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ABSTRACT

Background: Human parathyroid hormone (\PTH) is a promising anabolic agent. However, since hPTH
(1-34) is available only via injection, and has a critical side effect of causing bone tumors during life-long
administration in the rat, it would be practical to use PTH for the shortest possible duration to obtain the
maximal effect. In addition, acquired bone mass due to hPTH tend to decrease after drug cessation. To
determine the effectiveness of the osteoporosis-reversing concept of lose, restore, and maintain (LRM), reco-
mbinant human PTH(1-84) [thPTH(1-84)] and the respective anti-resorptive agents were sequentially studied.

Methods: Thirty six, 20-week-old, Sprague-Dawley rats were used in this study. Treatment was started on
the 25th week after an ovariectomy, which had been performed at 20 weeks of age, with 5 weeks of rhPTH
(1-84) 100 (ug/kg/d), 5 days/wk, followed by the respective sequential therapies for 5 weeks as follows:

1) Ovariectomized rats (OVX, n=6), 2) Sham operated rats (SHAM, n=6), 3) OVX rats with PTH
maintenance (PTH-M, n=6), 4) OVX rats treated with PTH then withdrawn (PTH-W, n=6), 5) PTH-treated
OVX rats then treated with 17f-estradiol (PTH-E, 10 pg/d, SQ, 5 days/wk, n=6), 6) PTH-treated OVX rats then
treated with incadronate (PTH-I, 3 mg/kg, per os 5 days/wk, n=6). The bone mineral density (BMD) of the right
femurs was measured using dual X-ray absorptiometry (DXA). Microcomputed tomography (UCT) was used to
measure the structural parameters of the 2nd lumbar vertebrae. A three-point bending test of the femur and
compressive tests of vertebrae were also performed.

Results: Bone quantity data showed that the femoral BMD was significantly higher in the PTH-M and
PTH-I groups than in the OVX and PTH-W groups (P < 0.05). Measurement of the cortical thickness revealed
that only the PTH-M group had a significant increase (P = 0.001). The ultimate force (Fu) at the midshaft of
the femur was stronger in the PTH-M group than in the OVX group (P < 0.001). However, no significant
difference was found among the treated groups.

Conclusion: PTH withdrawal resulted in the loss of the acquired BMD, but sequential therapy with the
anti-resorptive, incadronate, prevented further bone loss. The use of incadronate after thPTH(1-84), as a seq-
uential regimen, was significantly effective on the maintenance in the bone mass, but further clarification in
the improvement in the bone quality is needed (J Kor Soc Endocrinol 20:334~343, 2005).
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Table 1.

Time after ovariectomy (weeks)

Groups

SHAM  ccerececrecectetesiateststetectcess snsnnnnnnns

OVX | ceereercetcastiitiitiiiiiiiiciieiies tanananan

PTH-M

sac

PTH-W

PTH-E

PTH-I

Footnote: sac (sacrifice), small dotted line (no treatment), bold line (thPTH(1-84) treatment), large

dotted line (vehicle treatment), broken line with one dot (17f-estradiol treatment), broken line with

two dots (incadronate treatment)

s} A1) 178 - estradiol (Sigma Aldrich, St. Louis,
USA)S wha AAR iAoy F7h45E dizhla &
2% &=R1 10 ug/kg/ds 155%0l 597 Folel15,
16]. ¢l7}==Fu]o]E (Yamanouchi Pharmaceutical, 573,
Y= Y 3 mg/kg®l S0 E 9] ois B2l Fofst
ek g0kl Ay ZREZL Table 13} 2tk ¥ 10574
Foi7|7te] Bt Fofl BE Wi = S| AE AT el =3t A
5 AFIste] A ARZEA] Al Aledarel] A4l Azell
A4 -20CellA] Hdslsich

2. ZY T A} (Bone densitometry)

AAE 2% tE|Ze] ZTUSE+E dual energy X-ray
absorptiometry (DXA, QDR-4500A, Hologic, Waltham,
MA, USA)E AH&3te] ZA43190c) thelE2 0.5 mme]
e E 2 mmysec?] 2 FEZ 2789051, 7] H-9
o4 F F714 &=F (Bone Mineral Content, BMC)¥} =4
X (Bone mineral density, BMD), AR =38 A3}
Ak Al 7R AR ohE diElES 53] Aeigsle] ol

ZAx)2] BAL Al (coefficient of variation)+= 0.59% Atk

3. OIM| Mits BHE s

(microcomputed tomogrphy, nCT)

B ARS 913k vA] A3} gk B AleE A2 Ed)
o] Skyscan (Antwerpen, Belgium)S A8}l o|Zdl| 7]
<=5 vk 22 o R 45l 19]. olel’t WhE 5
o] AAAA 2 A 2 9550 HEFEAE e s 4
glom, sfHE2] & F] (Bone Volume, BY), 7] £
(Volume Fraction, Vol. F), &% 57 (Trabecular Thick-
ness, Tb. Th.), 3fHZF H=] AX (Trabecular Separation,

Tb. Sp.), = FI|g 3474, 3= 4= (Trabecular Number,

Tb. N.), B[S AKX (Degree of Anisotropy, DOA), L]
2 =2 29 AlSE (Structural Model Index, SMIDE 23

algiek

4. Moistd 2M (Biomechanical Analyses)

w2 SAF T ok el sl A
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Aol Fapilo] HE=S tElES wiXIsIIaL WelS (medial-
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Fig. 1. Bone mineral density (BMD, g/em’) of the right femur. *: P <0.003 vs. OVX, PTH-W & PTH-E,

vs. OVX

T P<005

Fig. 2. Three-dimensional trabecular microstructures of L2 vertebral body from each

group.

- 337 -



— thpEe|E3]R): 420 F A4 % 2005 —

Table 2. Effects of Sequential Therapy After RhPTH(1-84) Treatment on the Microstructural Parameters of
L2 Vertebrae

BV Vol.F Surface/volume Tb.Th Tb.Sp Tb.N DOA SMI

SHAM 0.23 £ 0.04° 39.9 £6.8° 20.1+£20 0.13 £ 0.006 o,w 0.15+0.03 35+03° 0.24£0.02 1.31+0.14”
OVX 0.15 + 0.03 259+53 333+24 0.11 + 0.005 0.18  0.17 34 +0.07 0.23+003  1.79%0.14
PTH-M 029 £ 0.04°"° 504 £69°™  231£14°"% % 014+001 owe 015005 33+04 0241002 113+0.16"
PTH-W  0.18 £0.02 304 +32 31.7+19 0.12 + 0.006 0.17 +0.07 3506 032002  1.58%0.14
PTH-E 0.16 + 0.05 28.1+79 353 +5.65 0.11 +0.01 0.18 +0.03 34+04 0264002  1.74%0.12
PTH-I 0.23 + 0.07° 428 £ 11.10 413 3.6 0.13 £ 0.020’ 0.20 + 0.04° 3.0 +£0.3%"° 0.27+0.03 1.45+0.17°
Footnote:

Results are presented as the mean + SD.

BV (Bone Volume, mmz), Vol. F (Volume Fraction, %), Surface/volume (1/mm), Tb.Th (Trabecular Thickness, mm), Tb.Sp (Trabecular Separation, mm),

Tb.N (Trabecular Node Number), DOA (Degree of Anisotropy), SMI (Structure Model Index)
o: P<0.001 vs. OVX, w: P<0.01 vs. PTH-W, e: P<0.05 vs. PTH-E, s: P<0.001 vs. SHAM, o’: P<0.05 vs. OVX, s’: P<0.05 vs. SHAM

Table 3. Changes in the Biomechanical Parameters of the Femur after Various Treatment Modality

group F.(N) I (mm*) 0u (N/mm?®) S (N/mm) E (N/mm?) €u
SHAM 177.8 £ 11.9° 7.7+0.9 888.4 £ 142.6 235.6 £20.9° 2260.9 * 303.5% 0.31 £0.13
OvVX 139.8 £21.0 72+10 653.3 £ 196.8 1609 £ 13.9 1728.9 +235.5 0.23 £0.02
PTH-M 212.1 £11.4* 7.7+0.9 1050.2 * 205.9°" 284.0 £ 12.90 2633.8 + 323.8” 0.22 £ 0.04
PTH-W 203.2 £22.3° 7.4 +0.7 959.8 £228.2 263.5 £ 16.90 2530.1 + 196.3° 0.23 +£0.02
PTH-E 2059 = 15.8° 75£0.6 984.0 £ 165.8 261.7 £ 18.40 2474.8 £ 301.6” 0.23 £0.02
PTH-I 181.5 + 21.90 7.7 +1.6 929.7 + 310.8 260.1 + 18.90 2500.2 + 67.7° 0.25 + 0.03
Footnote:

Data are shown as the mean * SD.
The cortical bones of the femora diaphysis were examined using the three-point bending test to measure the ultimate force (Fu),

ultimate stress (Ou), stiffness (S), Young’s modulus (E) and ultimate strain (¢u). I denotes the moment of inertia.
0: P<0.0001 vs. OVX, s: P<0.05 vs SHAM, 0’: P<0.05 vs. OVX

1.2

0.9

mm

0.6

0.3

-

-

SHAM

OovX

Fig. 3. Cortical thickness of the mid-diaphysis of the femur. *: P = 0.001 vs. OVX

749 (PTHD) OVXioll H[glodE= 16.5% (P < 0.001),
PTH-EY} PTH-Wiol ulslol:= 242 10.1%, 9.9% (P <
0.003)Z FsH ¥ =& Aoz FI=gick
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Table 4. Changes in the Biomechanical Parameters of the Lumbar Vertebrae after Various Treatment

Modality
group Fu (N) 0Oy (N/mmz) S (N/mm) E (N/mmz) €u
SHAM 249.2 + 734 26.7£19.3 1007.9 + 462.4 597.1 £ 384.3 0.08 £ 0.04
OVX 212.7 £ 19.6 19.0 £13.2 1024.2 £ 324.2 640.6 + 451.6 0.06 + 0.005
PTH-M 302.9 + 82.8 359+0.1 1726.6.1 + 895.2 1060.6 + 531.9 0.06 = 0.02
PTH-W 207.2 +16.7 20.9 + 14.7 1008.7 + 124.6 536.7 + 384.2 0.06 = 0.02
PTH-E 176.6 + 10.9 18.7+11.3 1060.9 +337.2 580.5 + 387.5 0.08 £ 0.02
PTH-I 218.8 £18.3 28.4 £94° 1587.3 £ 847.1 1109.4 £ 613.3 0.07 £0.02
Footnote:

Data are shown as the mean = SD.

L2 vertebrae were loaded to failure in compression, to measure the ultimate force (Fu), ultimate stress (0y), stiffness (S), Young’s

modulus (E) and ultimate strain (&)

250

200 +

-

150

%

w100 L

50

SHAM OovX

PTH-M

PTH-E

Fig. 4. Fmax of right femur. *: P <0.005 vs. all other groups,

Myel] Blsle] OVXTollA & vlA] F22 2R3} FreiA]
Al vebgel aev = A 271 3185 E 212 PTH-M
T PTH-1 FollAut 34=]9lc)k

Table 2= OVX T-& Z38l3} og] Fol|A] ] 2922 ]
Al F2o] AEEE F4E Aotk SHAM 73 vlas}
e Wl OVX ol & §3] (BV)¢F F9] 2] (VoLF.)o]
27y 533%, 549%F Y < ZloF ERIFUCH(P <
0.001). PTH-M ¥ OVX 7% H]323}91-& wlloll= PTH-
M oA & FIBV)® FI] 2 (VolF)o| 77
93.3%, 94.6% % T =9kc} (P <0.001).

PTH-W o[t} PTH-E TollA& o]2]gt AEEe] OVX

T SAPH o Z Ko7} gle ZloE #RIEIck PTHI

1] Zfelle = 2 BV)¢ ¥9] 4] (VolF)°e| OVX
Toll vlsle] 22k 53.3%, 65.3% (P <0.001) S Zo&
vElker), PTH-W U PTH-E & B39 wliol]
= BAH R o] 9= Aol sldlrh

3 7 (Tb. Thoell YeIA% PTH-M -] OVX T

" P=003 vs. SHAM, P =0.089 vs. PTH-I

o|u} PTH-W ¥, PTH-E Tl vlslo] 22} 27.3%, 16.7%,
27.3% (P < 0.001) B 57 Zo& I=|gich PTH-I 1+
E OVX Tl HJsl] 182% AE © AR (P <0.05).
I} PTH-L Toli= s ] AX (Tb. Spoyt vlE
W AE (DOA), 723 B8 Al (SMDell 1ol oa] gl
© WA ZTE Kol A& I8

w

. MAiSIEO| EM (Biomechanical properties)

=l =] 14= 77e PTH-M TollAut ou| glA Z
7k} (P < 0.05) [Fig. 31.

ez 2 T FlolA A =5 AR AlRs
Ac}[Table 3]. #7514 AZ2e) Q7 FAEH T 22(1-84)
S 1057 X848k - (PTH-M)oll4] Z=2] (ultimate force,
Fy) (Fig. 43} 732X (stiffness, S)7} OVX rol] H[slo] 2]
"] A =kor (P <0.001), = 3} (ultimate stress, 0
1, Young’s modulus (B)E OVX THr} =& Zlog 2]
=deh (P < 0.05). 22 PTH-M 2 VA <=4 X8
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