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ABSTRACT

Background: To evaluate the anabolic effects of human recombinant parathyroid hormone
[hrPTH(1-84)], we examined effect of low-dose and high-dose of [hfPTH(1-84)] and estradiol on bone
histomorphometry in' ovariectomized rats.

Methods: Sixty Sprague-Dawley female rats aged 8~10 weeks were used. Eight weeks after
ovariectomy, or sham operation, rats were given daily sc injection of hrPTH (1-84), 30 yg/kg (OVX+L
group), 150 ugfkg (OVX+H group), 17-estradiol (30 ug/kg, OVX+E group) or vehicle (OVX+V group)
for 4 weeks. After double tetracycline labeling, all rats were killed at day 84. We completed the
histomorphometric analysis of distal femoral metaphyseal cancellous bone for trabecular bone volume
(TBV), mean trabecular plate thickness (MTPT), mean trabecular plate density (MTPD), mean
trabecular plate separation (MTPS), mean osteoid seam width (OSW) and appositional rate (AR).

Results: The histomorphometric parameters (TBV, MTPT, OSW and AR) of trabecular bone mass
in (OVX+E) group were higher than those in (OVX+V) group. The TBV of trabecular bone in PTH
treated groups were higher than that in sham operated, (OVX+V) and (OVX+E) group. The
histomotphometric parameters (TBV, MTPD, OSW and AR) of trabecular bone mass in (OVX+H)
group showed a tendency to be higher than those in (OVX+L) group, but statistically not significant.

Conclusion: Low dose (30 ug/kg) hrPTH (1-84) also shows a sufficient anabolic effect on trabecular
bone (J Kor Soc Endocrinol 14:81~90, 1999).
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Fig. 1. The map of plasmid, pm153PTH, is expression
vector of human recombinant parathyroid
hormone using Escherichia Coli.

A 4 FAAE A8SisirHI2).

2. Eg o7t pAMs 28 W 3
=L |

pm153PTH® E. coli MC1061 (F-araD139 4
(ara-leu)7696 galE15 galK16 A (lac)X74 rpsL (Strr)
hsdR2 (rk-mk+) mcrA mcrB1)S& AR ¥ ¥
LGNS A MCI06YpmlSIPTH). Ampicillin
o] X35l LB wilo}lollA] A uiodit seed cultared
HZ ubiiaofololl A2l DO-stat |71 Y
& olfizsle] EE AT Sk AE F
57} A k5ol £451918 o L-arabinosed 7}
3] SRl e fxaiglcl dde] skl
AR A% St ¥, AE FE40 2 NE
S 4104 (inclusion body)E 37, ARSI
o 3 E]AE 8 M urea Sollo] S3A71
F AN uead AAsle] FUHAE A
(refolding)AZich. AMTAE FEA Hgge)
urckinase & H7F F s adlsh heAIA &
A ese] PTHE Agdeisich Adihde] pH
£ U3o| Adks]R] ok §3hiAs giivke &
w38 AARNF) 5L SNl dol b PTHE 373t

4 A WAl A Az ANIPY FEEPTH(I-84)19] S8 A -

¥, ol¢ 28 W 94 I3 A2vlEadqE AX 2
+52] PTHE 3F A4kl ¢4 A4l PTHel
thelo]E sodium dodecyl sulfate polyacrylamide gel
71935, isoelectric focusing gel A7|%, western
blot $4, FPEA, peptide mapping, HF I gel
permeation HPLC, objieAl 24 4l A9 ¥4, &5
Fa SR o A3 BA, o 4EAAIY, endotoxin
BA, cAMP 371 494 B4 & o] 334
3} e #RIEGCH13]. #E A9 A=y PTH
£ oAl £81 $AA =0 AAESic)

3. YMQ} OfN| B8

BEA} 200~230 g2} 8~105 ¥ Sprague-Dawley
A A E o] g3l om MAEY 1247 light-dark
cycleg 202 ¢l $AAZ AAE 0.6% w4
£l ¥432 EF YA AR gk EF 60 v}
29 WAME 5TEE Vo] AdEigied AiEd
sham-operation¥} ¥3M4 F2E-E FAAR e
uf A3t solvent vehicleE FA & Fog (dl=D
e Usld afdide B 4% A AAdES
Asgaisick. ARFE FAEAA F solventihg Fs} F
A #1907 (group OVX+V), ABFL 17B-estradiol,
30 ug/kg & et FAB} (group OVXHE). Al 47
I ASTE A A= It B TEd
(rPTH, 1-8)F &2 ZZF 30 ug/kg (group
OVX+L) 4 150 ug/kg (group OVX+H) ¥ F4 313}
t}. RBE ok A A F 850l Alblglcl 2E
FEE 4 F 3¢ viF v} YaydRE FoYA
& 53 FAHSc

EE e HAA 108 9 39 Ao
tetracycline 20 mgikg$ FAsIgicl WAE vl ¥
73R G322 4Nz 4% dEES 243
¥ AAE fis AA=R

4. BEIYENE

=1 ZE 70%  ethanolZ SPAE|g)owl, ethanol
seriesZ Y=ol methylmethacrylate 2 Hulslglr).
Jung K microtome (Reichert, Germany)-& A+83}od 5
mm FAZ dEF A& FP T Fez A
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Fig. 2. Comparison of trabecular bone volume among the study groups(OVX: ovariectomy,
OVX+E: ovariectomy with estrogen, OVX+L: ovariectomy with Jow dose of

parathyroid hormone, OVX+H: ovariectomy with high dose of parathyroid hormone).

ekaigic). AckHe- Von Kossa HPHH.OE tetrachrome
counterstain (Polysciences Inc., Warrington, PA)S
IR dsisick Fo) F4 YA i B
£ ARl $isled AAe-E7 Ay FSIERE
Imm *ojZl Y- g F0=e] B F=2F A
e 22y Hae EF £2 594
American Society for Bone and Mineral Research
Histomorphometry Nomenclature Committee®] X3
soll wekd FSSIRCH 4], £52F, 4520 §F
A, §F 9F E3 £330 2ol 1AL A0S dr)
3% 44 £ 4725 vje|aRALE HFER
4%l semiautomatic image analyzer system(Image-
Pro plus, Media Cybermnetics, USA)-& o]&3jo] &34
shick o] HulZeliz T SRS Hlcest R
ol glol vle. FuUElol ZAle] ol HHFL: 2
A ol 919] M) YL vlcle 7 9o 7
A QA A olF Ik oletet ol
SlAA B Sl Heke TEiAn 2 A9 A
olo} WAL AFEle) s AFoE AL
1A ARE(FEA 717 Aol AR EA] 7

7 Aole] HE $AZ e FEL GIE 51 792
e 202 A 4 BA71E e 598 ¢
9% A4 okiA AAsle] 10mm A Bl
Helollal 24sigich

5. BH 24

A= T +SD(standard deviation), BE- Ho+
SEM(standard error of the mean) &2 FAISch
Zzke]l 1F7ke] Aol non-parametric method with
Kruskal-Wallis test® AMg3}e] 7}slgc) p<0.05E
S99 B4 42 g
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1. AFE& (Trabecular bone volume,
TBY)

7FA%(sham operation) 73 OVX+V FZlell &
FEelT o7l Kel7} igick OVXHE 9} &5
FFS OVX+V F Hoh 33, b 3ef
(wrPTH) X &7 &FFFE & & F, 7HorE

__84._



- VYT 2 82 IA A4 WAl FEA A= ARG e RWPTH(1-84)]19) B3144 B —

Fig 3. Photographs show cancellous bone in distal femur metaphyses from five groups of rats. (A) sham-operated, (b)
ovariectomized, (C) ovariectomized with estrogen treated, (D) ovariectomized with low dose PTH(30 ug/Kg)

treated, (E) ovariectomized with high dose PTH(150 ug/Kg) treated group. Photographs visualize the increase in
trabecular bone volume with icreasing dose levels of hrPTH(1-84).
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T, OVX+VE Z18]3 OVX+E T By} o] glA] &=
Sic} (Table 1, Fig. 2). 33 "njzozre] odojAl
AZH] 24 WPTHS] 5o A] £%229) SAp} &
AA Sk Fdelqict (Fig. 3).

Table 2. Comparison of Meanosteoid Seam
Width(MOSW) and Mineral Appo-
sition Rate(AR) Among the Study

Groups
Groups(n) MOSW (yum) AR (umy/day)
A(sham, 10) 4.89+1.66 0.96+0.62
B(OVX, 10) 3.6642.63 0.4140.50
Clestradiol, 10)  6.29+1.54®  1.45+0.62°
D@ow PTH, 7)  527+1.15 1.50+0.32°
E(high PTH, 7)  5.87+1.19° 2.22+40.35°

Values are mean +SD

OVX; ovariectomy, PTH: Parathyroid hormone.

a: p<0.05 compared with shamoperation(group A)
b: p<0.05 compared with ovariectomized(group B)

2. Mean Trabecular Plate Thickness
MTPT)

OVX+E{, OVX+Ly: 18] OVX+H Teoil4e)
MTPTE 7W4473 OVX+V Z Hr} 28kt %
€ 7PE TollXe] MTPT= OVX+V FRr} %5t
t} (Table 1).

3. Mean Trabecular Plate Density
(MTPD)

OVX+H X2 MTPDE= 74T, OVX+V
T 22 OVX+Egelidrt 9kt a2
OVX+HT 3} OVX+L T AjolollA= zlolr} ubAx)
A} gk} (Table 1.).

4. Mean Trabecular Plate Separation
(MTPS)

TGEED OVX+VilAle] MTPSE OVX+H
Lol Eet Eotck a2ht OVX+HT o OVX+L
AolollAis X7t ¢iirt (Table 1.).

Table 1. Comparison of Trabecular Bone Volume(TBV), Mean Trabecular Plate Density(MTPD),
Mean Trabecular Plate Thickneaa(MTPT) and Mean Trabecular Plate Separation(MTPS)

Among the Study Groups.

Groups (n) TBV (%) MTPD (fmm) MTPT (um) MTPS (ym)

A (sham, 10) 15.3245.33 2.1810.54 69.38 +14.75° 426.33+191.21
B (OVX, 10) 12.3242.62 2.4740.46 50.00+6.58 372.06+110.81
C (estradiol, 10) 21431333 2.26+0.31 95.97+17.71% 354.54166.08
D (low PTH, 7) 32.2346.09*" 2.91+0.38 110.34+11.12% 238.38450.51
E (high PTH, 7) 35.37+6.02%" 3.3840.59™ 105.81+18.91" 196.55 +40.49"

Values are mean + SD, OVX; ovariectomy, PTH: Parathyroid hormone.

a: p<0.05 compared with shamoperation (group A)
b: p<0.05 compared with ovariectomized (group B)
¢: p<0.05 compared with 17b-estradiol (group C)
d: p<0.05 compared with shamoperation (group A)
e: p<0.05 compared with ovariectomized (group B)
f: p<0.05 compared with 17b-estradiol (group C)
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5. Osteoid seam width (OSW)

OVX+E Folldlel OSW-2 7144543l OVX+V
TolAEe} Egicl 9] OVX+HToMAe] OSWE
OVX+VE Bx} &9k} 17-estradiol X EF (OVX+E
D 3} PTH X 8T AelollAe Xjol7t vbaslA) gkt
t} (Table 2.).

6. Appositional rate (AR)

17-estradiol X] &7 (OVX+EP) ¥3= PTH X8F
oA} ARE OVX+V F wial v} =9ic). &3k AR
€ OVH+HTW Meedid ik e
17-estradiol X} 83 (OVX+ED T PTH XEF Aol
o= Zol7} i) (Table 2.).

aobsjo] Bobd MG B2 R ] F 45T
ZAYdt W (TBY, MTIPT 2|51 MTPD)&
Foklgon] MIPSE 343igict & b 32
€ F ¥ F g4 ot 23488 £ 4

2 @

& A BAelM B d7Rle] A4 Q7 B
PR EE PTH(1-89)j0] VY el Zoll oist
o 344 398 vehigldt

B s 2] S Aohe Fol ol wet
ck2A vepdel Tam 52 :80] /R A R
A H3HEA 32 Ao 1S ¥ wigh 2
Aoz UL ¢ wl 1 A3 gL WA F
Aol HzHA 2] Fo Bl wiel o s o
Ecka 2asigich15] o F o] AT &3 e
Hog RPPATERS TG Pt Iell i
38 bt g, BT ERS AGHeR
S48 Aeolle 2818 F 58 FAPIR ¥4
< Z7PIFIA TR 28 ARIE 5 3siEHie).

ol el olpdit uiel Fro] 178-estradiol 2|

270 4% Fol GAAA WAZHG Fh 2

2} 71 4467 (sham operation )3k i AAE
1-estradiol @ FoIg F Aololale A% Fae) 2
ol% VY & gisich oY ATE BN

173-estradiol& FoiA] wio] F4hE sl wiol]
386 veRiol 38 IR Ride
RE A 8% F 9l SAokela ¥ 4 9t g
o] BPPHNEEE Folx mean trabecular plate
thickness9} mean trabecular plate density & 2JwjQlA)
F7HIAT 2582 A7 (connectivity) BEXE 2l9|
Al T g € 9 siek Gunness-Hey9}
Hock B ¥4 PTH (1-34)7} el U915 =]
o £FFFE TR Basigied2),
Mosekilde 55 PTH (1-34) X857} ¢ T8 2]
AFRA A5Ee] 974 (connectivity) & FAIAA
vha gt wh QIcH9L. wiehA] S ciREe) I3
F FAEL FTHT dAlAEololA o] IFEFel
AsA 288 BAEE ASEH A BolE B
s FEES] FER U SUE Jdis] olfa
EAES Solvdl HEFHoldk HE Ml &£ ),
AR I35 PR FHA F229] 5o
© % o7t 59 Wl &7 AR UM
71e e f8% HHZ A8d Aeg Arsgcl.

%5H PTH (1-34) ¢} PTH (1-84)7}ol] H5-Z3} widle)]
Xl ks Aot Sl AoE Busln glod,
PTH(1-34) &} (1-84) 5 Z=i3 TJtes Y 3
AFe AL A Zes ezl
Gunness-Hey3t Hock 5% PTH (1398 FA3%E off
AN sl Fe] L5Fso] fak) vlsisiA FH%
i Baigivh2). 3 MAE o] 84 U AgelA
© £ vjaisiA A I, 2] a=ln B3t
3 AF 2] AMde] WA= o, Lokl vlziisle] HA
F9] s Zote et S BT YA =
3 Zrlie] Hasiichs,15,18). xajut ol ol
A 4Y Y3y Aol F 53] A FAE &
FEF) e Pkl o Skl wE 5] 4
o] HbAE & YIick ol el 8k Folell
WE FYA 9 F5E Wodshs AR Kot w3
SR e AL, B 73] A Tk A% 3=
7} €} Q79 visled < 2 v A ] F3hA, A
3 HHA de el AR AT ok o #3k
£ 754 B€ 28 £ gt olF k)
e g ot F50] M3 S 2] wol|
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2 s gl digt 2A= B2 UE 55 9 B
ARere] w2 Q) vl Yoy Aoz Bk

s EEe] A87)H disle] 27t B o
TEo] A3P=le] gick HPFd S 222 Fof| gt A
3134 2182 )& PTH-related protein (PTHP)7}
533 Qle AlY 8] (PTH/PTHrp recepton) - &
A3t AAA JeRBc Ay B 32E 84
+ ok Eelle WA= RAR} sl EA Folli & WAd=]A]
B, A} 2ZAE AFL] AEE Theoi= E
3e] 7|AMEA] T3 A9 T =g
RAe F z2d] B4 3 28-S oY ¢ 2
A S 2Eo 23t AVt A e FEAIES] o]
9A 239 Foe vEe] 39 FE 71 AFIA
el tisliAle 23 g1t weAA] Xk 2
HZolle B4l 3282 HHbd ZEE ot
Ay FEA7} e ohE AE G FH SoHE Y
AFEAEE B 3 2Ro] $43 oz ATl
olE AIEZHE] o]XHoZ o] Bo] A3AYG BF
£ BullAl sk e 2ZAE9} s E e #
A AEFE 581 TS AT
Zlo] ¥hsizict Chambers -2 7|2} 2o} A4 Uzt
T T QAR sted Al ik 8 AEE
ole] olx Ao SFMEE A= BAEE
SHFAEANFT AFEAYE (osteoclast  resorption-
stimulating) == 713 SEAIE ¥4 245 (stromal
osteoclast- forming activities) Zk3L 9 #}AcH20). 22
Lacey 52 714 A|¥(stromal cell)ol] &3] FE¥=HA
spZA|Ee}e] 2 FHol| ool slEAES] B3E
feshe 4S5 v Fohe HAE AT
osteoprogerin ligand (OPG)E}SL g%k Wl cH21].
B B2 ARES 47 282 d+ OPG flllx
= g F3E0] ¥ i Aojela Hev), ot
EAE0 gk Q75 dF I EEg Fof
A] =R wiol] gt ost ARES HAehAl 49
M & 4 AT Wk ol FoES X84 g
7 EAe] ¥ Zoz A7t

T Y A7REel o M Ege] 8
A& BAE A7) oF ot AL Hdo] JofalaL
3F iy BAEo] Folglvlel] #) A&H o odF

sjo] ATt Bk S 20| ofgA] mol] E3}2kE-
< vEPiEAIE oM wH¥elA] Xakt 7t s
o) ANEE UF 4K Canalis 52 Fabgal
I2E g F7|13HCF (intermittent treatment) FoJ}
o EY S AFEeH oEld Ede
insulin-like growth factor-1 (IGF-1)¢] 243l WA}
F71ell B ARl $13{ch22]. & Watson = ¥
Y TEES Kol Wb 4&FFY 2T AEES
tztol] ulsied oF 2ul) o]4e] IGF-1 mRNAE ¥
a3 §2] IGF-19] ¥u) 3t ZrlAl7led)] olnf) =
7F Rl IGF-12 thA] 2F AjFell FE3ie] A2
< F 84S v TG sisich23). fvlE
£ AL WA B2 sl Fo1E 4 el
IGF-1¢] apoptosis®] AARIAEE 2g3}7] wlifol
g 3282 A IGF-12 vl ZZAES
o} AFAl vlohls AL TFHIFIEA F= 2 7
2AA ZFAE] 239 7HE A=Y Bleg Ho
[24]. FFPHEEEL IGF-18 w23 52434
olfllle & JFFE VKA F 7IAEHE TGF
beta 1 g ¥J13 ¢ B FARIAEE felAlzled,
ol F¥]1¥ TGF beta 12 wiol] 5428 dd= ¥
€& HFAIE] apoptosisE A= B} ok
[25). 2 Sl Kb 282 ZFAE] 2HE-
3led TGF beta 12] ~&Ajel] cgt AF=g F7HA17)
™, prostaglandins g A7 dl=dl ol AR
prostagrandins 2| YR F9] AL AFsl= A}
UAcH26]. 28} ofH % ofF A ¥PHAHSEES
o s o] wioll F3MEE-S Vel 339
2710w, Ztzte] 18 Wjol] WE F3AHE- EE o]
3Re-g Ueple 710 disiA s gER]
3 AAolelar st

AEHoE B A7l osied AR B
FE2EL wol di¥t BAET} el 3 HEXHoE
oiEle] & AL SUMIFch bl 3EEe
Aol &2F W FAF 3 FA FEE
7 ¢ Ut R AR E FU3 uhs-E
Hol|eAjoll A4 t] d+slolof & Aoz A=
onf, Fabhd 2ol odt F3EHE-E vehliE 7
Foll I3 v @ Gt Had Zleg AssEdck
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2 %

ST F TR Faiel vt 3.

£ vehlied TH0E FAF, B0 2948E
FAAL. £ A7l o8l TEoA Hbpdse

B80S TN HIAE e dohuwa g 4

A wWAolA AL3gst nfske] Wby ega)
NAEZALS ol 83lg)ch.

W AYEEZ 8~105F ¥ 60njale) Al WA
(Sprague-Dawley female rats)& o] 83l5ich AHF
£ 7F34¢ET(sham operation) 3} A3 85F 5
PPAZ 2L 0 up/kgd 5 53 It FAR A&
g 150 pgfkg & Foidt 285, 17-estradiol S 6
30 ug/kg T8k ONALERAMFI vehicle S T T
o2 3i8ick BE WAl 849F A4S sigion 3
A A double tetracycline labeling-2 AJ5gsisict. 34
o el s Ee HEF YR S8 o8l
£330 ot F PeghAd BA(FHARL trabecular

bone volume(TBV), mean trabecular plate thickness 7.

(MTPT), mean trabecular plate density(MTPD), mean
trabecular plate separation(MTPS), mean osteoid seam
width(OSW) and appositional rate(AR)}-&- AJ*§2}31v}.
Ak e F4F F b FPUA
(TBV, MIPT, OSW I AR)E dadAldol vjsh £t
o} A8k 8l ngge] MM 2 ES Foidt 7o)
AFFEHIBY)S AT olaegAl Fo
Foll vls kel gede] PP LEES T
Z¢) Z YeithHe) FYUATBY, MIPD, OSW and
AR) £ A4} ¥PAS2E FoiFel vl &
738E B3ont BAH Aol gisick
Wl Agakel BT 2] AR 4T
o FRAE Fse e BAE 5 ik

% 1 g #
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