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Influence of the dosing frequency

of parathyroid hormone-(1–38) on its anabolic

effect in bone and on the balance of calcium,

phosphorus and magnesium

Einfluß der Frequenz der Verab-
reichung von PTH-(1–38) auf
seine anabole Wirkung am
Knochen und auf die intestinale
Absorption von Calcium,
Phosphor und Magnesium

Summary The effect of the
frequency of administration of
synthetic human parathyroid
hormone fragment 1–38
[hPTH-(1–38)] on bone formation
and on the balance of calcium,
phosphorus, and magnesium was
investigated in 32 9-week-old
female Sprague-Dawley rats, using
a randomly complete block design.
Rats received subcutaneously
during 14 days either the vehicle

solution once a day or 50µg
hPTH-(1–38)/kg BW once a day at
8:00 a.m., twice a day at 8:00 a.m.
and 5:00 p.m. or three times a day
at 8:00 a.m., 0:30 p.m., and 5:00
p.m. The balance study was
performed during the last 48 h of
the hPTH-(1–38) treatment
schedule after which femora, tibiae,
and lumbar vertebrae were
removed for the determination of
the dry weight, volume, and
contents of Ca, P, Mg,
hydroxyproline, and DNA. PTH
treatment was associated with a
significant increase of the apparent
intestinal absorption of Ca, P, and
Mg. Mean urinary Ca excretion
augmented with the increase of the
frequency of dosing. Urinary Ca
excretion correlated negatively with
the Ca apparent intestinal
absorption and with the Ca content
of the tibiae in the 2 groups with
the highest frequency of dosing.
The mean Ca, P, and Mg balances,
the mean contents of bone Ca, P,
and Mg and the mean bone dry
weights were significantly
increased with PTH treatment. In
contrast to the mean volume of
tibiae which was not affected by
the PTH administration, the mean
volume of the fifth lumbar
vertebrae increased with the
treatment. With the 2 times and
3 times daily treatments, mean
hydroxyproline concentrations in
the femora were significantly
higher than the control values. An

increase of the mean hydro-
xyproline content of the third
lumbar vertebrae was evidenced
with the 1 time and 2 times daily
treatment, but the mean of the
highest frequency of dosing was
not different from that of the
control group. The DNA content of
femora and of the fourth lumbar
vertebrae significantly decreased
with the frequency of dosing.

Zusammenfassung Der Effekt der
Frequenz der Verabreichung des
synthetischen humanen Parathor-
mon-Fragments (1–38 [hPTH-
(1–38)] auf die Knochenbildung
und auf die Bilanzen von Calcium,
Phosphor und Magnesium wurde
bei 32 weiblichen, 9 Wochen alten
Sprague-Dawley Ratten mittels ei-
nes randomisierten Blockversuches
untersucht. Die Ratten erhielten
hPTH-(1–38) subkutan über einen
Zeitraum von 14 Tagen einmal täg-
lich um 8:00 Uhr, zweimal täglich
um 8:00 und 17:00 Uhr und drei-
mal täglich um 8:00, 12:30 und
17:00 Uhr oder das Lösungsmittel
einmal täglich. Die Bilanzuntersu-
chung wurde während der letzten
48 Stunden der hPTH-(1–38)-Verab-
reichungsperiode durchgeführt. Da-
nach wurden die Tiere getötet und
die Femora, die Tibiae und die Len-
denwirbel zur Bestimmung des
Trockengewichts, des Volumens
und des Gehalts an Ca, P, Mg,
Hydroxyprolin und DNA entnom-
men. Die scheinbar intestinale
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Absorption von Ca, P und Mg war
erhöht. Die renale Ca-Ausschei-
dung nahm mit der Erhöhung der
Frequenz der Dosierung zu und
war negativ mit der scheinbaren in-
testinalen Ca-Absorption und mit
dem Ca-Gehalt der Knochen in
den zwei Gruppen mit zweimaliger
und dreimaliger täglicher Dosie-
rung korreliert. Die Ca-, P- und
Mg-Bilanzen, der Gehalt an Ca, P
und Mg im Knochen und das
Trockengewicht der Knochen wa-
ren nach der PTH-Verabreichungs-
periode deutlich erhöht. Im Gegen-

satz zum Volumen der Tibiae, das
von der PTH-Verabreichung unbe-
einflußt war, nahm das Volumen
des fünften Lendenwirbels zu. Bei
zweimaliger und dreimaliger täg-
licher Verabreichung war der
Hydroxyprolingehalt der Femora
signifikant höher als derjenige der
Kontrollfemora. Eine Erhöhung des
Hydroxyprolingehaltes des dritten
Lendenwirbels wurde nach der Ver-
abreichung einmal und zweimal am
Tag beobachtet. Die Werte der
Gruppe mit der höchsten Frequenz
der Dosierung unterschieden sich je-

doch nicht von den Werten der
Kontrollgruppe. Der DNA-Gehalt
der Femora und des vierten Lenden-
wirbels nahmen deutlich mit der
Frequenz der Dosierung ab.

Key words Parathyroid hor-
mone – balance – calcium –
magnesium – phosphate

Schlüsselwörter Parathormon –
Bilanz – Calcium – Magnesium –
Phosphat

Introduction

Intermittent administration of adenylate cyclase-stimulat-
ing N-terminal fragments of parathyroid hormone (PTH)
induces bone formation in intact and ovariectomized rats,
intact dogs, and osteoporotic humans (3, 16, 39). PTH
is, thus, regarded as a promising therapeutic agent for
osteoporosis in humans and the interest for its potential
use has prompted the initiation of numerous investiga-
tions.  The anabolic effect is dependent of the dose and
duration of treatment and results in increased bone mass
and improvement of biomechanical properties and struc-
ture (10, 11, 17–21, 34). Both cortex and medulla respond
in rats (4, 19, 27, 38, 40) and the effect is not abolished
by vitamin D deficiency (33), although oral intake of
vitamin D metabolites prevents osteopenia in ovariecto-
mized rats  (5,  6). Most of the  research effort  has been
focused on the enhancement of bone formation. However,
in relation to the PTH induced augmentation of bone
mineralization,  the apparent  intestinal absorption of Ca,
P, and Mg is increased in rats (33) and that of Ca is
increased in dogs (26) and in oestrogen-treated women
(28). More frequent dosing, twice daily or three times
daily, enhances the anabolic response in bone and also
the apparent intestinal absorption  of  Ca  despite smaller
doses (29) whereas continuous administration is without
effect (9, 25, 32, 35). The relationship between the ap-
parent intestinal absorption of Ca, P, and Mg to bone
mineralization and that of the bone mineral content to
the mechanical compentency after intermittent PTH ad-
ministration has only been partially investigated. This
study was conducted to test the effects of increased fre-
quency of dosing of synthetic human PTH fragment
(1–38) [hPTH-(1–38)] on the apparent intestinal absorp-
tion and balance of Ca, P, and Mg and on the anabolic
response in bone.

Material and methods

A randomly complete block design involving 32 9-week-
old female Sprague-Dawley rats weighing 191.44± 10.11
(SD) g at the beginning of the experiment was used. The
forming of 2 blocks of 16 animals was required to allow
a partition of the work load. Rats were housed individu-
ally in hanging wire cages in a temperature controlled
room (21 C) with a cycle of light without UV source of
14 h  light/10 h  dark. During  the  adaptation  period  and
the experiment, the rats received ad libitum a cereal based
diet (Nafag No. 890, Gossau, Switzerland) containing 8
g of calcium, 7.5 g of phosphorus, 1.8 g of magnesium,
12.3 MJ of metabolizable energy, and 1 000 IU of vita-
min D/kg of diet. Free access to deionized water was
allowed until the end of the trial. After an adaptation
period of 7 days, rats received 50µg/kg BW of hPTH-
(1–38) (Novartis,  Basle, Switzerland; a gift from Dr. J.
Gasser) for 14  days subcutaneously once a day at 8:00
a.m. (n = 8), twice a day at 8:00 a.m. and 17:00 p.m. (n
=  8) or  three  times  a  day  at  8:00  a.m.,  0:30 p.m.,  and
17:00 p.m. (n = 8). The hPTH-(1–38) preparation with a
peptide content of 87 % was diluted in a saline solution
and a volume of 0.25 ml was injected via hypodermic
needles. A group of 8 control rats only received the saline
vehicle once a day. A balance study was performed dur-
ing the last 48 h of the hPTH-(1–38) treatment schedule
at the age of 12 weeks and weights of 260.50± 14.69 g.
Between markings with carmine red (10 %, w/v), food
intake was recorded, and faeces were separated from
urine using a plastic grid placed under each cage. Urine
was collected on sheets of ashless filter paper (Schleicher
& Schuell, Riehen, Switzerland). At the end of the trial,
rats were euthanatized with sodium pentobarbital (50
mg/kg BW, ip; Vetanarcol, Veterinaria, Zurich, Switzer-
land).
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Femora, tibiae, and lumbar vertebrae were removed,
cleaned from soft tissue, and frozen until further worked
up. Faeces, urine-containing filter papers, right tibiae, and
the sixth lumbar vertebrae (L6) were dried at 105°C for
96 h and ashed at 600°C for 96 h. Extraction of Ca, P,
and Mg was achieved with 1 mol/l HCl over 24 h.
Extracted Ca and Mg from faeces, urine, and bones was
quantitated by flame atomic absorption spectro-
photometry (SpectrAA-20, Varian) after sample dilution
with   1.34 % LaCl3. The atomic absorption spectro-
photometer was calibrated and verified with a commer-
cially available standard (F. Hoffmann-La Roche, Basle,
Switzerland and Nycomed Pharma AS, Oslo, Norway).
The absorbance was measured at a wavelength of 422.7
nm for Ca and 285.2 nm for Mg and a slit of 0.5 nm.
P was quantitated by a colorimetry with an automated
analyser (Cobas Mira, F. Hoffman-La Roche), using a
commercial phosphomolybdate kit (F. Hoffmann-La
Roche).

The volume of the left tibiae and of the fifth lumbar
vertebrae (L5) were determined by Archimedes’ principle
using 70  % ethanol and  an  analytic balance attachment
(density determination kit ME-33360 for AE200 balance;
Mettler AG, Switzerland). Hydroxyproline was measured
in the right femora by colorimetry after oxydation with
chloramine T and chromophore development with p-di-
methylaminobenzaldehyde (8). The left femora and the
fourth lumbar vertebrae (L4) were blended individually
in phosphate buffered saline with an homogenizer and
DNA was quantitated by fluorometry with the bis-
bendimidazole method using calf thymus DNA as stand-
ard (13).

The apparent intestinal Ca absorption was obtained
individually  from  the difference between dietary Ca in-
take and faecal Ca output. The Ca balance was then
calculated by subtracting urinary Ca output from the
apparent intestinal Ca absorption.

A two-way analysis of variance by means of the main
frame computer implemented SAS procedure GLM (SAS
version 6.11, SAS Institute Inc., Cary, NC, USA) evalu-
ated the effect of the frequency of administration of
hPTH-(1–38). The adequacy of the use of the parametric
method was tested by distribution of residuals and quan-
tile-quantile plots. Differences among means were tested
by means of the criterion least significant difference with
alpha fixed at 0.05. Pearson correlation coefficients and
their respective levels of significance were calculated by
use of the SAS procedure CORR.

Results

The hPTH-(1–38) treatment regimens did not affect the
mean initial and final body weights and the mean food
intake recorded at the end of the trial (Table 1). Results
of the balance study are summarized in Table 1 and those

of the bone parameters in Table 2. Treatment with hPTH-
(1–38) was associated with a significant increase of the
apparent intestinal absorption of Ca, P, and Mg. How-
ever, the statistical analysis did not reveal an effect of
the frequency of dosing. Mean urinary Ca excretion aug-
mented with the increase of the frequency of dosing
whereas mean urinary excretions of P and Mg were not
affected by hPTH-(1–38) treatment. The standard error
of  mean  urinary  Ca  for  the 3  times daily  hPTH-(1–38)
administrations was the largest and values ranged from
1.83 to 6.54 mg/day. Scatter plots of urinary calcium
excretion vs. apparent intestinal absorption and urinary
calcium absorption vs. calcium content in tibiae including
the data of all animals revealed a similar pattern (Fig. 1).
When only the data of the 2 times and 3 times daily
treatment were considered, values of the daily urinary
calcium excretion correlated negatively with values of the
apparent intestinal Ca absorption (r = -0.667; p = 0.005;
Fig. 2) and with values of the calcium content of the
tibiae (r = -0.593; p = 0.015) but not with the values of
the calcium content of the vertebrae (data not shown).
The mean Ca and P balances were increased by hPTH-
(1–38) treatment but were not affected by the frequency

Fig. 1 Scatter plots of urinary Ca excretion vs. apparent intestinal
Ca absorption (A) and urinary Ca excretion vs. Ca content in tibiae
(B) in 32 3-month-old female rats treated with a vehicle solution
(n = 8) or hPTH-(1–38) once daily (n = 8), twice daily (n = 8), and
three times daily (n = 8).
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of  dosing.  For  the  Mg balance,  a clear difference  from
the control group was only seen with the 3 times daily
treatment. The mean contents of bone Ca, P, and Mg
were clearly increased by hPTH-(1–38) treatment. The
frequency of administration did only influence the mean
P content of tibiae with the highest values for rats which
had been treated 3 times daily. The mean dry weight of
the tibiae was augmented by the hPTH-(1–38) treatment
but was not affected by the frequency of dosing. The
mean dry weight of L5 was larger after the hPTH-(1–38)
treatment and dosing twice daily was associated with the
heaviest mean value. In contrast to the mean volume of
tibiae which was not affected by the hPTH-(1–38) treat-
ment, the mean volume  of  L5  increased  with  the treat-
ment and the highest frequency of administration was
associated with the highest mean value. With the 2 times
and 3 times daily treatments, mean hydroxyproline con-
centrations in the femora were significantly higher than
the control values. An increase of the mean hy-
droxyproline   content of   L3 was   evidenced with   the
2 times daily treatment, but the mean of the highest
frequency of dosing was not different from that of the
control group. The DNA content of femora and L4 clearly
decreased with the frequency of administration.

Discussion

As previously observed (26, 29, 33), hPTH-(1–38) treat-
ment was associated with an increase of the apparent
intestinal absorption of Ca, P, and Mg. However, in
contrast to previous findings with the apparent intestinal
absorption of Ca (29), the statistical analysis did not
reveal an effect of the dose frequency on the apparent
absorption of these minerals. Similarly, the balances  of
Ca and P were not affected by the frequency of dosing.
This discrepancy between the results of the 2 trials may
most likely be explained by the fact that in the present
study the injections were done within 9 hours during the
day in contrast to injections every 8 and every 12 hours
in the earlier report (29). Moreover, the doses used in
the earlier report were smaller. In the rats of the present
study, only urinary Ca was affected by the treatment
schedule. Surprisingly, urinary   Ca excretion was in-
creased with hPTH-(1–38) intermittent administration,
and the increase was highest with the highest frequency
of dosing. The large variation of urinary Ca excretion
associated with the highest frequency of dosing indicates
that the individual response of rats was quite variable.
The PTH induced increase of urinary Ca must be vitamin
D dependent, because PTH treatment of vitamin D defi-
cient rats resulted in decreased urinary Ca (33). This
interpretation  must,  however,  be made with caution be-
cause the 20 % lactose and the larger Ca and P content
of the vitamin-deficient diet might have been a confound-
ing factor. In the kidney, one of the major roles of PTH
is the fine-regulation of the Ca reabsorption from the
thick ascending limb of Henle’s loop and the distal tubule
(31). It may be hypothesized that the PTH-induced aug-
mented urinary Ca may be due to an increase in the
filtered load in the glomerulus and/or related to a differ-
ent response of the distal tubule in relation to the fre-
quency of PTH administration. The first hypothesis is
supported by  a  non  significant trend for  an increase of
mean PTH induced apparent intestinal Ca absorption in
relation to the increased frequency of dosing. However,
the values of the apparent intestinal Ca absorption corre-
lated negatively with those of urinary Ca in the two
groups with the highest frequency of dosing which does
not support the hypothesis. Bone Ca does not contribute
to the increased filtered load because there is no evidence
from these data of an increased Ca loss from bone related
to an increased frequency of PTH administration. The
negative correlation between the Ca content of tibiae and
the urinary Ca excretion suggests that these two parame-
ters are related by a mechanism to be determined. Serum
1,25-dihydroxy-vitamin D concentrations, which could
eventually explain the relationship between the apparent
intestinal Ca absorption, the Ca content of the tibiae and
the urinary Ca excretion, were not determined in the
present experiment. On the other hand, the urinary loss
of Ca is only a small portion of the total excretion of Ca

Fig. 2 Scatter plots and line of best fit of urinary Ca excretion vs.
apparent intestinal Ca absorption (A) and urinary Ca excretion vs.
Ca content in tibiae (B) in 16 3-month-old female rats treated with
hPTH-(1–38) twice daily (n = 8) or three times daily (n = 8).
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Table 1 Effect of the frequency of the subcutaneous administration during 14 days of 50µg hPTH-(1–38) per kg BW on the body weight,
food intake, apparent intestinal absorption, urinary excretion, and balance of Ca, P, and Mg in 3-month-old female rats. Results are
reported as means ± SE

Parameter Unit Group

Control PTH once daily PTH twice daily PTH 3 times daily
n = 8 n = 8 n = 8 n = 8

Initial body weight g 185.87 ± 3.32a 192.87 ± 3.86a 196.5 ± 3.90a 190.50 ± 2.63a

Final body weight g 251.75 ± 4.25a 268.37 ± 7.35a 262.25 ± 5.22a 259.62 ± 4.20a

Food intake g/day 24.01 ± 0.02 23.99 ± 0.02a 24.00 ± 0.02a 24.08 ± 0.02a

Apparent Ca absorption mg/day 43.59± 6.61a 74.69 ± 2.59b 86.37 ± 6.63b 88.99 ± 7.24b

Apparent P absorption mg/day 73.81± 6.16a 99.51 ± 2.84b 109.11 ± 3.92b 104.76 ± 5.54b

Apparent Mg absorption mg/day 13.09± 1.15a 16.54 ± 0.79b 15.67 ± 0.77b 17.39 ± 1.09b

Ca in urine mg/day 1.49 ± 0.08a 2.39 ± 0.25b 2.96 ± 0.18b 3.85 ± 0.57c

P in urine mg/day 34.30 ± 2.72a 32.31 ± 3.27a 35.33 ± 4.31a 34.75 ± 3.33a

Mg in urine mg/day 8.91 ± 0.35a 9.56 ± 0.50a 9.49 ± 0.37a 9.49 ± 0.36a

Ca balance mg/day 42.10± 6.65a 72.30 ± 2.64b 83.41 ± 6.74b 85.13 ± 7.76b

P balance mg/day 39.51± 5.57a 67.21 ± 3.15b 73.79 ± 3.38b 70.01 ± 5.61b

Mg balance mg/day 4.18 ± 1.22a 6.97 ± 1.14ab 6.18 ± 0.68ab 7.90 ± 1.21b

a,b,c means with the same letter in the same row are not significantly different

Table 2 Effect of the frequency of the subcutaneous administration during 14 days of 50µg hPTH-(1–38) per kg BW on the dry weight,
volume, content of Ca, P, Mg, hydroxyproline, and DNA of selected long bones and vertebrae in 3 month-old female rats. Results are
reported as means± SE

Parameter Unit Group

Control PTH once daily PTH twice daily PTH 3 times daily
n = 8 n = 8 n = 8 n = 8

Dry weight of tibia g/tibia 0.33 ± 0.02a 0.38 ± 0.01b 0.39 ± 0.01b 0.38 ± 0.01b

Dry weight of L5 g/vertebra 0.16 ± 0.004a 0.19 ± 0.01b 0.21 ± 0.01c 0.20 ± 0.01bc

Volume of tibia mL/tibia 0.31 ± 0.01a 0.34 ± 0.01a 0.33 ± 0.01a 0.35 ± 0.01a

Volume of L5 mL/vertebra 0.15 ± 0.005a 0.18 ± 0.01b 0.18 ± 0.01bc 0.20 ± 0.01c

Ca in tibia mg/tibia 74.97 ± 3.69a 88.05 ± 3.36b 95.95 ± 3.18b 96.23 ± 4.62b

Ca in L6 mg/tibia 67.92 ± 4.27a 77.86 ± 3.00ab 84.55 ± 3.12b 82.17 ± 2.42b

P in tibia mg/tibia 36.65 ± 14.00a 43.01 ± 1.39b 46.96 ± 1.64bc 47.22 ± 0.76c

P in L6 mg/tibia 40.45 ± 1.02a 50.35 ± 1.35b 53.81 ± 1.78b 50.40 ± 1.89b

Mg in tibia mg/tibia 1.55 ± 0.04a 1.85 ± 0.07b 1.98 ± 0.04b 1.88 ± 0.05b

Mg in L6 mg/tibia 1.59 ± 0.09a 1.95 ± 0.11b 2.05 ± 0.07b 1.99 ± 0.16b

Hydroxyproline in femur mg/g femur 22.02 ± 0.33a 22.69 ± 0.31ab 23.46 ± 0.25b 23.44 ± 0.20b

Hydroxyproline in L3 mg/g vertebra 26.48± 0.38ab 27.00 ± 0.39bc 27.69 ± 0.24c 25.85 ± 0.44a

DNA in femur mg/g femur 8.79 ± 0.40a 6.51 ± 0.20b 3.54 ± 0.28c 2.71 ± 0.13d

DNA in L4 mg/g vertebra 9.04 ± 0.35a 7.34 ± 0.24b 4.63 ± 0.23c 3.25 ± 0.22d

a,b,c,d means with the same letter in the same row are not significantly different

and is unlikely to explain the relationship between the
high urinary Ca excretion and the low Ca content of the
tibiae. The observed effect on urinary Ca excretion with
the 2 highest  frequency of dosing may thus be directly
related to PTH because, as in bone, the effect of inter-
mittent administration of PTH may be quite different
from that of a continuous administration. Vitamin D me-
tabolites may likely be involved in the modulation of the
PTH effect. Because urinary Ca excretion is only a minor
contribution to total Ca excretion, the PTH induced
changes in urinary Ca excretion is not reflected in the
Ca balance.

For the Mg balance, a clear difference from the control
group was only seen with the three time daily treatment
confirming the results of a previous study (33) where
PTH treatment once daily did not increase Mg balance
in  vitamin  D  sufficient  rats receiving 0.8 % Ca, 0.5 %
P, and 20 % lactose or in vitamin D deficient rats re-
ceiving 2 % Ca, 1.25 % P, and 20 % lactose. The
significant PTH induced increased Mg absorption already
evident at the lowest dosing frequency is not reflected in
the Mg balance because urinary Mg excretion is large in
proportion to Mg absorption. The mean P content of
tibiae was affected by the frequency of administration in
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contrast to P of vertebrae suggesting a different response
in cortex and medulla because the ratio cortex to medulla
is much larger in the tibiae.

In contrast to the situation in femora, the hy-
droxyproline concentration of L3 obtained with the high-
est frequency of dosing were not different from those of
the control group suggesting that collagen synthesis was
not stimulated in this group or that both formation and
resorption were activated. This finding is reflected in the
dry weight of L5 and the mineral content of L6 (nonsig-
nificant) but not in the volume of L5 which supports the
hypothesis that the processes of formation and resorption
were both activated in the vertebrae. The long bones,
characterized by a larger cortex to medulla ratio, did not
respond  similarly with the highest frequency of dosing.
In bone cultures, transient exposure during several hours
with PTH followed by withdrawal stimulated collagen
synthesis (1, 14) whereas continuous treatment induced
inhibition (12, 37). Thus, in the lumbar vertebrae of this
study, the effects  obtained after the  3 times daily PTH
treatment may be similar to those observed after continu-
ous administration (9, 25, 32, 35).

The decrease of the DNA content of bone which is
related to the frequency of PTH dosing is unexpected
because intermittent treatment with parathyroid hormone

stimulates in rats the proliferation and differentiation of
explanted osteoblast precursors (22) and, in bone cul-
tures, it stimulates  the  replication  and the  synthetic  ac-
tivities of mature osteoblasts (1, 2, 14). In isolated
osteoblasts, depending on the animal species, cell strain
and experimental conditions, PTH may stimulate (15, 36)
or inhibit (7, 24) proliferation mainly via the adeny-
late/protein kinase A pathway (23, 30). However, this
experimental  design  does not  allow to determine which
cells of bone and bone marrow are affected and how the
activity of the different cell types are individually modu-
lated.

In conclusion, the parameters considered in this study
were affected differently by the frequency of hPTH-
(1–38) dosing. These results were obtained after a short-
term treatment in growing animals that have reached
sexual maturity. It is well established that the serum
concentration of sex hormones influence Ca homeostasis
and bone turnover. Further studies are, thus, needed to
examine the response to PTH in older animals or after a
long-term treatment.
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