.15 control 0.24 control 0.17 control 0.22
0.2 1.64 0.1 1.61 0.1 0.22 0.1 0.19 004 021
2 1.96 1 1.38 1 0.37 1 0.22 0.4 0.26
20 2.25 10 1.28 10 0.12 10 0.35 4 0.18
200 2.62 100 151 100 0.09 100 0.21 40 0.23

2,000 2.23 1,000 1.29 1,000 0.01 1,000 0.26 400 0.19
A% thg, 5000r.pm.o 2 YAlF-2]dte] AEf say kitZ osterocalcinx] & &4 3}¢ic}.

< w#n AAEH &4 lmlE 2t % ultras- Table 104 R Eu}le} 7lo] 17-5 estradiol T}
onicator& A £ & 74z Fof radioimmunoas- TGF-8 A+ FXZ 7)ol wlzl osteocalcinz] =
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Fig. 6. Effect of various hormones on osteocalcin concentration in MC3T3 cells.

(log. scale)

ng/ml TGF-8
nM/m! Estradiol

100 pM/ml Insulin
40 mU/ml hGH
100 kU/ml Interferon

Table 2. Effects of hormones on 3H-thymidine incorporation in MC3T3 cells

TGF-8 Estradiol Insulin Growth hormone r-interferon

Condition DPM* Condition DPM Condition DPM  Condition DPM Condition DPM
control 1,853 control 2,796 control 4,598 control 3,042 control 2,105
0.2 ng/mi 5,310 0.1 nM/ml 2,085 0.1 gM/ml 9,135 04 mU/ml 4,776 1 kU/ml 2,841
2 ng/ml 9,639 1 nM/ml 16251 1 ¢M/ml 3472 4 mU/ml 5,139 10 kU/ml 1,995
20 ng/ml 12,340 10 nM/ml 19,307 10 uM/ml 4,285 40 mU/m! 4,638 100 kU/ml 2,473
2742 39 o), Yoz Al EEol A& osteocal- ¥ 4 (bone formation)® FF4(bone

cinx7} wom Frwisle wi oW FUE
MojZzz| 9igkth(Table 1, Fig. 6 #z).

& A

3. FOMMIE B4 el WHE

2253 g7 3[H]-thymidine-g o} Lo
do} 20417 wiFE ¥, o] F FAs FAHT
743 17-8 estradiols} TGF-gol M+ FxZ7}
of wat X8 FrHE rodev veiA A &
Loe X7} o Fruste] wE 9y
Ae WsE Holx gFekel(Table 2, Fig. 7).
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resorption)& Z+7+ E@ A o2 olojvly Ao
olu} 12, basic remodelin unitzg} &2l+& Bajs
oo A dolF g TAE we} dbEsE F7
5 ASIP. 4 3F A Eosteoclast) = ]
54 T3] vERY 2F 700l AH AAFT
(compact bone)ol| tunnelg& A3} AY, slg
Z(trabecular bone)®] T4 7}tel) FTHESES o
o, gzl ke g Rold F
¥(quantum of bone)o] AEFFE oo x o
€ A3, 2 =277} 10004 400pme] y ol
of SRR, o] o] Brkel BHAo] A
2] =] 4] 28 basic multicellular unit(BMU)



DPM* : Disintegration per Minute

DPM 20000 :
) Estradiol
18000 : - e
16000 : Nad
¥
14000 : & -
12000 : o o 8
% o~
10000 : VA g
8000 : N
//:/*)g "\)\):
S00: ey BGE
4000 7 ¥ e N Insulin
2000 i«f o’ Interferon
--------------------------------------------------- (log. scale)
0 0.2 2 20 ng/ml TGF-8
0.1 1 10 nM/ml Estradiol
0.1 1 10 pM/ml Insulin
0.4 4 40 mU/ml hGH
1 10 100  kU/mlgy-Interferon

Fig. 7. Effects of hormones on 3H-thymidine incorporation in MC3T3 cells.

7t FAE dAx AGEHGR, FES5) 8 °}11
H EFYAo] HelAla, FF47 Hojxdd I =9
AE Holx FHE o] FA Hc} o) ¥WA
& A" A (coupling phenomenon)o]ztx 3
o, o} 7)o #edsle QJAE 0474]°]Z]-(coupling
factors)il-il gt dolrl da AAHe F%

w—u— G Bapel & FAA B4

¥ FHA ol Rob FHE oo FUE
7t asA gtoh ey oW YeelEA

TYAY ool FFS9 dud FHon x4
of A71E Holck

E2555] AL A G & 29, 1
A 94 A B2E %'—Z}”‘L A&, A
, U\}H?gzﬂ- steroid ¥ 3 HA L Ar)E
4 = 2l calcmmﬂH*POﬂ ol A oE
58 dFAY, 7] T2 g Folgpon
B®, ole}dl 2450 EH =e Aoz
&3t FTESE A AY, FHAL FiA
7€ Aeolth 53 TR AHAs4Ee we
BAF d79 oiade] szt o] &9 Ags)
e ATt nw, AADL Fold 29} 3F
AE AtolE 2Aste AAldAbe] o]t F,
AE, F4A LA AALEl = QlAEL 127 o]
A 3tolg]l 3 9l 2= skeletal growth factor
(8GF), bone derived growth factor(BDGF),

ofN

e

4 4
m{) r}.‘_ 1t
A ol
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macrophage derived growth factor(MDGF),
prostaglandin E.(PGE;)%o]c}. 8o o &
U9 FHaw o|EFo] dFAe Agoes
HlodA #abo] AA JEle dAlos Adddm
AeH®. o2 3t o7 AT FHiLE FoldE
8 715§ A&7k o|Fo4 8] TGF-8+
Z+ed 719 (mesenchymal origin) Aﬂi«] F A,
3 715 Soll dEe uAE Aoz ‘”3%7#
Aepe. TGF-g& # g0l A °°Vﬂl uj ok
e =5 Fud wWshE Ave 223 4y
o] 2 o] Fo] W= Y}, °l7;ifi *PE‘MW e
obvzt £, #Hz] FolXd=E Ze F 2o of
W EAE AAE(the orgamsm)4 i(spemes)
o] #AIGe] 24T Aoz Pl Az glepn,
TGF-g+ @*JW—‘ﬂr Fol & F=& ZA%

oh £4 Zol olt SE& ehukolv} Aol ol
100941} ic}w ol& TGF-p7 224 Ao
W F2E 4L Hn e AAHFEL 9

o}, u—o}xﬂit z}ﬂ]oﬂxi TGF-8% A4 T 2 o}
Yt AzF ol 344 2382 424 (high
affinity receptor)% 7}zl3 ¢le] TGF-pg0) 2
A FAsre e, a8y} rat osteosar-
coma cell lineql ROS 17/2¢} UMR 1060} A
238 AAHLEE Hol: RS MCIT3 cellsdt
27 & phenotyped] F&ME Za 9l



E FolE dEo] oot 2
5% w+ TGF-59 ¥
q2ge] FrHEY EoldE dE
TGF-89] v=7t & % 23|
€ vepdY. TGF-g= =3¢ 3}
TALE A L34 FEo] FEA e

14% + AEE £ohEch Hebd TGF-pE
FHH AARLE FASHe AU 47
I

A 2pe] APH o 5 TGF-89 Fxo =
E A2 49 =4, osteocalcinx| & Z7} 3 3[H]
-thymidine incorporation? Z7}gAle] T[%
el TGF-45) A8l oAzl Y 3444
& FEasbel dleshe BobAz Ag Lo
£o] ok

EstrogenZd flof] F24£%5& A7l @4
o olel ware] AFSh Wiz} Qlep . 1940
Albright} 22439} 4l¢] Estrogenojzl+
AL FHsder ole 2F B ATHE
AE Qg oeig Ade +4Hez
WA s AAY Fe odolA wE FE T4
¥ 4 9o Estrogeng T°=]'5]'“ ol 9] o
9 ARE ¥ 4 AR ofel Y4AF 4
oAM= A= gloh

198713 Aalborgei] 4] 9 # "International Sym-
posium on Osteoporosis"o|4] Ernst%-& 17-8
estradiolo] Fo}A| Fol| Z&£3}od cellagen type
19 mRNAE F7HA7 AE A&z FH3)
g9l o n, EriksenS X osteoblast like cellol] 4]
estrogen receptor 7} EA S FH3F . o
= estrogeno| ZTolAdEo) A A Z]--Q-?'Shl}l‘— =
& AHE UFE Aolth 22 Grayse 17
-8 estradiole] rat osteogenic sarcoma(UMR
-106) cellol] 2 Aoz AE3le] FAH £33}
% A7t A% smadch Eobdzel e
estrogen receptorg+ AZTUW A Eo] Y &
At Hcoh 12|y} gene transcriptionel] I
238 wRRce 258 Ax=2 o oepa
FolA| 7} estrogen?] FHA LA o] Fri3)
I estrogeno] TolA| o] HHHoeg {3
Gn ¥ 4 Atk A AYAANAE estro-
gen2} MC3T3 cellol] o 2l Jge &
ol Lo FXH=E F7tE el estrogen®] F
A4 2558 FHE 4+ ALk
gola A g

ko

o]+ estrogeno] FTR4Zo

Z23 AL o v o|EH 24
A e ek

Insulin& F A4} Fof 2&-&£3)lod collagen, non-
collagen portein % nucleic acid synthesis&
ZF7HA7lehe B Bart Qe ey A
o] AY A Fo) A+ insuling FEof W& AEZ
491 27}, osteocalcin % 3[H]-thymidine in-
corporation?] F7l= & 4 glgled oL
ol dt Aol depol e VA FRE 4 glo
Y} insulin =% ¢ W3lo] @& insuline] &
3oh A7) A REE 4 Ucke A
Aol AHEE Wk FOHAE cell lines) o]
7} shtel gelez Hgssican oAXE )
ool Hatolt che ERdel AxH A7 B
% ez Az

4AEEE A%3o] AN ) A F9 linear
growthg 4|7+ F83 Ao}k =3 F§
goll Bofste] TRETE ARolE AEHm
Slepv. AR ARATIAE 244752
£ 4REE ANA B3E BLY 4+ 99
o zelvd 4REEY TYA Aol U A4

ks

o
pa

A zargd WG Fohd ol HadE 34
49 £7E AANYEE domE wEAIzH

W =] —“'—E.«] z71 £ 2] tjekgl Ag=
oA AREES FoLAZ ol et F
P P

r-interferon- collagen3t -2 & # &= DNA
o YAE AT, 2o FAL YA
£ oAse® Tx4Fel 2lAE Gl dhe
e BAY Rusk obd giok Axe] Ane
r-interferon®] ZFolAE A3l W3 A5
Yojn] glv Ao veiytch

WjoF EFotAMEZE ol & FHE A *;_353"1]
AE Foios wjek cell lined] AAo] F
g o 2 Ao Al-£3 MC3T3 cell& 1976\—‘1
Luben%e] HF 7l€d &Y H¥sle L&
A2 2 a-MEM mediac 4] # uljgks]n] o] 4
¥ &= alkaline phosphatase, osteocalcin, macr-
ophage stimulating factor 5% 4| L Wojl4] &
4ata sl AZYHE EAAN o}
4G cell lined & FHAA obF AYT
cell line& o}F F8£% 7oz Alg Xl

ol Y 2
O, ok oX O

a4 B

A Ae FoldlE MC3T3E o] &3le] TGF-4,
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17-8 estradiol, insulin, human growth hor-
mone % interferon¥ 5712 &£E-& 77t wok
9 FohZol Rolalol o FEo| ZopAz
of olAE e BT} e 2L AHE
it

L TGF-p& B9 ¢ ToHIZ A3A2A, 5
sHstel welsiel AL FeHsA k(4
FoF 9 =7)]), osteocalcinx] 9] Zr} ® 3[H]-
thymidine incorporation® Z>}-& i}elych

2. 17-8 estradiol® 5 3lof wjalsled A
22| ¥e&ex 3 7 3[H]-thymidine incor-
poration®] Z7}E 8 g o}, osteocalcinz
7} 3 gl o, osteocalcinX 9 Fr7E Ex
of we} wlesh=] skt

3. Insulin, human growth hormone, r-inte-
rferon& MC3T3 oA Zo] guigle HEE
Bolx gEgkch

olAo g TGF-g8} 17-4 estradiol®& T-o}4|
Zof A Aoz #&slo] FHEA AXLE FA
Al715L FotAl £ thAl3|d & o 4 2] DNA
AL A3 As 2L 4+ AUt g
A FoMMZE o] &3 o]l in vitroA YL
F25F W TA AEY e iy
o]fo] HABAZAMY sM5AE FHIHE 7z
a2 4% Aog 4
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