CHEEXKIZ=1USISIX] @ Vol. 26, No. 2, 1996

Prostaglandin®} Dibutyryl cAMP7} X2 M| Z 9
#A1 o ZHE HMo| o[xle Hit

27 YD NYY
ELLEREEEEEE L

LM E

AFAgS F7HYFTl s A" AL
g5l AR AYPFAA FzAQ] AL A2
Az stz AFge] FAPHIT AFA
Y A z2Fo] £AFE Adeln wety AF
Aol A8 459 APAH L A WA
AU 4% 242 241 AAE AR
AR FHLz A8 e] g

F2AL A9, g 22 A EerA
3 ZIAE, FEME, IHE T JHFFe
NEEZ TAHY e Wi 548 3%
el 2oz A&HoR FNE"7E U
v, 2 E A 2 98t S =
FA X ZYA 2zt FHE ofF= F
Hoz FAHLE AP

TEA L= Ff el AA3, F2AH &
A3 FAE GHA EelD F47E dojrbs
Idel TAI FEHA dehdoh =t
3 F M X =  tartrate-resistant acid
phosphatase(TRAP) 2} F%-3} calcitonin(CT)
24AF A S40 90 A 44l B
utalyl F2b(howship's lacuna) & 3 Algch
SEAZE e 28 M EEYH
#ataL, o] DHHTFMEE AUz £33

448

o FWHENN HFAEE] FA 5o o
AEZE YA A8 8 2L 35T
o d8A

7149 AEE F2 A 23 e
o] 23} M ZAM " AEZFAH FE(pre
-osteoblast) 7} FEHe| =3}, 5 =
ZAEE B3I, 10~20%7F ZALE FHo
N33 226 3ok deix g4t Sisl
ARtz A3)3t Ao FR3} 4TE
e ZTANETE FHH ZA A EZAY
#2313 AW M9 (rough endoplasmic reticulum,
RER)o| ¥&s] i, AlEatel G7]A4 4k
3 E4F 2T 3l

SENE7} Fol| FAste] Azt g izl
AR 8] L A&HeE Fod
ZEFAE7L 25N A S T 2
A4 F proteoglycan,
osteopontin, sialoprotein 12| 17 osteocalcin#} 7
AL YA T3 deju:=
Rez 48A A’ THF AXg
phospholipidel] )+ Z|¥}lAkel arachidonic acid

1.

L

21

2] osteonectin,

[}

.

calcium-dependent phospholipase A2u}
phosphatidy] inositol-specific phospholipase C o]
s AR

Prostaglandin{PG)-2 arachidonic acid2]



cyclooxygenase AFE-Z 4 A A autacoid?] 3}
Uz oz 2Ad EAsM st AEHH
2482 Jeplled A FA sl gleiM AT
A4 Zd, XY, dFHNETE T F
5 TER 24Ags S Fejsia glen
9 a9e] oY YA, JAME, 54T 3
AR, SHEFAE, T, B8 T £
A2 71%5& AL FAH 5SS
Z7M) 2P, Rifkind} Tai(1981)75¢] AA4=E
AR §Fx 2o 9leiM PG =7 7}

E AE #FEIFoEH PGo| AFAHE
o] HagAzAM FAAHA 4TS 3 A2
2 %2350 gt 53] PGE: o9& PGol
Hlsled 71 AEE FF5TE A ALR
oz gloem Zx3 #7)|vj ¥ organ culture)
A ZEFFE EA4A SCacl BAY FZ2F
o2 RE “Ca FEE FAAAE A2 ¢
312-;‘ gl];}]‘-lfi).

FTEFrE 23 9 g3 M Et 2
z29 NEZ /1AL AANE FH22ZAY
W ooy FEFS AL AT AR
lipopolysaccharide™®, 414 ZAlz}el F3H4}
M3z EY 195 (0OH):Ds” W FA4H 2Aql
A}el PG} cytokine ol oA A=
o9} o] FFHFrE AN AAHHE <
AEE AFE e FIFAE M F
EHE A2Z Aoy FIFNEE 2T
AE, 22 2FAXE W3 WAV de
Agowt ZEFE doA, AT F3
9 gAshe 2FHERHE A FESs
odxt & FFM X2l ZFAHE Alo]E AR
= 79 AHcoupling factor)ol] 2JshA o] F
oA e Aoz g g

=3 ZEFSESE A FaAH AAQ
epidermal growth factor”, transforming growth
factor®, platelet-derived growth factor” %
tumor necrosis factor® £ PGE:9] A& F7}
Aoz ZTEFLE SAYPTE BRIt 9l
PGEz7} o5 Q=] wiNERE A4EE Al

449

Apghol 1

PGE:9| S}ZH Lo gt 52 &2 A7
7} }3led A A] Vanderwiel#} Talmage(1979)" =
AL 9} $40) PR 3] 57}
e ¥yl vy 7(1982)P = SFAE
o F3u93 FUUY 1S naw
PGE7} BZA 2 +34E FA2AA FF
2 GAAYERE PR LTE Yo

HT o8 AFEM A AAABE
ZHAE Qe AolodA F7|H2Z PGE F
& 5o M2 Foo] PYAHE AL A
o=, e} FHeAMT PGEES PGE:
& ANY EE Aoz Telggdex
A 23 Zubo] JAEE Ho| IAFHYLY,
= 3  cyclooxygenase”d 2  x} %t A} <l
indomethacin®] ZAx]§2 2 AVA I o
A U=

Chyun} Raisz”(1984)= PGEA10'M)7} &
A7)u %A DNAS}H 24 FAS F7H
ek 3}9) 3., Feyen$(1985)2% ZIZAE
FAHMEY FAE AT e &
& McCarthy(19)¥5-& 9] $7)24 2ol
A PGE27} 33A4& zANGY g3, &
44 &AL Z7}1A17]= insulin-like growth
factor 1 W8S Z7MZcHe Se) 237}
9\1‘:"55~57)'

I G T 2¥7]|R 719 A&
o438l oo FAIFME HFAHEE 47
f3ked FEM FEefcke] gl o] SFHI gl
ol2g|gt FFME vk BAEHE YA I
TRAPJA S-S el CTHEAE 7HA
o X33 Aepds F4E | FEFHAS ¥
Hohe 5o HBALs B4 el 9l
2w ojF TRAP: v& TXZAA XS} 74
% 4 3le HBAEY AERGH BAEL
2 o] 34Xt

B a3 AFARA PAHE AAW
autacoid?] 3h}E FFF F FHA | A3}
PGE:¢} dibutyryl cAMP7} ZEZMEF

1

p Y



MCT:EA Z v 34 9 2T}
HFA 2 YA A g FHI}
g3 2FHAFE Z2FAEF MCGTEAEE
ARgeta sEA 2] ATHEE AF Z4A
EE AFE-3)o] coculture 3F F ¥ PGE.7}
Z2FHE} AF FTPAHEY coculturer] }HF
MEFA N vIX= 93E FAsg ey oF
ANE BAFE2Z o2z TRAPYAR oA
XE At gINEY] EIAEE A3}
et

I A7xlz o Yy

1. ZZMES g4 x|l I8

O M=E b

B dFeMe ZFAHESF MCITIELS ¢
239 E, AEEL 100mmel P Aol 10%
fetal bovine serum(FBS : Hyclone Lab. Inc)
1) Penicillin 100U/ml®} Streptomycin 1004g/ml
7} &% a-minimal essential medium({e-
MEM) 10mlel] Q@3 37°C, %% 5%, % ¥
712} 5% CO: ZAA3}e|A wioksldeh. A XS
= BAA Pl 2] IFYe) 234
A ekt weFF 0.05% trypsint
tmM EDTAZ Hedted 478 MLE
trypan blueZ G M st 3 FA AU
(Hemocytometer) 2.2 A A F 4| Z(viability
test)-S A #3te] 1x10°cells/35mm dish 7} =
5 EF3F 2427 5 A EE dishEHo
FAAA A g3l
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1X10° cells/35mm dish T3 ¥F3}o
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3t & PGE: 9 DBcAMPZ #2)3}x] @&
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71 s Mdae §8% MTT(3-(4,5-
dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide : No. M2128, Sigma Co., USA) &
o] 50 7t welle] WL 347} 9t wiekE
MTT £9& ey, DMSOE 5044 A7}
3}e] Formazan AL LA ¥ NE &
AEZ 23357 Y3 %6well plate A2 &
e

PlateE Z ZE X ELISA analyser(Model
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1 X 10°cells/3omm dish2 EF3}32 10% FBS
7} A7 a-MEMe|A 297t W¥s oF
04% FBS7} £ «-MEMSE ZAAZ F
PGE:E ¥A 42 ¥2 HETLE 32 16,
100, 500ng/mlsx¢] PGE:E #7}3t +& A
7oz dhe] 587 wieksldoh 2 F vy
2 A A 82 1ml? 6%-trichloroacetic acidS
A 7}3le] rubber policeman® & 3 3d ME
£ sonication3}T 1,800 X g2 25%-7F YA s}y
e AABEL 5ml water-saturated diethyl
ether2 43] F&8F YFAZE A3

Cyclic AMP = JYEFAHAFAI A &S
sodium acetate buffer (pH 6.2)e]] £3]A]7]
& ['*I] ¢cAMP RIA kit(New England
Nuclear) & At £3t ¥ AL @9
(Radioimmunoassay. RIA) 2.2 ) g3 3}
o}.
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SH NS UYL LAW(ANOVA)
7} Duncan's multiple range test® ©]4-3le] %
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@ PGE:2} DBcAMP 7} Z=ZAM|EX3FE MC3T3E!
o AU clAtE s EA Mo o|Xe B

PGE:9} DBcAMP?} ZZH ¥3 MC3T3EL
AZe G714 QAEHEL FAS AR
A3} PGE:9) FE%% (10, 100, 500ng/ml) 7}
Z7} ) w2} f2F (1.75£004emol) o) W) 3}
1.82+0.04pmol, 2.1340.24pmol, 2.23+0.22mol
2 Z7151%.29, DBcAMPY] 4= g%
(001, 01, 05mM)7} Z7}3tell whel 1.84+
0.06¢mol, 2.14+0.26pmol, 2.26+031pmol 2 =
7¥stsdel (PC005), (R 1, 2 28 1)

® PGEz(500ng/ml), DBCAMP(0.5mM)
Cycloheximide (249/mi) O] ¥7|M Q4R S
gMol| ojxjz HEk

PGE:, DBcAMP ©5 F2 ohilad Ay
AlA ¢l Cycloheximides} E-3F-oA] ZIME
FMC3T3El M| ®£9) alkaline phosphatase Al
o nlAE oL BAI A YEF(L76+
009mol)e]l ®)3] Z+zt 225+02lmmol, 2.19+
0.29#mole] 2 PGE:(500ng/ml) ¢4 DBcAMP
(05mM) S 23 Ar}Alo]= 232+4021pmol o)
Fei=1

o) FA dA|A o) Cycloheximide(2¢g/ml)
< 548 A dxF (1.76£0.09mol) ol ¥]
8 PGE2(500ng/ml)¢l 7§+ 1.08+0.084mol,
DBcAMP(05mM) ¢l ¢+ L12+0.14#mol 2
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971 QAR EA7 dAE FAHY
oh(P0.05) (R 3, 19 2)

® PGE: 2} DBcAMPJ} MTTassay® O|E3t
Mz gMTo o|RXe &

PGE:2} DBcAMP7} ZFAH|EF MC3T3E3
AEe] ZAe w|Ae s A A
PGE:2] &34 =%2(10, 100, 500ng/ml)7}
Z715tel el I E2F (9.9516.19%) ¢ v 3|
110.7048.74%, 124.681+6.24%, 136.821+7.43%=
%7139 29, DBcAMPS] 74+-% 4EFE
(001, 0.1, 05mM)7} Z7}go wel 11204+
9.16%, 129.76+8.42%, 14028+9.12% = Z7}3}
oot (PC0.05) (Table 4, 5. Fig 3)

@ PGE:7} MC3T3E12] cyclic AMP ST 0| gf
X .

10, 100, 500ng/ml2] PGE: A 7}2 <13} cyclic
AMP3EEE 3279 6444076 nmolel| v]3Y
2}z 79240.78 nmol, 12.21+1.84 nmol, 1867+
083 nmolZ A3 &7} g} (POMGI(FE
6, 139 4)

2 DEMZ gdo olXe I

A7 ZFNEE 8YU7E whokA] dz:FolM
TRAPA Q] DA Ex A 2} TRAP
FAQ S = AR dkeh(Photo 2)
ZFME7} SEAEY YA vRE 33¢S
FAs) Hs) AFY FeAEe 2FAEF
MC3T3E1S coculturer] W ZFo|A FHE =
%2 TRAPYAQ ol E71 FFHUG(R
7, Photo 5)AF FPAE SulokA] 10°M, 100
‘M| PGE:E 3713le] wjoFst 7%, TRAPY
Al GIA 2] HA o] el vlE 24
NE F7HE e EAA LR A o
AN TE R34 UYQh(F 7, Photo 4) =
% A7 FFHEY 2FHEF MCITIELS
coculturer] PGE:Z A713}e] whakst 7oA



¥ 1. Effect of PGE: on alkaline phosphatase activity in
osteoblastic clone MC3T3E1 cell.

Group Alkaline phosphatase activity
(pmol substrate cleaved/hr)
Control 1.75+0.04
PGE2(10ng/ml) 1.8240.04
PGE2(100ng/ml) 2.13+0.24*
PGE2(500ng/ml) 2.23+0.22*

Values are means + S.D.
* Statistically differnt from control. (P<0.05)

H 2. Efiect of DBCAMP on alkaline phosphatase activity
in osteoblastic clone MC3T3E1 cells

Group Alkaline phosphatase activity
(pamol substrate cleaved/hr)
Control 1.75+0.04
DBcAMP(0.0lmM) 1.840.06
DBcAMP(0.1mM) 2.14+0.26*
DBcAMP(0.5mM) 2.26+0.31*

Values are means + S.D.
* Statistically differnt from control.(P<0.05)

B 3. Effects of PGE2, DBcAMP, and cycloheximide on
alkaline phosphatase activity in osteoblastic clone

MC3T3E1 cells
Group Alkaline phosphatase activity
(pmol substrate cleaved/hr)
Control 1.79£0.09
PGE-:(500ng/ml) 2.25+0.21*
DBcAMP(0.5mM) 2.19£0.29*
PGE2(500ng/ml}+DBcAMP(0.5mM) 2.32£0.21*
PGE2(500ng/ml)+Cycloheximide(2¢g/ml) 1.08£0.08°
DBcAMP(0.5mM ) +Cycloheximide (2ug/ml) 1124014

Values are means + S.D.

* Statistically differnt from control. (P{0.05)

a Statistically differnt from PGE2(500ng/ml)(P<0.05)
b Statistically differnt from DBcAMP(0.5mM){P{0.05)
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¥ 4. Cellular activity of PGE2 on osteoblastic clone
MC3T3E1 cells. (% By MTT Assay)

Group (% By MTT Assay)

Control 99.95+6.19
PGE2 (10ng/ml) 110.70+8.74
PGE2 (100ng/ml) 124.68 +6.24*
PGE2 (500ng/ml) 136.82+7.43*

Values are means + S.D.
* Statistically differnt from control. (P<0.05)

B 5. Cellular activity of DBcAMP on osteoblastic clone
MC3T3E1 cells.(% By MTT Assay)

Group (% By MTT Assay)
Control 99.95+6.19
DBcAMP(0.0lmM) 112.04+9.16
DBcAMP(0.1mM) 129.76 +8.42*
DBcAMP(0.5mM) 140.28+9.12*

Values are means *+ S.D.
*Statistically differnt from control. (P<0.05)

H 6. Effect of PGE2 on cyclic AMP levels in osteoblastic
clone MC3T3E1 cells

Group cAMP (nmol/dish)
control 6.44+0.76
PGEz(10ng/ml) 7.9240.78
PGE2(100ng/ml) 12.21 +1.84*
PGEz(500ng/ml) 18.67 +£0.83*

Values are means *+ S.D.

* Statistically differnt from control.{P{0.05)

¥ 7. Efiects of PGE and osteoblasic MC3T3E1 cels on the
formation of TRAP(+) mulinucleoted cells (MNGs)

Group Number of TRAP(+) MNCs/well
Control 0

PGE2 10°M 536 + 6.43*
PGE2 10°M 802 + 9.14*
Coculture with MC3T3E1 cells 641 + 1.92*

Values are means + S. D.
* Statistically differnt from control. (P<0.05)



T 8. Effect of PGEz on the formation of TRAP (+) MNCs in the coculture system

Group Number of TRAP(+) MNCs/well
Coculture 6.41+1.92
Coculture + PGEz 10°M 21.44+5.86*

values are Mean + S. D.
* Gtatistically differnt from coculture (P<0.05)
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13 1 Effects of PGE2 and DBcAMP on alkaline phosphatase activity in clone MC3T3E1 cells
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12} 2 Effects of PGE2, DBCAMP, and Cyclohexamide on alkaline phosphatase in clone MG3T3E1 cells
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% 4 Effects of PGE2 on cyclic AMP levels in clone MC3T3E1 cells
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A7) o Klein3}
Raisz(1970)¢] B.37} gl-& ol &-& A7
7} A Y=o st

PGE B73AA 32 Eo|y} Vitamin D ¢}
bz 2EA AR “Cas) §9
2 galad 40 FE F7MTIH o
Z 29| PGZF PGEZ £3] PGE:ol| 93 &3
7} AR & 22 Base] Qo

gz A% 47E Aol 2249 B
Aeke o188 Yol 22 o4l o
G 224e AZ 9 J%E 2E o
AEEZ oFolA glome FEAAA, =
£ Bl ol AT A FE3hed 7]
52 dehEAE FEE) skl 2ol
I EZE Hegl ujokslAHY} osteoblastic clonal
cell lineo)\} osteosarcoma cell lined ©] &3t &
A I wjopubyo] WyAolet A7k o]
3 Tz A7 2 FAEeGE o83
@2 d743} PGE: FFM T A3} o
o= 2xAe Feeh AT IV Ade
FAF A 2 gAY FEE FAATIH
FYAF S A o] FHAL O
0 w3} PGEE A2)H FEFF FEA A
Ho} o] EA18) T ATA 2 A HA ol
el 49, FoieladBAdg, oSkl
Ao Z48 =x FAadE 2L WHRA”
Dol glo]ME FF4ol e

g3 PGol 98 FFS FA Lol cyclic
AMP (cAMP)7} #od3le= Aoz Azhs %
W glert TFS EAE} wmA el
Gepde e A7 AEAUF A5
254 $AEH} dehbd gt 5 o 2
4 22 245 92 i3E JeNg =
& Klein?} Raisz(1971)'""= cAMP analogue?]
dibutyryl cyclic AMP (DBcAMP)7} A &
F42 £21)7]9, cAMP phosphodiesterase
inhibitorq] theophylline2- W2 %= PTHel

%2 =
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g 2FPET LA FANeD s
£ E AMPY} 2E4e] Helshe Aoz @
=4 let

vhH  Chamber$-(1984)”-& PG7} FFSE
FAA71E Hgolglol FBAZE APRL
2 A5l FFFLE AT ZEAEY
24 & op7|s| = dtoha Buslglen =g
DBcAMP2} cAMP phosphodiesterase inhibitor
9l isobutyl methylxanthineol 2]l ZFAHE
A G714 QAR EAF F/HEAGT B
Tsled 2ZAHEY 47 QAL ES S
o cAMP 7} fegichal A|ALaHY T

A2 o8 FT0NA ALt el 9led
M AAH o2 PGE-E Fe8 7o 21d
of 2L FHAo] FEHN2H, Moris
(1990) & estrogen®] Z Y% osteopenic ratol]
A% cancellous bone mass®} trabecular number
7} Z7Vekgohy EXE}9 Al ovariectomized
ratl] E F Ao F7HEAH sl

MC3T3E]l M £ Kodama$-(1981)l|® 2}3}
of A1 (C57BL/6)S] T ZFAA £l =
ZAEYH, F2 2 VA JAEHES
24, type I collagen A%, A717 W&l
Z71de M3fE dodle MEE dHA
AR G714 QARSI EAYE ZET <
YAbo] Fste BaAE ZIFMAEY F83
AEDZA AL Bulsle EAZQ A A
AHEE A H|ZA ¥ pHel 8~10 HEA
monoester phosphate® 7MEE33iA F2 W
7h 34Ed B2 FEE SIAGY.

B Agor: 2ZAHEF MC3TELS
PGE: 10, 100, 500ng/ml2} DBcAMP 001, 0.,
05mME H74gh wjekd oz 487k Tt o
okgt A4 dj=Fol uls) PGE:8} DBcAMP
9 A% 4ERE gEHez #AHU
alkaline phosphatase®] 717} #F =2
ot PG7} HBAZ Heold TELE 3
A7 B ozt 2EA T HEF2H
YA BolBT U SS elsie Az



At Ed.
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Photo 1.
Photo 2.

Photo 3.

Photo 4.

Photo 5.

Photo 6.

Explanation for Photo

An inverted photomicrograph of osteoblastic clone MC3T3EL( x 100)

TRAP stain of mouse bone marrow cells cultured with vehicle for 8days. TRAP(+) MNCs
were not observed.( X100)

TRAP stain of mouse bone marrow cells cultured with PGE2 for 8days. Large TRAP(+)
MNCs were shown.( X40)

TRAP stain of mouse bone marrow cells cultured with PGE2 for 8days. Large TRAP(+)
MNCs were shown.( X 100)

TRAP stain of mouse bone marrow cells and osteoblastic clone MC3T3EL cells for 8days.
( x100)

TRAP stain of mouse bone marrow cells and osteoblastic clone MC3T3E] cells cultured
with PGE2 for 8days.( x100)
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Photo 3 Photo 4

Photo 5 Photo 6
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-Abstract-

The Effects of Prostaglandin and Dibutyryl
CcAMP on Osteoblastic Cell Activity and Osteoclast Generation

Sung-Kyu Mok, Hyung-Keun You, Hyung-Shik Shin
Department of Periodontology, Colleage of Dentistry, Wonkwang University

To maintain its functional integrity, bone is continuously remodelled by a process involving
resorption by osteoclasts and formation by osteoblasts. In order to respond to changes in the physical
environment or to trauma with the relevant action, this process is strictly regulated by locally
synthesized or systemic fators. Prostaglandin Ez(PGE:) is perhaps one of the best studied factors,
having been known to affect bone cell function for several decades.

PGE: has both anabolic and catabolic activities. Excess of PGE: has been implicated in a number
of pathological states associated with bone loss in a number of chronic inflammatory conditions such
as periodontal disease and rheumatoid arthritis. PGE: and other arachidonic acid metabolites have
been shown to be potent stimulators of osteoclastic bone resorption in organ culture.

The anabolic effects of PGE: were first noticed when an increase in periosteal woven bone
formation was seen after the infusion of PGE: into infants in order to prevent closure of the ductus
arteriosus. The cellular basis for the catabolic actions of PGE: has been well characterized.
PGEzncreases osteoclast recruitment in bone marrow cell cultures. Also PGE:z has a direct action on
osteoclast serving to inhibit activity and can also indirectly activate osteoclast via other cells in the
vicinity, presumably osteoblast.

The cellular mechanisms for the anabolic actions of PGE: are not nearly so well understood. The
purpose of this paper was to study the effects of PGE:z and dibutyl(DB)cAMP on osteoblastic clone
MC3T3EL1 cells and on the generation of osteoclasts from their precursor cells.

The effect of PGE: and DBcAMP on the induction of alkaline phosphatase(ALP) was
investigated in osteoblastic clone MC3T3El cells cultured in medium containing 04% fetal bovine
serum.

PGE: and DBcAMP stimulated ALP activity and MTT assay in the cells in a dose-dependent
manner at concentrations of 10-500ng/ml. Cycloheximide, protein synthesis inhibitor, inhibited the
stimulative effect of PGE: and DBcAMP on ALP activity in the cells.

PGE: also increased the intracellular cAMP content in a dose-dependent fashion with a maximal
effect at 500ng/ml.

The effect of PGE:z on the generation of osteoclasts was investigated in a coculture system of mouse
bone marrow cells with primary osteoblastic cells cultured in media containing 10% fetal bovine
serum.
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After cultures, staining for tartrate-resistant acid phosphatase( TRAP)-marker enzyme of osteoclast
was performed. The TRAP(+) multinucleated cells{ MNCs), which have 3 or more nuclei, were
counted. More TRAP(+) MNCs were formed in coculture system than in control group. PGE2(10?
10°M) stimulated the formation of osteoclast cells from mouse bone marrow cells in culture.
PGE:(10°M) stimulated the formation of osteoclast cells from mouse bone marrow cells in coculture
of osteoblastic clone MC3T3E] cells

This results suggest that PGE: stimulates the differentiation of osteoblasts and generation of
osteoclast, and are involved in bone formation, as well as in bone resorption.
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