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ABSTRACT Purpose: Weekly subcutaneous adminis-
tration of 0 (vehicle), 10 and 80 µg/kg doses of human
parathyroid hormone (1-34) [PTH (1-34)] were com-
pared based on their capacity to induce systemic for-
mation of bone in 9 month-old ovariectomized (OVX)
Sprague-Dawley rats. Methods: Changes elicited at
bone tissue after 4 weeks of treatment were assessed
using dual x-ray absorptiometry, micro-computed
tomography (µCT), and ashing. Results: The 10 µg/kg
dose led to a significant increase (p<0.025) in femoral
bone mineral density (BMD) over vehicle- and 80 µg/
kg-treated groups. Similarly, structural analysis of the
femoral neck trabecular bone by µCT revealed
increases in bone volume fraction and trabecular thick-
ness over the pre-treatment baseline, and vehicle- and
80 µg/kg-treated groups. Conclusions: The data sug-
gest that the weekly administration of 10 µg/kg of
PTH (1-34) was sufficient to significantly promote the
bone mineral density systemically. The weekly admin-
istration of 10 µg/kg over a 4-week treatment period is,
to our knowledge, one of the lowest reported total
dose of PTH (1-34) shown to induce a net anabolic
effect on skeletal tissue in OVX rats.

INTRODUCTION

The continuous administration of the amino-terminal
fragment (1-34) of parathyroid hormone [PTH (1-34)]
has been shown to elicit a catabolic effect on skeletal
tissue. Intermittent administration of PTH (1-34),
however, has been shown to promote the deposition of
new bone [1-3]. Although the biochemical pathways
responsible for mediating these divergent responses
have yet to be fully elucidated [2], the anabolic effects

of PTH (1-34) has been observed in normal rats [4-7] as
well as the rats rendered osteopenic by neurectomy [8],
tail-suspension, [8-10], aging [11-17], streptozotocin-
induced diabetes [18], and orchidectomy [19]. Since the
ovariectomized (OVX) rat is one of two animal models
mandated by the US Food and Drug Administration
for the preclinical assessment of agents designed to
treat osteoporosis [20], much of the literature concern-
ing the effects of PTH (1-34) administration on sys-
temic bone regeneration has been based on this
particular model. As assessed through x-ray absorpti-
ometry, histomorphometry, micro-computed tomog-
raphy (µCT), and various other techniques, the
preponderance of the evidence provided by studies
using this particular animal model suggests that the
daily, parenteral administration of PTH (1-34) resulted
in an anabolic effect on the surfaces of both trabecular
and cortical bone [21-24]. The predominant corollary
associated with PTH (1-34) administration is not only
the regeneration of mineralized tissue on the axial and
appendicular skeleton, but an improvement in bone
architecture in terms of increased connectivity, trabec-
ular thickness, etc. It has been shown that the culmina-
tion of these effects is an enhancement in bone
biomechanical performance [25, 26].

Despite these encouraging results, recent reports sug-
gest that long-term administration of the synthetic
PTH (1-34) was associated with some detrimental side
effects [27, 28]. For example, Sato et al. reported that
the daily administration of as little of 8 µg/kg PTH (1-
34) for 1 year in OVX rats led to an 11% increase in
brittleness (i.e. ultimate displacement) of diaphyseal
cortical bone and a 48% reduction in diaphyseal mar-
row space [27]. In addition to these adverse skeletal
effects, exogenous PTH therapy has been associated
with hypercalcemia both in animal studies, as well as
in clinical studies [29]. Besides the hypercalcemia, tran-
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sient headaches, nausea and anthralgia were also
reported with clinical PTH (1-34) administration [29].

It was thought, therefore, that a reduction in the dos-
ing frequency could serve as a means of circumventing
some of these adverse effects. Consequently, the aim of
this was to investigate the anabolic response elicited by
low dose PTH (1-34) administered weekly. The doses
selected in this study, as well as the administration
duration were considerably lower than the other stud-
ies reported in the literature. It was our desire to deter-
mine whether such a restricted dosing regimen would
have had any systemic effects on skeletal tissues.

MATERIALS AND METHODS

Animal Care

Twenty-seven, 2 month-old, commercially ovariecto-
mized, female Sprague-Dawley rats were purchased
from Charles River Laboratories (Quebec City, PQ).
Rats were acclimated until 9 months of age under stan-
dard laboratory conditions (23° C, 12 h of light/day)
prior to the beginning of the study. While maintained
in pairs in sterilized cages, rats were provided standard
commercial rat chow and tap water (ad libitum). All
procedures involving the rats were approved by the
Animal Welfare Committee at the University of
Alberta (Edmonton, Alberta).

Experimental Design

Rats were weighed and assigned randomly into four
groups. Rats in the initial baseline control group (n =
6) were killed at the beginning of the study just prior
to the onset of the treatment protocols. For 4 weeks,
the remaining 3 groups (n = 7 per group) received sub-
cutaneous injections once per week of either vehicle
(acidified saline), a low PTH (1-34) dose (10 µg/kg per
injection), or a high PTH (1-34) dose (80 µg/kg per
injection). Eight days after the final injection rats were
killed via asphyxiation using a CO2 chamber and
weighed. At autopsy, the uterus was excised and
weighed to confirm systemic depletion of estrogen.
Bone tissues including both femora, tibiae, and a por-
tion of the lumbar spine (L1-L4), were harvested at
time of euthanasia, fixed immediately in 70% ethanol,
and stored at -20° C.

The delivery vehicle used consisted of saline (0.9 %

NaCl; Baxter Corporation, Toronto, ON) acidified to
0.01 mM HCl. The synthetic hPTH (1-34) (lot #:
NO5129A1, American Peptide Company, Sunnyvale,
CA) was diluted in the delivery vehicle just prior to
weekly injections.

Bone Analysis

Femur Length:  Using a vernier caliper (reading error ±
0.01mm, Mituyomo, Japan), femoral bone length was
assessed as the distance between the proximal and distal
femoral growth plates - a measure of femoral diaphy-
seal length.

Mineral Ash Content:  Mineral ash content was deter-
mined by ashing 1-cm long segments of tibia from the
proximal tibial growth plate to the mid-diaphysis [30].
Samples were defatted in acetone and then dried for 24
hr at 100° C. The dry samples were weighed in air (dry
bone mass), and then rehydrated in distilled water for
24 hr under vacuum and weighed underwater (wet
bone mass). The samples were then ashed at 800° C for
24 hr and weighed (mineral ash mass). Archimedes
principle was used to determine bone density (ρ, g/
cm3) and volume (cm3). Ash content was calculated as a
measure of mineral ash mass per dry bone mass (ash
content, %), and mineral ash mass per bone volume
(ash density, g/cm3).

Femoral Bone Mineral Density (BMD): Femoral BMD
(g/cm2) was measured by dual-energy X-ray absorpti-
ometry (DEXA; Piximus Mouse Densitometer, GE
Medical Systems Canada, Ottawa, ON). BMD, calcu-
lated by dividing bone mineral content (g) by the pro-
jected bone area (cm2), was assessed for the total femur
as well as for three equivalent femoral sub regions: the
proximal third, central third, and distal third of each
femur.

Trabecular Bone Architectural Properties: To elucidate
the anabolic effects of weekly PTH (1-34) administra-
tion, structural parameters of the trabecular bone
within the femoral neck were evaluated through µCT.
Architectural changes in the trabecular bone of the rat
femoral neck and L3 vertebrae were specifically ana-
lyzed (Skyscan 1072 X-ray Microtomograph, Skyscan,
Aartselaar, Belgium). All bone samples were scanned at
100 kV/98 µA. The proximal femurs were scanned at
an isometric resolution of 11.46 µm/pixel and 11.46
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µm slice thickness, and the L3 vertebra were scanned at
an isometric resolution of 14.89 µm/pixel with 14.89
slice thickness. Reconstruction of the original scan data
was performed using a cone-beam algorithm [31] into
two-dimensional 1024 X 1024, 8-bit, 256 grayscale bit-
map image slices. For the femoral neck, identically
sized cylindrical volumes of interest (VOI) were sam-
pled from bitmap images stacks to include trabecular
bone regions and exclude cortical bone within each
femoral neck data set. Each VOI of femoral neck trabe-
cular bone was centered within the femoral neck about
the narrowest region, approximately 2 mm distal to
the femoral head growth plate, and was oriented paral-
lel to the axis of the femoral neck. Likewise, ellipsoid
VOI were sampled from each L3 bitmap data set to
include only trabecular bone within the vertebral cen-
trum. The axis of the L3 cylindrical VOI was aligned
along the cranial–caudal axis of the vertebral centrum.
Digital segmentation of the bone from air/marrow tis-
sues was performed by global thresholding. The global
threshold for each sample data set was determined by
selecting a local minimum in the frequency plot of bit-
map pixel grey levels for the sample [32]. The VOI
were then reconstructed in three dimensions (ANT,
Skyscan, Aartselaar, Belgium), and measures of bone
volume fraction (BV/TV), bone surface fraction (BS/
BV), and trabecular thickness (Tb.Th.). Trabecular
number was calculated separately (3-D Calculator v0.9,
Skyscan, Belgium)

Cortical Bone Cross-section (XSA): Cortical bone cross-
sectional areal properties were measured by analyzing
single µCT bitmap cross-sectional image slices of the
rat femoral necks. The BITMAP images were sampled
in a plane perpendicular to the femoral neck axis at the
narrowest portion of the femoral neck. Each slice was
analyzed using custom software (MATLAB,
ver.6.0.0.88, rel.12, The Mathworks, Inc., Natick, MA)
for measures of femoral neck cross-sectional area
(XSA), and moments of area about the horizontal (Ixx)
and vertical axes (Iyy) for the whole bone and sepa-
rately for the cortical bone and trabecular bone. XSA
measures were also calculated for the area within the
periosteal envelope (i.e., femoral neck XSA enveloped
by the periosteal perimeter including all bone and
myeloid spaces), and the endosteal envelope (i.e., the
XSA enveloped by the endosteal perimeter including
trabecular bone and marrow spaces).

Statistical Analysis

Unless otherwise noted, all values are expressed as
mean ± standard deviation. Rat body masses were com-
pared between the onset and end of treatment within
each animal using student’s paired t-test (SPSS for Win-
dows 11.0.1, SPSS Inc., Chicago, IL). For comparisons
of all other variables among treatment groups, signifi-
cant main effects were tested by multivariate analysis
(generalized linear model). Where main effects were
significant (p<0.05), treatment groups were compared
using Tukey post-hoc comparison (p<0.05). To test
whether or not either rat body mass or uterine mass
had a confounding effect on bone properties, all data
were also compared by multivariate analysis with rat
body mass and uterine mass as covariates.

RESULTS

Measures of femoral BMD and tibial ash content were
not obtained for the baseline (pre-treatment) group.
All other measures (µCT based bone properties, rat
body mass, and uterine mass) were compared among
all treatment groups including the baseline group.

Body Mass, Uterine Mass, and Femoral Diaphyseal 
Length

Body mass did not differ among the treatment groups
either at the onset of the treatment protocols (9
months, p=0.537), or at termination (4 week into
treatment, p=0.193). There was no significant change
in body mass over the 4 wk treatment interval. Ova-
riectomy was confirmed by reduced uterine masses of
the rats at sacrifice (0.15 ± 0.08 g, n=27; historical data
from our lab indicated uterine mass of ~0.9 g for the
age-matched normal rats). There were no differences in
uterine mass among the treatment groups. A compari-
son of the groups with rat body mass and uterine mass
as covariates found that neither parameter had any sig-
nificant interaction on ash content, bone mineral den-
sity, or bone architectural properties. The femoral
diaphyseal lengths did not differ significantly
(p=0.185) among the baseline group (34.4±1.0 mm),
the vehicle group (34.5±1.2 mm), the low-dose PTH
(1-34) group (35.7±0.7 mm), or the high-dose PTH (1-
34) group (34.9±1.0 mm).
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Figure 1: The effects of weekly PTH (1-34) administration on bone mineral content in the tibia. Tibial ash content is
presented as a function of either dry weight (A), or volume (B). Bone density of the segmented samples was also
determined (C). In all cases, the weekly administration of 10 ug/kg PTH (1-34) led to a statistically significant
increase over the vehicle-treated group. a p<0.025 vs. vehicle–treated group. b p<0.0125 vs. vehicle–treated group.

Tibial Ash Content

To assess changes elicited by weekly PTH (1-34)
administration on the bone mineral content, segments
of the proximal tibia were ashed. Weekly treatment of
10 µg/kg PTH (1-34) resulted in significant increases in
both ash content (2.7%) and ash density (5.8%) com-
pared to the vehicle-treated group (Figure 1). In addi-
tion, an increase of 2.9% in tibial bone density was
observed in the 10 µg/kg PTH–treated group com-
pared to the vehicle–treated group. Slight increases in
the same parameters were observed in high-dose PTH
group, but these values were not significantly different
from the vehicle-treated controls.

Femoral Bone Mineral Density

Weekly administration of low-dose PTH led to a sig-
nificant (p<0.0125) increase of 15.6% in total femoral
BMD over the vehicle-treated controls (Figure 2).
Weekly low-dose PTH also led to a significant increase
of 8.9% in BMD over the high-dose PTH group. Both
the proximal and the mid-diaphyseal regions of the
femur exhibited similar, statistically significant
increases in the 10 µg/kg–treated group over the vehi-
cle and high-dose PTH groups. Although a similar
trend was observed in the distal region of the femur,
these differences were not statistically significant
(p=0.222).

Figure 2: The effects of weekly PTH (1-34) administration
on bone mineral density within the proximal (A), central
(B), and distal (C) regions as well as the total (D) femur.
In all of the selected regions, except distal, a significant
increase in the 10 µg/kg–treated group was observed
over that of the vehicle- and 80 µg/kg-treated groups.
ap<0.05 vs. 80 µg/kg–treated group. bp<0.025 vs.
vehicle–treated group. cp<0.025 vs. 80 µg/kg –treated
group.
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Figure 3: The effect of weekly PTH (1-34) administration on structural parameters BV/TV (A), BS/TV (B) and Tb.Th.
(C), of the trabecular bone within the femoral neck. Listed in the table is a summary of all of the architectural
parameters generated for this region. a p<0.05 vs. 80 µg/kg–treated group. b p<0.0125 vs. vehicle and 80 µg/kg–treated
groups and. c p<0.0125 vs. all other groups.

Architecture of Trabecular Bone within the Femoral 
Neck

As summarized in Figure 3, treatment by vehicle alone
had no appreciable effects on femoral neck trabecular
bone architectural properties compared to baseline
control. Weekly low-dose PTH (1-34) treatment did
result in significant increases in BV/TV and Tb.Th.
(p<0.0125) in the femoral neck over all other groups
including baseline. BS/BV, on the other hand, was sig-
nificantly reduced in the femoral necks of 10 µg/kg–
treated animals compared to all other groups. Despite a
significant reduction in Tb.N. in the 10 µg/kg–treated
group over baseline group (p<0.05), no other statisti-
cally significant differences were found for either
Tb.N. or Tb.Sp among the 3 study groups. Altogether,
these data suggest that a net anabolic effect had been
elicited by the weekly administration of 10 µg/kg PTH
(1-34) on the trabecular bone within the femoral neck.

Femoral Neck Bone Cross Sectional Area (XSA)

Total XSA of the femoral neck was significantly larger
in the 10 µg/kg–treated group compared to all other
groups (Figure 4). When XSA area was evaluated sepa-
rately as cortical and trabecular regions, the statisti-
cally significant increase was found for the cortical, but
not the trabecular bone. Specifically, the 10 µg/kg cor-
tical XSA was significantly greater than the cortical
XSA in all other test groups (p<0.0125). Further anal-
ysis revealed that PTH treatment with 10 µg/kg signif-
icantly increased the XSA area within the periosteal
envelope compared to treatment by vehicle alone (data
not shown). However, XSA within the endosteal enve-
lope tended to decrease in all treated groups compared

to baseline, there were no significant differences
among the groups (data not shown). A significant
increase of 13% (p<0.05) in the area of the periosteal
envelope was found between the 10 µg/kg PTH (1-34)-
treated group over the vehicle–treated group. Despite a
17% reduction in the 10 µg/kg PTH (1-34)– compared
to vehicle–treated group, changes in the area of the
endosteal surfaces were not significant among any of
the groups. The culmination of these data suggested
that the weekly administration of 10 µg/kg PTH (1-34)
influenced the cortical bone within the femoral neck in
an anabolic manner.

The second moments of area, namely the distribution
of bone about the horizontal (anterior–posterior) and
vertical (inferior–superior) axes (Ixx and Iyy, respec-
tively), through the femoral neck cross section are
illustrated in Figure 4. Despite a similar trend to total
XSA for both Ixx and Iyy, only the difference in total
Iyy between the 10 µg/kg– and vehicle–treated groups
reached significance among all of the second moments
of area values. The ratio of Ixx/Iyy was also compared
among the treatment groups to determine if PTH ther-
apy preferentially influenced bone apposition in one
direction over the other about the femoral neck axes.
Changes in Iyy were proportional to those seen in Ixx,
and there were no differences among the groups in the
ratio of Ixx/Iyy (p=0.22 for total bone cross-section
Ixx/Iyy). The observed PTH-mediated apposition of
cortical bone mass about the femoral neck was sym-
metrical about both the anterior–posterior and infe-
rior–superior axes.
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Figure 4: The effect of weekly PTH (1-34) administration on total (A), trabecular (B) and cortical (C) XSA within the
femoral neck. Summarized in the table are the second moments of area about the horizontal and vertical axes (Iyy and
Ixx, respectively) for total, trabecular (Tb.) and cortical (Ct.) XSA as well as the areas of the periosteal and endosteal
envelopes (Endo.Env. and Per.Env., respectively). a p<0.05 vs. vehicle–treated group. b p<0.05 vs. 80 µg/kg–treated
group. c p<0.025 vs. vehicle–treated group.  d p<0.0125 vs. baseline and vehicle–treated groups. e p<0.0125 vs. all other
groups.  

Architecture of Trabecular Bone within the Third 
Lumbar Vertebra

Analysis of the trabecular bone within the L3 revealed
that BV/TV of the 10 µg/kg–treated group was greater
than that of both the vehicle– and 80 µg/kg–treated
groups, but not statistically different than the baseline
group (Figure 5). Tb.Th. was significantly increased
while BS/BV was significantly decreased for the 10 µg/

kg–treated group relative to the other groups including
the baseline. No statistically significant differences in
Tb.N. and Tb.Sp. were found among the three study
groups. As in the femoral neck, these data suggested
that the weekly administration of 10 µg/kg PTH (1-34)
had a net anabolic effect on the trabecular bone within
the L3 region.

Figure 5: The effect of weekly PTH (1-34) administration on the structural parameters BV/TV (A), BS/TV (B), and
Tb.Th. (C), of trabecular bone within the third lumbar vertebra. The table summarizes all of the architectural
parameters generated of the trabecular bone from the L3. a p<0.0125 vs. vehicle and 80 µg/kg-treated groups. b

p<0.0125 vs. all other groups.
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DISCUSSION

Given the few studies that have investigated the ana-
bolic response elicited by PTH administration at a
lower dosing frequency than the traditional daily regi-
men, we elected to investigate the anabolic response
elicited by weekly administration. In the current
study, PTH (1-34) therapy significantly increased corti-
cal bone mass in the femoral neck, and trabecular bone
mass in both the femoral neck and lumbar vertebrae
(L3) in the OVX rat model of osteopenia. The PTH (1-
34) therapy did not significantly influence femoral dia-
physeal length, uterus or animal mass. These observa-
tions were consistent with other studies that have
reported no difference in these parameters in response
to PTH (1-34)-treatment in OVX rats [26, 33].

Total as well as regional (i.e. proximal and central)
increases in femoral BMD suggested that cortical bone
apposition was increased by the weekly administration
of 10 µg/kg PTH (1-34). Site-specific analysis revealed
that PTH therapy significantly increased the periosteal
envelope in this study. Though some previous studies
have reported that PTH therapy exerts its effects pri-
marily on the endosteal surface [21, 23, 33], others have
found significant increases at both the endosteal and
periosteal surfaces [25, 34]. Preferential endosteal bone
apposition was demonstrated in studies with daily
injection schedules, while periosteal bone apposition
were found primarily with weekly injections [34, cur-
rent study], with exception of Sato et al. [25] in which
9 month OVX rats were dosed daily with either 8 µg/
kg or 40 µg/kg PTH (1-34). A comparison of periosteal
and endosteal measures suggested that the discrepancy
in the envelope specific actions of PTH therapy was
most likely due to the dose and frequency of PTH (1-
34) administration [34]. For example, bone formation
rate (BFR) at the endosteal surface of the rat tibia
increased proportionally over OVX by daily PTH (1-
34) dose at 8 µg/kg dose (+32%) and 40 µg/kg dose
(+122%) [25].  In comparison, periosteal BFR was
increased dramatically by daily 8 µg/kg dose (+193%),
but the increase in BFR above this initial jump was rel-
atively small with the 40 µg/kg dose (+243%) [25].
Furthermore, though osteoclast numbers were not
increased by a weekly dose of 10 µg/kg PTH (1-34), a
higher weekly dose (90 µg/kg) caused significant
increases in endosteal osteoclast number and osteoclast
surface ratio [34]. We speculate that the endosteal cell

populations may have had greater capacity to respond
to the higher frequency and larger doses of PTH in
studies utilizing daily PTH dose regimens. 

In the current study, the distribution of cortical bone
apposition about the axis of the femoral neck did not
appear to favor any one direction over another (e.g.,
vertical vs. horizontal). Preferential bone apposition
about the cortex can improve the bone’s resistance to
bending about one axis. For example, though age
related human osteopenia reduces bone mass, contin-
ued periosteal apposition (and endosteal absorption) in
the ulna of older women helps to preserve structural
bone strength [35]. Further, a bone’s response to
altered mechanical loading can cause preferential bone
apposition about the bone cortex [36]. Though the cur-
rent study did not address this hypothesis specifically,
bone apposition may similarly be enhanced preferen-
tially in one direction over another by exogenous ther-
apies that that are amplified by the bone’s inherent
mechanical milieu. Both Ixx and Iyy, however, demon-
strated similar trends to bone XSA with PTH–medi-
ated increases compared to baseline. Thus, over the 4-
week treatment duration, the PTH (1-34) anabolic
effects were relatively uniform around the entire OVX
rat femoral neck cross-section, and did not appear to
have preferential apposition that might improve femo-
ral neck structural properties in any particular direc-
tion over the vehicle–treated or baseline animals.
Previous work with the combined insult of OVX and
hind limb–unloading in rats demonstrated that the
absence of mechanical loading did not alter PTH effi-
cacy on osteoblast number or cortical bone formation
in the rat tibia [37]. 

The analysis of the periosteal and endosteal envelopes
in mid-femoral neck cross-sections suggested that incre-
ments in bone mass were due primarily to increases in
cortical bone rather than trabecular bone. As observed
in the total bone cross-sectional area, the cortical bone
XSA was significantly greater in the 10 µg/kg-treated
femoral neck than all other groups, but there were no
significant differences among the groups in trabecular
bone mass within the endosteal envelope. Using this
method of analysis, however, trabecular bone measures
were inherently more sensitive than cortical measures
to inter–animal biological variance, perturbations in
the location of the analyzed cross-section, as well as the
orientation of the plane of the cross-section. In con-
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trast, structural analysis of the µCT-generated data
identified several indices of trabecular bone architec-
ture that demonstrated PTH (1-34) anabolic effects on
the trabecular bone in both the femoral neck and the
lumbar (L3) vertebra. The three dimensional volumes
of interest within the endosteal surface along the
length of the femoral neck were less sensitive to site–
specific variance within individual femurs, and were
more representative. As found in previous studies [21,
22], the increase in trabecular bone volume fraction
with PTH therapy was primarily due to increased tra-
becular thickness, and not an increase in trabecular
number. Given that Tb.Th. was inversely proportional
to BS/BV, the significant increases found in Tb.Th.
were consequently reflected in a significant reduction
in BS/BV in both the femoral neck and L3 (when com-
paring baseline and vehicle-treated to 10 µg/kg PTH
(1-34) treated rats). Since the treatment of the OVX
rats by vehicle resulted in no significant changes in the
quantified architectural indices compared to baseline
control animals, the significant increases in bone prop-
erties in the 10 µg/kg animals compared to both base-
line and vehicle treated animals suggested that the
PTH (1-34) therapy did not simply prevent bone loss,
but rather had a net anabolic effect on the rat bone
mass in just four doses over the 4 week treatment pro-
tocol. Consequently, these results were strongly indic-
ative of a PTH-mediated appreciation in the structural
integrity of trabecular bone. Such anabolic changes
have previously been shown to correspond to an
increase in bone biomechanical performance [34]. 

Weekly administration of 10 µg/kg of PTH (1-34) has
previously been shown by Okimoto et al. to effectively
increase bone accretion after 3 and 6 month therapies
(for a total dose of 120 and 340 µg/kg, respectively) in
the OVX Wistar rat model as measured by bone min-
eral density, mechanical and histomorphometric
parameters [34]. These findings are in agreement with
the current study. Okimoto et al. also found that 90
µg/kg led to a similar anabolic effect. In contrast to the
findings by Okimoto et al., however, in the current
study neither cortical nor trabecular bone mass was
augmented by the 80 µg/kg/wk dose of PTH (1-34) at
the selected anatomical location in the OVX rat skele-
ton. One or more of the following differences between
these two studies may account for this observation:
Firstly, we used Sprague Dawley rats, whereas the
Okimoto et al. utilized Wistar rats. Secondly, the rats

in this study were allowed to develop osteopenia for 7
months, longer than the 3 months utilized by Okim-
oto et al. The severely compromised trabecular bone
tissue in the current study would be less responsive to
the PTH (1-34) effects. Finally, the treatment period in
our study (4 weeks) was shorter than the duration (3
months) used by Okimoto et al. and may not have
allowed sufficient time for new bone deposition. Nev-
ertheless, these factors did not influence the low dose
(10 µg/kg) response, so that the anabolic effects of the
PTH (1-34) were observed at distinct anatomical sites.

Another possible explanation for the apparently inef-
fective 80 µg/kg in the current study might have been a
dose–related effect. As discussed previously, a 90 µg/kg
dose caused a significant increase in endosteal osteo-
clast numbers and osteoclast surface ratio (Oc.S/BS)
[34]. In the same study, cessation of the 90 µg/kg dose
resulted in a dramatic bone loss after 3 months with
BMD returning to the levels seen in vehicle–treated
animals, while rats treated at 10 µg/kg retained bone
mass after the cessation of PTH (1-34) [34]. Another
study also demonstrated poor bone retention follow-
ing the cessation of daily injections of 80 µg/kg PTH
(1-34) in male Sprague Dawley rats [38]. Compared to
vehicle–treated animals, 12 daily injections of 80 µg/kg
PTH (1-34) resulted in a significant increase (111%) in
osteoblast surface ratio (Ob.S/BS), as well as Oc.S/BS,
and a significant increase in BV/TV (60%). Other treat-
ment groups included rats treated with PTH for 12
days, followed by vehicle (i.e., withdrawal from PTH
therapy) for either 4 or 12 more days. In the 4-day
withdrawal group, the cessation of PTH treatment
resulted in a 73% reduction in Ob.S/BS and a dra-
matic, 254% increase in the Oc.S/BS. This rapid effect
on the osseous cell populations suggested a shift in
bone remodeling favoring the resorption of bone,
which after 12 day of withdrawal resulted in a reduc-
tion in BV/TV, Tb.Th. and Tb.N. to levels that were
similar to vehicle-treated animals [38]. Given that 8
days were allowed to pass between the final injections
and study termination in the current study, the histo-
logical response associated with the discontinuation of
high doses of PTH (as observed by others) may have
been responsible for the loss of any bone accrued by
the administration of the 4 weekly doses of 80 µg/kg
PTH (1-34). 

There are no other reports, to our knowledge, that
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describe the stimulation of systemic bone growth using
a total dose of PTH (1-34) as low as 40 µg/kg (10 µg/
kg/week x 4 week). When 1, 5, and 25 µg/kg of rat
PTH (1-34) were administered for 28 days (for a total
of 28, 140 and 700 µg/kg, respectively), several
dynamic indices of bone formation in trabecular bone
from the proximal tibial metaphysis were significantly
increased at all doses [39]. Despite the increases in his-
tomorphometric bone formation indices, the daily 1
µg/kg rat PTH (1-34) therapy (28 µg/kg) did not pro-
duce significant improvements in bone mass over daily
vehicle–treated animals. The difference between the
two studies may have been a combination of the
increased dose (12 µg/kg over the 4 week study dura-
tion), and the frequency (daily vs. weekly). At 1 µg/
kg/day, the significant histomorphological indices sug-
gested a slower effect on net bone anabolism that may
have generated increased bone mass over a study dura-
tion longer than 4 weeks [39]. The comparison of these
data with the current study suggested that these low
doses, 28-40 µg/kg over 4 weeks, may be close the
threshold for effective dose for bone mass accretion in
the OVX rat model. 

In conclusion, weekly administration of 10 µg/kg of
PTH (1-34) led to a systemic, anabolic response on
both skeletal architecture and mineral content, and
thus, our results suggests that reducing dosing fre-
quency may serve as means of circumventing some of
the aforementioned adverse effects associated with the
daily PTH (1-34) administration. To our knowledge,
the total administered dose of 40 µg/kg of PTH (1-34)
represents one of the lowest doses ever to elicit an
effective net anabolic response in an OVX rat model.
An additional study is planned to investigate the poten-
tial anabolic effects of weekly, low doses of PTH (1-34)
over a longer duration. It will be important to deter-
mine whether such an augmentation of skeletal tissue
will be stable following the discontinuation of therapy.
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