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Abstract:

Calcimimetics administered orally cause “pharmacological parathyroidectomy” confirmed by a decrease in parathyroid hormone

secretion (PTH) and in plasma Ca�� concentration. Parathyroids are also the source of parathyroid hypertensive factor (PHF). The

aim of this study was to determine the dose-dependent effect of an intravenously (iv) applied calcimimetic, NPS R-568, on plasma

Ca�� concentration, urinary phosphate excretion and mean arterial blood pressure (MAP) in rats.

Clearance experiments were performed on male Wistar rats anesthetized with thiopental and infused iv with saline supplemented

with �H inulin for glomerular filtration rate (GFR) determination. NPS R-568 was administered iv as a bolus at the doses: 0.5, 1.0, 2.5

and 5.0 mg/kg. Control group of rats received vehicle only. MAP was monitored continuously in the carotid artery. Urine was

collected from cannulated urinary bladder.

NPS R-568 applied iv dose-dependently decreased plasma Ca�� and fractional phosphate excretion (FE��). In the control group, no

significant changes in plasma Ca�� and FE�� were observed. The most efficient hypotensive effect vs. control group was induced by

the NPS R-568 of a dose of 1.0 mg/kg.

Our results indicate that the dose of 1 mg/kg of the calcimimetic NPS R-568 administered iv is sufficient to induce the decrease in

plasma Ca�� and urinary phosphate excretion accompanied with hypotensive effect in Wistar rats.
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fractional phosphate excretion, GFR – glomerular filtration

rate, MAP – mean arterial blood pressure, NPS – NPS R-568,

PHF – parathyroid hypertensive factor, PTH – parathormone

Introduction

Discovery of calcium receptor on parathyroid princi-

pal cells [2] and calcimimetics that could decrease di-

rectly parathormone (PTH) secretion created the pos-

sibility of „pharmacological parathyroidectomy” [5,

11]. It was well documented that pharmacological

parathyroidectomy induced by calcimimetics signifi-

cantly decreased PTH secretion and plasma calcium

concentration (Ca2+) in patients with primary hyper-

parathyroidism [17] and decreases PTH secretion in

patients with secondary hyperparathyroidism in

chronic renal insufficiency [6, 15]. Parathyroid glands

are also the source of the parathyroid hypertensive

factor (PHF) that causes hypertension in normoten-
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sive rats [9]. Moreover, it was observed that removal

of parathyroid glands in congenitaly hypertensive rats

(SHR) clearly lowered blood pressure in these rats [8,

13]. Therefore, it seems to be possible that calcimimet-

ics might, similarly to PTH, decrease PHF secrection,

and in this way induce a decrease in blood pressure.

The most often experimentally used calcimimetic

is NPS R-568 (NPS), that reduced PTH secretion and

plasma Ca2+ when administered orally in rats [5, 10,

12] and humans [6, 17]. It was repeatedly shown that

oral administration of calcimimetics in rats and in hu-

mans induced “pharmacological parathyroidectomy”

and dose-dependent decrease in PTH secretion [5, 6,

10]. However, there are almost no publications in

which calcimimetics were infused iv in rats except

one report, in which nephrectomized rats were used

[5]. Until now there are no reports from other labora-

tories, estimating the influence of iv applied calcimi-

metics on blood pressure in rats. Accordingly, clear-

ance experiments were performed to determine the

dose-dependent effects of NPS administered iv on

plasma Ca2+, fractional phosphate excretion (FEPi)

and mean blood pressure (MAP) in normotensive

Wistar rats.

Materials and Methods

Experimental animals

Male Wistar rats, weighing 200–280 g, were pur-

chased from the Animal House of the Polish Acad-

emy of Sciences, Warszawa, Poland. All experiments

have been approved by The Local Ethics Committee

on Animal Experiments. The animals were main-

tained under a 12 h light/dark cycle in a temperature

and humidity controlled room and were fed a com-

mercial rodent chow (Purine) and tap water ad libi-

tum. Rats were anesthetized by ip injection of thio-

pental (40 mg/kg). The animals were placed on

a heated table and body temperature was maintained

between 36–37oC. Tracheostomy was performed. in

all experimental groups. Catheters were inserted into

the carotid artery and jugular vein for pressure moni-

toring, blood sampling and for infusions. The urinary

bladder was cannulated for urine collection. Blood

pressure was constantly monitored with the use of

BIOPAC Systems Inc., Model MP 100. GFR was

measured as [3H] inulin clearance.

After all surgical procedures, a 2-h recovery period

was allowed to establish the steady state. For the first

hour of this period, rats were infused 4% albumin in

isotonic saline at the rate of 5.6 ml/h. This infusion

was then replaced by isotonic saline at the same rate.

After the next hour, iv bolus of [3H] inulin, 3 µCi/250 g

b, was given and the infusion of saline supplemented

with [3H] inulin (0.02 µCi/min) began, maintained to

the end of experiment.

Experimental groups

Five groups of rats were studied according to the fol-

lowing protocols:

Group 1. control (n = 10)

After 30 min of [3H]inulin infusion, 300 µl of 15%

cyclodextrin (vehicle) were administered as a bolus,

through venous catheter. The moment of the bolus in-

jection was considered as the time 0 of the experi-

ment. Blood samples were taken at the midpoint of

10 min of urine collection: 5 min before and at 30, 60

and 90 min after administration of the tested agent.

Group 2. NPS 0.5 mg/kg (1.46 µmol/kg) (n = 6)

After 30 min of [3H]inulin infusion, the NPS at the

dose of 0.5 mg/kg, dissolved in 15% cyclodextrin was

administered as a bolus, through venous catheter.

Blood samples were taken at the midpoint of 10 min

of urine collection: 5 min before and at 30, 60, 90 and

120 min after administration of vehicle.

Group 3. NPS 1.0 mg/kg. (2.93 µmol/kg) (n = 5)

The procedure with the rats was similar to that in the

group 2 except that NPS was administered at the dose

of 1 mg/kg only.

Group 4. NPS 2.5 mg/kg (7.34 µmol/kg) (n = 6)

The procedure with the rats was similar to that in the

group 2 except that NPS was administered at the dose

of 2.5 mg/kg only.
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Group 5. NPS 5.0 mg/kg (14.69 µmol/kg) (n = 5)

The procedure with the rats was similar to that in the

group 2 except that NPS was administered at the dose

of 5.0 mg/kg only.

Chemicals and drugs

The following chemicals and drugs were used: thio-

pental (Biochemie, Austria); albumin, (Sigma-Aldrich,

Poland); 3H inulin (Amersham Biosciences, UK);

isotonic saline (Fresenius Kabi, Poland); cyclodextrin

(Sigma-Aldrich, Poland). NPS was synthesized in

Department of Organic Chemistry, Faculty of Phar-

macy, Medical University of Gdañsk, Poland. NPS

R-568 {3-(2-chlorophenyl)-N-[(1R)-1-(3-methoxy-

phenyl)ethyl]propan-1-amine hydrochloride}-with the

formula C18H23Cl2NO was synthesized using (R)-1-

phenyl-1,2-ethanediol as a chiral auxiliary according

to the method previously described by Yamazaki et al.

[20]. The chemical structure of the obtained product

was verified by spectroscopic methods, 1H and 13C

NMR (nuclear magnetic resonance), IR (infra-red).

The purity of the compound is > 98.5% estimated by
1H NMR spectroscopy and elemental (C H N) analy-

sis; the stereochemical purity is above 95% ee as de-

termined by a chiral solvating agent NMR method [14].

IR vmax (KBr) 3010, 2951, 2802, 2745, 2709, 1613,

1587, 1491, 1292, 1281, 1050, 753 cm–1; 1H NMR

(500 MHz, CDCl3): � 1.87 (d, 3H, J = 6.9 Hz, CH3),

2.24 (m, 2H, CH2), 2.61–2.78 (m, 4H, 2CH2), 3.88 (s,

3H, OCH3), 4.16 (br. t, 1H, J = 6.9 Hz, CH), 6.91 (dd,

1H, J = 8.2, 2.5 Hz, ArH), 7.06–7.17 (m, 4H, ArH),

7.24–7.32 (m, 3H, ArH), 9.82 (br. s, 1H, NH), 10.28

(br. s, 1H, NH); 13C NMR (125 MHz, CDCl3): � 20.5,

25.5, 30.4, 44.9, 55.6, 58.9, 112.1, 115.7, 119.9,

126.8, 127.7, 129.4, 130.3, 130.4, 133.7, 137.3, 137.5,

160.4; ESI MS (m/z) 304.0 [M- Cl]+; mp 187–188°C;

Anal. Calcd: C, 63.53; H, 6.81; N, 4.12. Found: C,

63.68; H, 6.82; N, 4.15.

Abbreviations: v – wave numbers, ee – enanti-

omeric excess, CDCl3 – deuterium-chloroform, � –

chemical shift in ppm, d – doublet splitting pattern, m

– multiple splitting pattern, s – singlet splitting pat-

tern, t – triplet splitting pattern, J – coupling constant,

ESI MS – electrospray ionization mass spectrometry,

m/z – mass-to-charge ratio, mp – melting point, Anal.

Calcd – analysis calculated for molecular formula.

Measurements and calculations

Total radioactivities of blood and urine samples were

counted on Liquid Scintilator Counter Wallac 1409,

LKB Sweden. Phosphate concentrations in plasma and

urine were determined according to the adapted method

of Fiske and SubbaRow [4]. Urinary phosphate excre-

tion was calculated as FEPi, according to the formula:

UPi – phosphate concentration in urine (mg/dl), PPi –

phosphate concentration in plasma (mg/dl), V– diure-

sis (ml/min) GFR – glomerular filtration rate (ml/min)

The plasma pH and ionized calcium [Ca2+] concen-

trations were measured using AVL 988-4 Ca2+/pH

analyzer, Austria. Values are presented as the means ±

SE. Comparisons were made using Student’s t-test.

Significance was designated as p < 0.05.

Arterial blood pressure was monitored directly and

sampled continuously at 100 Hz, using BIOPAC Sys-

tems Inc., Model MP 100. The results of measurement

of blood pressure were preliminarily analyzed with

the help of ACQKnowledge BIOPAC Systems Inc.

measurement system to remove the accidental signal

disturbances. Values of the mean arterial blood pres-

sure (MAP) for each measurement during the experi-

ment were presented as the means ± SE. Statistical

analyses were performed by ANOVA with repeated

measures using Statistica Stat-Soft software (StatSoft,

Inc., Tulsa, OK, USA). First, the homogeneity of vari-

ances were confirmed by means of Levene test. Then, the

data were analyzed by ANOVA with repeated measures

for control and NPS-treated groups. When the effect was

significant, post-hoc comparison were performed using

Fisher test. Significance was designated as p < 0.05.

Results

The effect of application of increasing doses of NPS

on plasma Ca2+ concentration is presented in Figure 1.

Administration of the first 2 doses: 0.5 and 1.0 mg/kg

NPS induced a decrease in plasma Ca2+ concentration

by 0.17 and 0.20 mmol/l, respectively, 30 min after

the calcimimetic administration. Both of the doses,

0.5 and 1.0 mg/kg of NPS reached maximum effect in
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decreasing plasma Ca2+ 30 min after the calcimimetic

administration. However, at 60th min of the experi-

ment, the existing decrease in plasma Ca2+ concentra-

tion remained significant for the dose of 1 mg/kg of

NPS only. Beginning from 90th min of the experi-

ment, the normalization of plasma Ca2+ has been ob-

served after NSP injection at 0.5 and 1.0 mg/kg.

A single dose of 2.5 mg/kg of NPS, induced a signifi-

cant decrease in plasma Ca2+ concentration from

30 min after NPS application until the end of the ex-

periment. The observed decrease in plasma Ca2+

reached 0.20, 0.23 and 0.24 mmol/l at 30, 60 and

90 min after the bolus of NPS, respectively, versus the

control period. After 120 min from NPS injection, the

decrease in plasma Ca2+ was more weakly expressed

but was still significant. Application of the highest

dose of 5.0 mg/kg of NPS, resulted in the significant

decrease in plasma Ca2+ concentration, beginning

from 60 min and lasting to the end of the experiment.

The most distinct hypocalcemic effect induced by the

dose of 5.0 mg/kg has been found after 90 min of NPS

administration. No significant changes in plasma Ca2+

have been observed in the control group during the

whole experiment.

The dose-dependence of NPS effect on fractional

phosphate excrection (FEPi) is shown in Figure 2.

FEPi in the control group and in the control period of

other experimental groups, did not statistically dif-

fered, except the decrease at 120 min in control group.

At 30 min after administration of 0.5 mg/kg of NPS,

a non-significant decrease in FEPi vs. control period

was observed, although the change was significant vs.

control group. Then, beginning from 60th min after

NPS injection, an increase in FEPi was observed and

the significance vs. control period, was reached at 120 min

(17.1 ± 1.4 vs. 9.4 ± 1.4%). The dose of 1.0 mg/kg of

NPS decreased markedly FEPi from 13.5 ± 3.0% in

the control period to 3.6 ± 1.1% after 30 min of the

exposure to the calcimimetic. This effect was signifi-

cant to the end of the experiment. The higher dose of

2.5 mg/kg of NPS, significantly decreased the FEPi,

60 min and 90 min after calcimimetic application: 2.8

± 0.6 and 3.4 ± 1.0%, respectively, vs. 10.5 ± 2.9% in

the control period. After the last dose of 5.0 mg/kg of

NPS, the significance of the decrease in FE Pi was

documented at 60 and 90 min of NPS administration:

5.6 ± 3.1 and 5.1 ± 1.6% vs. 16.6 ± 2.4% before calci-

mimetic administration. The observed decreases in

FEPi, induced by the doses of 2.5 and 5.0 mg/kg of

NPS, at 60 and 90 min after NPS injection, were also

significant in comparison with control group.

The influence of the applied doses of NPS on MAP

is presented in the Figure 3. The homogeneity of vari-

ances was confirmed by the means of Levene test.

The statistical significance of the changes in MAP in-

duced by increasing doses of NPS, performed by

ANOVA with repeated measures, for all experimental

groups of rats, was observed (F = 2.89, p < 0.04).

Post-hoc Fisher test, performed to analyze which of

groups were particularly different from each other, in-

dicated the presence of significant differences be-

tween control vs. NPS 1.0 mg/kg. (p < 0.017) and
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NPS 0.5 mg/kg vs. NPS 1.0 mg/kg (p < 0.012) experi-

mental groups.

Discussion

Our study confirmed the calcimimetic properties of

the synthesized NPS, applied intravenously, and esti-

mated the smallest dose that significantly decreased

plasma calcium concentration and fractional phos-

phate excretion at 1 mg/kg. Moreover, our study indi-

cated hypotensive properties of NPS and demon-

strated the dependence of blood pressure in normoten-

sive Wistar rats on the drug dose.

NPS applied in our study has been dissolved in

15% cyclodextrin and infused iv as a bolus at the

doses: 0.5, 1.0, 2.5 and 5.0 mg/kg. The plasma Ca2+

after NPS administration has been compared to the

control group of animals and to the time before NPS

injection. The observed changes in plasma Ca2+ indi-

cated the calcimimetic-induced dose-dependent de-

crease in plasma Ca2+. The clearer and earliest effect

of NPS, transitory decreasing plasma Ca2+, was ob-

served when the dose of 1.0 mg/kg has been given

(Fig. 1). These changes were quantitatively and quali-

tatively similar to hypocalcemic effect and decreased

secretion of PTH after orally administered NPS in rats

[5, 10, 12] and humans [6, 17]. Application of the

lower, 0.5 mg/kg NPS, dose induced weaker hypocal-

cemic action, while application of the doses of NPS

higher than 1.0 mg/kg, resulted in hypocalcemia last-

ing to the end of the experiment (Fig. 1).

Calcimimetic properties of the applied NPS prepa-

ration was additionally revealed by demonstration of

a decrease in urinary FEPi, the second marker of the

reduced PTH secretion in experimental animals [16]

(Fig. 2). Application of the lowest dose of 0.5 mg/kg,

of the calcimimetic resulted in a non-significant (vs.

control period), transient decrease in FEPi. However,

administration of higher doses of NPS, beginning

from 1.0 mg/kg, markedly decreased urinary phos-

phate excretion (Fig. 2). Glomerular filtration rate re-

mained in the physiological range in all experimental

animals (data not shown). All these data indicate that

the dose of 1.0 mg/kg of NPS is sufficient for the

“pharmacological parathyroidectomy”, estimated by

the decrease in plasma calcium concentration and uri-

nary phosphate excretion.

Several investigators have reported on the favor-

able effects of a calcimimetic administration in rats

and humans. In uremic rats, calcimimetics resulted in

a 50% reduction of the proliferation rate of parathy-
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roid cells [3, 19], normalization of PTH serum level

[6] and restoration of trabelcular bone volume [19].

Calcimimetics also prevented development of fu-

rosemide-induced nephrocalcinosis in young rats

[15]. In patients with primary [17] and secondary [1,

6] hyperparathyroidism, calcimimetics induced a de-

crease in plasma PTH concentration and a decrease in

the soft tissue calcification [7]. The beneficial effect

of calcimimetics on cardiovascular risk factors was

observed in patients with chronic renal insufficiency

[12]. All these observations are related to the influ-

ence of calcimimetics on calcium receptor and PTH

secretion. A recently published study hypothesized

that calcium receptor was also involved in the regula-

tion of PHF release, indicating the increased PHF se-

cretion by cultured parathyroid cells from normoten-

sive and hypertensive rats in low-Ca2+ medium [18].

This observation is in agreement with our experi-

ments indicating the hypotensive effect of the applied

doses of NPS. It is possible that the observed decrease

in blood pressure in these rats is probably the conse-

quence of a decreased PHF secretion induced by the

activation of parathyroids calcium receptor by calci-

mimetic. Our study revealed the hypotensive proper-

ties of calcimimetic NPS administered iv in rats. The

lowest 0.5 mg/kg NPS dose did not influence MAP in

comparison to control group. Injection of the dose of

1 mg/kg of NPS, resulted in the significant decrease

in blood pressure in rats as compared to the control

group (Fig. 3). Moreover, the decreased blood pres-

sure induced by 1.0 mg/kg of NPS was markedly dif-

ferent from the respective value in 0.5 mg/kg NPS

group. In response to the doses of NPS higher than

1.0 mg/kg, no significant decreases in MAP in Wistar

rats were observed (Fig. 3). These results are in agree-

ment with the possibility that through activation of

parathyroid calcium receptors, secretion of parathy-

roid hypertensive factor, similarly to PTH secretion,

might be suppressed. However, additional investiga-

tions have to be performed to examine this possibility.

In conclusion, our study indicated that the dose of

1 mg/kg of calcimimetic NPS administered iv is suffi-

cient to induce the decrease in plasma Ca2+ and uri-

nary phosphate excretion accompanied with hypoten-

sive effect in Wistar rats.
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