Lo A 3 AspAds A T 2a L HE

2o @Y U0 B e B A

=Abstract=

Altered Vascular Expression of Nitric Oxide Synthase
Isozymes in Hypertension '

In Kwang Kim, M.D. *, Dae Gill Kang, Ph.D.**, Jong Un Lee, M.D. **, Bong Suk Oh, MD.*

Background: The endothelium-dependent vasorelaxation has been largely accounted for by the
release of nitric oxide (NO). Three distinct isoforms of NO synthases (NOS) have been
characterized, i.e., brain(bNOS), inducible (iNOS), and endothelial constitutive (ecNOS).
Although hypertension has been associated with a vascular endothelial dysfunction, changes in
the vascular expression of NOS isoforms have not been established. The present study was
aimed at exploring the vascular expression of NOS isozymes in hypertension. Material and
Method: Two-kidney, one clip (2K1C) and deoxycorticosterone acetate (DOCA)-salt hyperten-
sion were induced in rats. The expression of different NOS isozymes in the thoracic aorta
was determined by Western blot analysis. The vascular tissue contents of nitrites were
measured by colorimetric assay. Result: Arterial blood pressure was significantly higher in
experimental groups of 2K1C and DOCA-salt rats compared with their corresponding control
rats. The vascular expression of bNOS as well as that of ecNOS was decreased in both
models of hypertension. iNOS was not changed in DOCA-salt hypertension, but was also
decreased in 2K1C hypertension. The vascular contents of nitrites were significantly decreased
in DOCA-salt as well as in 2K1C hypertension. Conclusion: These results suggest that 2K1C
and DOCA-salt hypertension are associated with decreases in the vascular expression of NOS
isozymes and nitrite contents.

(Korean J Thorac Cardiovase Surg 1999;32:138-43)
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INTRODUCTION

The endothelium-dependent vasorelaxation has been largely
accounted for by the release of nitric oxide (NO) synthesized
from a semiessential amino acid, L—argininel). Three distinct
isoforms of NO synthases (NOS) have been sofar charac-
terized, i.e., brain (bNOS), inducible (iNOS), and endothelial
constitutive (ecNOS)z). ecNOS has been documented in the
vascular endothelium”. Although bNOS has been found to be
localized primarily in organs containing neural elements, it is
also found in aortic extracts”. iNOS expression may be
induced by specific stimuli such as bacterial lipopolysac-
charides”.

Konishi and Su® first reported a reduced endothelium-
dependent vasorelaxation in spontaneously hypertensive rats
(SHR). Although a vascular endothelial dysfunction associated
with hypertension has been widely accepted in humans as
well as in experimental animals, the
endothelium-independent  dilators may not be affected in
hypertension’ ">, These findings suggest that the mechanisms
inducing the endothelial synthesis and release of NO may be

responses to

impaired in hypertension.

An altered NO synthesis and release may be attributed to
an altered activity of NOS. Aortic calcium-dependent NOS
activity is reduced in salt-sensitive Dahl rats compared with

13 L .
). However, in vitro studies have

their normotensive controls
demonstrated that hemodynamic forces such as shear stress
and cyclic strain increase vascular NO production by
increasing endothelial NOS expression and NOS activity“’ls).
The vascular calcium-dependent NOS activity is increasedl(’),
and the expression of ecNOS has been found to be increased
along with NO synthesis in SHR'”
expression of disoforms of NOS has not been established in
various models of hypertension.

. However, the vascular

The present study was aimed at exploring the vascular
expression of NOS isozymes in hypertension. Two-kidney,
one clip (2K1C) and deoxycorticosterone acetate (DOCA)-salt
hypertension were made in rats, and the expression of NOS
isozymes in the thoracic aorta was determined by Western
blot analysis.

MATERIAL AND METHOD
Development of hypertension

Male  Sprague-Dawley rats (150~200g) were used
throughout the study. They were maintained according to the
Institutional Guidelines for Experimental Animal Care and
Use. 2KIC hypertension was made under ketamine (50
mg/kg, IP) anesthesia by constricting the left renal artery
with a silver clip having an internal gap of 0.2 mm. The

sham-clipped rats were operated as were 2KI1C rats, except
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for that no clipping was made.

To develop DOCA-salt hypertension, rats were subcutane-
ously implanted with silicone rubber containing DOCA (200
mg/kg), one week after they had been unilaterally nephrec-
tomized, under ketamine anesthesia. They were then given
with 0.9% saline to drink. Control rats were also unilaterally
nephrectomized and subjected to saline drinking, but were
not implanted with DOCA.

Protein preparation and Western blot analysis

The thoracic aorta was rapidly taken and stored at —70C
until used. The aorta was homogenized with Polytron
homogenizer at 3,000 rpm in a solution containing 250
mmol/L sucrose, 1 mmol/l. ethylenediaminetetraacetic acid
(EDTA), 0.1 mmol/L. phenylmethylsulfonyl fluoride and 5
mmol/L potassium phosphate buffer, at pH 7.6. Large tissue
debris and nuclear fragments were removed by two low
speed spins in succession (3,000Xg, 5 min; 10,000 Xg, 10
min). Protein concentration of the
determined by the method of Bradford'®
albumin as a standard. The pellet was resuspended for

homogenate  was
, with bovine serum

protein blotting of ecNOS, and the supernatant was used for
blotting of bNOS and iNOS.

Protein samples were electrophoretically size-separated with
a discontinuous system consisting of 7.5% polyacrylamide
resolving gel and 5% polyacrylamide stacking gel. An
equivalent amount of total tissue protein (100 yg) was loaded
into each lane. High-range molecular weight markers (Biorad,;
Richmond, CA, USA) were used as size standard. After
separation, the proteins were electrophoretically transferred to
a nitrocellulose membrane at 20 V overnight. The membrane
was washed in Tris-based saline buffer (pH 7.4) containing
1% Tween-20 (TBST), blocked with 5% mnon-fat milk in
TBST for one hour, and incubated with a 1:2,000 dilution of
monoclonal mouse anti-bNOS, anti-ecNOS, and anti-iNOS
antibodies (Transduction Laboratories; Lexington, KY, USA)
in 2% non-fat milk/TBST at room temperature for one hour.
The membrane was then incubated with a horseradish
peroxidase-labelled goat anti-mouse IgG (1:1,000) or goat
anti-rabbit 1gG in 2% non-fat milk in TBST for 2 hours. The
bound antibody was detected by enhanced chemiluminescence
(Amersham; Little Chalfont, Buckinghamshire, Enagland) on
X-ray film. The membrane was stripped between incubations
with  different Tris-buffered
containing 2% sodium dodecyl sulfate and 100 mmol/L B

antibodies in a solution

-mercaptoethanol at 50C.

Measurements of nitrites

Plasma and vascular tissue nitrite(+nitrate) levels were
measured with a colorimetric assay kit (Oxford; Oxford, MI,
USA). A microplate was used to perform enzyme reactions
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Fig. 1. Representative Western blot of the thoracic aorta
and its densitometric analysis in 2K1C rats. One hundred
ug of proteins were loaded into each lane. Rat pituitary
(bNOS), human endothelial cell (ecNOS), and inducible
macrophage NOS (iNOS) were used as positive control
(+). [H] denotes hypertension, and [C] corresponding
control. Open column indicates the control and hatched
column denotes the hypertensive groups. Each column
represents mean*SEM of 4 experiments. *p<0.05,
compared with control.

in vitro. Eighty mL MOPS (50 mmol/L)/EDTA (1 mmol/L)
buffer and 541 samples were added to wells. Nitrate
reductase (0.01 U) and 10 ¢L NADH (2 mmol/L) were also
added to the reaction mixture, and the plate was shaken for
20 min at room temperature. Color reagents, sulfanilamide,
and N-(1-naphthyl) ethylenediamine dihydrochloride were
added, and the absorbance was read at 540 nm in a
microtiter plate reader. The concentration of nitrite was
determined from a standard curve which was constructed by
standard reagents included in the kit. The
concentration of the tissue aliquot was determined by the
method of Bradford".

protein
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Fig. 2. Representative Western blot of the thoracic aorta
and its densitometric analysis in DOCA-salt rats. Each
column represents mean*SEM of 4 experiments.
Legends as in Fig. t. *p<0.05, compared with control.

Statistics

Data were expressed as mean=SEM. Comparisons between
hypertensive and control rats were made by non-paired t-test.

RESULT

Four weeks after developing the hypertension, mean
arterial pressure measured from the femoral artery under
thiopental (50 mg/kg, IP) anesthesia was significantly higher
in hypertensive groups than in their corresponding controls
(1678 vs 1056 mmHg in 2KIC rats, n=6 each, p<0.01;
163£6 vs 109+5 mmHg in DOCA-salt rats, n=6 each,
p<0.01).
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Anti-bNOS, anti-ecNOS, and
antibodies hybridized with proteins of approximately 155
kDa, 140 kDa, and 130 kDa, respectively. bNOS as well as
ecNOS and iNOS were decreased in 2K1C hypertension (Fig.
1). In DOCA-salt hypertension, iNOS was not changed, but
ecNOS and bNOS were decreased(Fig. 2).

The vascular contents of nitrites were significantly

anti-iINOS  monoclonal

decreased in the hypertensive groups than in controls in
DOCA-salt (9.7%2.7 vs 20.8€4.2 nmol/mg protein, n=5
each, p<0.05) as well as in 2K1C rats (9.2£1.5 vs 23.5124
nmol/mg protein, n=35 each, p<0.01).

DISCUSSION

An altered NO synthesis and release may be attributed to
of NOS. Indeed, the impaired
endothelium-dependent relaxation in response to acetylcholine

an altered activity
in hypertensive Dahl salt-sensitive rats'® has been found to
be associated with a diminished NOS activity'’”. On the
contrary, in hypertensive SHR, endothelium-dependent re-
laxation mediated by NO is normal, and aortic calcium-
dependent NOS activity is rather increased'®. Whereas
inducible NO production is impaired in association with a
mutation of iNOS gene in salt-sensitive Dahl rats™, the
vascular expression of iNOS is also increased in SHR*". The
expression of NOS isozymes has not been established in
various models of hypertension.

The present study showed that the vascular expression of
bNOS as well as that of ecNOS was decreased in 2K1C and
DOCA-salt hypertension. The expression of iNOS was
decreased in 2K1C hypertension, and it remained unaltered in
DOCA-salt hypertension. The vascular contents of nitrites
were decreased in both models of hypertension. Taken
together, it is suggested that the attenuated activity of NO
system in hypertension is, at least in part, attributed to a
diminished expression of NOS and subsequent decrease of
NO synthesis.

It has been found that a short-term infusion of angiotensin
II leads to graded increases in vascular resistance and NO
generation, as evidenced by an increased urinary excretion of
nitrites™”. In  addition, angiotensin II does not directly
influence glomerular endothelial cell calcium concentration or
NO generation””. In this context, the pressor effect associated
with an increased circulating angiotensin 11 in 2KIC
hypertension may not be attributed to a primary decrease of
NOS expression and NO synthesis in the vasculature.

The endothelial abnormalities observed in hypertensive
blood vessels can be reversed by appropriate antihypertensive
therapy**”.  This finding suggests that the reduced
endothelium-dependent relaxation responsiveness does not
play a primary role in initiating the hypertensive process, but
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it rather results from a chronic exposure of the vasculature to
the high blood pressure. The endothelial dysfunction may not
be a cause but a consequence of the hypertension. At later
stages of the disease, however, the reduced relaxation could
contribute to the maintenance of an elevated peripheral
vascular resistance. and favor the occurrence of complications
such as atherosclerosis™. On the contrary, increased NOS
activity in  SHR'®'™®  would physiological
adaptation to the increased hemodynamic forces in
hypertensive states. It is likely that the vascular NOS activity
which differs among various models of hypertension partly
explain the different rates of occurrence of end-organ disease
in hypertension. Indeed, some previous studies demonstrated

represent

that NOS activity was negatively correlated with end-organ
discase in hypertension'®*®.

In summary, 2K1C and DOCA-salt hypertension are
associated with decreases in the vascular expression of NOS
and NO production. The attenuated activity of NO system
could contribute to an elevated peripheral vascular resistance,
maintaining the hypertension.
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