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(57) ABSTRACT 

The invention relates to a method for increasing the tough 
ness and/or stiffness of bone and/or reducing the likelihood 
and/or severity of bone fracture by administering a parathy 
roid hormone. The method can be employed to increase 
toughness or stiffness of bone at a site of a potential or actual 
trauma, such as the hip or spine of a person at risk of or 
suffering from osteoporosis. The method of the invention 
can reduce the incidence of vertebral fracture, reduce the 
incidence of multiple vertebral fractures, reduce the severity 
of vertebral fracture, and/or reduce the incidence of non 
vertebral fracture. 
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FIG. 7 
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METHOD OF INCREASING BONE TOUGHNESS 
AND STIFFNESS AND REDUCING FRACTURES 

TECHNICAL FIELD 

[0001] This invention relates to methods for increasing the 
toughness and/or stiffness of bone and/or reducing the 
likelihood and/or severity of bone fracture by administering 
a parathyroid hormone. More particularly, the invention 
relates a method for increasing toughness or stiffness of bone 
at a site of a potential or actual trauma, such as the hip or 
spine of a person at risk of or suffering from osteoporosis. 
More particularly, the invention relates to a method of 
reducing the incidence of vertebral fracture, reducing the 
incidence of multiple vertebral fractures, reducing the sever 
ity of vertebral fracture, and/or reducing the incidence of 
non-vertebral fracture. 

BACKGROUND OF THE INVENTION 

[0002] Existing agents such as estrogen, bisphosphonates, 
?uoride, or calcitonin can prevent bone loss and induce a 
3-5% increase of bone mass by re?lling the remodeling 
space, but net bone formation is not signi?cantly stimulated. 
The retention of bone by inhibition of bone turnover may not 
be suf?cient protection against fracture risk for patients Who 
already have signi?cant bone loss. Anabolic agents that 
increase bone strength by stimulating bone formation pref 
erentially may provide better protection against fracture in 
patients With established osteoporosis. 

[0003] Parathyroid hormone (PTH) is a secreted, 84 amino 
acid product of the mammalian parathyroid gland that 
controls serum calcium levels through its action on various 
tissues, including bone. The N-terminal 34 amino acids of 
bovine and human PTH (PTH(1-34)) is deemed biologically 
equivalent to the full length hormone. Other amino terminal 
fragments of PTH (including 1-31 and 1-38 for example), or 
PTHrP (PTH-related peptide/protein) or analogues of either 
or both, that activate the PTH/PTHrP receptor (PTHl recep 
tor) have shoWn similar biologic effects on bone mass, 
although the magnitude of such effects may vary. 

[0004] Studies in humans With various forms of PTH have 
demonstrated an anabolic effect on bone, and have prompted 
signi?cant interest in its use for the treatment of osteoporosis 
and related bone disorders. The signi?cant anabolic effects 
of PTH on bone, including stimulation of bone formation 
Which results in a net gain in bone mass and/or strength, 
have been demonstrated in many animal models and in 
humans. 

[0005] It is commonly believed that PTH administration in 
humans and in relevant animal models has a negative effect 
on cortical bone. In fact, naturally occurring increases in 
endogenous PTH, Which occur in the disorder hyperparathy 
roidism, result in thinning of cortical bone accompanied by 
an increase in connectivity and mass of trabecular bone. Past 
studies suggest that When Haversian cortical bone (found in 
humans and higher mammals) remodels under the in?uence 
of PTH, there Will be a re-distribution of bone such that 
cortical bone mass and strength decrease, While trabecular 
bone increases in mass and strength. For example, in pub 
lished clinical studies of administering PTH, cortical bone 
mass decreased after treatment With exogenous PTH and 
these ?ndings have raised concern that the treatment of PTH 
Will lead to reduced cortical bone mass and strength. One 
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concern raised by such studies is that there Would be a loss 
of total skeletal bone mass due to the loss of cortical bone. 
This is of high clinical relevance as, in osteoporosis, the 
greater loss of trabecular bone compared to loss of cortical 
bone, means that mechanical loading is predominantly borne 
by the remaining cortical bone. Continued loss of cortical 
bone Would increase the fracture risk. Therefore, it is impor 
tant that a therapeutic agent for osteoporosis maintain or 
increase a subjects residual cortical bone. 

[0006] The effects of PTH on cortical bone have been 
investigated in nonhuman animals With Haversian remod 
eling, such as dogs, ferrets, sheep and monkeys, but sample 
siZes are typically too small for reliable statistical analysis. 
The impact of the changes induced by PTH treatment on 
mechanical properties of cortical bone in such animals 
remains unknoWn. Published studies of rodents have shoWn 
increased cortical bone mass during administration of PTH 
but a loss of this bene?t after WithdraWal of PTH. HoWever, 
rodent cortical bone has a distinctly different structure from 
Haversian cortical bone, and remodels by surface apposi 
tional formation and resorption, rather than by intracortical 
remodeling of osteons. Furthermore, technological limita 
tions in biomechanical testing on the relatively short bones 
of rodents give rise to artifacts of measurement When an 
agent, such as a PTH, alters bone geometry to thicken the 
bone. Such artifacts make extrapolation of rat cortical bone 
responses to those of humans or other animals With osteonal 
remodeling unreliable. Therefore, the existing data for ani 
mals, like humans, undergoing Haversian remodeling indi 
cates that PTH may have an adverse impact on cortical bone, 
causing net loss of bone mass through depletion of cortical 
bone. 

[0007] As a consequence, it has been a popular belief 
regarding the action of PTH that patients require concurrent 
or subsequent treatment With an antiresorptive to minimiZe 
loss of bone induced by PTH. In fact, this model has been 
the basis for several clinical studies in Women. For example, 
three clinical studies have used PTH in post-menopausal 
Women on concurrent therapy With calcitonin or estrogen, or 
in premenopausal Women taking GnRH agonist, Synarel, for 
endometriosis. The opposing effects of estrogen and PTH on 
cortical bone turnover make it particularly difficult to 
observe effects of just PTH during combination therapy With 
these tWo agents. 

[0008] There remains a need for a method for employing 
a PTH to increase strength and stiffness of bone in humans 
and other animals exhibiting Haversian remodeling, and for 
reducing the incidence of fracture of bones in these animals. 
Furthermore, there remains a need for a method for increas 
ing the quality and amount of cortical bone. 

SUMMARY OF THE INVENTION 

[0009] The present invention includes a method for 
increasing the toughness and/or stiffness of bone, preferably 
cortical bone, and/or reducing the incidence and/or severity 
of fracture by administering a parathyroid hormone. More 
particularly, the invention relates to a method for increasing 
toughness or stiffness of bone at a site of a potential or actual 
trauma. Increasing toughness and/or stiffness of bone can be 
manifested in numerous Ways knoWn to those of skill in the 
art, such as increasing bone mineral density, increasing bone 
mineral content, increasing Work to failure, and the like. In 
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one embodiment, the method of the invention reduces the 
incidence or severity of vertebral and/or non-vertebral frac 
tures. The method of the invention can be used to decrease 
the risk of such fractures or for treating such fractures. In 
particular, the method of the invention can reduce the 
incidence of vertebral and/or non-vertebral fracture, reduce 
the severity of vertebral fracture, reduce the incidence of 
multiple vertebral fracture, improve bone quality, and the 
like. 

[0010] The method can increase toughness or stiffness at 
a site of a potential trauma, such as a hip or spine of a person 
With osteoporosis, or at another site having abnormally loW 
bone mass or poor bone structure. The method can also 
increase bone toughness or stiffness at a site of an actual 
trauma, such as a fracture, for eXample, in a hip or vertebra. 
A preferred subject for the method of the invention is a 
Woman or man at risk for or having osteoporosis, preferably 
a postmenopausal Woman, and is independent of concurrent 
hormone replacement therapy (HRT), estrogen or equivalent 
therapy, or antiresorptive therapy. In one embodiment, the 
patient also receives supplements of calcium and/or vitamin 
D. 

[0011] A parathyroid hormone, such as the N-terminal 
amino acids 1-34 of recombinant human parathyroid hor 
mone, can be administered either cyclically or intermittently. 
Preferably, cyclic administration includes administering 
PTH for 2 or more remodeling cycles and WithdraWing PTH 
for one or more remodeling cycles. Further, according to the 
method of the invention, the increases in toughness and/or 
stiffness of a bone can persist for several remodeling cycles, 
or up to several years, after the last administration of a 
parathyroid hormone. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIGS. 1A and 1B shoW that BMD (bone mineral 
density) and BMC (bone mineral content) in the femoral 
midshaft (cortical bone) (A) and in the proximal femur 
(cancellous bone+cortical bone) (B) Were signi?cantly 
greater in PTH-treated animals than controls at both doses. 

[0013] FIGS. 2A through 2D shoW the effects of PTH on 
mechanical strength and cross sectional moment of inertia 
(CSMI) in the cortical bone of the femoral midshaft. 

[0014] FIG. 3 illustrates the percent change in DXA 
measures of Whole bone mineral content in control and 
treatment groups. 

[0015] FIGS. 4A-C illustrate the percent change in DXA 
measures of the spine for control and treatment groups in the 
lumbar vertebrae 2-4 for bone area (A), bone mineral 
content (B), and bone mineral density 

[0016] FIGS. 5A and 5B illustrate the increase in bone 
mass (A) and bone strength (B) in lumbar vertebrae of 
primates treated With a parathyroid hormone. 

[0017] FIGS. 6A and 6B illustrate the increase in strength 
of femur neck (A) and the constant strength of humerus 
mid-diaphysis (B) in primates treated With a parathyroid 
hormone. 

[0018] FIG. 7 illustrates activation of bone formation 
rates on endosteal and periosteal surfaces of the midshaft 
humerus. 

Feb. 19, 2004 

[0019] FIG. 8 illustrates the histogram analysis of the shift 
in bone voXel densities in lumbar vertebra, resulting from 
PTH treatment compared to control. Note the increase in 
density in cortical bone compartment after WithdraWal of 
PTH treatment. 

[0020] FIG. 9 illustrates increases in lumbar spine BMD 
through 23 months of treatment of patients With either 20 
pg/kg/day PTH or 40 pg/kg/day PTH, compared to placebo 
treated controls. 

[0021] FIG. 10 illustrates increases in femur and hip neck 
BMD through 24 months of treatment of patients With either 
20 pg/kg/day PTH or 40 pg/kg/day PTH, compared to 
placebo treated controls. 

DETAILED DESCRIPTION 

[0022] The invention relates to a method for increasing 
bone toughness and/or stiffness, and/or reducing incidence 
of fracture in a subject by administering a parathyroid 
hormone. The method can be employed to increase stiffness 
and/or toughness at a site of a potential trauma or at a site 
of an actual trauma. Trauma generally includes fracture, 
surgical trauma, joint replacement, orthopedic procedures, 
and the like. Increasing bone toughness and/or stiffness 
generally includes increasing mineral density of cortical 
bone, increasing strength of bone, increasing resistance to 
loading, and the like. Reducing incidence of fracture gen 
erally includes reducing the likelihood or actual incidence of 
fracture for a subject compared to an untreated control 
population. 
[0023] As used herein, ultimate force refers to maXimum 
force that a bone specimen sustains; stiffness refers to the 
slope of the linear portion of a load-deformation curve; and 
Work to failure refers to the area under the load-deformation 
curve before failure. Each of these can be measured and 
calculated by methods standard in the bone study art. These 
parameters are structural properties that depend on intrinsic 
material properties and geometry, and can be determined as 
described in Turner CH, Burr DB 1993 “Basic biomechani 
cal measurements of bone: a tutorial.”B0ne 141595-608, 
Which is incorporated herein by reference. Ultimate force, 
stiffness, and Work to failure can be normaliZed to obtain 
intrinsic material properties such as ultimate stress, elastic 
modulus, and toughness, Which are independent of siZe and 
shape. As used herein, ultimate stress refers to maXimum 
stress that a specimen can sustain; elastic modulus refers to 
material intrinsic stiffness; and toughness refers to resistance 
to fracture per unit volume. Each of these can be determined 
by methods knoWn in the art. Id. Femoral bone strength, as 
referred to herein, can be measured at the femur neck, or at 
the midshaft typically using three-point or four-point bend 
ing at the latter site. 

[0024] Bone Trauma 

[0025] The method of the invention is of bene?t to a 
subject that may suffer or have suffered trauma to one or 
more bones. The method can bene?t mammalian subjects, 
such as humans, horses, dogs, and cats, in particular, 
humans. Bone trauma can be a problem for racing horses 
and dogs, and also for household pets. A human can suffer 
any of a variety of bone traumas due, for eXample, to 
accident, medical intervention, disease, or disorder. In the 
young, bone trauma is likely due to fracture, medical inter 
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vention to repair a fracture, or the repair of joints or 
connective tissue damaged, for example, through athletics. 
Other types of bone trauma, such as those from osteoporosis, 
degenerative bone disease (such as arthritis or osteoarthri 
tis), hip replacement, or secondary conditions associated 
With therapy for other systemic conditions (e.g., glucocor 
ticoid osteoporosis, bums or organ transplantation) are 
found most often in older people. 

[0026] Preferred subjects include a human, preferably a 
Woman, at risk for or suffering from osteoporosis. Risk 
factors for osteoporosis are knoWn in the art and include 
hypogonadal conditions in men and Women, irrespective of 
age, conditions, diseases or drugs that induce hypogo 
nadism, nutritional factors associated With osteoporosis (loW 
calcium or vitamin D being the most common), smoking, 
alcohol, drugs associated With bone loss (such as glucocor 
ticoids, thyroxine, heparin, lithium, anticonvulsants etc.), 
loss of eyesight that predisposes to falls, space travel, 
immobiliZation, chronic hospitaliZation or bed rest, and 
other systemic diseases that have been linked to increased 
risk of osteoporosis. Indications of the presence of 
osteoporosis are knoWn in the art and include radiological 
evidence of at least one vertebral compression fracture, loW 
bone mass (typically at least 1 standard deviation beloW 
mean young normal values), and/or atraumatic fractures. 

[0027] Osteoporosis can lead, for example, to vertebral 
and/or non-vertebral fractures. Examples of non-vertebral 
fractures include a hip fracture, a fracture of a distal forearm, 
a fracture of a proximal humerus, a fracture of a Wrist, a 
fracture of a radius, a fracture of an ankle, a fracture of an 
humerus, a fracture of a rib, a fracture of a foot, a fracture 
of a pelvis, or a combination of these. The method of the 
invention can be used to decrease the risk of such fractures 
or for treating such fractures. The risk of fracture is dimin 
ished and the healing of a fracture is aided by increasing the 
strength and/or stiffness of bone, for example, in the hip, the 
spine or both. A typical Woman at risk for osteoporosis is a 
postmenopausal Woman or a premenopausal, hypogonadal 
Woman. A preferred subject is a postmenopausal Woman, 
and is independent of concurrent hormone replacement 
therapy (HRT), estrogen or equivalent therapy, or antire 
sorptive therapy. The method of invention can bene?t a 
subject at any stage of osteoporosis, but especially in the 
early and advanced stages. 

[0028] The present invention provides a method, in par 
ticular, effective to prevent or reduce the incidence of 
fractures in a subject With or at risk of progressing to 
osteoporosis. For example, the present invention can reduce 
the incidence of vertebral and/or non-vertebral fracture, 
reduce the severity of vertebral fracture, reduce the inci 
dence of multiple vertebral fracture, improve bone quality, 
and the like. In another embodiment, the method of the 
present invention can bene?t patients With loW bone mass or 
prior fracture Who are at risk for future multiple skeletal 
fractures, such as patients in Which spinal osteoporosis may 
be progressing rapidly. 

[0029] Other subjects can also be at risk of or suffer bone 
trauma and can bene?t from the method of the invention. For 
example, a Wide variety of subjects at risk of one or more of 
the fractures identi?ed above, can anticipate surgery result 
ing in bone trauma, or may undergo an orthopedic procedure 
that manipulates a bone at a skeletal site of abnormally loW 
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bone mass or poor bone structure, or de?cient in mineral. 
For example, recovery of function after a surgery such as a 
joint replacement (e. g. knee or hip) or spine bracing, or other 
procedures that immobiliZe a bone or skeleton can improve 
due to the method of the invention. The method of the 
invention can also aid recovery from orthopedic procedures 
that manipulate a bone at a site of abnormally loW bone mass 
or poor bone structure, Which procedures include surgical 
division of bone, including osteotomies, joint replacement 
Where loss of bone structure requires restructuring With 
acetabulum shelf creation and prevention of prosthesis drift, 
for example. Other suitable subjects for practice of the 
present invention include those suffering from hyperpar 
athyroidism or kyphosis, Who can undergo trauma related to, 
or caused by, hyperparathyroidism or progression of kypho 
s1s. 

[0030] Bone Toughness and Stiffness 

[0031] The method of the invention reduces the risk of 
trauma or aids recovery from trauma by increasing bone 
toughness, stiffness or both. Generally toughness or stiffness 
of bone results from mass and strength of cortical, trabecu 
lar, and cancellous bone. The method of the invention can 
provide levels of bone toughness, stiffness, mass, and/or 
strength Within or above the range of the normal population. 
Preferably the invention provides increased levels relative to 
the levels resulting from trauma or giving rise to risk of 
trauma. Increasing toughness, stiffness, or both decreases 
risk or probability of fracture compared to an untreated 
control population. 

[0032] Certain characteristics of bone When increased 
provide increased bone toughness and/or stiffness. Such 
characteristics include bone mineral density (BMD), bone 
mineral content (BMC), activation frequency or bone for 
mation rate, trabecular number, trabecular thickness, trabe 
cular and other connectivity, periosteal and endocortical 
bone formation, cortical porosity, cross sectional bone area 
and bone mass, resistance to loading, and/or Work to failure. 
An increase in one or more of these characteristics is a 
preferred outcome of the method of the invention. 

[0033] Certain characteristics of bone, such as marroW 
space and elastic modulus When decreased provide increased 
toughness and/or stiffness of bone. Younger (tougher and 
stiffer) bone has crystallites that are generally smaller than 
crystallites of older bone. Thus, generally reducing the siZe 
of bone crystallites increases toughness and stiffness of 
bone, and can reduce incidence of fracture. In addition, 
maturing the crystallites of a bone can provide additional 
desirable characteristics to the bone, including increased 
toughness and stiffness of bone and/or can reduced inci 
dence of fracture. A decrease in one or more of these 
characteristics can be a preferred outcome of the method of 
the invention. 

[0034] The method of the invention is effective for 
increasing the toughness and/or stiffness of any of several 
bones. For example, the present method can increase the 
toughness and/or stiffness of bones including a hip bone, 
such as an ilium, a leg bone, such as a femur, a bone from 
the spine, such as a vertebra, or a bone from an arm, such as 
a distal forearm bone or a proximal humerus. This increase 
in toughness and/or stiffness can be found throughout the 
bone, or localiZed to certain portions of the bone. For 
example, toughness and/or stiffness of a femur can be 
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increased by increasing the toughness and/or stiffness of a 
femur neck or a femur trochantera. Toughness and/or stiff 
ness of a hip can be increased by increasing the toughness 
and/or stiffness of an iliac crest or iliac spine. Toughness 
and/or stiffness of a vertebra can be increased by increasing 
the toughness and/or stiffness of a pedicle, lamina, or body. 
Advantageously, the effect is on vertebra in certain portions 
of the spine, such as cervical, thoracic, lumbar, sacral, and/or 
coccygeal vertebrae. Preferably the effect is on one or more 
mid-thoracic and/or upper lumbar vertebrae. 

[0035] The increase in toughness and/or stiffness can be 
found in each of the types of bone, or predominantly in one 
type of the bone. Types of bone include spongy (cancellous, 
trabecular, or lamellar) bone and compact (cortical or dense) 
bone and the fracture callus. The method of the invention 
preferably increases toughness and/or stiffness through its 
effects on cancellous and cortical bone, or on cortical bone 
alone. Trabecular bone, bone to Which connective tissue is 
attached can also be toughened and/or stiffened by the 
present method. For example, it is advantageous to,provide 
additional toughness at a site of attachment for a ligament, 
a tendon, and/or a muscle. 

[0036] In another aspect of the invention, increasing 
toughness or stiffness can reduce incidence of fracture. In 
this aspect, increasing toughness or stiffness can include 
reducing incidence of vertebral fracture, reducing incidence 
of severe fracture, reducing incidence of moderate fracture, 
reducing incidence of non-vertebral fracture, reducing inci 
dence of multiple fracture, or a combination thereof. 

[0037] Parathyroid Hormone 
[0038] As active ingredient, the composition or solution 
may incorporate the full length, 84 amino acid form of 
parathyroid hormone, particularly the human form, hPTH 
(1-84), obtained either recombinantly, by peptide synthesis 
or by extraction from human ?uid. See, for example, US. 
Pat. No. 5,208,041, incorporated herein by reference. The 
amino acid sequence for hPTH (1-84) is reported by Kimura 
et al. in Biochem. Biophys. Res. Comm., 114(2):493. 
[0039] The composition or solution may also incorporate 
as active ingredient fragments or variants of fragments of 
human PTH or of rat, porcine or bovine PTH that have 
human PTH activity as determined in the ovariectomiZed rat 
model of osteoporosis reported by Kimmel et al., Endocri 
nology, 1993, 32(4):1577. 
[0040] The parathyroid hormone fragments desirably 
incorporate at least the ?rst 28 N-terminal residues, such as 

PTH(1-28), PTH(1-31), PTH(1-34), PTH(1-37), PTH(1-38) 
and PTH(1-41). Alternatives in the form of PTH variants 
incorporate from 1 to 5 amino acid substitutions that 
improve PTH stability and half-life, such as the replacement 
of methionine residues at positions 8 and/or 18 With leucine 
or other hydrophobic amino acid that improves PTH stabil 
ity against oxidation and the replacement of amino acids in 
the 25-27 region With trypsin-insensitive amino acids such 
as histidine or other amino acid that improves PTH stability 
against protease. Other suitable forms of PTH include 
PTHrP, PTHrP(1-34), PTHrP(1-36) and analogs of PTH or 
PTHrP that activate the PTH1 receptor. These forms of PTH 
are embraced by the term “parathyroid hormone” as used 
generically herein. The hormones may be obtained by 
knoWn recombinant or synthetic methods, such as described 
in US. Pat. Nos. 4,086,196 and 5,556,940, incorporated 
herein by reference. 
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[0041] The preferred hormone is human PTH(1-34), also 
knoWn as teriparatide. StabiliZed solutions of human PTH(1 
34), such as recombinant human PTH(1-34) (rhPTH(1-34), 
that can be employed in the present method are described in 
US. patent application Ser. No. 60/069,075, incorporated 
herein by reference. Crystalline forms of human PTH(1-34) 
that can be employed in the present method are described in 
US. patent application Ser. No. 60/069,875, incorporated 
herein by reference. 

[0042] Administering Parathyroid Hormone 

[0043] A parathyroid hormone can typically be adminis 
tered parenterally, preferably by subcutaneous injection, by 
methods and in formulations Well knoWn in the art. Stabi 
liZed formulations of human PTH(1-34) that can advanta 
geously be employed in the present method are described in 
US. patent application Ser. No.60/069,075, incorporated 
herein by reference. This patent application also describes 
numerous other formulations for storage and administration 
of parathyroid hormone. A stabiliZed solution of a parathy 
roid hormone can include a stabiliZing agent, a buffering 
agent, a preservative, and the like. 

[0044] The stabiliZing agent incorporated into the solution 
or composition includes a polyol Which includes a saccha 
ride, preferably a monosaccharide or disaccharide, e.g., 
glucose, trehalose, raf?nose, or sucrose; a sugar alcohol such 
as, for example, mannitol, sorbitol or inositol, and a poly 
hydric alcohol such as glycerine or propylene glycol or 
mixtures thereof. A preferred polyol is mannitol or propy 
lene glycol. The concentration of polyol may range from 
about 1 to about 20 Wt-%, preferably about 3 to 10 Wt-% of 
the total solution. 

[0045] The buffering agent employed in the solution or 
composition of the present invention may be any acid or salt 
combination Which is pharmaceutically acceptable and 
capable of maintaining the aqueous solution at a pH range of 
3 to 7, preferably 3-6. Useful buffering systems are, for 
example, acetate, tartrate or citrate sources. Preferred buffer 
systems are acetate or tartrate sources, most preferred is an 
acetate source. The concentration of buffer may be in the 
range of about 2 mM to about 500 mM, preferably about 2 
mM to 100 mM. 

[0046] The stabiliZed solution or composition of the 
present invention may also include a parenterally acceptable 
preservative. Such preservatives include, for example, 
cresols, benZyl alcohol, phenol, benZalkonium chloride, 
benZethonium chloride, chlorobutanol, phenylethyl alcohol, 
methyl paraben, propyl paraben, thimerosal and phenylm 
ercuric nitrate and acetate. A preferred preservative is 
m-cresol or benZyl alcohol; most preferred is m-cresol. The 
amount of preservative employed may range from about 0.1 
to about 2 Wt-%, preferably about 0.3 to about 1.0 Wt-% of 
the total solution. 

[0047] Thus, the stabiliZed teriparatide solution can con 
tain mannitol, acetate and m-cresol With a predicted shelf 
life of over 15 months at 5° C. 

[0048] The parathyroid hormone compositions can, if 
desired, be provided in a poWder form containing not more 
than 2% Water by Weight, that results from the freeZe-drying 
of a sterile, aqueous hormone solution prepared by mixing 
the selected parathyroid hormone, a buffering agent and a 
stabiliZing agent as above described. Especially useful as a 
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buffering agent When preparing lyophiliZed powders is a 
tartrate source. Particularly useful stabilizing agents include 
glycine, sucrose, trehalose and raf?nose. 

[0049] In addition, parathyroid hormone can be formu 
lated With typical buffers and excipients employed in the art 
to stabiliZe and solubiliZe proteins for parenteral adminis 
tration. Art recogniZed pharmaceutical carriers and their 
formulations are described in Martin, “Remington’s Phar 
maceutical Sciences,” 15th Ed.; Mack Publishing Co., Eas 
ton (1975). Aparathyroid hormone can also be delivered via 
the lungs, mouth, nose, by suppository, or by oral formula 
tions. 

[0050] The parathyroid hormone is formulated for admin 
istering a dose effective for increasing toughness and/or 
stiffness of one or more of a subject’s bones and/or for 
reducing the likelihood and/or severity of bone fracture. 
Preferably, an effective dose provides an improvement in 
cortical bone structure, mass, and/or strength. Preferably, an 
effective dose reduces the incidence of vertebral fracture, 
reduces the incidence of multiple vertebral fractures, 
reduces the severity of vertebral fracture, and/or reduces the 
incidence of non-vertebral fracture. Preferably, a subject 
receiving parathyroid hormone also receives effective doses 
of calcium and vitamin D, Which can enhance the effects of 
the hormone. An effective dose of parathyroid hormone is 
typically greater than about 5 pg/kg/day although, particu 
larly in humans, it can be as large at about 10 to about 40 
pg/kg/day, or larger as is effective to achieve increased 
toughness or stiffness, particularly in cortical bone, or to 
reduce the incidence of fracture. A subject suffering from 
hyperparathyroidism can require additional or higher doses 
of a parathyroid hormone; such a subject also requires 
replacement therapy With the hormone. Doses required for 
replacement therapy in hyperparathyroidism are knoWn in 
the art. In certain instances, relevant effects of PTH can be 
observed at doses less than about 5 pg/kg/day, or even less 
than about 1 pg/kg/day. 

[0051] The hormone can be administered regularly (e.g., 
once or more each day or Week), intermittently (e.g., irregu 
larly during a day or Week), or cyclically (e.g., regularly for 
a period of days or Weeks folloWed by a period Without 
administration). Preferably PTH is administered once daily 
for 1-7 days for a period ranging from 3 months for up to 3 
years in osteoporotic patients. Preferably, cyclic administra 
tion includes administering a parathyroid hormone for at 
least 2 remodeling cycles and WithdraWing parathyroid 
hormone for at least 1 remodeling cycle. Another preferred 
regime of cyclic administration includes administering the 
parathyroid hormone for at least about 12 to about 24 
months and WithdraWing parathyroid hormone for at least 6 
months. Typically, the bene?ts of administration of a par 
athyroid hormone persist after a period of administration. 
The bene?ts of several months of administration can persist 
for as much as a year or tWo, or more, Without additional 
administration. 

[0052] Uses of Formulations of a Parathryoid Hormone 

[0053] The present invention also encompasses a kit 
including the present pharmaceutical compositions and to be 
used With the methods of the present invention. The kit can 
contain a vial Which contains a formulation of the present 
invention and suitable carriers, either dried or in liquid form. 
The kit further includes instructions in the form of a label on 
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the vial and/or in the form of an insert included in a box in 
Which the vial is packaged, for the use and administration of 
the compounds. The instructions can also be printed on the 
box in Which the vial is packaged. The instructions contain 
information such as suf?cient dosage and administration 
information so as to alloW a Worker in the ?eld to administer 
the drug. It is anticipated that a Worker in the ?eld encom 
passes any doctor, nurse, or technician Who might administer 
the drug. 

[0054] The present invention also relates to a pharmaceu 
tical composition including a formulation of one or more 
parathyroid hormones, such as human PTH(1-84) or human 
PTH(1-34), and that is suitable for parenteral administration. 
According to the invention, a formulation of one or more 
parathyroid hormones, such as human PTH(1-84) or human 
PTH(1-34), can be used for manufacturing a composition or 
medicament suitable for administration by parenteral admin 
istration. The invention also relates to methods for manu 
facturing compositions including a formulation of one or 
more parathyroid hormones, such as human PTH(1-84) or 
human PTH(1-34), in a form that is suitable for parenteral 
administration. For example, a liquid or solid formulation 
can be manufactured in several Ways, using conventional 
techniques. A liquid formulation can be manufactured by 
dissolving the one or parathyroid hormones, such as human 
PTH(1-84) or human PTH(1-34), in a suitable solvent, such 
as Water, at an appropriate pH, including buffers or other 
excipients, for example to form one of the stabiliZed solu 
tions described hereinabove. 

[0055] The examples Which folloW are illustrative of the 
invention and are not intended to be limiting. 

EXAMPLES 

Example 1 

[0056] Increased Bone Strength and Density Upon 
Administration of rhPTH(1-34) to Rabbits 

[0057] Experimental Procedures 

[0058] Female intact NeW Zealand White rabbits ( Inc. 
Denver, Pa.), one of the smallest animals that form osteons 
by intracortical remodeling, approximately 9 months old and 
Weighing 3.25-3.75 kg, Were sorted by mean group body 
Weight into 3 groups of 6 animals each. TWo experimental 
groups received biosynthetic PTI(1-34) at doses of 10 or 40 
pg/ml/kg/day. The control group Was given 1.0 ml/kg/day of 
acidi?ed 0.9M saline containing 2% heat-inactivated rabbit 
sera. PTH(1-34) or vehicle Were injected by once daily 
subcutaneous injections on 5 days a Week for 140 days. 
Rabbits Were fed rabbit lab choW containing 0.5% Ca and 
0.41% P, and given Water ad libitum. 

[0059] The selection of doses Was based on a series of 
preliminary studies shoWing that (1) after a single injection 
of PTH(1-34) at 100 pig/kg, serum calcium increased and 
failed to return to baseline by 24 hours, Whereas after a 
single dose of 50 pig/kg, serum calcium returned to baseline 
Within 24 hours, (2) repeated injections of 20 pig/kg PTH(1 
34) resulted in transient rise in serum calcium With return to 
baseline values in 6-24 hours, and (3) PTH(1-34) at E5 
pig/kg did not alter histomorphometry of bone surfaces. 

[0060] A set of double aliZarin labels (Sigma, St. Louis) 
Was given i.m. at 20 mg/kg on days 55 and 63, and a set of 
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double calcein labels (Sigma, St. Louis) Was given so at 5 
mg/kg on days 15 and 7, prior to sacri?ce. Rabbits Were 
anesthetized by C02 in a random order sequence, approxi 
mately 3-6 hours after the last injection, to obtain blood by 
cardiac puncture and then killed With sodium pentobarbital 
(100 mg/kg), injected i.p.. The right humerus, both femora, 
lumbar vertebrae (L3-L5) and the right tibia Were removed. 

[0061] Blood Chemistry 

[0062] Serum calcium, phosphate, alkaline phosphatase, 
creatinine and urea nitrogen Were measured by computer 
iZed multichannel serum analysis. 

[0063] Histomorphometry 
[0064] Histomorphometric measurements Were done on 
cortical bone of tibial midshaft and on cancellous bone of 
L3. After sacri?ce, these bones Were removed from each 
animal and ?xed in 10% neutral buffered formalin for 24 
hours. The tissues Were dehydrated in a graded series of 
alcohols (70-100%, 2 changes per grade, each for 4 hours 
under vacuum). The specimens Were then placed in xylene, 
and in?ltrated With methylmethacrylate under vacuum at 20 
psi on 2 hours/step and 24 hours in?ltration schedule in a 
Shandon Hypercenter automatic processor (Shandon Lip 
shaW, Pittsburgh, Pa.). The specimens Were embedded in 2% 
DDK-plast With 0.2% initiator (DelaWare Diamond Knives, 
Wilmington, Del.). Cross-sections of tibia Were cut at 80 pm 
using a diamond Wire saW (DelaWare Diamond Knives, Inc., 
Del.) and stained With Goldner’s trichrome. Unstained cross 
sections approximately 80 pm thick Were processed for 
dynamic histomorphometry of ?uorochrome labels. Sagittal 
sections of L3 Were cut on Reichert-Jung 2050 microtome 
(Magee Scienti?c Inc., Dexter, Mich.) at 5 pm and stained 
With McNeal’s tetrachrome, or left unstained for dynamic 
histomorphometry. 
[0065] Histomorphometry Was done at 150>< magni?ca 
tion, using a Nikon ?uorescence microscope (Optiphot, 
Nikon, Tokyo, Japan) and a semi-automatic digitiZing sys 
tem (Bioquant IV, R&M Biometrics, Nashville, Tenn.). 
Bone formation and resorption in the periosteal, endocorti 
cal and intracortical envelopes Were measured across the 
entire cross-sectional area of the middiaphyseal sections of 
the tibia. Measurements on cancellous bone Were made 
Within a 6 mm2-area in the center of the lumbar vertebra, 0.5 
mm from the margin of the surrounding cortical shell. The 
nomenclature Was in accordance With the ASBMR Com 
mittee on histomorphometric nomenclature (Par?tt A M, 
DreZner M K, Florieux F H, Kanis J A, Malluche H, Meunier 
P J, Ott S M, Recker R R 1987 “Bone histomorphometry: 
standardiZation of nomenclature, symbols, and units. Report 
of the ASBMR Histomorphometry Nomenclature Commit 
tee”. J. Bone Miner. Res. 2:595-610.) Dynamic parameters 
Were measured based on the calcein label. 

[0066] Bone Mass Measurements 

[0067] The mid-shaft of femora and the fourth lumbar 
vertebra in 50% ethanol/saline Were scanned in cross-section 
by quantitated computer tomography (QCT or pQCT) 
employing a 960A pQCT and analyZed using Dichte soft 
Ware version 5.1 (Norland/Stratec, Ft. Atkinson, Wis.). 
Whole tissue parameters Were measured including volumet 
ric bone mineral density (vBMD, mg/cm3), cross-sectional 
area (X-Area, mm2), and bone mineral content (BMC, mg), 
using voxel dimensions of 148x148><1200 pm. Volume can 
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be calculated by multiplying X-Area by the slice thickness 
of 1.2 mm. The entire femoral neck of excised femora in a 
bath of 50% ethanol, saline Were scanned using a peripheral 
dual energy absorptiometry (pDEXA, Norland/Stratec). 
Speci?cally, apparent bone mineral density (aBMD, g/cm2), 
projected area (cm2) and bone mineral content (BMC, g) 
Were measured using scan steps of 05x10 mm and thresh 
old of 0.04. 

[0068] Biomechanical Testing 

[0069] Bone mechanical properties Were measured in the 
right femoral midshaft and the body of L5. Bones Were 
resected, cleaned of connective tissue, Wrapped in gauZe 
soaked in isotonic saline and froZen at —20° C. until testing. 
Prior to testing, specimens Were thaWed for 1-2 hours at 
room temperature. All specimens Were tested to failure in a 
circulating Water bath at 37° C. using an MTS 810 servo 
hydraulic testing machine (MTS Corp., Minneapolis, 
Minn.). Load-deformation curves Were recorded using the 
HP 7090A measurement plotting system (HeWlett Packard, 
Camas, Wash.). Ultimate force (maximum force that speci 
mens sustain), stiffness (the slope of the linear portion of the 
load-deformation curve) and Work to failure (area under the 
load-deformation curve before failure) Were measured using 
a digitiZer system (Jandel Scienti?c, Corte Madera, Calif.). 
These parameters are structural properties Which depend on 
intrinsic material properties and geometry. Turner CH, Burr 
DB 1993 “Basic biomechanical measurements of bone: a 
tutorial.”B0ne 14:595-608. The data Were normaliZed to 
obtain intrinsic material properties such as ultimate stress 
(maximum stress that specimens sustain), elastic modulus 
(material intrinsic stiffness), and toughness (resistance to 
fracture per unit volume) Which are independent of siZe and 
shape. Id. 

[0070] Femoral bone strength Was measured at the mid 
shaft using three-point bending. The femur Was positioned 
on a ?xture With the anterior side facing toWard the loader. 
Load Was applied on the mid-point betWeen tWo supports 
that Were 54 mm apart. The load cell Was displaced at the 
rate of 1 mm/sec until failure occurred. To normaliZe the 
data obtained from the load-deformation curve, bending 
ultimate stress Was calculated from ultimate force by 

[0071] Where of is bending fracture stress, Fu is the 
ultimate force, L is the length betWeen supports, r is the 
radius in anterior-posterior direction, and I is the moment of 
inertia. Id. The value for the moment of inertia Was calcu 
lated, assuming that the femoral cross-sections Were ellip 
tical. 

[0072] Average cortical thickness Was calculated from 
thickness measurements made in each of four quadrants of 
the femoral cross-section With a pair of digital calipers, 
accurate to 0.01 mm With a precision of 10.005 mm (Mitu 
toyo, Japan). 

[0073] Elastic modulus of the femur Was calculated 
using the folloWing equation: 

Et=(stiffness)*(L3/48I) (2) 

[0074] Toughness of the femur (Toughnessf) Was also 
calculated using the folloWing equation: 

Toughnesst=3 * (Work to failure) * rz/LI (3) 



US 2004/0033950 A1 

[0075] For the mechanical testing of ?fth lumbar vertebra 
(L5), both end plates of the vertebral body Were cut parallel 
using a Buehler Isomet sloW speed saW (Buehler LTD, 
Evanston, Ill.). After resection of the posterior processes, 
mechanical strength of L5 Was measured in compression. 
The compressive load Was applied in stroke control, With a 
cross-head speed of 1 mm/sec through a pivoting platen to 
correct for nonparallel alignment of the faces of the vertebral 
body. To normaliZe the data obtained from the load-defor 
mation curve, and to evaluate intrinsic material properties 
that are independent of bone geometry, ultimate stress Was 
calculated as the ultimate force divided by the gross cross 
sectional area. 

[0076] Cross-sectional area (CSA) Was calculated by 

CSA=nab/4 (4) 

[0077] Where a and b are the Width in the anterior-posterior 
and medial-lateral directions, respectively). 

[0078] Elastic modulus of the vertebra (EV) Was calculated 
by 

[0079] EV=(stiffness)/(CSA/h) (5) 
[0080] Where h is the cranio-caudal height of vertebral 
body. 

[0081] Toughness of the vertebra (Toughnessv) Was cal 
culated by 

Toughnessv=(Work to failure)/)(CSA *h) (6) 

[0082] Acoustic Microscopy 

[0083] 500-pm thick cross-sections Were cut from the 
mid-diaphysis of the right humerus using a diamond Wire 
saW. Precise thickness of each specimen Was measured using 
a micrometer (Mitutoyo, Japan) at a resolution of 1 pm. 
Acoustic velocity measurements Were made using a scan 
ning acoustic microscope (UH3, Olympus, Japan) by the 
method described previously by HasegaWa K, Turner C H, 
Recker R R, Wu E, Burr D B 1995 “Elastic properties of 
osteoporotic bone measured by scanning acoustic micros 
copy”. Bone 16:85-90. Using this technique, detailed intrin 
sic mechanical properties at a selected focal point can be 
measured. A 50 MHZ transducer (V-390, Panametrics, 
Waltham, Mass.) Was used to generate acoustic Waves in 
pulse-echo mode. The 50 MHZ lens produced an acoustic 
beam, approximately 60 pm in diameter. Specimens Were 
?xed to the bottom of a chamber ?lled With Water at constant 
temperature (22° C.). Delay time betWeen acoustic Waves 
re?ected from the top of the specimens and those re?ected 
from the bottom of the specimens Was measured using a 
digital oscillosocope (TDS 620, Telaronix, Beaverton, 
Oreg.). Delay times Were measured at ?ve different locations 
such that each site Was more than 300 pm from each other 
in the anterior cortex of the humerus. Acoustic velocity Was 
calculated as tWice the thickness of specimens, divided by 
the average delay time. Wet Weight (WW) and submerged 
Weight (Ws) in 100% ethyl alcohol Were measured using a 
balance (AJ100, Mettler Instrument Corp., HeightstoWn, 
N.J Wet density Was calculated using Archimedes’s 
principle: 

[0084] Where pETOH is the density of alcohol (0.789 
g/cm3). Assuming the acoustic Wave pathWay in bone as 
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homogenous, the elastic coef?cient (C) representing the 
intrinsic stiffness of the specimens is calculated: 

C=p"v2 (8) 

[0085] 
[0086] Statistical Analysis 

Where p is Wet density and v is acoustic velocity. 

[0087] Bartlett analysis Was used to check homogeneity of 
variance. When variance Was homogeneous, one-Way 
AN OVA With Fisher’s PLSD tests for post-hoc comparison 
Was applied. When variance Was not homogeneous, 
Kruskal-Wallis non-parametric analysis of variance Was 
applied, With post-hoc analysis using Mann-Whitney’s 
U-tests. Statistical signi?cance Was ascribed at p<0.05. 
Results are presented as mean :SEM. 

[0088] Results 

[0089] Body Weight and Biochemistry 

[0090] Rabbits treated With vehicle PTH(1-34) at 10 
mg/kg/day exhibited minor increments in body Weight over 
140 days. Rabbits given PTH(1-34) at 40 pg/kg/day exhib 
ited a small decrement of 51 g in body Weight, representing 
a 1.4:1.6% loss in body Weight during the experiment 
(Table 1). Serum measures Were Within the normal physi 
ological response for rabbits, although small increases in 
serum calcium and urea nitrogen Were observed. Serum 
alkaline phosphatase increased by 2-fold at the higher 
PTH(1-34) dose (Table 2). 

TABLE 1 

Effects of PTH 1-34 on Body Weight 

PTH(1-34) PTH(1-34) 
control 10 ,ug/kg/day 40 ,ug/kg/day 

Initial body Weight (kg) 3.43 r 0.08 3.42 r 0.08 3.42 r 0.08 
Final body Weight (kg) 3.70 r 0.05 3.51 r 0.05 3.37 r 0.10 
Body Weight gain (kg) 0.26 r 0.09 0.09 r 0.05 —0.05 r 0.05" 

Data are expressed as mean 1 SEM for 6 rabbits per group. 
*P < 0.05 compared With control. 

[0091] 

TABLE 2 

Effects of PTH(1-34) on Serum Chemistry 

PTH(1-34) PTH(1-34) 
control 10 ,ug/kg/day 40 ,ug/kg/day 

Calcium (mg/d1) 12.1 r 0.3 12.6 r 0.2 13.5 r 0.3" 
Phosphate (mg/d1) 4.7 r 0.2 4.7 r 0.2 5.5 r 0.3 
Alkaline phosphatase (iu/l) 24.7 r 4.1 41.0 r 8.1 49.8 r 7.1" 
Creatinine (mg/dl) 1.9 r 0.1 1.6 r 0.1 1.8 r 0.1 
Urea nitrogen (mg/dl) 18.3 r 0.3 18.1 r 0.8 23.9 r 1.9 

Data are expressed as mean 1 SEM for 6 rabbits per group. 
*P < 0.05 compared With control. 

[0092] Histomorphometry 

[0093] Bone formation on periosteal (Ps.MS/BS) and 
endocortical (Ec.MS/BS) surfaces of the tibial midshaft 
increased in PTH(1-34) treated groups (Table 3). Ps.MS/BS 
in the higher dose group Was signi?cantly greater than in the 
other 2 groups (p<0.001) and Ec.MS/BS in the higher dose 
group Was signi?cantly greater than in the control group 
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(p<0.05). Consistent With the increase in serum alkaline 
phosphatase, bone formation rates on each surface (Ps.BFR/ 
BS and Ec.BFR/BS) Were signi?cantly greater in the higher 
dose group than the other 2 groups (p<0.05). Mineral 
apposition rate (MAR) did not change on either periosteal or 
endocortical envelopes. 

[0094] Intracortically, the number of resorption sites 
(Rs.N/Ct.Ar) in rabbits given PTH(1—34) at 40 pg/kg/day 
Was signi?cantly greater by 7-fold, than in the other 2 groups 
(p<0.05) (Table 4). The number of labeled osteons (L.On.N/ 
Ct.Ar) in rabbits given PTH(1—34) at 40 pg/kg/day also 
signi?cantly increased compared to the other 2 groups 
(p<0.01 vs the control group, p<0.05 vs 10 pg/kg/day 
group). MAR Was signi?cantly greater in both treatment 
groups than in the control group (p<0.01), but there Was no 
signi?cant difference betWeen the PTH-treated groups. Bone 
formation rate (BFR/BV) and activation frequency (Ac.F) 
increased (p<0.05 and p<0.01, respectively) at both doses. 
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[0095] Although bone area (B increased at both doses, 
a signi?cant difference Was only found betWeen the higher 
dose group and the control group (p<0.01). MarroW area 
(Ma.Ar) decreased after treatment, but Was not signi?cantly 
different among the three groups. HoWever, cortical area 
(Ct.Ar) in the higher dose group Was signi?cantly greater 
than the other 2 groups (p<0.0001 vs the control group, 
p<0.05 vs the loWer dose group). Ct.Ar in the loWer dose 
group Was also signi?cantly higher than the control 
(p<0.05). Similar results Were found in % Ct.Ar. 

[0096] Cortical porosity (Ct.Po) in rabbits given PTH(1 
34) at 10 pg/kg/day Was double that in the control group 
(p<0.05), While Ct.Po in rabbits given PTH(1—34) at 40 
pg/kg/day Was 6>< higher than the control group (p<0.01) 
HoWever, porosities lay Within the endocortical compart 
ment and, Within that location, are unlikely to contribute to 
biomechanical strength as PTH also increased cortical bone 
area, consistent With an increase in cross-sectional moment 
of inertia. 

TABLE 3 

Effects of PTH(1—34) on periosteal and endocortical bone remodeling of tibial midshaft. 

PTH(1—34) PTH(1—34) 
Parameters Abbreviation control 10 ,ug/kg/day 40 ,ug/kg/day 

Endocortical osteoid surface Ec.OS/BS (%) 8.8 r 6.0 13.7 r 10.5 20.2 r 5.8 
Endocortical osteoid thickness Ec.O.Th (,um) 7.4 r 2.4 3.7 r 2.3 8.1 r 0.9 
Periosteal mineral apposition rate Ps.MAR (‘um/day) 0.33 r 0.17 0.38 r 0.08 0.66 r 0.14 
Endocortical mineral apposition rate Ec.MAR (‘um/day) 1.33 r 0.22 0.79 r 0.16 1.32 r 0.15 
Periosteal mineralizing surface Ps.MS/BS (%) 3.8 r 1.9 8.2 r 2.1 22.3 r 2.7"" 
Endocortical mineralizing surface Ec.MS/BS (%) 26.4 r 6.6 32.6 r 8.2 57.7 r 10.4" 
Periosteal bone formation rate Ps.BFR/BS 0.02 r 0.02 0.03 r 0.01 0.16 r 0.05"" 

(#m3/wn2/yr) 
Endocortical bone formation rate Ec.BFR/BS 0.40 r 0.10 0.31 r 0.10 0.72 r 0.12"" 

(#m3/wn2/yr) 

Data are expressed as mean 1 SEM for 6 rabbits per group. 
"P < 0.05 compared With control. 
“P < 0.05 compared With PTH(1—34) 10 ,ug/kg/day. 

[0097] 

TABLE 4 

Effects of PTH(1—34) on intracortical bone remodeling of tibial midshaft. 

PTH(1—34) PTH(1—34) 
Parameters Abbreviation control 10 ,ug/kg/day 40 ,ug/kg/day 

Resorption cavity number Rs.N/Ct.Ar (#/mm2) 0.014 r 0.013 0.013 r 0.004 0.097 r 0.036"" 

Labeled osteon number L.On.N/Ct.Ar (#/mm2) 0.011 r 0.006 0.027 r 0.006 0.215 r 0.094"" 

Osteoid thickness O.Th (pm) 4.92 r 0.59 5.42 r 0.30 5.16 r 0.27 

Mineral apposition rate MAR (,um/day) 1.19 r 0.20 1.56 r 0.13" 1.60 r 0.12" 

Bone formation rate BFR/BV (%/yr) 0.5 r 0.3 8.5 r 2.9" 21.4 r 3.8" 

Activation frequency Ac.F (#/mm2/yr) 1.8 r 1.0 15.1 r 5.0" 43.8 r 10.5"" 

Bone area B.Ar (mmz) 29.1 r 1.3 33.3 r 1.9 37.8 r 2.7" 

MarroW area Ma.Ar (mmz) 12.7 r 0.7 11.9 r 1.0 10.7 r 1.0 

Cortical area Ct.Ar (mmz) 16.4 r 0.9 21.3 r 1.2" 27.1 r 2.0"" 

% Cortical area %Ct.Ar (%) 56.4 r 1.5 64.2 r 1.6" 71.6 r 1.5"’ 

Data are expressed as mean 1 SEM for 6 rabbits per group. 

"P < 0.05 compared With control. 

“P < 0.05 compared With PTH(1—34) 10 ,ug/kg/day. 
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[0098] 

TABLE 5 

Effects of PTH(1-34) on cancellous bone remodeling of third lumbar vertebra. 

PTH( 1-34) hPTH( 1-34) 
Parameters Abbreviation control 10 ,ug/kg/day 40 ,ug/kg/day 

Bone volume BV/I'V (‘70) 27.5 r 1.4 30.5 r 3.4 27.9 r 3.2 
Trabecular thickness Tb.Th (,um) 124.8 1 7.3 147.4 1 12.7 126.4 1 13.7 
Eroded surface ES/BS (%) 0.5 r 0.3 1.4 r 0.3 2.6 r 0.7" 
Osteoclast surface Oc.S/BS (%) 0.4 r 0.2 0.9 r 0.3 1.3 r 0.3 
Osteoid surface OS/BS (‘70) 5.2 r 1.3 7.2 r 1.2 27.7 r 3.8"’ 
Osteoblast surface Ob.S/BS (‘70) 1.4 r 0.6 1.3 r 0.6 15.3 r 5.6"’ 
Osteoid thickness O.Th (um) 5.2 r 0.5 5.3 r 0.5 4.4 r 0.2 
Osteoid volume OV/I‘V (%) 0.10 r 0.02 0.13 r 0.03 0.46 r 0.07"" 
Mineral apposition rate MAR (‘um/day) 1.3 r 0.2 1.5 r 0.1 1.7 r 0.1 
Mineralizing surface MS/BS (‘70) 4.4 r 1.4 7.4 r 1.9 24.2 r 1.5"’ 
Bone formation rate BFR/BS (‘um3/,um2/yr) 19.7 1 5.3 38.5 1 8.9 153.0 1 15.6"" 

Data are expressed as mean 1 SEM for 6 rabbits per group. 
"P < 0.05 compared with control. 
“P < 0.05 compared with PTH(1-34) 10 ,ug/kg/day. 

[0099] In cancellous bone, most of the formation param 
eters (OS/BS, Ob.S/BS, OV/TV, and MS/BS) increased with 
PTH(1-34) treatment (Table 5). Those in rabbits given 
PTH(1-34) at 40 pg/kg/day were signi?cantly greater than in 
the other 2 groups (p<0.01 vs both the control group and 10 
pg/kg/day group in all parameters). Bone formation rate 
(BER/BS) also signi?cantly increased in rabbits given 
PTH(1-34) at 40 pg/kg/day compared to the other 2 groups 
(p<0.0001 vs both the control and 10 yg/kg/day groups). 
Although resorption (ES/BS and Oc.S/BS) increased in both 
PTH(1-34) treated groups, only eroded surface (ES/BS) in 
the higher dose group was signi?cantly greater than the 
control group (p<0.001). There were no differences in 
osteoid thickness (O.Th) among the three groups. Despite 
the evidence for accelerated bone turnover, fractional bone 
volume (BV/T V) did not change after PTH(1-34) treatment. 
Tunneling resorption and peritrabecular ?brosis were not 
observed in any of the groups. 

[0100] Bone Mass Measurements 

[0101] vBMD and BMC in the midshaft of the femur 
assessed by pQCT in 40 pg/kg/day group were signi?cantly 
higher than in the other 2 groups (p<0.001 in vBMD and 
p<0.0001 in BMC vs the control group, p<0.05 in vBMD 

and p<0.10 in BMC vs the lower dose group) (FIG. vBMD and BMC in 10 pg/kg/day group were also signi? 

cantly higher than in the control group (p<0.05 in both 
vBMD and BMC). Although bone area of the midshaft of the 
femur also increased dose-dependently, it signi?cantly 
increased only in 40 pg/kg/day group (p<0.05). 

[0102] ABMD and BMC in the proximal femur, measured 
by dual X-ray absorbtiometry (DXA or pDXA), increased 
dose-dependently. Signi?cant differences were present in 
both aBMD and BMC between the control group and 10 
pg/kg/day group (p<0.05) as well as between the control 
group and 40 pg/kg/day group (p<0.001) (FIG. 1B). No 
signi?cant differences were found in bone area among the 
three groups. 

[0103] Overall, FIG. 1 shows that BMD (bone mineral 
density) and BMC (bone mineral content) in the femoral 
midshaft (cortical bone) (A) and in the proximal femur 

(cancellous bone+cortical bone) (B) were signi?cantly 
greater in PTH-treated animals than controls at both doses. 
Cortical bone area at the femoral midshaft in rabbits treated 
at the higher dose was signi?cantly greater than controls. No 
signi?cant differences were found between groups in bone 
area of the proximal femur. Data are expressed as mean 
:SEM. *P<0.05 compared with the control. I[p<0.05 com 
pared with PTH 10 ug/kg/day. 

[0104] There were no signi?cant differences in vBMD, 
BMC or bone area of the lumbar vertebra (L4) assessed by 
pQCT, among the three groups. 

[0105] Biomechanical Testing 

[0106] Structural properties of the midshaft of the femur, 
such as ultimate force, stiffness and work to failure increased 
dose-dependently (FIG. 2). FIG. 2 shows the effects of PTH 
on mechanical strength and cross sectional moment of 
inertia (CSMI) in the cortical bone of the femoral midshaft. 
Structural mechanical properties (open bars) and CSMI 
increased signi?cantly in the higher dose group, while 
stiffness also increased signi?cantly in the lower dose group. 
Of the intrinsic material properties (dark bars), only elastic 
modulus increased signi?cantly in the lower dose group 
when compared to controls. Elastic modulus in the higher 
dose group was signi?cantly decreased when compared to 
the lower dose group. In FIG. 2: data are expressed as mean 
:SEM; * indicates P<0.05 compared with the control; and 1 
indicates P<0.05 compared with 10 pg/kg/day. 

[0107] In this study and the results shown in FIG. 2, all 
parameters were signi?cantly higher in rabbits given PTH(1 
34) at 40 pg/kg/day than in the control group (p<0.01 for 
ultimate force and work to failure, p<0.05 for stiffness). 
Stiffness in the lower dose group was also signi?cantly 
higher than in the control group (p<0.05). Of the intrinsic 
material properties, elastic modulus was signi?cantly less in 
rabbits given 40 pg/kg/day than those given 10 pg/kg/day 
(p<0.01). 

[0108] In the lumbar vertebral body, no signi?cant differ 
ences were found in mechanical properties among the three 
groups. 






























