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Abstract:

Pamidronate is a representative of bisphosphonates, which are effectively used in the treatment of bone diseases. Although a number

of properties of pamidronate have been recognized which influence the metabolic process in bones, the issue of the effect of

bisphosphonates on the function of blood circulation and autonomic nervous system in osteoporotic bones remains open. In order to

clarify this problem, the present study concentrated on the effects of pamidronate on catecholamine action on blood pressure in the

marrow cavity in rats with prednisolone-induced osteoporosis. The animals were divided into 3 groups: I – control rats; II – rats

which were given prednisolone at the dose of 5 mg/kg, im, for 3 weeks; III – rats which were given prednisolone at the dose of

5 mg/kg, im and pamidronate at the dose of 3 mg/kg, sc together, for 3 weeks.

The experiments demonstrated that rats with prednisolone-induced osteoporosis displayed a decreased blood pressure in the marrow

cavity. In addition, a disordered action of catecholamines (norepinephrine and epinephrine) on blood pressure in the marrow cavity

of osteoporotic bone was observed. Pamidronate administration in osteoporotic rats resulted in smaller increases in the blood

pressure caused by norepinephrine and epinephrine in the marrow cavity of long bones.
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Introduction

Bisphosphonates are potent inhibitors of osteoclastic

bone resorption, furthermore, can bind avidly to hy-

droxyapatite, and for these reasons, they are used in

the treatment of osteoporosis. Pamidronate’s antire-

sorptive action was proved in in vitro tests, in experi-

mental animal models, as well as in clinical research.

However, the effect of pamidronate on autonomic

nervous system and processes affecting blood circula-

tion in bones has still not been recognized.

Metabolic and vascular control of bone is influ-

enced by the nervous system. Potential transmitters of

this influence include catecholamines [9]. Catechola-

mines act as inducers of osteoclast maturation in vitro

and as stimulators of osteoclast activity [4]. Disorders

of the peripheral nerves may have substantial influ-

ence on bone remodeling. Specifically considered are

potential neural influences operating under such con-
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ditions as osteoporosis. Hence, this study is aimed at

examining the effect of pamidronate on the action of

catecholamines (norepinephrine, epinephrine and iso-

prenaline) on blood pressure in rats with

prednisolone-induced osteoporosis.

Materials and Methods

The experiments were carried out on male Wistar rats

(205–230 g). The permission for the animal tests and

experiments was granted by the Bioethical Board of

the Silesian Medical University.

The animals were divided into 3 groups (18 ani-

mals each): I (C) – control rats; II (O) – rats which

were given prednisolone at the dose of 5 mg/kg, im,

for 3 weeks; III (P) – rats which were given predniso-

lone at the dose of 5 mg/kg, im and pamidronate at the

dose of 3 mg/kg, sc, for 3 weeks.

The animals in each of the three main groups (C, O

and P) were additionally divided into three subgroups

administered adrenoceptor agonists:

1. Subgroup of rats (n = 6), which were administered

norepinephrine (10 µg/kg, iv, 20 µg/kg, iv and

40 µg/kg, iv),

2. Subgroup of rats (n = 6), which were administered epi-

nephrine (10 µg/kg, iv, 20 µg/kg, iv and 40 µg/kg, iv),

3. Subgroup of rats (n = 6), which were administered

isoprenaline (3 µg/kg, iv and 6 µg/kg, iv).

Catecholamines (norepinephrine, epinephrine, iso-

prenaline) were administered at increasing doses at

10-min intervals.

After the lapse of 24 h from the last administration

of 0.9% NaCl (C group), prednisolone (O group) or

prednisolone + pamidronate (P group), the animals

were anesthetized with urethane at the dose of

1.9 g/kg, ip. To prevent blood clotting, the animals re-

ceived an iv injection of heparin at the dose of

2000 IU/kg.

Arterial blood pressure was measured in the left ca-

rotid artery. This was done by inserting a polyethylene

cannula (d = 2 mm) into the artery, which was con-

nected with a pressure meter through a membrane

sensor.

A method described by Ficat and Arlet [3] was

used to examine blood pressure in the femoral mar-

row cavity. For the measurement to be carried out, the

anesthetized rats had the left femoral diaphysis re-

vealed and a hole of d = 1.2 mm was drilled using

a dental drill 1/3 of the distance from the proximal

epiphysis. A metal cannula was fixed tight in the hole.

The end of the cannula was in the marrow cavity

where the osseous tissue contacted the marrow. The

cannula was connected to the blood pressure measur-

ing sensor via a drain filled with 0.9% NaCl supple-

mented with heparin, which was linked to the pres-

sure meter.

A 15-min period was allowed after a rat had been

connected to the set, in order to obtain stable parame-

ters. Following the recording of initial parameters, the

examined compounds were administered iv (as de-

scribed above). The right carotid vein had previously

been exposed and the polyethylene cannula of d = 1 mm

was inserted into it.

The examined parameters (mean blood pressure in

the carotid artery and blood pressure in the marrow

cavity) were recorded continuously. The parameters

were read using the recorder immediately following

the administration (0–0.25 min), and after the lapse of

0.5, 1, 2, 3, 5 and 10 min from the administration of

catecholamines.

Unpaired Student’s t-test was applied for statistical

evaluation of the results (the arithmetic mean values

± SEM).

Results

In the control (C group), the mean blood pressure

measured in the carotid artery was 117.1 ± 2.2 mmHg.

The pressure in the femoral marrow cavity measured

in parallel was 15.1 ± 0.2 mmHg (Fig. 1).

In rats with osteoporosis induced by a 3-week ad-

ministration of prednisolone (O group) and osteo-

porotic rats receiving pamidronate (P group), the pres-

sure in the carotid artery was similar to the results ob-

tained for the controls (data not shown). In the

osteoporotic rats, blood pressure in the marrow cavity

was statistically significantly lower (p < 0.01) by

45.33% when compared to the control (Fig. 1). In the

rats that were administered pamidronate and predni-

solone concurrently, blood pressure in the marrow

cavity was statistically significantly lower (p < 0.05),

by 20%, when compared to the controls, and was sta-

tistically significantly higher (p < 0.05), by 46.34%,

when compared to the osteoporotic group (Fig. 1).

�����������	��� 
������ ����� ��� ����	 59

Effect of pamidronate and catecholamines on blood pressure in prednisolone-induced osteoporosis
����� ����	�
���������� �� ���



The effect of norepinephrine (NE) on arterial

blood pressure and bone marrow cavity blood

pressure

The administration of NE to the control rats at in-

creasing doses of 10, 20 or 40 µg/kg, iv resulted in

a rise in blood pressure in the carotid artery by

35.02%, 65.11% and 82.98% of the initial value, re-

spectively, when measured immediately following NE

administration. Subsequently, the carotid artery blood

pressure fell gradually and at 10 min following the

NE administration, it reached the initial value. Paral-

lelly to the increase in arterial blood pressure, the

blood pressure in the femoral marrow cavity was also

rising. Compared to the initial value, the increase was

by 78.15% (at the dose of 10 µg/kg, iv), 105.96% (at

the dose of 20 µg/kg, iv) and 119.20% (at the dose

40 g/kg, iv; p < 0.01) (Fig. 2).

After NE administration at increasing doses of 10,

20 or 40 µg/kg, iv, the osteoporotic rats displayed an

increase in carotid artery blood pressure similar to the

controls. In relation to the initial value, the rise in

marrow cavity blood pressure following NE admini-

stration was higher than in the controls, and immedi-

ately after the administration it equaled 158.53%

(10 µg/kg), 213.70% (20 µg/kg) and 317.07%

(40 µg/kg) (Fig. 2).

Administration of NE to osteoporotic rats which re-

ceived pamidronate, resulted in an increased marrow

cavity blood pressure, which reached 101.67%

(10 µg/kg), 140.00% (20 µg/kg) and 191.67%

(40 µg/kg) when compared to the initial value. This

group of animals displayed a statistically significantly

higher (p < 0.05) increase in marrow cavity blood

pressure after NE administration at 40 µg/kg than the

controls, and statistically significantly lower (p < 0.05)

than the group of osteoporotic rats (Fig. 2).

The effect of epinephrine (E) on arterial blood

pressure and marrow cavity blood pressure

The administration of E at 10 µg/kg, iv to the control

rats resulted in an increase in blood pressure in the

carotid artery by 39.89%. E administration at 20 or

40 µg/kg, iv resulted in an initial increase in carotid

artery blood pressure by 65.00% and 91.02%, respec-

tively, followed by a decrease by 5.11% (20 µg/kg)

and 10.24% (40 µg/kg). Simultaneously to the in-

crease in carotid artery blood pressure, an increase in

marrow cavity pressure by 27.81% (10 µg/kg),

59.60% (20 µg/kg) and 72.84% (40 µg/kg) was re-

corded (Fig. 3). Subsequently, a drop of marrow

cavity pressure was observed despite still elevated ca-

rotid artery pressure. The maximum drop in marrow

cavity pressure was 8.16% (10 µg/kg), 12.78%

(20 µg/kg) and 35.12% (40 µg/kg).

The osteoporotic group having been administered

E at the increasing doses demonstrated changes in the

carotid artery similar to those observed in the con-

trols. E also had a biphasic effect on marrow cavity

blood pressure in the osteoporotic rats, but the in-
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creases after the administration were statistically sig-

nificantly higher than in the control rats, and immedi-

ately after the administration they equaled 112.20%

(10 µg/kg), 190.24% (20 µg/kg) and 229.26% (40 µg/kg)

when compared to the initial value (Fig. 3).

When pamidronate was injected to the osteoporotic

group, the administration of E resulted in similar

blood pressure changes in the carotid artery as those

observed in the controls. Following E administration

at 10 µg/kg and 20 µg/kg, the blood pressure in the

marrow cavity increased by 38.33% and 83.33%,

respectively, compared to the initial value. The in-

creases were similar to those observed in the controls,

and they were statistically significantly lower

(p < 0.05) when compared to the osteoporotic rats.

The administration of E at 40 µg/kg resulted in a mar-

row cavity blood pressure increase by 136.66% when

compared to the initial value (the increase was higher

than in the controls, but lower than in the osteoporotic

group) (Fig. 3).

The effect of isoprenaline (IP) on arterial blood

pressure and marrow cavity blood pressure

IP given to the controls at 3 or 6 µg/kg, iv caused a de-

crease in carotid artery blood pressure by 10.04% and

18.66%, respectively. This decrease was parallelled

by a drop in marrow cavity blood pressure by 16.98%

and 50.22%, respectively (data not shown). The os-

teoporotic rats displayed a drop in blood pressure in

the carotid artery and marrow cavity similar to the

controls after IP administration. In osteoporotic rats,

which were administered pamidronate, IP elicited

similar effect on carotid artery and marrow cavity

blood pressure as was observed in the controls.

Discussion

Earlier studies demonstrated that the administration of

prednisolone to rats, at a dose of 5 mg/kg, im daily,

for three weeks, resulted in osteoporosis. Predniso-

lone induced the following changes: a decreased

width of bone trabeculae in the bone epiphysis, re-

duced area of transverse cross-section of the cortical

part of the bone diaphysis, increased area of the trans-

verse cross-section of the bone marrow cavity, as well

as a reduced mass of long bones, and reduced content

of mineral substances and calcium in bones. In addi-

tion, we observed a reduced transverse growth and re-

duced width of the osteoid in the bone in

prednisolone-treated rats. Structural and morphologi-

cal changes in animals were accompanied by an in-

creased brittleness of bones [21]. In rats with

prednisolone-induced osteoporosis, the reduced blood

pressure in the marrow cavity and the intensified ef-

fect of NE and E on blood pressure in the marrow

cavity were observed, without any effect on systemic

blood pressure [10].

In our studies, no significant changes in mean

blood pressure measured in the carotid artery were

observed in rats with prednisolone-induced osteopo-

rosis (prednisolone 5 mg/kg, im daily, for 3 weeks)

when compared to the controls. Moreover, the effects

of catecholamines (NE, E and IP) on blood pressure

in the carotid artery were similar to those observed in

the controls. This was acknowledged in earlier tests

on animals administered prednisolone at 5 mg/kg, im

for three weeks [10]. Similarly, no systolic and dia-

stolic blood pressure changes were observed in

healthy postmenopausal women after prolonged

prednisolone administration. However, a long-term

administration of prednisone reduced bone repair or

renewal in such patients, which consequently led to

osteoporosis [22].

The effect of glucocorticosteroids on cardiovascu-

lar system still remains controversial. The majority of

experiments proved that glucocorticosteroids admin-
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istered to healthy human subjects caused an increase

in blood pressure [7, 19, 24]. Hypertensive effect of

glucorticosteroids was demonstrated by some experi-

ments performed on animals [16], whereas in patients,

the treatment of asthma and rheumatoid arthritis with

prednisolone did not cause hypertension [8]. Some

scientific reports indicate a potential blood pressure

decrease after administering glucocorticosteroids [5,

14, 15]. Glucocorticosteroids may modulate the func-

tion of cardiovascular system by affecting adrenergic

receptors (� i �) [12, 18, 20] or catecholamine reac-

tivity [23]. The autonomic nervous system and cate-

cholamines modulate the blood circulation in bones.

Adrenoceptors (� and �) are present in blood vessels

both in the marrow cavity [1] and the cortex of bone

[6].

As we previously reported [10], the administration

of prednisolone to rats, revealed a decreased blood

pressure in the femoral marrow cavity despite the lack

of any effect on systemic blood pressure. The de-

creased blood pressure in the bone may result from

the increase in the marrow cavity as a result of

prednisolone-induced osteoporotic changes. Other

causes may also underlie the decrease in the marrow

cavity blood pressure in prednisolone-administered

rats. Prednisolone affects microcirculation [17] and

neovascularization [2] in various tissues, and it may

also change the blood vessel geometry [13].

In our studies, the administration of NE (�-stimul-

ator) to the controls resulted in a parallel increase in

carotid artery blood pressure and marrow cavity blood

pressure. Osteoporotic rats, which were administered

NE, displayed a more significant marrow cavity blood

pressure increase than the controls. E had a biphasic

effect on the carotid artery and long bone marrow

cavity blood pressure in the controls, viz. the initial in-

crease (most probably resulting from the activation of

�-receptors) was followed by a decrease in blood

pressure (probably following the activation of �-recep-

tors). In rats showing osteoporotic changes in the fe-

mur, the initial hypertensive phase was intensified,

while the blood pressure decrease was similar to the

controls. IP (�-stimulator) affected the marrow cavity

blood pressure in a manner similar in the osteoporotic

rats and the controls. The results obtained in this

study with respect to catecholamine effect on marrow

cavity blood pressure in osteoporotic bones are simi-

lar to those reported earlier [10]. The intensified effect

of NE and E on �-receptors may be related to

prednisolone-induced osteoporotic changes in the

bone tissue.

In our study, the animals which were administered

pamidronate at 3 mg/kg, sc, for the period of three

weeks, concurrently with prednisolone, displayed

a higher marrow cavity blood pressure when com-

pared to rats, in which experimental osteoporosis was

induced by prednisolone. Pamidronate administration

in osteoporotic rats resulted in smaller increases in

marrow cavity blood pressure following NE and E ad-

ministration. This normalizing effect of pamidronate

on marrow cavity blood pressure (also after catecho-

lamine administration) in rats with prednisolone-

induced osteoporosis might have resulted from

pamidronate-induced inhibition of the destructive ef-

fect of prednisolone on the bone. As demonstrated in

earlier studies [21], rats administered pamidronate

and prednisolone in combination displayed a de-

creased area of the marrow cavity transverse cross-

section, increased periosteal and endosteal growth,

and increased width of osteoid, in comparison with

the group of rats with prednisolone-induced osteopo-

rosis. Rats that were administered pamidronate and

prednisolone together were noted to have an increased

mass of long bones as well as increased content of

mineral substances in bones in comparison with the

animals in which experimental osteoporosis was in-

duced by prednisolone. Additionally, the width of the

epiphysial cartilage and the thickness of bone trabecu-

lae were greater than those in the animals which were

administered prednisolone alone. Pamidronate in-

creased the force necessary to break the bones and

their deformability in animals with prednisolone-

induced osteoporosis.

It should also be noted that young rats, when ad-

ministered pamidronate (3 mg/kg, sc, for the period of

3 or 6 weeks), displayed osteopetrosis. The experi-

ments demonstrated that rats with pamidronate-

induced osteopetrosis displayed increased blood pres-

sure in the marrow cavity. In addition, a disorder in

the effect of catecholamines on blood pressure in the

marrow cavity of osteopetrotic bone was observed

[11]. Pamidronate is accumulated in the aortas of rab-

bits [25], which indicates that it may also cumulate in

other types of blood vessels, e.g. bone vessels, and

thus may affect their function.

The results obtained in this study with respect to

the effects of pamidronate on the action of catechola-

mines on blood pressure in rats with prednisolone-

induced osteoporosis constitute another proof for in-
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terrelationship between the bone nervous system,

blood circulation and remodeling processes in bones.
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