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Abstract
 Objective:To explore the effects of Iptakalim on intracellular free calcium concentration and on the proliferation of cultured rabbit
pulmonary arterial smooth muscle cells induced by endothelin-1(ET-1) in vitro. Methods:A cell culture model, [3H]-thymidine([3H]-TdR)
incorporation test and confocal microscope were used to observe proliferation and intracellular free calcium concentration([Ca2+]i) of rabbit
PASMC induced by ET-1 in vitro. Results:The value of [3H]-TdR incorporation in ET-1 group was increased 1.468 times higher than
that in control group. Iptakalim at the concentration of 10-7mol/L, 10-6 mol/L ,10-5 mol/L lowered [3H]-TdR incorporation by
(19.8± 4.6)%, (41.2± 9.5)%, (54.7± 10.1)%, respectively, compared with the value of the cells treated with ET-1(P＜ 0.01);
The intracellular fluorescence intensity of PASMC in ET-1 group was increased from 73.70± 10.12 to 143.84± 28.23, significantly
higher than that in control group(P＜ 0.01); whereas with Iptakalim,the fluorescence intensity(FI) was only increased from 74.30± 10.20
to 86.03± 9.82, significantly lower than that in ET-1 group(P ＜ 0.01). Conclusion:Iptakalim inhibited proliferation of PASMC and
decreased intracellular free calcium concentration of cultured rabbit PASMC induced by ET-1.
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INTRODUCTION
 Though hypoxic pulmonary hypertension presents
various etiology,pulmonary arterial smooth muscle cell
(PASMC) proliferation is an important characristical
pathological change during the development of hypoxic
pulmonary hypertension. However,K+ channel dysfunc-
tion in the plasma membrane plays a key role in PASMC
proliferation by modulating cytoplasmic free Ca2+

concentration([Ca2+]cyt) [1].Hence, ([Ca2+]cyt) plays a
pivotal and important role in the regulation of pulmonary
vasoconstriction and vascular remodeling to hypoxia.
As recent evidence suggests, the reduction of the activity
of K+ channels in PASMCs,with the resultant membrane
depolarization, may be involved in the development of
chronic hypoxic pulmonary hypertension by inducing
PASMC proliferation[2]. The purpose of this study was
to investigate Iptakalim, an ATP sensitive potassium
channel(KATP) opener, which regulates the([Ca2+]cyt)
and proliferation of PASMC to hypoxia using confocal
laser scanning microscopy.
 Endothelin-1(ET-1) has also been confirmed as one
of the important factors leading to contraction and
proliferation of PASMCs as well as the pulmonary
arterial remodeling[3-4]. With ET-1 as a tool agent, the
proliferation model of PASMCs cultured in vitro was
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established in this research, in which 3H-thymidine
incorporation and confocal laser scanning microscopy
were used respectively to observe:①effect of iptakalim
on proliferation of PASMCs; ② cytoplasmic free Ca2+

concentration changes of PASMCs; as well as associ-
ated mechanisms between KATP channel and
PASMCs’proliferation and cytoplasmic free Ca2+

concentration.

MATERIALS AND METHODS
Reagents and animals
 Pluronic F-127, endothelin-1, propidium iodine, and
Me2SO(DMSO) were all purchased from Sigma Co.
Fluo-3 AM(Molecular Probes, USA) was dissolved in
DMSO and stored at 20~28℃. Dulbecco’s Modified
Essential Medium(DMEM), fetal bovine serum (FBS),
and trypsin were purchased from GIBCO Co. α-Actin
antibody was obtained from Boehringer Mannheim. [3H]
Thymidine(specific activity, 1 Ci/L) was obtained from
Shanghai Institute of Nuclear Research(China).
Iptakalim, with a purity of 99.36%, was synthesized and
provided by Institute of Pharmacology and Toxicology,
Academy of Military Medical Sciences(China). Eight
healthy New Zealand rabbits, aged between six
weeks and eight weeks, (1.5±0.5)kg, were provided
by Animal Experimental Center of Jiangsu Province.

Cell preparation and culture
 Primary cultures of rabbit PASMCs were incubated
in physiological balanced saline containing NaCl
138.0 mmol/L, KCl 5.0 mmol/L, Na2HPO4 0.3 mmol/L,
KH2PO4 0.3 mmol/L, NaHCO3 4.0 mmol/L, penicillin
105 U/L and streptomycin 100 mg/L. A thin layer of
adventitia was carefully stripped off with a fine forceps,
and endothelium was removed by gently scratching the
intimal surface with a surgical blade. The remaining portion
of the media was cut into approximately l mm squares
and placed in culture bottle containing Dulbecco’s
Modified Essential Medium(DMEM) with 20% fetal
bovine serum (FBS). The bottle was placed in a moist
tissue culture incubator at 37℃ containing gas with the
95% O2 and 5% CO2 mixture. The cells growing from
the explants had become relatively confluent within a
period of approximately 4 wk. They were trypsinized
with a solution of 0.05% trypsin. The resulting suspension
of cells was pipetted into a 6 oz culture bottle containing
10 ml of the DMEM for growing large numbers of
cultures. The purity of PASMCs in the primary cultures
was confirmed by positive staining with smooth muscle
α-actin antibody compared with a known positive con-
trol of SMCs. Only the third to fifth generations were
selected as experimental cells.

Measurement of 3H-TdR incorporation
Well-grown PASMCs were selected, and transferred

to 96-well tissue culture plates(104 cells each well). Cell
were divided into 10 groups,10 wells per group. After
cells had been cultured for 24 hours with 10% fetal bovine
serum, when cells were made quiescent, the media were
replaced with serum-free DMEM for another 24 hours.
Then different concentrations of drugs were respectively
added into each groups. In ET-1 group, culture solution
containing 10-7 mol/L of ET-1 was added. The culture
solution containing iptakalim at the concentrations of
10-7 mol/L, 10-6 mol/L and 10-5 mol/L were added in
EP-1, EP-2 and EP-3 groups respectively. 3H-TdR was
added to each well at 18th hour to a final concentration
of 18.5 kBq/ml. At the end of the incubation period, the
incorporated radioactivity(counts per minute) was mea-
sured by fixation and solubilization of cells with a
Beckman liquid scintillation counter. Experiments were
performed 10 times independently in duplicate.

Measurements of [Ca2+]cyt in pulmonary arte-
rial SMCs

The changes of [Ca2+]cyt were measured using the
Fluo-3 fluorescence method under laser scanning
confocal microscope. Cells suspended in DMEM
containing 10% fetal bovine serum seeded(104 cells/
well) in 6-well plates on circular 25-mm glass coverslips.
After 24 h, cells were loaded with Fluo-3 working
solution(Fluo-3 AM 5 mmol/L and Pluronic F-127
0.03% dissolved in standard buffer) at 37℃. Changes
in the Fluo-3 fluorescence intensity(FI) indicating
fluctuations in[Ca2+]cyt were recorded. After a stable
baseline fluorescence intensity was measured,
endothelin-1 was added to extracellular medium to yield
a concentration of 10 nmol/L, and the fluorescence intensity
was recorded for 300 s.

Statistical analysis
 All parameters were expressed as mean± SD.
Analysis of variance was carried out with SPSS 12.0
software.The q test was used for paired comparison of
means from multiple samples in different groups. P＜
0.05 was considered as statistical significance.

RESULTS
Effects of iptakalim on proliferation of PASMCs
Effect of ET-1 on 3H-TdR incorporation
 Compared with the control group, 3H-TdR incorpo-
ration increased by 146.8% in ET-1 group(P < 0.01).

Effect of iptakalim on 3H-TdR incorporation
 When ET-1 was added simultaneously with Iptakalim
of 10-7mol/L, 10-6 mol/L and 10-5 mol/L respectively,
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3H-TdR incorporation decreased by 19.8%, 41.2% and
54.7% correspondingly. However, when Iptakalim of
10-5 mol/L was added, 3H-TdR incorporation showed

no significant difference from that in control group(P >
0.05)(Tab 1, Fig 1).
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A                                                                                     B                                                                                     C

Endothelin-1                                                                    Iptakalim

 A:Control(6 cells). B:Endothelin-1 induced a monophasic increase in[Ca2+] cyt of pulmonary arterial SMCs(6 cells). C:Pretreatment of pulmonary
arterial SMCs with Iptakalim significantly prevented[Ca2+]cyt rise induced by endothelin-1(6 cells).
 Changes in the Fluo-3 fluorescence intensity(FI) indicating fluctuations in[Ca2+]cyt were recorded. After stable baseline fluorescence intensity was
measured, endothelin-1 was added to extracellular medium to yield a concentration of 10 nmol/L, and the fluorescence intensity was recorded for 300 s.
Fig 3 The effects of iptakalim on changes of[Ca2+] cyt in pulmonary arterial SMCs. (Changes in[Ca2+] cyt were estimated by

fluorescence measurement using Ca2+ indicator Fluo-3)

Effects of Iptakalim on[Ca2+]cyt on PASMCs
 Endothelin-1 at the concentration of 10 nmol/L in-
duced a monophasic increase of Fluo-3 fluorescence
intensity(FI); endothelin-1 elicited an initial peak of
[Ca2+]cyt, in which fluorescence intensity increased to
143.84±28.23 from 73.70±10.12[(100.72±8.16)%
vs. baseline, n = 6] at 60s, and then fell to a sustained

plateau(Fig 2). Pretreatment of PASMCs with iptakalim
at the concentration of 10 μmol/L for 10 min signifi-
cantly prevented transient increase of[Ca2+]cyt elicited
by endothelin-1. The fluorescence intensity in these cells
only increased to 86.03± 9.82 from 74.30± 10.2[(15.
78± 2.25)% vs. baseline, n = 6] at 60 s(Fig 3).

 Compared with control group, *P ＜0.01; Compared with ET-1 group,
△ P＜ 0.01.

Tab 1 Effects of Iptakalim at different concentrations
on [3H]-TdR incorporation of PASMCs

(x± s,n = 10) 
Group                        n               [3H]-TdR incorporation(cpm)

Control group
ET-1 group
ET-1+IPT10-7 group
ET-1+IPT10-6 group
ET-1+IPT10-5 group

10
10
10
10
10

167± 16
413± 60*

330± 42△ *

241± 44△ *

183± 23△ Fig 1 Effects of Iptakalim on 3H-TdR uptake of PASMCs.
(Experiments were performed 10 times independently
in duplicate).
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 A:Fluo-3 basal fluorescence. B:Fluo-3 fluorescence 5 s after addition of endothelin-1(10 nmol/L). C:Fluo-3 fluorescence 60 s after addition of
endothelin-1(10 nmol/L).  D:Fluo-3 fluorescence 600 s after addition of endothelin-1(10 nmol/L)
 Fluo-3 is used as intracellular calcium indicator. An increase in Fluo-3 fluorescence indicates the increase in intracellular calcium.
Fig 2 [Ca2+]cyt of PASMCs before and after addition of endothelin-1 to PASMCs. (under inverted fluorescence microscope, × 400)
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DISCUSSION
 Excess of ET-1 can impair pulmonary artery
endothelium, initiate and exacerbate the development
of hypertension through its vasoconstrictive and pro-
mitogenic properties[5-6].The binding of excessive ET-1
to ETA receptors stimulated both the calcium channels,
which were coupled with the ETA receptors and phos-
pholipase C, to cause an influx of calcium and an in-
crement in the intercellular free calcium concentration
through G protein[7].A rise in intracellular calcium was
harmful to impair endothelium and vascular smooth
muscle in pulmonary arterioles. Recent studies have
indicated that increased intracellular calcium was also a
determinant to promote cell proliferation as a signal
transform factor[8].
 The constriction and proliferation of pulmonary ar-
teries are an import pathogenic factor in chronic hy-
poxic pulmonary hypertension. Therefore, to control the
constriction and proliferation of PASMCs is of impor-
tant significance in the prevention and treatment of
hypoxic pulmonary hypertension. The increase in the
intracellular free calcium activates not only the actin-
myosin apparatus resulting in contraction, but also genes
required for cells to enter a proliferative phase[9].The
cytoplasmic ionized Ca2+ acts as a signal transduction
element, which is critical in cellular proliferation .A rise
in[Ca2+]cyt increases nuclear Ca2+ concentration pro-
pelling the quiescent cells into cell cycle and mitosis.
Furthermore, [Ca2+]cyt increases the activity of protein
kinse C, enhances the expression of cancer genes of c-
myc,c-fos, growth factors and so on, thus promoting
the proliferation of PASMCs[10].
 Through successful establishment of the proliferation
model of rabbit PASMCs using exogenous ET-1, this
research confirmed that Iptakalim could completely in-
hibit the increase of 3H-TdR incorporation in rabbit
PASMCs induced by ET-1, which suggested that
Iptakalim should suppress DNA synthesis in PASMCs,
thereby inhibiting the proliferation of PASMCs.
 Potassium channels may play a significant role in
regulating intracellular calcium concentration of pul-
monary artery smooth muscle cells[11].Hypoxic agents,
which can cause pulmonary hypertension, inhibit po-
tassium currents in pulmonary artery smooth  muscle
cells causing membrane depolarization, activate the volt-
age-dependent Ca2+ channels resulting in increasing Ca2+

influx, which can promote intracellular calcium
concentration increase and vasoconstriction [12].
Iptakalim-ATP sensitive potassium channel opener[13],
can promote membrane hyperpolarization. This effect
can lower the opening probability of voltage-dependent
Ca2+channels, restrain Ca2+ release from intracellular
sources through inhibiting inositol trisphosphate

formation, decrease the sensitivity of intracellular con-
tractile elements to Ca2+, and accelerate the clearance of
intracellular calcium via the Na2+ /Ca2+ exchanger[14].As
a result, there was a decrease in intracellular Ca2+ and
vasodilatation.
 The results demonstrated that Iptakalim could effec-
tively inhibit constriction and proliferation of PASMCs,
the main pathological changes of hypoxic pulmonary
hypertension. So Iptakalim, the ATP sensitive potas-
sium channel opener, displayed a promising future in
clinical treatment of chronic hypoxic pulmonary hy-
pertension[15].
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