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Effect of the Long-term Administration of Pamidronate on Bone Strength
and Fracture Healing in a Rat Model

Kyu Hyun Yang, Hui Wan Park, Jung Hoon Won, Je Hyun Yoo, Jong Hyeon Ryu’,
Kyo Seok Choo', Jae Shin Kim'

Deparmment of Orthopaedic Surgery, Youngdong Severance Hospital, Yonsei University College of
Medicine, Seoul, Korea; ' Central Research Institute, Hanlim Pharmaceutical Co., Ltd., Korea

Background: Increased bone mineral density and reduced fracture incidences have been achieved by
using bisphosphonates in osteoporosis and osteogenesis imperfecta. However, they cannot eliminate
fracture episodes completely. Therefore, it is important to determine whether the long-term administration
of strong antiresorptive agents compromises bone strength and the fracture healing procedure. So, We
investigated the effects of the long-term administration of pamidronate on long bone strength and fracture
healing in rat osteoporosis model.

Methods: We performed bilateral ovariectomy in sixty-six Sprague-Dawley female rats, average age
is 3-month-old. Three months after ovariectomy, animals were randomized into two groups (n=33).
Disodium pamidronate (0.5 mg/kg) was injected every month for 6 months in the treated group, and
physiologic saline was administered in the control group. After the six-month administarion periods, the
left femoral shaft was fractured by the Bonnarens and Einhorn technique after intramedullary nailing
with 1.14 mm nonthreaded K-wire. Five weeks after fracture, rats were euthanized and both femurs were
removed. We checked the mechanical properties of normal (right) and fractured (left) femurs and the
bone mineral density of the right femoral head. Pamidronate concentration in bone was checked by
high-performance liquid chromatography.

Results: The maximum strength of right femora was 154.4%17.5 N in the pamidronate-treated group
and 129.7£28.0 N in the control group (p=0.0002), and stiffness was 452.5+122.8 N/mm in the
pamidronate-treated group and 378.6£126.2 N/mm in the control group (p=0.036). Maximum strength
of the callus was 22.7£7.2% compared to right femur in the pamidronate-treated group and 29.7+
13.5% in the control group (p=0.025). The mean bone mineral density of the right femoral head was
230+9 mg/cm’ in pamidronate-treated group and 219113 mg/em? in the control group (p=0.0007).
The mean pamidronate concentration in bone was 62.3+15.2 ng/mg. A tendency toward a negative
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relationship between pamidronate concentration and the maximum strength of the femur normalized by

animal body weight was observed, but this was not statistically significant (p=0.067).

Conclusion: Pamidronate effectively protects the femur from bone resorption and preserves strength

and stiffness after ovariectomy. However, fracture healing was impaired during the early stage of healing

after long-term administration of pamidronate.

Key Words: Pamidronate, Osteoporosis, Fracture healing
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Figure 1. Maximum strength of intact femur. Maximum
strength was normalized by animal body weight. The bar
indicates one standard deviation, Pamidronate effectively
protects the femur after ovariectomy (p=0.0002).
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Figure 2. Stiffness of intact femur. Stiffness was norma-
lized by animal body weight. The bar indicates one sta-
ndard deviation. Pamidronate effectively protects the fe-
mur after ovariectomy (p=0.036).
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Figure 3. Maximum strength of left femoral callus (as %
of intact contralateral right femur). The bar indicates one
standard deviation. Early fracture healing was impaired in
the pamidronate-treated group (p=0.025).
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mg/c;m2 Bone Mineral Density of the Femoral Head
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Figure 4. Bone mineral density of the femoral head. The
bar indicates one standard deviation. The bone mineral
density of the pamidronate-treated group was higher than
that of the control group (p=0.0007).
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0.0007) (Figure 4).
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Relationship between pamidronate concentration in bone
and maximum strength of the femur
N 250 -
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0 20 40 60

80 ng/mg
Pamidronate Concentration in Bone

Figure 5. Relationship between pamidroante bone con-
centration and the strength of the right femur. The mean
pamidroante concentration in bone was 62.3115.2 ng/
mg. A tendency toward a negative relationship between
pamidronate concentration and the maximum strength of
the femur normalized by animal body weight was obse-
rved, but this was not statistically significant (p=0.067).

8

o

g BaAA F WA APHoD o

g 2
31, A4S FYRLE 7 AR AP E GgS
Al = o)

<

g 0

ek
i)
2 ¥ 2 rlo N 4N

oz AlEFEY aeeg, dus gy Ee

ofe] 71 W], A &= of

o g
b =
Ho
;er
off’ ?5
[
o pu
mlﬂéu‘:
ol
o

Ko
in

K

pacs
T

g

@

o] n

£
=
B
B
s
Pﬁ
£
7
o

oft
il
°
=
4
h
il
B
Il
T 1o
wH
=
ol
k1
i
= OI:D
Hoofl

ki
Ql',
&
rir
=
N

[ of % e =

o)
R
(9]
r\‘
)
£
S
1.
i
i
fu
iy
°
(m
<o
(3]
e
<o
wn

=}

=
&
o
<
opp
ofl
o
ki

- B
.
o)
~J
A
in
[o'e]
=
o
fo
-
= o

RN
o
N

ol
o,
32
N
rlj
D
iR
i_t“
1o
e
ofN

Ol
J
&
o
oX
iy
r

2 At MAY Tle] HE= AFTel 27t of
HEE o] Bae] Azt -] ejilert & <
TFAME FH5 UE o] 8 Aol F4d
5 dEEe o B2 AFe] FatEdnh gr=R
dlo|Ee] 3] w9t & Zrebe] Ak wl= B
Ao Aoz B Ha ok
=24% dEEe] Af A4S

A A AL (p=0.025), AFTH o

7hE A7) (@A) Aol qldith 4 & ok

- 133 -



Zehe B AZEATY O EY BojE BRIP4 A
Aoz WA= 71 A Jaks

Y7t 05 mg/kg01 3L 22 197E 180 mg ©]/d2
gifolglom, ol AR & o]FHFTI AAEY
ol A F7]aste] dAH] o

!

Lhe] ol fY F 9)«‘3}. Li %—1”% =4 '/v:% X* o
Al&Es= ngake] Q7= 2|0l E (incadronate diso-
diom)2] A71¢F Foizh wixelM Hd AFIES
AAAZIvkT B askgity. 28R 9k Koivakangas 5

& FHH FRER0|EY Y] Fo7t FH A
2 AAEA devin Eusigivh thekeh v
FEo|E9] Tt Fojol tigh BuEe =H
A7 o ﬁ%‘f& AdEgE VAA FeEria B
3]»:}1 2}]\ 6,7,11,12,19,20)

HAEATYOIEE [0d o) FUTEE o
Bhal A ek v 2 g oAy 477
o} etd A & W& H Afol dist olE A
7o Fifol] the Bas BEITE B4 X2 o
3 AgL FURe Wed SUF & A F
7heb =4 e #AE A9 ¢ e RS
A sl B o RE sEA R o A

A0
5= u]xﬂ:rﬁz_ £ 94 FHo| FEFT ‘ZM]

o 71

naEE, SrlEedoEg JEske ¥ 34
% Ao} B2

98 & 7 A9 7

fe) et Z7hske Ale s ER)

o Zu) FAo] 27] 2R A =
] 0]

2 23
7] W Fd Ho|th?, Lehman 25

- 134 -

1) Bone HG Hosking D, Devogelaer JP, Tucci JR, Em-
key RD, Tonino RP, Rodriguez-Portales JA, Downs
RW, Gupta J, Santora AC, Liberman UA. Ten year's
experience with alendronate for osteoporosis in po-
stmenopausal women. N Eng J Med 350: 1189-1199,
2004

2) Fleisch H. Bisphosphonates in bone disease. Fourth
ed. San Diego: Academic Press 2000

3) Glorieux FH, Bishop NJ, Plotkin H, Chabot G, La-
noue G, Travers R. Cyclic administration of pamidr-
onate in children with severe osteogenesis imper-
fecta. N Eng J Med 339: 947-952, 1998

4) Hoggarth CR, Bennett R, Daley-Yates PT. The pha-
rmacokinetics and distribution of pamidronate for a
range of doses in the mouse. Calcif Tissue Int 49:
416-420, 1991

5) Komatsubara S, Mori S, Mashiba T, Ito M, Li J,
Kaji Y, Akiyama T, Miyamoto K, Cao Y, Kawanishi
1. Long-term treatment of incadronate disodium acc-
umulates microdamage but improves the trabecular
bone microarchitecture in dog vertebra. J Bone Mi-
ner Res 18: 512-520, 2003

6) Koivukangas A, Tuukkanen, Kippo, Jamsa T, Hann-
uniemi, Pasanen I, Vaananen K, Jalovaara P. Long-
term administration of clodronate does not prevent
fracture healing in rats. Clin Orthop 408: 268-278,
2003

7) Cao Y, Mori S, Mashiba T, Westmore M, Ma L,
Sato M, Akiyama T, Shi L, Komatsubara S, Miya-
moto K, Norimatsu H. Raloxifen, estrogen and ale-

ndronate affect the processes of fracture repair di-



[ferently in ovariectomized rats. J Bone Min Res 17:
2237-2246, 2002
8) Seedor JG, Quartuccio HA, Thopson DD. The bi-
sphosphonate alendronate (MK-217) inhibits bone
loss due to ovariectomy in rats. J Bone Miner Res 6:
339-346, 1991
9) Bonnarens F, Einhorn TA. Production of a standard
closed fracture in laboratory animal bone. J Orthop
Res 2: 97-101, 1984
10) Brown KM, Saunders MM, Kirsch T, Donahue HJ,
Reid 1. Effect of COX-2-specific inhibition on fra-
cture healing in he rat femur. J Bone Joint Surg [Am]
86-A: 116-123, 2004
11) Li C, Mori S, Li J, Kaji Y, Akiyama T, Kawanishi J,
Norimatsu H. Long-term effect of incadronate diso-
dium (YM175) on fracture healing of femoral shaft
in growing rats. J Bone Min Res 16: 429-436, 200]
12) Li J, Mori S, Kaji Y, Mashiba T, Kawanishi J, Nori-
matsu H. Effect of bisphosphonate (incadronate) on
Sracture healing of long bones in rats. J Bone Min
Res 14: 969-979, 1999
13) Wheeler DL, Eschbach EJ, Montfort MJ, Mahes-
wari P, McLoughlin SW. Mechanical strength of
Jracture callus in osteopenic bone at different pha-
ses of healing. J Orhop Trauma 14: 86-92, 2000
14) Usui T, Watanabe T, Higuchi S. Determination of a
new bisphosphonate, YM175, in plasma, urine and
bone by high-performance liquid chromatography
with electrochemical detection. J Chromatography
23:213-220, 1992
15) King LE, Vieth R. Extraction and measurement of
pamidronate from bone samples using automated
pre-column derivatization, high-performance liquid
chromatography and fluorescence detection. J Chr-

omatography & Biomedical Application 12: 678:

325-330, 1996

16) Peter CP, Guy J, Shea M, Bagdon W, Kline WF,
Hayes WC. Long-term safety of the aminobispho-
sphonate alendronate in adult dogs. 1. general saf-
ety and biomechanical properties of bone. JPET 276:
271-276, 1996

17) Liens D, Delmas PD, Meunier PJ. Long-term effects
of intravenous pamidronate in fibrous dysplasia of
bone. Lancet 343: 953-954, 1994

18) Adamson BB, Gallacher SJ, Byars J, Ralston SH,
Boyle JT, Boyce BE. Mineralization defects with pa-
midronate therapy for Paget's disease. Lancer 342:
1459-1460, 1993

19) Goodship AE, Walker PC, Mc Nally D, Chambers T,
Green JR. Use of a bisphosphonate (pamidronate) to
modulate fracture repair in ovine bone. Ann Onco-
logy (suppl. 7) 5: 53-55, 1994

20) Hyvonen PM, Karhi T, Kosma V, Liimola-Luoma L,
Hanhijarvi. The influence of dichloromethlene bisph-
osphonate on the healing of a long bone fracture,
composition of bone mineral and histology of bone
in the rat. Pharmacol Toxicol 75: 384-390, 1994

21) Whyte MP, Wenkert D, Clements KL, Mc Alister
WH, Mumm S. Bisphosphonate-induced osteopetr-
osis. N Eng J Med 349: 457-463, 2003

22) Munns CFJ, Rauch F, Zeitlin L, Fassier F, Glorieus
FH. Delayed fracture and osteotomy healing in pe-
diatric osteogenesis imperfecta patients receiving pa-
midronate. Proceeding twenty-fifth annual meeting
of the American Society for Bone and Mineral Rese-
arch 833, 2003

23) Lehman RA, Kuklo TR, Freedman BA, Cowart JR,
Mense MG, Riew KD. The effect of alendronate on
spinal fusion: A rabbit model. Spine J 4. 36-43, 2004

- 135 -






