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Solicitud de Patente de Invencion Titulada: “BIFOSFONATOS DE ALQUILO DE 2
A § ATOMOS DE CARBONO-IMIDAZOL”.
Solicitante: NOVARTIS AG
Nuestra Ref.: P2010/000039

RESPUESTA A LA OPOSICION NOTIFICADA MEDIANTE EL OFICIO No. 15001
POR FIJACION EN LISTA No. 358, DE FECHA 23 DE SEPTIEMBRE DE 2011

CARILOS R. OLARTE, mayor dc cdad y vecino de Bogola, D.C., identificado tal como aparcce
al pic de mi firma, cn mi cardcter de apoderado de la sociedad solicitante, me permito manifestar
lo siguiente, dentro del plazo legal previsto en el articulo 43 de la Decision 486, ante la oposicion
interpuesta por el doctor José Luis Salazar Villamizar, actuando como apoderado de la sociedad

LAFRANCOL S.A.

1. Ln primer lugar, con ¢l dnimo de brindar mayor claridad a la materia reivindicada, me

pcrmito presentar un Capitulo Reivindicatorio Modifieado, que reemplaza cn su totalidad al

Capitulo Reivindicatorio presentado el dia 16 de Septiembre de 2010, del cual se han eliminado

las Reivindicaciones 6 y 7 y donde las reivindicaciones restantes sc han reenumerado.

Valga anotar que las modificaciones cfectuadas al Capitulo Reivindicatorio cumplen a cabalidad
con lo cstipulado en ¢l Articulo 34 de la Decision 486, va que éstas de ninguna mancra implican
una ampliacién de la proteccion correspondicnte a la divulgacién contenida en la solicitud inicial,

nor ¢l contrario, éstas corresponden a una franca limitacion de la materia rcivindicada.

2. a- £l Opositor scfiala que los métodos de tratamicnto no son materia patentable, de

acucrdo con lo establecido en el articulo 20(d) de 1a Decision 486.

Carrera 5 No. 34 - 03 Bogotd D.C_, Colombia.
Tel: + 57 (1) 601-7700  Fax: + 57 (1} 601-7799  c-mail: office/@ clartemoure.com
www olariemaurg.com
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b- Considero superada la anterior objecidn, en tanto que las Reivindicaciones 6 y 7

han sido climinadas del Capitulo Reivindicatorio Modificado adjunto.

3. a- El Opositor argumenta que la presente solicitud carcce de nivel inventivo a la luz
de lo revelado cn Wilder et al' (D1), Kotsikorou et al® (D2), Xie et al® (D3), W02002/043738
(D4) y Fernandez et al* (D3).

El Opositor simplemente argumenta que los documentos D1 a D4 describen compucstos
relacionados con los compucstos de la presente invencion, enseflando que tales bifosfonatos son
muy versatiles ya que manticnen su actividad a pesar de su modificacién estructural. El Opositor
también argumenta que las rcacciones con oxihaluros de fosforo para obtener bifosfonatos fueron

previamente cnsefiadas en 135.

b- i) En primer lugar, me permito sefialar lo siguicnte respecto al arle previo

citado por ¢l Opositor:

— Fn relacion con D1, este documento cnsefia que los bifosfonatos de mayor
potencia corresponden al tipo que contienc a una fraccion hetcroaromatica
con al mcnos un atomo de nitrégeno, unidos unicamente a través de un
grupo metileno a la unidad germinal de bifosfonato, donde el micmbro mas
importante de csc género cs ¢l acido zoledrénico (compucsto 6i en la tabla
8 de D1, que reproduzco a continuacidon). Dicho &cido zoledronico cs cl
(inico que ¢n un cnsayo con ratas con las glandulas tiroideas y paratiroideas
cctomizadas®, muestra de Icjos, la mejor EDso de 0.07ug/Kg cuando sc

compara con los compuestos de imidazolilo no-, mono- o di-metilados.

" Leo Wilder *, Knut A. Jacgei, Markus Giatt, Klaus Muller, Rolf Bachmann, Michael Bisping, Ruth Annc Born,
Recto Cortesi, Gabricla Guigiia, Heidi Jcker, Remy Klein, Ueli Ramseier, Johann Schmid, Gerard Schreiber, Yves
Sclicnmeyer and Jonathan R. J. Green. Highly Potent Geminal Bisphosphonates. From Pamidronate Disodium
{Aredia) to Zoledronic Acid (Zometa). Med Chem 2002, 45 (17), pp 3721-3738.

? LEvangelia Kotsikorou and Fric Oldfield. A quantitative structure-Activity Relationship and pharmacophore
modeling Investigation of Aryl-X and heterocyclic bone resorption as agents bisphophonates. Medicional Journal of
Chemistry, 2003, Vol 46, No. 14.

5 A. Xie, C. Liao, Z. Ning, W, Hu, X. Lu, L. Shi and J. Zhou. Quantitative Structurc-Relationship Ativity study of
bisphophonates. Internet Electron.K. Mol. Des. 2004, 3, 622-650, http://www biochempress.com.

* Christian Fernandez, Rodrigo Souza Leite and Femmando Mauro lanka. Disphosphonates: Sintese, Andliscs
Quimicas E Aplicagdes Farmacoldgicas. Quim. Nova, Vol 28, No. 2.274-280, 2005.

3 Green et al., J. Bonc Miner. Res, 1994, 9(5), 745-51):
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De los anteriores compuestos ilustrados en D1 rcsulta claro que nada en
esta referencia ensefia que la fraccion heteroaromatica de la presente
invencion podria sustituirse en la posicion 4 o S por un grupo alquilo con al
menos dos atomos de carbono, pteservando su actividad como inhibidor de

la excesiva ¢ inadecuada resorcion dsca.
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- En cuanto a 132 y D3, éstos describen resultados de relacion estructura-
actividad para serics de bifosfonalos heterobiciclicos, incluyendo algunos
de los compucstos de D1, asi como ¢l compuesto 35 de D2 y ¢l Compucsto
68 de D3 (que corresponde al compuesto 61 de D1), los cuales comprenden
un grupo 4,5-dimetil-imidazol-1-il. De la misma manera, D4 en el mcjor
de los casos menciona bifosfonatos que comprenden grupos 1-metil-
imidazo-2-il, 1-benzil-imidazo-2-il y 2-metil-imidazo-5-11. En conclusion,
ninguna de las enscfianzas de D2, D3 y/o D4, sugiere incluir un grupo
alguilo con al mcnos dos atomos dc carbono en las posicioncs 4 o 5 del

anillo imidazol-1-il.

EEn particular, resulta intercsante observar que en D3 los compuestos 63 y
64, cuando se comparan con ¢l compuesto 61 con dos atomos de hidrogeno
en las posiciones R' y R” en Jos carbonos del anillo en un experimento in
vivo, muestran un EDsg mcnos preferible por un factor de 50 a 5

respectivamente.

Asimismo, los compucstos 65, 67 y 68, comparablces a los compuestos de la
presente invencion cn donde ¢l anillo esta también enlazado por un
nitrogeno, muestran que haSr un incremento cn la actividad de
aproximadamente 43 o 21 wveces (para los compucstos 67 y 08
respectivamente) cuando no sc incluye un sustituyente metilo, esto cs,

cuando R', R* y R? son hidrégeno.

D2 también muestra que el compuesto 40 (6k) alli mencionado (el cual csta
sustituido por metilo) ticne una ECsp significativamente mayor cuando se
compara con el compuesto 30 (61) (el cual no esta sustituido) y e¢so sugiere
que la sustitucion disminuiria la actividad y coincidiria con los datos

proporcionados cn D3.

- Respecto a 15, me permito sefialar, que este documento ensefia la sintesis
de bifosfonatos ya sca por reaceién entre un anhidrido acético con dcido
fosforico, por recacciéon de un acido carboxilico y acido fosférico en
presencia de tricloruro de fésforo, por reaccion de un cloruro de acilo en
presencia dc tris(trimetilsilil)fosfato y mctanélisis, y por reacciones de
bishidrofosforilacion dc alquinos terminales. Sin cmbargo, nada en D5

cnsciia o sugiere que la preparacion de los compuestos de la presente

Pdgina 4 dc §



OLARTEMOURE

OLARTE MOURE & ASOCIADOS LTDA.

invencion puedan ser formados por reaccion de un éacido carboxilico

sustituido en el imidazol con un oxi-haluro de fosforo.

11} Para rcsumir, una persona medianamente versada cn la matena en la
busqueda de compuestos mds cficicntes y no solamente compucstos alternativos, llegaria
necesariamente a la conclusion de que los compuestos de tipo imidazol, unidos por medio de un
N deben ser preferiblemente no sustituidos. Por lo tanto la persona medianamente versada cn la
matcria no estaria motivada a adicionar ninguna cadena carbonada sobre el anillo del imidazol.
Es mas, el arle previo proporciona ensciianzas contrarias que no conducirian especificamente a
compucstos sustituidos con ctilo sobre ¢l grupo imidazol. En conclusion, ¢s contra intuitivo para
cualquicr persona medianamente versada cn la materia adicionar sustituyentes sobre cl anillo
imidazol-1-il de la presente invencion, y mucho menos producirlos con ¢l sustituyente etilo

especifico.

Adicionalmente, al analizar los compuestos de la invencidn sobre la Farnesy! pirofosfato sintetasa

(FPPS), éstos mostraron sorprendentemente bucna inhibicidn en comparacién con compuestos

cercanos del arte previo.

iii)  Tinalmentc, me permilo presentar datos comparalivos especificos que
claramente evidencian que los compuestos reivindicados cumplen con el requisito de nivel

inventivo y no solo son evidentemente derivados de lo revelado en cl arte previo.

En un cnsayo rtealizado usando ratas deficientes de estrogeno, para la determinacion de la
prevencion de la pérdida de masa dsea despucs de la ovariectomia cn ratas hembra de 7 meses de
edad (cnsayo OVX), se compard Ja duracion de la accién de una inyeccion intravenosa unica
4pug/kg de un nuevo aminobifosfonato —compuesto A (¢l compuesto de la Reivindicacion 5 de la

presentc invencién) frente a la misma dosis de dcido zoledrénico (Compuesto 6i de D1).

OH
0= P——OH

) P—OH

OH Compuesto A

Los dos bifosfonatos sc administraron al inicio del estudio (semana 0), y se monitored ¢l cambio
en la densidad mineral de los huesos (BMD) en la metafisis proximal de la tibia a intervalos

mensuales durantc 6 meses. Se analizé cl total de la scecién transversal (BMD total: hucso
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cortical y esponjoso), un analisis scparado de BMD en hueso esponjoso, y el cspesor medio de la

corteza cortical.

BMD total: En animales con falsa cirugia, la BMD total se mantuvo estable durante los seis
meses del periodo de monitoreo.  Por cl contrario las ratas deficientes de estrogeno OVX
mostraron una rapida disminucion en la BMD total entre las primeras 12 semanas que se mantuvo

estable a -25% para ¢l resto del periodo de observacion.,

Una dosis tnica i.v. del compuesto 6i protegié completamente las ratas OVX contra la caida
inducida en la BMD total por 4 semanas, mientras que la misma dosis del compuesto A protegié
completamente por 12 scmanas. Posteriormente, la BMD total comenzé a cacr, lo que indica cl
inicio de la pérdida de la masa luego de 4 semanas (Compuesto 6i) y 12 scmanas (Compuesto A)
respectivamente. Con ambos compucstos, se observd un persistente efecto anti-resorcivo durante
¢l periodo de observacion dc 6 meses, sin embargo, cl compuesto A se desempeiio

significativamente mejor que el compuesto 6i cn todos los tiempos (Fig 1):

Total BMD in the tibia metaphysis

&
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£ N
(V] '40
ey < —\i OV - Vehicle i
-30 —_—
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BMD en_hucso_esponjoso: En animales con falsa cirugia, la BMD en hueso csponjoso sc

mantuvo estable sobre los seis meses de monitoreo. Por el contrario, cn las ratas deficientes de
estrogeno s¢ observd una rapida disminucion en la BMID en hueso csponjoso entre las primeras

16 semanas con pérdida dc masa dsea disminuyendo después dce llegar al -75% a las 24 semanas.

Una dosis unica i.v. del compuesto 6i protegié complctamente las ratas OVX contra la caida
inducida cn la BMD dc hueso esponjoso por 4 sénﬁénas, micniras que la misma dosis del
compucsto A protegid completamente por 12 scmanas. Posteriormente, la BDM en hueso
csponjoso comenzd a cacr, fo que indica el inicio de la pérdida de la masa luego de 4 semanas
(Compucsto 6i) y 12 semanas (Compucsto A) respectivamente.  Con ambos compucstos, s¢

obscrvé un persistente efecto anti-resorcivo durante ¢l periodo de observacion de 6 mescs, din
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cmbargo, el compuesto A se desempefio significativamente mejor que el compuesto 61 en todos
los tiempos (Fig 2):

Cancellous BMD in the tibia metaphysis
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Espesor Cortical: En animales con falsa cirugia, el Espesor Cortical sc mantuvo estable sobre los

seis meses de monitorco. Por cl contrario, en las ratas deficientes de estrdgeno se observd una
rapida dismmucion en el Espesor Cortical entre las primeras 8 semanas con pérdida de masa

osea disminuyendo después de llegar al -45% a las 16 scmanas,

Una dosis unica i.v. del compuesto 61 protegio completamente las ratas OVX contra la caida
inducida en cl Espesor Cortical por 4 scmanas, mientras que la misma dosis del compucsto A
protegio completamente por 8 semanas. 2l Espesor Cortical comenzd a caer, lo que indica cl
inicio de la pérdida de 1a masa luego de 4 semanas (Compuesto 6i) y 8 semanas (Compuesto A)
respectivamente. Con ambos compuestos, s¢ observd un persistente efecto anti-resoreivo durante
¢l periodo de observacion de 6 meses, sin embargo, ¢l compucsto A se desempeild

significativamente mejor que ¢l compucsto 6i en todos los tiempos (Fig 3):

Cortical thickness in the tibia metaphysis
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I’n conclusién, una dosis unica i.v. de 4pg/kg det compuesto A [ue totalmente protectora para los
huesos cn 12 scmanas en todos los parametros que fucron monitorcados. En comparacion, cl

compuesto 6i, con una dosis unica de 4ug/kg, proporcioné un efccto protector solamente por 4
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semanas, con una pérdida osca significativa posterior, de 8 a 12 semanas.  Esto indica que cl

compuesto A pucde scr hasta 5 veces mds potente que el medicamento de bifosfonato basado

cspecialmente en ¢l compuesto 6i, ¢l cual es comercializado hoy bajo el nombre de
Aclasta/Reclast, como una dosis unica de infusion anual de 5mg por paciente para el tratamicnto

dec oslcoporosis post-menopausica.

Adicionalmente, basados cn los datos disponiblcs para alendronato en la publicacion Gasscr et
al,’ se puede estimar que el compuesto A es aproximadamente 25 veces mds potente que cl de
uso mas frccuente por via oral, el bifosfonato Fosamax (alendronato), el cual se encuentra en el

mercado para el tratamiento dc la ostcoporosis post-menospausica.

Estos estudios en ratas también sugicren que la dosis cfectiva anual del compuesto A en humanos
podria potencialmente ser tan baja como | mg/afio, con la condicion de que no haya diferencias
o

entre las cspecies.

kn general, los resultados proporcionan evidencia preclinica de la cficacia y la extraordinaria

potencia del aminobifosfonato antirresortivo, compuesto A.

4, Por todo lo anterior, considero que las objeciones presentadas por el Opositor han sido
resuclias, y por consiguicnte solicito respetuosamente que el Despacho proceda con ¢l examen de

fondo de la presente solicitud.

Atcniamente,

ol

CARLOS R. OLARTE
C. C. No. 79.782.747 dc Bogota
T. P. 74.295

Anexos:
- Capitulo Reivindicatorio Modificado.
- Gasser JA, Ingold P, Venturiere A, Shen V, and Green JR (2008} Long-
Term Protective Effects of Zoledronic Acid on Cancellous and Cortical

Bone in the Ovaricctomized Rat. ] Bone Miner Res; 23:544-51.

 Gasser JA, Ingold P, Venturicre A, Shen V, and Green JR (2008) Long-Term Protective Effects of Zoledronic
Acid on Cancellous and Cortical Bone in the Ovaricctomized Rat. | Bone Miner Res; 23:544-51
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Expediente No. 10-063.351
Modificaciones Voluntarias
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CAPITULO REIVINDICATORIO MODIFICADO

(Modificaciones Voluntarias)

1. Un compucsto de la Formula I:

M)
en donde uno de Ry y R, cs hidrdgeno, y el otro es alquilo de 2 a 5 atomos dc

carbono que puedc estar ramificado o no ramificado, o un éster, y/o una sal del mismo.

2. Un compuesto de la Férmula I, de acuerdo con la Reivindicacion 1, en donde:

R| cs alquilo de 2 a 5 dtomos dc carbono, cn cspecial propilo, isopropilo, butilo
normal, butilo secundario, butilo terciario, isobutilo, o especialmente etilo, y

R; es hidrdgeno,

o un &ster del mismo, y/o una sal (en especial farmacéuticamente aceptable) del

mismo.

3. Un compucsto de la Férmula 1, de acuerdo con la Reivindicacion 1, en donde:

R es lidrogeno, vy

R; es alquilo de 2 a 5 4dtomos de carbono, en especial propilo, isopropilo, butilo
normal, butilo secundario, butilo terciario, isobutilo, o especialmente ctilo,

o un ¢ster del mismo, y/o una sal (en espccial farmacéuticamente aceptable) del

mismo.

4. Un compuesto de la Formula 1, de acuerdo con la Reivindicacion t, en donde R cs
hidrégeno, y

R; cs ctilo,

o un ¢éster del mismo, y/o una sal (en cspecial farmacéuticamente aceptablc)

del mismo.

5. Un compucsto de la Féormula 1, de acuerdo con la Reivindicacion 1, en donde:
R, esectilo, y )
Ry es hidrégeno, o un éster del mismo, y/o una sal (en especial

farmacéuticamente aceptable) del mismo.



Expediente No. 10-063.351
Maodificaciones Voluntarias
P2010/000039

6. Una composicion farmacéutica, la cual comprende un compuesto de la Formula 1,
un éster, y/o una sal farmacéuticamente aceptable del mismo, de acucrdo con cualquiera de

las Reivindicaciones 1 a 5, y cuando menos un vehiculo farmacéuticamente aceptable.

7. Un proceso o método para la fabricacién de un compuesto de la Formula I, un éster,
y/0 una sal del mismo, de acucrdo con cualquicra de las Reivindicaciones 1 a 3§, ¢l cual
comprende:

hacer reaccionar un compuesto de acido carboxilico de la Férmuia II:

R1
¢ o
Y
' :J ] (11)

en donde Ry y Ry son como sc definen para un compuesto dc la Formula I en
cualquicra de las reivindicaciones 1 a 5, con oxi-haluro de fosforo, para dar un compuesto
de la Formula I, o una sal del mismo,

y si se desca, convertir un compuesto libre que se pucda obtencr de la Féormula 1 en
su sal, convertir una sal que se pucda oblener de un compuesto de la Formula I en cl
compuesto libre, y/o converlir una sal que sc pucda obtener de un compuesto dc la IF'érmula

! en una sal difercnte del mismo.

o ok ok ok ok ok ok ok K ok ok ok ok
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Long-Term Protective Effects of Zoledronic Acid on Cancelious and
Cortical Bone in the Ovariectomized Rat

Tirg A Gasser.' Peter Ingald.! Andrea Verturiere,' Victor Shen? and Jonathan R Green'

ABSTRACT: Current bisphosphonate therapies effectively prevent bone loss in postmenopausal women, We
studied the effect of a single intravenous dose of ZOL in ovariectomized rats. Protection from bone loss was
dose dependent, lasting for up io 32 weeks, supporting the rationale for an annual intravenous dosing regimen
of ZOL for treatment of posimenopausal osteoporosis.

Introduction: Once-yearly dosing with zoledronic acid (ZOL) 5 mg can increase BMD and reduce {raciure
rate in postmenopausal women with law BMD. The primary objective of this study was 1o determine the
duration of hone protective effects of 4 single dose of ZOL in ovariectomized rats, an animal model of
postmenopausal osteopenia. Secondary objectives were to determine the effects on bone turnover and me-
chanical propertics.

Materials and Methods: Female Wistar rats (10 per group) received single intravenous doses of ZOL 0.8, 4.
20, 100. or 500 peg/ke. alendronate 200 pg/kg, or isolonic saline 4 days before bilateral ovariectomy. Sham-
operated controls were preireated with saline. Mass and density of cancellous and cortical bone (pOCT) werc
measured at 4-wk intervals for 32 wk. Bone architecture (wCT), bune formation dynamics (fluorochrome
label-based histomorphometry), and biomechanical strength in compression testing were also assessed at
32 wk. ‘

Results: Ovariectomy-associated BMD loss was significantly gitenualcd for 32 wk by ZOL =4 pg/kg for (otal
BMD. ZOL =20 pg/kg {or cortical BMD. and ZOL =4 pgikg lor cuncellous BMD (p < 001 versus ovari-
ectomized controls). Alendronate 200 pg/kg was of equivalent potency 10 ZOL 20 pglkg. Ovariectomy-
associated decreases in trabecular architectural parameters were dose-dependently attenuated by ZOL. Alen-
dronate 200 pa/kg was cquivalent to 201 20 pgfkg. The bone resorption marker TRACPSD indicated
transient suppression of elevated osteoclast activity by ZOL relative to OVX-rats even al the lowest dose of
0.8 pg/ke. whereas at 100-500 ppfkg. the effect was significant relative 10 the QVX control for the cntire
duralion of the study of 32 wk. Bone formation parameters were not significantly affected by ZOL 20 potke
but were significantly reduced by ZOL 100-300 pg/kg. Alendronate 200 pg/kg was equivalent to ZOL 100
pg/kg. ZOL produced dose-related improvements in bone strength parameters after ovariectomy. Alendro-
nate 200 pa/kg was of similar potency to Z.01. 20 wgike.

Conclusions: The duration and magnitude of 1he hone-protecting effect of a single intravenous dose of ZOL
in ovariectomized rats is dose dependent and lasts for up to 32 wk. Compared with alendronate, ZOL, shows
H)-fold higher poiency in preventing bone loss. These dala support the use of an annual intravenous ZOL
dosing regimen for the treatment of osteoporosis,

J Bone Miner Res 2008:23:544-551, Published online on December 10, 2007; doi: 10.1359/JBMR.071207

Key words: osteoporesis, bone loss, bisphosphonate, single dose, zoledronic acid

INTRODUCTION

E.\‘TR(}(‘-ENS PLAY A critical role in maimaining normal
mass. In posimenopausal women, estrogen defi-
ciency results in clinically significant bone loss and in-
creased fracture risk. Current bisphosphonate therapies are
cffective treatments for bone loss. Zoledronic acid {Z0L),

Dr Gasser is employed by Novartis. Des Ingotd, Venturiere, and
Green are emploved by Novartis and hobd stock in Novarts, Dr
Shen states that he has no conflicts of injerest.

a news-peneration bisphosphonate. is the nwost potent inhibi-
tor of osteoclast-mediated bone resorption in in vilro as-
says.\" Long-term adminisiration of ZOL as weekly subcu-
tancons injections has also been shown o prevent bone loss
and maintain mechanical strength in ovariectomized rats
and rhesus monkeys. ™ In paticnis wiih Pagel's discase of
bone, a single infusion of ZOL, 5 mg produces a rapid and
sustained normalization of serum alkaline phosphatase.'™
Maoreover, once yearly intravenous dosing with ZOL 5 mg
increased BMD and markedly reduced [racture rate in
postmenopausal women with law BMID ** indicaling a new

'Novariis Inslituies for Biomedical Research. Basel. Switzerland; “SkeleTech. Seattle, Washington, USA.
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LONG-TERM EFFECTS OF ZOLEDRONIC ACID IN OSTEOPENIA

paradigm for the effective treatment of postmenopausal os-
LEOPOrosis,

The cellular mechanisms by which bisphosphonates in-
hibil osteoclast-mediated bone resorption remain to he
(ully elueidated. They may invalve inhibition of osteoclas-
Logenesis from immature precursar cells, 7= alierations 1o
the osteoclast cytoskeleton, effects on protein and mem-
brane trafficking.”*'"" and direct inhibition of resorption
through induction of apoptasis in mature osteoclasts. 1413
Perhaps most importantly, al the biochemical level, it is
now well established that bisphosphonates inhibit the
mevalonate biosynthetic pathway in osteoclasts and macro-
phages. =" This pathway involves the synthesis of iso-
prenyl diphosphate inlermediates. such as farnesyl diphos-
phate and geranvlgeranyl diphosphate, which are substrates
for prenyl-protein transferuses catalyzing the post-
transtational modiflication of proteins. Prenylation of small
GTPases with famesyl or geranvlgeranyl groups is cssential
for their localization o cell membranes and. i turn, for
their biolegical function in inirucellular signaling path-
ways, 709

The aim of this siudy was o investigate the magnilude
and duration of the protective effect of single, increasing
intravenous doses of ZOL on bone loss. hone architecture.
bone lormatien, and bone strength in the ovaricctomized
{OVX) ral. an animal model of postmenopausal osicope-
nia.

MATERIALS AND METHODS

Skeletallv-mature, 7-moe-old, virgin Wislar rals obtained
from IFFA Credo (Lyon, France) were assigned to eight
treatment groups (10 per group). All animals excepl those
in the shum-aperaled control group were bilaterally OVX
al baseline. The rats were treated with single intravenous
deses of ZOL 0.8, 4, 20,100, or 500 jag/kg. alendronate 200
pe/ke. orisotonic saling, administered into Lhe il vein as o
slow intravenous injection over 30 s under light inhalation
anesthesia with isoflurane (Forene; Abbott), 4 davs belore
OVX. Sham-operuted controls were pretreated with intra-
venous isotonic saline.

Animals were housed at 25°C with a 12:12-h light-dark
evele. They were fed a standard laboraiory diet containing
(183% phosphorus and 1.1% calcium (NAFAG R90). Foud
and water were provided ad libitum. Studies duescribed
herein were performed according 1o the animal permit
BS375 and were approved by the Kantonales Veterindramt
(Rasel, Swilzerland}. All animal cxperimentation was con-
ducted in accordance with accepted standasds of humanc
animal care.

Mass and density of cancellous and cortical bone in the
proximal tibia metaphysis were measured in vivo af 4-wk
intervaks by pQCT. All pQCT measurements were carricd
out under inhalation anesthesia using isoflurane (Forene;
Abbott) on the proximal tibia metaphysis at a distance of
4.5 mm from the proximal end of the bone on a XCT-960A
wmaograph (Stratec. Plorzheim. Germany} U Cancellous
bane architecture in the proximal tibia metaphysis was as-
scssed in vivo at 4-wk intervals by pCT using a prototvpe
T, vivaCT20 (SCANCO Medical, Bassersdorl, Switzer-

HE 5]

fand). "7 A total of 200 slices of 26 m thickness cach were
determined every tme, and the resulting scan length of 5.2
mm covered the cpiphysis, growth plate, and the sccondary
spongiosa. Blood was collected at 4-wk intervals for 32 wk
from the lingual vein with a ncedle under light inhalation
ancsthesia with isoflurane to determine plasma levels of
osteocalein {rat osteocalein IRMA-Kit: Immutopics), o se-
rum hone marker of bone formation, and TRACP3b (Rat
TRAP ELISA Kit: IDS. Frankfurt. Germanv), a marker of
bone resorption.

Double ftuorochrome labels, alizarine complexone 20
mg/kg (Merck, Dietikon, Switverland) and caleein 30 mp/kg
(Fluka, Buchs, Switzerlang), were adninisiered subcutane-
ously 10 and 3 days belore necropsy to evaluale bone for-
mation dynamics in the proximal tibia metaphysis on 3-pm
seetions. The rats were killed ac week 33 with an overdose
of isofluranc, and their tibias, femora. and lumbar vericbrac
were harvested for {luorochrome label-based histomor-
phomeiry and biomechanical testing. Sets of d-pn micro-
tome sections were cul (Microtome 2050 Supereut: Reir-
chert-Jung, Nusstoch, Germanv} for evaluation of
Muorochrome label-based dynamie parameters using modi-
fied QUANTIMET 600 software (Leica. Cambridge, UK).
Twa scctions per animal were evaluated within a sampling
arca starting 1.0 mm {rorn the proximal growth plate. Bone
surface was measured. and mineralized surlface. mineral ap-
position rate. and daily bone formation rate (surface refer-
ent} were caleulated in accordance with the recommenda-
tions of Parfitt et al.®"" Biomechanical strengil was
assessed by compression tests on the lumbar vertebral body
and distal femoral metaphysis, a cantilever compression (est
on the femoral neck, and a three-point bending test on the
femoral shaft. Compression testing of the femoral metaph-
ysis hag been developed and described in detail by Thom-
sen et al.?% For the testing, the specimen was left intact (no
removal of cortical bone). A 4-mm-thick section with pla-
noparallel ends was sawn from the distat part of the femora
just over the patellofernoral joint cartilage. Mechanical
properties were determined in o blinded fashion using a
Malerial Tusting System (Model 55301R: Instron Corp.,
Canton, MA, USA). The ioad-displacement curve was
coltecied by the associated software (Merlin [I; Tnstron
Corp.). Tests were conducted using a 3-kN load cell al a
constant loading rate ol 6 mm/min.

Parameters (mean values = SE) for treatment groups
were compared with those of the OVX saline control group.
The sham-operated control group was tested for differences
lrom the OVX saline control group.

Statistical analyses were carried out using RS/Client
2.1.2. for Windows (Build Number 4.32; RS/1 Version 6.0,
1999: Domain Manulaciuring Corp., Burlington, MA) or
SAS software {(SAS Institute. Cary. NC. USA). Data were
subjected to a one-way ANOVA, Equality of variances was
tested by the Levene ftest. Multiple-group compatisons
were analyzed using the Dunnett test. All statistical tests
were two-tailed, and significance was assigned at p < .05,

RESULTS

Muan body weight increased after OVX by 30.7% a1 32
wk compared with only 14.7% in the sham-operated con-
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FIG. 1. Elfect of roledranic actd 0.8-500 wg/kg and alendranate

201 pafkg on total BMD £ 3E in OVX rats as measured by qCT

in the proximab tibia metaphysis, Sham. sham operated: OVX,
avaricctomized: ZOL. zoledronic acid; ALEN. alendronaie.
Mean £ SE: N = 10 par group, except OVX (N = §).

wols {(p < 0.01). This gain in hody weight was not signili-
camly affected by pretreatment with ZOL or alendronale
(data not shown). ZOL administered us a single inlrave-
nous dose was well 1elerated.

Towd, coriical, and cancellous bone masys in the
proximal tibia metaphysis

Total BMID, cortical bone thickness, and cancelious
BMDD. as measured by pOCT. decreased vapidly after OVX
(Fig. 1). This approached a plateau around 24 wk for total
BMI {-22%: p < 0.01 versus sham-aperated controls). 20
wk for cortical hone thickness (—=26%,; p < 0.01 versus sham-
operaled controls), and 28 wk lor cuncellous BMID? (=35%:;
p < 001 versus shany-operated controls).

The decline in (otal BMD was significantly attenuated up
ta 32 wk by a single pretreatment with all doses of 701, of
4 kg and above (p < 001 versus OVX saline controls;
Fig. 1), Z00L =100 pg/kg provided compietle protection
agaimst BMD Joss for 32 wk, and ZOL 20 pg/kg provided
comnplete protection against BMD loss for 24 wk: however,
signiftcant BMD less occurred with ZOL 20 pg/kg at wecks
28 and 32 (p < 0.05 and p < (.01 respectively. versus shan-
operated controls). A single injection of alendronate 200
pglke was of cquivalent potency and duration of action lo
ZOL 20 ppfke. The higher doses of ZOL had significantly
higher poleney versus alendronate 200 pe/ke at week 12
onward (p < 0.01).
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FI1G. 2, Effcet of zoledronic ncid 0.8-500 jeg/kg and alendronate
200 pgfky on cortical thickness £ SE in OVX rals as measured by
qCT in the proximal tibia metaphysis. Sham. sham operated;
VX, ovarvclomized; ZOT. xoledrome acidi ALEN, alendro-
nate. Mean a SE NV = 10 per graup, excepl OVX (N = 8).

OVX-associnted cortical bone (hinning was significantly
aticnuated for 32 wk by pretrcatment with all doses of ZOL
=20 ppiky (p < 000 versus OVX saline contrals; Fig. 2).
Z01 =100 pglkg provided complete prolection against
cortical bone loss for 32 wk and ZOL 20 pg/ke for 28 wk,
but resulted in significant cortical bone loss at 32 wk (p <
.01 versus sham-operated contrals), Alendronate 200 g/
kg was of cquivalent potency and duration of aclion to
ZOL 20 pg/kg. The higher doses of ZOL had significantly
higher potency versus alendronate 200 ppfkg at 12 wk on-
ward (p < (.01).

The OVX-associated decrease in cancellous BMD was
significantly attenuaded for 32 wk Dby pretreatment with
ZOL doscs =4 pg/ke (p < 00§ versus OVX saline controls.
Fig. 3). Again. ZOL =100 pg/kg provided complete pro-
teetion against cancellous bone loss for 32 wk and Z0L
=20 pg/ke provided complete protection against cancellous
bone loss for 28 wk: however, ZOL 20 pefkg resulted in
significant cancellous bone loss at 32 wk {p < 0.01 ver-
sus shant-operated controls). Alendronate 200 pg/kg was
of equivalent potency and duration of action 1o Z0L, 20
pefke. ZOL 100 and 500 pefke had signilicantly higher
potency versus alendronate 200 ppfkpe at 16 wk onward
(p < G.01).
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FIG. 3. Effect of zoledronic acid 9.8-500 p/ke and alendranale

200 pofke oo cancellous BMID + SE in OVX rats as measured by
qCT in the proximal tibis metaphysis, Sham, sham operated;
OVX, ovaricctomized: ZOL, woledranic acid; ALEN, alendro-
nate. Mean & SEI N = 10 per group. except OVX (N = §8),

Cancellous bone architecture and formation

Assessment of cancellous bone architecture by wCT
showed OVX-associated decreases in trabecutar bone vol-
ume, trabecular number, trabecular thickness, and connee-
tivity density and un increase in trabecular separation,
These chunges were dose-dependently attenuated by ZOL
0.8-500 pa/kg at 32 wk (Table 1). The ZOL 20-pgfkg duse
completely prevented these OVX-related effects. whereas
ZOL 100500 pgike increased trabecular bone volume. tra-
becular number, and connectivity density above sham-
operated control levels. Alendronate 200 pg/kg was of
cquivalent pulency and duration of action to ZO1 20 pafke.
The higher doses of ZOL signiltcantly increased trabecular
bone volume, trabecular number, and connectivity duensity
al 32 wk versus alendronate 200 pgikg (p < 0.01), and ra-
becular sepuration was significantly lower with Z0L 500

/ke versus alendronate 2000 pgikg (p < 0.035).

Double fluprochrome label was present in bone samiples
fromt all animals at 32 wk. Assessment of fluorochrome-
based dynamic cancellous bone formalion paramelers
showed OVX did not result in significant changes in single-
labeled bone surface. minerahizing surface, mineral apposi-
ton rate, or bone formation rate at 32 wk. Double-labeled
surfaces increased signilicantly {p < (L.03) in OVX animals

compared with sham-operated controls. Pretreatment with
701 20 pa/ky had no significant effect on these bone for-
mation parameters at 32 wk. whercas ZOL 100-300 gfkg
significantly reduced double-labeled and mineralizing bone
surface, mineral apposition rate, and bone formation rate at
32 wk {Tahle 2}, Alendronate 200 pa/ka was of equivalent
potency io ZOL KKy pg/ke and suppressed all bone [orma-
tion parameters, exeept for single-labeled bone surface, sig-
nificantly more strongly than ZOL 20 pg/ke (p < 0.01)
ZOL 300 pe/kg suppressed all bone formation parameters
significantly more strongly than alendronate 200 pg/kg (p <
(L01).

Serum bone marker

Mean plasma osteocalein levels rose rapidly in the first 4
wk after OVX and remained significantly clevated (p < 0.05
versuy sham-operated controls) for the entise 32 wk. This
increase in plasma osicocalein level was signiticantly re-
duced by pretreatment with ZOL 2 0.8 pgke for 8 wk (p <
(.01 versus avaricclomized controls: Table 3). The effect of
ZOL 20 ppikg persisted for 24 wk, followed by a vise in
osleocalein levels. a pattern comparable to the 10-fold
higher dose of ALN 2000 wg/kg. At higher doses of 108 and
500 pefkg of ZOL., osteocalcin was signilicantly suppressed
hy -~30% {or the entire study duralion of 32 wk.

Mean plasma TRACPSb acuvity rose rapidly in the first
4 wk after OVX and returned toward baseling at 24 and 32
wk {Table 4). The increase in TRACP3b was significantly
reduced Tor 16 wk by pretreatment with 200 =08 parky
{12 < 001 versus OVX controls). The effect of ZOL 20 pa/ky
was still significant al 24 wk and persisted for 32 wk at the
two higher doses (p < 0.03 versus OVX controls), cven
though the levels were slowly rising toward the baseline.
The two higher doses of 100 and 500 pgfkg ZOL reduced
TRACPSb activity by up to 90% until week § afier the
injection, where levels started to rise slowly uniil the cnd of
the study. However, at these doses, TRACPSb activity did
remain significantly suppressed until week 32

Biomechanical strength paramciers

OVX signiticantly reduced the compression strength of
the distal femoral metaphvsis compared with sham-
operated controls (p < 105). This was dose-dependently
atlendated by ZOL 0.8-100 pwp/kp (Tables 5 and 6). ZOL
100 pefkg provided full protection of disial femoral me-
taphysis compression sirengih parameters, which was sig-
nificant versus QVX controls (Table 5). ZOL 100-500 g/
ke significantly improved ultimate sirength of the fumbar
veriebral body in OVX animals (Table 6). Alendronate 200
pg/kg wus of similar polency 1o ZOL 20 pg/ky in protecting
against loss of compression strength of the distal femoral
melaphysis and lumbay veriebral body. The higher doses of
ZOL increased ullimate strength versus alendronate 200
p.a/ke in both the distal femoral metaphysis and Jlumbar
vertehrai hedy {p < 0.03), and ZOL 500 pg/kg increascd
toughness of the disial femoral metaphysis versus alendro-
nate 200 perke (7 < 0.05).

There were no significant changes in the strength of the
femoral neck in QVX smimals. cither in the controf or treat-
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TARLE |, EFFrer oF ZOLERRONIC ACiD 0.8-500 we/ke ASD ALENDRONATE 200 pafke ON TRARECULAR BoNIE ARCHITECTURE AS

ASSESSED BY O OF THE PROXIMAL TIBIA METAPHYSIS AT 32 wk

Trabecular
separatian ()

Trabeculur
niember (fnun)

Trahecular
thickness (pi)

Trabecular
hane volune (%)

Conneetiviry
density (Moue')

Sham 439 =31 129 = 5% 4.4 20,13% 201 + Ju*
OVX 148+ 08" 02 « 5 23z 008" 44 £ |70
OVX + ZOL 0.8 pa/ke 178=23" 1032 3% 25200067 419 1 33»
OVN + ZOL 4 gk 258+ 1.231 06 =2° 410,13 298 1 15%.
OVX 3 ZOL 20 peike 40.1 £ 3.6* 116 = 57 4.7 £ 0.17%* 190 &+ 2%
OVX + ZOL 100 pyky 364 & 2441 136 = 4+ 33£0.05%° 1522 7%
OVX + ZOL 300 pyfke SB0 2 L8+ 137 = 5% 5.5+4.11% 140 = 44t
OVX + ALEN 200 jg/ks d6.6£4.1% 137 2 7% 4.4 £ 0.19% 193 4 4%

6.2+ 20%
9.9+ 0.9°
132227
73220
43 £d0%
3341 347
9.6+ 3.2¢7
404 + 2.4%

Values are mean + 8F. N = 10 per group. except QVX (N = 8).

*p o (bGY vs OVXL

T p o 001 v Sham,

fp < 005 vs, Sham.

Sham. sham vperated: OVX, evancetomized; 201, zoledronic acid; ALEN, alendronate; SEM, standard error of the mean

TABLE 2. LIFECT OF ZOLEDRONIC ACID 0.8-500 pg/kg anD ALENDRONATE 200 pgkg 0N BONE FORMATION PARAMETERS 1N THE
PROXIMAL TiBlA METAPHYSIS AS ASSESSED BY FLUOROCHRCME LABELING WITH ALIZARINE AND/OR CALCEIN AT 32 wk

Danbte-labeled
hone sueface (%)

Single-labeled
bone strfuce (%)

Mineralizing
surfuce (1)

Bone formation
rate (fomid)

Mincral apposition
rale ()

Sham 5360427 2.5+ 2.06% 61312 1.4 0.373 2 0.040
OVX 49.6 + 2.1 40 2.0 648+12 0,354 £0.022
OVXN + Z0L 038 pa/kg 459+ 1.5 4062 | 67 69.5 £ 0.9F 0.394 £ 0.019
OVX + ZOL 4 py/kp St =04 40.0£ 1.3 65,51 1.3 0,356 2 0.014
OVX 3 Z20L 20 pky 526217 377212 64.0 2 0.6 0.317 £ 0.016
OVX + 7Z0L 100 pglke 45239 17.6 + 2.6%F 40,3 4 4 2% 0.166 2 0.020%*
OVX + Z0L 500 pafke 31.9 £ 32 7.7 % 1.3% 237 £ 2,90 1LO79 £ 4.012%
OVX + ALLEN 200 pgpike 4312128 227 £ 0.9% 45.2 ¢ L.o*t 0.188 = 0.004%7

0.6 + 0048
0.547 £ 0.034
0.366 + 0.023
0.543 £ 0.0145
0491 = 0,021
0403 x 0.012%
0.329 £ 0.021%
0415 + 0008

Values arc mean & SE. N = 10 per group, except OVX (N = 3),
*po 001 vs OVX,
" <005 vs OVN,
o< 001 vs Shan,
8 p < 005 vs, Sham.

Sham, shant operated; OVXL ovariectomized; 201, zoledronic acid; ALEN, alendronate.

ment groups (data not shown). However, OVX resuited in
reduced strength paramelers {including ultimate strength
and elasticity) ol the femoral shafi, which was dosc-
dependently attenuated by ZOL 0.8-200 pg/kg. ZOL =20
nefke and alendronate significanily improved the strength,
stiffness, and elasticity of the femoral shaft versus that of
sham-operated controls (Table 7). Full proicction of pa-
rameters was seen with ZOL 100-500 pg/ke and alendro-
naie 20X} pe/kg.

DISCUSSION

The results presented here show that the duration of the
protective effect of a single intravenous dose of ZOL (.8-
500 peg/kg on loss of cortical and cancellous bone mass and
disruption of cancellous bone architecture in OVX rats is
dose dependent. with ZOL 100-500 pafkg providing pro-
tection for 32 wk. Furthermore, the magnitude of the pro-
tective elfect of ZOL on bone mass s also dose related,
with ZOL 20 pg/kg offering full bone protection, whereas
only partial protection was scen at lowey doses. Compared
with alendronate, currently the most widely prescribed bi-

sphosphonate therapy, ZOL shows 10-fold higher potency
in preventing OVX-ussociated bone koss, with higher doses
of ZOL {100-300 pe/kg) showing significantly higher po-
teney and duration ol action than alendronate 200 pg/ka.
without any indication of deterioration of mechanical pa-
rameters,

Although there are few other reports of preclinical stud-
ies an the sustained inhibition of bone resorption after a
single administration of bisphosphonate. similar long-lerin
effects have been observed in paticats with Paget's discase
and osteoporosis treated with 2- to 5-day intravenous load-
ing doses of alendronate and neridronate. =9 Therclore,
prolonged cfflicacy is exhibited by scveral of the nitrogen-
conlaining hisphosphonates but, because of its high thera-
peutic ralio, ZOL has the unigue advantage that an effec-
tive dose can be safely administered as a convenient single
15-min infusion.

Afrer 32 wk of treatment with ZOL 20 pg/kg, dyvnamic
bone formation was ssmilar to that of sham-operated con-
trols, indicating normal bone twrnover was restored al this
time point. Plasma ostcocalcin levels did not suggest thas
bone formation was markedly suppressed al any time at
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TARLE 3. EFFECT OF ZOLEDRONIC ACID 0.8-500 parkg Axn ALENDRONATE 200 pelkg 08 PLasma OsTEOCALCIN IN OVX RATS

Plasma osteocalein (nghind)

Week ) Week 4 Week 8 Weck 12 Week 16 Werk 20 Woeek 24 Week 28 Week 32

Sham M09 12007 1224050 127=011* N3 1372100 113=14Y 91x12° 97=14%
OvX 31204 24012048 208=108 179+10% 20621030 185+ 13% 1602108 1402 19% 148s 15
OVX + ZO1,

0.8 poke Fd 208 174 x00% 157117 162070 1852080 1752070 151208 146206% 133z07
OVX + ZOL

4 gikg (33£06 157«12% 146208% 139£04 170+ LI1Y [36208% 1435212 1485209 (3608
OVX + Z0L

20 pgkg 12404 149210 126206% L6x04* 131210 147218 ildzl4* 124+24 165215
OvX + 701

100 pgfkg ML+ 08 120204*% 102205 90044 05204% 98406 67207%  67x06*  75:05*
OVX + 701

300 pefkg 1252086 121206+ 0505 835:04%  02-08% 9507 06207¢ 9005 g0z04r
OVX + ALEN

200 wgfka 133204 M3£07% 121205 124=07* 137+06% 139108 142207 12506 132=07

Values are mean = SE.N = 10 per group. excepl OVX {V = §)
¥ p <001 vs. QVXL
Tp < 005 vs OVXL
<000 vs Sham,
*p < 008 v, Sham.

Sham, sham operateds QVX, ovaricctomized: ZOL. zoledronic acid; ALEN, alendronate.

TaBLL 4. EFFECT OF ZoLEDRONIC ACID (L8-500 pofke AND ALENDRONATE 200 pp/ke 0N PLasva TRACPSD v OVX RaTy

Plasmma TRACPSH (Uditert

Weelk 1) Week 4 Werk & Week 12 Week 16 Week 24 Week 32
Shim 5621 057 SRR & LA 480 = 1).28% 500031 5782034 4052034 592 £ 0.68
VX 5107034 047 & (L57 1241 £1.02 1132117 10.24 £ (188 7.25 £ (158 6.1 = 036

OVN + ZOL 0.8 pgiky 5006+ 0.62 243 £ 0.37¢

OVX + ZOL 4 pake 564 £035 L0 = (12671

OVX + ZOL 20 pgikg 5582047 079007

OVX + ZOL 100 p/kg 364 2 068 0,79 £ 0.12%1

OVX + ZOL SO0 pgfkg 5652042 043 £0.05¢
5.

OVX + ALEN 200 pglke 97 £ 035 105 £ 009+

3.03 + 0.35+
2.33 1 01.29%!
01.99 = 0.22%7
1.13 £ 0.25%!
0.57 = N.20%t
127 £ 0.12%F

375022 538069 6,24 2 050 670+ 0,38
A4 =025 40210413 50040697 358 £ 003
228 0.24%Y 3352033 326:033F 5462040

1,59 £ 0,307
1.56 ¢ 0.35+F
L6 £ 017+

338 £ 041% 3931048+ 461 +038F
242 £ 020%7 26002647 3005027+
375£026%7 51020647 4722049

Values are mean £ SE N = 10 per wroup, excepl OVX (N = §).
* o DO vs, OVX,
Ypo 04N vs. Shan
Tp < D3 vs, VXL

Sham, shim operated; OVNL avariceromized; 200, eoledronie acid; ALEN, alendronate,

doses of up 10 20 pg/ks. Alendronate showed relatively
polenl suppression of dynamic bone formation. with 200

alkg equivalent 1o ZOL 100 pp/keg and significantly
greater suppression than Z0OL 20 wa/ke, which was equi-
potent o alendronate 200 po/ke at attenuating BMID loss.
High-dose ZOL (100-500 pg/ke) reduced bone formation
below the fevel of sham-operated controls; however. the
degree of inhibition of plasma osicocalein did not. exceed
50%. indicating bone formation conlinued, even at doses
S-fold higher than the equivalent human dose (500 pgika).
The bone resorption marker TRACPSD indicated 1ransient
suppression of clevaled osteoclast activity by Z0L relative
to OVX rats even at the lowest dose of 0.8 pg/kg. whereas
al 100500 pa/ka. the effect was significant relative 10 the
OV X control for the entire duration of the study of 32 wk.

Intravenous injection of ZOL produced significant dose-
related tiprovements in mechanieal properties of 1he

femoral shaft (20300 pe/kg), the metaphysis. and lumbar
veriehral body (100 and 300 pg/ke) in OVX rats. ZOL can
fully prevent loss of bone strength after OVX, and at doses
of 100 or 300 pefke. equivalent 1o 3- or 25-mg doses. 1e-
spectively, n humans, strenglh parameters were at least
10% higher than those in sham-operated controls. This in-
creasce in bone stvength could be at least in part caused by
a shift in the mineral density profile resulling in increased
secondary mineralization as a conscquence of lower bone
turpover, 27" More recently, Durchschiag et al®? also
suggested that Jong-term treatment of osteoporotic women
with risedronate affeets the bone mineral maturity/
crystallinity and collagen cross-link ratio with positive con-
sequences on tissue aging. Tn our study. structural analysis
of cancellous bone by W CT indicated that the higher doses
of 100 and 500 pg/ke ZOL may have protected against the
age-related decrease in trabecular numbcer while having
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TasLE 5 EFFECT OF ZOLEDRONIC ACID 0.8-300 etk AND ALENBRONATE 200 pwafkg 0N COMIRESSION STRENGTH PARAMETERS OF
THE DIStAL FEMORAL METAPEYSIS

Uliimate strength (Nfmnr)

Elustic modulus {MPa)

Toughness (Mi/nr')

Sham

OVX

OVX + ZOL 08 pyfkp
OVX + ZOL 4 pyrkg
OVXN + ZOL 20 pefky
OVX + ZOL 100 pgfke
OVX + ZOL 300 pg/ke

OVX + ALEN 200 kg

31,60 & 2.58%
.98 = 0.00°
16.68 = 2041
21.63 2 1.35
2324+ .73
3637 22824
3550 £2.22+
2744 +1.54

872.306 = 30,307
63035 = 33.85¢
495,45 + 67.26"
653,11 = 35.17¢
71549 £ 31.06
984.67 2 63.10%
883.70 £ 67.95
812,30 = 64.45

1.09 2 (1.16%
0.6 + 0.06%
.54 £ 0.08"
0.8 £ 008
080 £0.10
1.29 £ 0.11*
1.30+0.13
0.96 + 0.08

Values are mean 4 SK. & = 10 per gronp, excepl OVX (& = 8).

< LS v OVXL
Tp < 001 vs, Sham.
Fp < (03 vs Bhum,

Sham, sham aperated: OVX, ovatieotomived; 201, zoledronic acid: ALBN, alendronate.

Taktg 6. Errecr oF ZOLEDRONIC Ay 0.8-500 pa/ka anD ALENDRORATE 200 ng/kg on COMPRESSION STRENGTH PARAMETERS OF
THE LuMBar VERTEBRAL Bopy

Uitimate strength (N’ Elastic merdulus (M Pa) Toughness (MIim')

Sham 2853210 667.85 £ 56.10 1.06 £0.12
ONX 25.89 = 0.71 62330 = 36,33 0.94 x0.08
OVX + ZOL 08 pake 2003 £ 1.14% 42319 2 3611 071 £0.09
OVX ¢ ZOL 4 pyike 26,07 £ 2.50 594,64 & 66.52 088 £ 0.0
OVX + 201 20 pafke 2841 £2.29 851.49 £ 12920 0.87 = (109
OVX + ZOL 100 pyfke 37.46 £ 295+ $20.05 + 120,94 150 £ 0.14**
OVX + ZOL 500 pefkg 3428 + 1 Y6° 76759 £ 74.34 125012
OVX + ALEN 200 pglkg 28,13 %140 74211 £ 74.38 0.99 = 0,072

Values are mean + SE. N = 1 per group. except OVX (¥ = 8).

* o (LOF vs. Shan,

'p o S v OVXL

Sham. sham operated; OVX, ovaricctomized; ZOL., ruledronic acid; ALEN, ilendronate.

TapLE 7. Erkecr oF ZoLEDRONC Acid 1.8-500 pg/kg AND ALENDRONATE 200 wg/ky Ox BunDING STRUNGTI PARAMETERS OF THE
FEMORAL SHAIT

Ultirete steengthe (INfmne”) Flastic moduluy (MPaj Tonughness (M)

Sham 130,59 = 5.35% H743.99 2 31799+ A.53 x0.44
OVX 170.52 £ 1.61° A359.84 £ 263.77¢ 590 £ 0306
OVX + ZOL 0.8 kg 150.23 = 602 5489.08 + 260,367 508 £0.26
OVX + ZOL 4 pa/kp 186.84 = 5.69 630525 2 34545+ 6.62 + (139
OVX + Z01.20 pg/kg 9120 £ 7.17% 0586.81 1 301.29+ .49 + 0.35
OVX + ZOL 100 nafkg 20597 = 5.19¥ 63Y8.00h = 263.61* 740 1 0.46*
OVX + ZOL 300 pgiky 217.05 = 4.35%¢ TI62AG = 23224+ 7.6 = 1.47*
OVX + ALEN 200 pafkg 20057 £ 4.11* HATTEN £ 32447 846 & 0.57%"

Values are mean £ SE. N = 10 per group. except OVX (N = 8}
*p 25 v, OVXL
T« DOS vs Sham,
Fpr w2 000 vs. Sham,

Sham, sham nperated: OVX, ovarieciomized; 701, roledronic acid: ALEN, alencronale.

only a minor cffect on (rabecular thickness. Therefore,
preservalion of connectivity may also have contributed to
the improvement in mechanical parameters obscerved in our
study.

In conclusion. in this animal model of postmenopausal
osteopenia, a single dose of 100 pgfkg ZOL cquivalent to
the human 3-mg dose suppresses bone resorption. prolecis
against cancetlous and cortical bone loss, and prevents the

deterioration of mechanical parameters for up 10 32 wk.
These data support the use of an annual intravenous ZOL
dosing regimen for the treatment of osteoporosis,
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