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Abstract

Chronic hypoxia results in pulmonary hypertension.  To investigate the role of Na+/H+ exchange
in this process, we determined the effect of amiloride, a Na+/H+ exchange inhibitor, on hypoxic pul-
monary hypertension and pulmonary arterial smooth muscle cell proliferation, both in vivo and in vitro.
Sprague-Dawley rats were placed either in a hypobaric, hypoxic chamber (10.5% O2) or under normal
21% O2 atmosphere for 8 h each day for 3 weeks.  Rats under hypoxic conditions received 1, 3, or 10 mg/
kg/d amiloride or the vehicle alone.  Hematologic indices, including red blood cells, hemoglobin, hema-
tocrit and mean corpuscular hemoglobin increased in hypoxic rats, but these changes were prevented
by treatment with amiloride.  In the hypoxic rats, the right ventricular systolic pressure and right
ventricular hypertension index (weight ratio of right ventricular to left and septum together) were
increased by 88% and 129%, respectively.  Arteriolar wall thickness and area in the hypoxia-treated
animals increased 3- and 2-fold, respectively, over normoxic controls; the increase in each of these
indices was attenuated by amiloride in a dose-dependent manner.  In cultured pulmonary arterial
smooth muscle cells, hypoxia greatly increased cellular proliferation, and this similarly showed a dose-
dependent attenuation in the presence of amiloride.  Amiloride did not affect blood pressure in vivo or
cause cell damage in vitro.  These data suggest that the Na+/H+ exchange inhibitor amiloride may rep-
resent an effective adjunctive therapy in pulmonary hypertension induced by chronic hypoxia.
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Introduction

Chronic high altitude diseases represent a com-
pensatory response to hypoxia.  Chronic obstructive
pulmonary disease (COPD) is characterized by restric-
tion in airflow.  No effective preventative treatments
exist for either disease (7).  The common pathophy-
siological denominator of these diseases is hypoxic

pulmonary hypertension (HPH), a syndrome encom-
passing hypoxic pulmonary vasoconstriction (HPV)
and pulmonary vascular structure remodeling (PVSR),
a long-term compensatory response to hypoxia (11,
16).  The main pathological changes in PVSR are
hypertrophy and the proliferation of vascular smooth
muscle cells in the walls of pulmonary arterioles.
Recent studies suggest that this proliferation is
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dependent, at least in part, on the activity of the
sodium-hydrogen exchanger (NHE), an electroneutral
antiporter that is the primary pathway for the ex-
trusion of intracellular protons in exchange for
incoming sodium ions (6, 17).  Accordingly, inhibiting
the primary NHE isoform found in vascular smooth
muscle cells in vitro has been shown to suppress the
proliferation induced by angiotensin II (10).  The
NHE-1 inhibitor has also been found to abrogate the
increase in right ventricular systolic pressure that
follows pulmonary vascular injury induced by mono-
crotaline.  We hypothesized that, if hypoxia were to
activate NHE-1 and thereby elevate intracellular pH
(pHi), ultimately leading to cell proliferation through
the activation of signal pathways, it might then be
possible to attenuate HPH by suppressing NHE-1
activities.  Therefore, in this study we examined the
effect of the NHE-1 inhibitor amiloride on the pulmo-
nary hypertension induced by 21 days of hypoxia, as
well as on the proliferative characteristics and intra-
cellular pH of pulmonary artery smooth muscle cells
(PASMCs) following 24 h of hypoxia.

Materials and Methods

Experimental Protocol in Animals

Thirty virus-free male Sprague-Dawley rats
weighing between 200 and 250 g were maintained in
the Health Sciences Animal Centre of the Fourth
Military Medical University (Xi’an, Shaanxi, PRC).
The animals were randomly assigned to a normoxic
(negative control) group, a hypoxic (positive control)
group, and 3 amiloride-treated groups.  All rats were
under hypoxic exposure in a hermetic chamber, except
the normoxic negative controls.  The air pressure in
the chamber was adjusted to 380 mmHg, corresponding
to an oxygen concentration of approximately 10.5%.
Before being placed in the chamber, rats in the three
treated groups were given an oral dose of amiloride
(Sigma, St. Louis, MO, USA) of either 1, 3, or 10 mg/
kg/day.  Rats in the two control groups received the
same volume of normal saline.  Animals were con-
tinuously treated for 21 days.  All the animal experi-
ments were performed in accordance with the Fourth
Military Medical University Medicine ethics guide-
lines for the care and use of laboratory animals.

Hematologic and Hemodynamic Measurements

The animals were weighed and then anesthetized
with sodium pentobarbital (50 mg/kg, intraperitoneal
injection).  Animals were then intubated and ventilated
using a rodent respirator (tidal volume, 10 ml/kg;
ventilator rate, 70 breaths per minute).  Blood samples
were collected from the right external jugular vein.

An ADVIA120 blood-analyzer (Siemens Medical
Solutions Diagnostics, Tokyo, Japan) was used to
measure red blood cells (RBC), hemoglobin (Hb),
hematocrit (Ht) and mean corpuscular hemoglobin
(MCH).  Arterial pressure was measured using a poly-
ethylene tube introduced into the left carotid artery by
a cut-down in the neck.  Right ventricular systolic
pressure (RVSP) was measured using a tube introduced
into the right external jugular vein and advanced to
the right ventricle.  The catheters were connected to
a pressure transducer positioned at the animal’s mid-
thorax, and the transducer was connected to a multi-
channel physiological recorder PowerLab ML870/P
(AD Instruments, Bella Vista, New South Wales,
Australia).  After catheterization, a 10-minute stabili-
zation period was allowed before the measurements
were recorded at a sampling rate of 50 Hz and stored
digitally.  The animals were sacrificed at the end of
the homodynamic measurement by an overdose of
pentobarbital administered intravenously via the right
ventricular catheter.  The hearts and lungs were re-
moved en bloc for further analysis, as described below.

Determination of Heart Weight

The heart was removed, the chambers were
opened, and then the heart was weighed after excess
blood had been absorbed with paper towels.  The atria
and large blood vessels were then removed.  The heart
was divided into 2 pieces: the right ventricular free wall
(RV) and the remaining piece, comprising the left
ventricle (LV) and septum.  Each piece was weighed.
The right ventricle hypertension index (RVHI) was
defined as the weight ratio between the RV and the LV
plus septum [RV/(LV+S)] (23).

Histology

Lung tissues were fixed by immersion in 10%
buffered formalin and embedded in paraffin for his-
tological analyses.  Five-µm sections were stained
with hematoxylin and eosin.  The samples were coded
and the slides were sent for light microscopic ex-
amination by one of the authors (Wen Niu) who was
unaware of the specimen identity.

Measurement of Pulmonary Artery Wall Thickness and Area

The degree of pulmonary vascular remodeling
was assessed by measuring the percentage of wall
thickness and area of terminal small arteries (diameter
100-150 µm).  At least 10 horizontally sectioned terminal
small arteries were photographed using an Olympus
IX71 microscope (Olympus, Tokyo, Japan) equipped
with an Olympus C7070 digital camera (Olympus,
Tokyo,  Japan).  The images were stored on the hard
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drive of a computer and analyzed using Image-Pro
Plus (Media Cybernetics, Bethesda, MD, USA).

Culture of Pulmonary Arterial Smooth Muscle Cells

PASMCs were cultured using the method of
Wedgwood et al. (21).  Briefly, male Sprague-Dawley
rats weighing between 100 and 110 g (n = 8) were
anesthetized with pentobarbital sodium (30 mg/kg,
i.p. injection).  The heart and lung were resected using
sterile technique and placed in a tissue culture dish with
D-Hanks’ fluid (Hanks’ solution free of calcium and
magnesium ions).  The extrapulmonary artery was
isolated, and the endothelium was removed.  After 2
washes with D-Hanks’ fluid, the middle lamellar smooth
muscle layer was cut into 1-mm3 blocks, which were
cultured using the method of Chamley-Campbell et
al. (2).  PASMCs reached confluency in 4-6 days in
RPMI-1640 medium supplemented with 20% fetal calf
serum (FCS).  Cells used for these studies were between
passages 3 and 6.  Unless otherwise noted, the cul-
ture medium was replaced every other day with fresh
RPMI-1640 containing 10% FCS.

Proliferation Experiment of PASMCs

PASMCs from passages 3-6 were placed at a
density of 5,000 per well in 96-well plates and cultured
for 24 h.  The culture medium was then replaced with
fresh RPMI-1640 containing 5% FCS and amiloride
at concentrations ranging from 1.563-50.0 µM, or the
vehicle.  Culture dishes were then transferred to a
hypoxic incubator (Thermo, Waltham, MA, USA), set
to an oxygen concentration of 2%, and cultured for
24 h.  Cell proliferation analysis was performed using
the MTT cell proliferation kit (Beyotime, Shanghai,
PRC), a colorimetric assay that measures the reduction
of a tetrazolium component (MTT) into an insoluble
formazan product by the mitochondria of viable cells.
The amount of color produced in this assay is directly
proportional to the number of viable cells.

Cell proliferation was also evaluated using the
proliferating cell nuclear antigen (PCNA) immun-
ostaining procedure.  In this assay, the percentage of
positive cells represents the ratio of cells in S-phase.
Immunostaining was carried out using the Universal
SP Histostain-Plus Kit (Zhongshan Bio., Beijing,
PRC).  Cells were placed in 24-well plates on cover-
slips, 50,000 cells per well, then treated in a hypoxic
chamber as described above.  Culture dishes were
then removed from the incubator, and cells that had
adhered to the coverslips were detected by immuno-
staining using the PCNA antibody (Santa Cruce, Santa
Cruz, CA, USA).  Stained cells were observed under
an Olympus microscope: for each coverslip, the
number of cells with positive nuclear staining was

determined in 5 randomly chosen visual fields (200×
magnification).

Measurement of Intracellular pH

The intracellular pH (pHi) under normoxic or
hypoxic conditions was measured in the absence
(0.1% DMSO only as a vehicle) or the presence of
amiloride at a final concentration of 1.563-50 µM.
pHi was measured using the fluoroprobe 2',7'-bis
(carboxyethyl)-5,6-carboxyfluorescein (BCECF,
molecular probes) as previously described (4).
PASMCs loaded with BCECF were allowed to settle
on a laminin-coated glass coverslip at the bottom of a
small chamber.  After adhering to the coverslip, myo-
cytes were superfused (3 ml/min) with normal HEPES.
Intracellular BCECF was illuminated at 450 and 490
nm, and the BCECF ratio (490 nm/450 nm) of the
emitted light signal at 530 nm was measured with a
fluorescence image analyzer (Bio-Rad, Hercules, CA,
USA).  The fluorescence images were recorded in
a computer, and the total number of pixels in each
image, which corresponds to fluorescence intensity,
was calculated using the Photoshop software.

After each experiment was completed, 10 µM
nigericin (Sigma, St. Louis, MO, USA), a hydrogen
ion ionophore, was added to HEPES that had been
adjusted with 1 M KOH to pH 6.6, 6.8, 7.0, 7.2, or
7.4.  The fluorescence intensity of each single cell
was assayed according to a calibration curve for pHi
through which pHi was calculated based on the total
number of pixels in each fluorescence image as de-
scribed above.

Determination of NHE-1 mRNA Expression by RT-PCR

Total RNA was extracted using standard methods.
cDNA was synthesized from RNA samples using 0.5
µg of oligo(dT) primer, 299 U of Moloney murine
leukemia virus reverse transcriptase (Gibco-BRL,
Carlsbad, CA, USA), 0.5 mM deoxynucleotide 5'-
triphosphate mix and 10 mM dithiothreitol in 22 µl
reaction buffer containing 100 mM Tris-HCl (pH
8.4), 50 mM KCl and 2.5 mM MgCl2.  Each reaction,
incubated at 42°C for 1 h, was performed in parallel
with an identical mixture in which reverse transcriptase
had been omitted, and thereby acted as a control.  The
reaction was terminated by heating to 95°C for 5 min.

For PCR, 10 µl of the cDNA solution was
supplemented with a PCR mix to bring the total volume
to 100 µl.  Each PCR reaction tube contained 10 mM
Tris-HCl (pH 8.4), 50 mM KCl, 2.5 mM MgCl2, 0.5
mM deoxynucleotide 5'-triphosphate, 2.5 U Taq DNA
polymerase (Promega, Madison, WI, USA), 7 µM anti-
Taq-polymerase antibody mixture, and 100 pmol of
each NHE primer.  Anti-Taq-polymerase was used as
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an alternative to “hot start” PCR to optimize the reaction.
A DNA thermal cycler (Perkin-Elmer GeneAmp,
Waltham, MA, USA) executed the following protocol:
94°C for 4 min (initial melt); 35 cycles of 94°C for 1
min, 60°C for 1 min, and 72°C for 1.5 min; and then
a final extension step of 72°C for 7 min.  Primers used
were: NHE1 sense, 5’-TCT GCC GTC TCA ACT GTC
TCT A-3’; NHE1 antisense, 5’-CCC TTC AAC TCC
TCA TTC ACC A-3’.  Electrophoresis results were
obtained using the Gel Imaging System (Biosence,
Shanghai, China), and the OD values of strips were
analyzed by the software provided with that the Gel
Imaging System whereby the ratio of NHE-1 and β-
actin OD values (e/c) indicate the relative expression
of NHE-1 mRNA.

Cytotoxicity of Amiloride

PASMC growth states were observed using an
inverted microscope.  The observations included mor-
phology of cells and their nuclei, cell detachment
from the plate bottom, and cell fragments in supernatant.
Additionally, the activity of LDH in the supernatant
was detected using an LDH kit (JCBio Co., Xi’an,
Shaanxi, PRC).  Briefly, supernatants of the above
test groups were collected and centrifuged at 1,000
rpm for 5 min.  A 100-µl sample was withdrawn and
manipulated according to the instructions supplied
with the kit.  Finally, the OD value was measured
using a visible light spectrophotometer (Chengdu
Instrument Factory, Chengdu, Sichuan, PRC), and
LDH activity was calculated according to the formula
supplied by the manufacturer.  Enhancement of LDH
activity was considered to represent cell damage.

Statistical Analysis

All data are expressed as means ± SD.  Group
means were compared by ANOVA using the SPSS

10.0 software (SPSS Inc., Chicago, IL, USA).  A value
of P < 0.05 was considered to be statistically significant.

Results Hemotology

Table 1 shows the results of hematological
examinations.  RBC, Hb, Ht and MCH increased after
hypoxia for 21 days compared with the normoxic rats.
However, amiloride prevented these hypoxia-induced
changes in a dose-dependent manner.  The hemato-
logical indices of the hypoxic rats approached those
of the normoxic ones by treatment with amiloride at
10 mg/kg/day.

Pulmonary Hemodynamics

Hypoxia greatly enhanced the right ventricle
systolic pressure: after 21 days (8 hours per day) in a
hypobaric, hypoxic chamber (10.5% O2), the right
ventricle systolic pressure was increased by 88%.
This increase was attenuated by amiloride.  The right
ventricle systolic pressure increase in the 3 treated
groups (amiloride 1 mg, 3 mg, and 10 mg/kg/d) was
71%, 54% and 38%, respectively (Fig. 1A).  A similar
trend was seen in the relative increases in the RV
weight.  The right ventricle hypertension index of the
hypoxic group was enhanced by 129% over that of the
normoxic control group, and this increase was also
attenuated in a dose-dependent manner in the amiloride-
treated groups (Fig. 1B).  In contrast, there were no
differences between any of the groups in the blood
pressure measured in the left carotid artery (Fig. 1C).

Pulmonary Artery Morphology

To further determine the degree of the vascular
remodeling response to hypoxia under various
conditions, we measured pulmonary arterial wall
thickness and area, as summarized in Fig. 2.  Hypoxia

Table 1.  Hematologic variables

RBC (×106 cells/µl) Hb (g/dL) Ht (%) MCH (pg)

N 7.11 ± 0.21 12.8 ± 0.7 38.1 ± 1.7 18.5± 0.4
H 8.55 ± 0.28** 16.3 ± 0.8** 43.5 ± 2.5** 20.6 ± 0.8**
T1 8.72 ± 0.35† 15.2 ± 0.5† 42.1 ± 2.3 19.9 ± 0.8
T3 7.78 ± 0.32†† 13.8 ± 0.7†† 40.4 ± 1.9† 19.2 ± 0.7††

T10 7.43 ± 0.41†† 13.2 ± 0.6†† 39.2 ± 2.1†† 19.0 ± 0.7††

Values are means ± SD (n = 6).  Rats were under hypoxic exposure (10.5% O2) 8 h per day for 21 days, except for the
normoxic negative controls.  Treatment groups were given amiloride at 1, 3, or 10 mg/kg/day, respectively.  Blood samples
were collected from the right external jugular vein.  RBC: red blood cells, Hb: hemoglobin, Ht: hemotocrit, MCH: mean
corpuscular.  N: normoxic group; H: hypoxic group; T1, T3, and T10: hypoxic exposure and given amiloride at 1, 3, and
10 mg/kg/day, respectively.  **P < 0.01 compared with the normoxic negative controls.  †P < 0.05, ††P < 0.01 compared
with the hypoxic positive controls.
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resulted in an almost 3-fold elevation in wall thickness,
and a 3-fold increase in wall area.  These increases
were attenuated by amiloride in a dose-dependent
manner.  At the highest dosage of amiloride, the value
of these 2 morphological indices approached those in
the normoxic group.

Proliferation of PASMCs

To assess the degree of cell proliferation in
vitro, we determined both MTT optical density values
and the percentage of PCNA positive cells under dif-
ferent conditions.  Both indices were significantly
elevated under hypoxic conditions (P < 0.01, n = 12)
indicating that hypoxia stimulated PASMC prolifera-
tion in vitro.  Both indices showed dose-dependent
inhibition by amiloride (Fig. 3).

NHE-1 Activity and mRNA Expression

The intracellular pH of cells from each group
was determined as a measure of NHE-1 activity, as
shown in Fig. 4.  Hypoxia resulted in an increase in
pHi (P < 0.01, n = 12), which declined in proportion
to the dose of amiloride.  Similarly, NHE-1 mRNA
expression was enhanced by 27% in the hypoxic
control group, and this increase was attenuated in the
amiloride-treated groups (Fig. 5).  The results in-
dicated that hypoxia could enhance both NHE-1
activity and mRNA expression in PASMCs, but
amiloride could attenuate them in a dose-dependent
manner.

Cytotoxicity

To ensure that the suppression of proliferation
by amiloride was not due to its nonspecific cyto-
toxicity, we observed the morphology of cells of all
groups and determined the activity of LDH in each
supernatant.  Cell and nuclear morphologies were
identical in all groups, and there was no indication
either of cells failing to adhere or cell fragments in the
cytoplasm of any group.  The LDH activities of all the
groups were identical (Table 2) providing further
evidence that amiloride had not caused nonspecific
cell damage.

Discussion

NHE-1 was first proposed to participate in
regulating cell proliferation when it was observed
that mitogen-induced increases in pHi were associ-
ated with increased cell growth.  Pouyssegur et al.
(12) first reported that the proliferation rate of mutant
fibroblasts lacking NHE activity was markedly im-
paired compared to parental NHE-competent cells, at
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Fig. 1. Effect of amiloride on hemodynamic indices in chroni-
cally hypoxic rats.  Animals of all groups were treated
as described in Table 1.  Right ventricle systolic pres-
sure (A) and blood pressure (C) were measured through
a tube introduced into the right ventricle and left carotid
artery, respectively.  The RV/(LV+S) ratio (B) refers to
the weight ratio of right ventricle to left and septum
together.  N: normoxic group; H: hypoxic group; T1,
T3, and T10: hypoxic exposure and given amiloride
at 1, 3, and 10 mg/kg/day, respectively.  **P < 0.01
compared with the normoxic negative controls.  †P <
0.05, ††P < 0.01 compared with the hypoxic positive
controls; n = 6.
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both neutral and acidic pHi.  Subsequent studies using
pharmacological inhibitors of NHE-1, such as EIPA
or HOE694, indicated that NHE1 has a permissive,
but not obligatory, role in promoting proliferation
in response to mitogens (1, 5, 8) and oncogene ex-
pression (18, 22).  The permissive effect of NHE on
cell proliferation was clearly established by Kapus
et al. (9) who stably expressed NHE-1 in an NHE-
deficient cell line derived from a parental CHO clone.
Although NHE-deficient cells proliferated in the
presence of serum, the rate of proliferation markedly
increased with increases in NHE-1 expression.

It is well established that NHE inhibitors can
attenuate pulmonary hypertension (13, 14).  In

particular, the results obtained clinically with the
NHE-1-specific inhibitor cariporide suggest that NHE
inhibition is currently the most effective strategy for
the treatment of pulmonary hypertension.  According-
ly, the primary goal of this study was to evaluate the
potential contribution of the NHE inhibitor amiloride
to hypoxic pulmonary hypertension.  We hypothesized
that NHE-1 was involved in hypoxia-induced pulmonary
hypertension, and specifically the pathophysiology
of this disease involved PASMC proliferation in
response to a hypoxia-induced increase in NHE-1
activity.  If this were true, it would be expected that
inhibition of NHE-1 activity might prevent this process
and attenuate pulmonary hypertension.  A role for
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Fig. 2. Effect of amiloride on the morphology of pulmonary arterioles.  Animals of all groups were treated as described in Table 1.
Sections of lung tissue were stained with hematoxylin and eosin (A).  The wall thickness and area of terminal small arteries were
measured using an image analysis software.  W/T ratio refers to the ratio between vessel wall thickness and radius (B); W/A ratio
refers to the ratio between the area of the wall and the full cross-sectional area of the vessel (C).  N: normoxic group; H: hypoxic
group; T1, T3, and T10: hypoxic exposure and given amiloride at 1, 3, and 10 mg/kg/day, respectively.  **P < 0.01 compared
with the normoxic negative controls; ††P < 0.01 compared with the hypoxic positive controls.
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Fig. 3. Effect of amiloride on proliferation of pulmonary arterial
smooth muscle cells.  PASMCs were cultured for 24 h
under normoxic (21% O2) or hypoxic (2% O2) conditions
(leftmost and remaining bars, respectively) either in
normal media or media containing the indicated con-
centration of amiloride.  (A) Frequency of PCNA posi-
tive cells for each group (n = 5); (B) MTT OD value of
each group (n = 12).  N: normoxic group; H: hypoxic
group; T1, T3, T6, T12, T25, and T50: hypoxic exposure
and media containing amiloride at 1.563, 3.125, 6.25,
12.5, 25 and 50 µM.  **P < 0.01 compared with the
normoxic negative controls; †P < 0.05, ††P < 0.01 com-
pared with the hypoxic positive controls.

Fig. 4. Effect of amiloride on pHi in pulmonary arterial smooth
muscle cells.  PASMCs were divided into groups and
treated as described in Fig. 3.  Cells were loaded with
BCECF, a pH-sensitive fluoroprobe, and scanned with
a fluorescence image analyzer.  The images represent
the BCECF fluorescence density of single cells in each
group (A).  The calibration curve between pHi and
fluorescence intensity was drawn, and the pHi was cal-
culated according to the total number of pixels present
in each fluorescent image (B).  N: normoxic group; H:
hypoxic group; T1, T3, T6, T12, T25, and T50: hypoxic
exposure and media containing amiloride at 1.563,
3.125, 6.25, 12.5, 25 and 50 µM, respectively.  **P <
0.01 compared with the normoxic negative controls;
†P < 0.05, ††P < 0.01 compared with the hypoxic positive
controls; n = 12.

NHE-1 in stimulating the proliferation of PASMC has
been suggested by previous findings.  When PASMC
proliferation was stimulated by growth factors, NHE
activity was observed to be elevated, and pHi rose.
Both effects were blocked by DMA, an amiloride
analogue that is a competitive inhibitor of Na+/H+

exchange.  This suggested that activation of NHE
might be important in the signaling mechanisms
governing pulmonary cell proliferation (15).  Studies
on PASMCs isolated from mice exposed to chronic
hypoxia (3 weeks at 10% O2) showed the cells to have
increased pHi, NHE activity and NHE-1 expression,
which were found to contribute to the development of

pulmonary hypertension, in part, via pH-dependent
induction of PASMC proliferation (17).  The results
of the current study demonstrate that NHE inhibition
is able to attenuate hypoxic pulmonary hypertension
in vivo and suppressed PASMC proliferation in vitro.
Interestingly, at the doses of amiloride, cell number
appeared less than in the normoxic controls.  We
supposed NHE inhibitors could induce apoptosis as
well as suppress proliferation which was certified by
other reports (3, 20).  Our results further allow us to
conclude that the pathophysiological mechanism
underlying PASMC proliferation is not secondary to
changes in systemic blood pressure, and that there is
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no apparent cytotoxicity at amiloride concentrations
below 50 µM.  In our study, amiloride was also shown
to attenuate the hematological effect response to chronic
hypoxia, which was primarily due to the hemodynamic
improvement of pulmonary circulation.

In animal experiments, we used the hypobaric,
rather than the normobaric, hypoxic model of pul-
monary hypertension.  The former seems to most
closely resemble the profile of the pulmonary hyper-
tension that is clinically observed in chronic high
altitude diseases, while the latter more closely mirrors
the pulmonary hypertension seen in COPD.  Inter-
estingly, research has shown that there is no significant

difference in the pathogenesis of the 2 hypoxic models
with each resulting in less weight gain, the develop-
ment of right ventricular hypertrophy and double
elastic laminae in the pulmonary arterioles, and an
increase in hematocrit and plasma levels of atrial
natriuretic peptide (19).

In conclusion, exposure to chronic hypoxia
induced PASMC proliferation and resulted in pul-
monary hypertension each of which was associated
with the activation of NHE-1.  Inhibition of NHE-1 by
amiloride suppressed PASMC proliferation and
effectively attenuated clinical profile of pulmonary
hypertension, in hematologic indices, pulmonary
hemodynamics and the remodeling of pulmonary
arteriolar structure.  We hope that these in vitro and
in vivo results would lead to new approaches to the
therapy of pulmonary hypertension.
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