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Summury

Background- Nitrates are widely used to treat coronary artery disease, but their
therapeutic value is compromised by the rapid development of tolerance. Recently, the
renin-angiotensin system has been suggested to play an important role in the development
of nitrate tolerance.

Methods and Results- Sixty-four patients with coronary spastic angina were investigated
to clarify the effect of angiotensin II type 1 receptor blocker (ARB) therapy on nitrate
tolerance. Transdermal nitroglycerin (10 mg/day) plus an ARB (candesartan: 8 mg/day)
were administered to 21 patients (GTN+ARB group) for 3 days, while transdermal
nitroglycerin plus placebo were administered to 19 patients (GTN group). Another 18
patients were treated with placebo skin patches and placebo tablets for 3 days (Control
group). The brachial artery response to incremental doses of intravenous nitroglycerin
(0.01, 0.1, and 1.0 pg/kg) was measured by ultrasound before and after transdermal
nitroglycerin therapy.  Before treatment, the arterial diameter was increased by
nitroglycerin injection in each group. After treatment, the increase of arterial diameter
was significantly suppressed in the GTN group, but not in the Control or GTN+ARB
groups. The plasma level of thioredoxin (a marker of oxidative stress) was increased in
the GTN group after treatment (p<0.01), but not in the Control or GTN+ARB groups.
Conclusions- An ARB suppressed the development of nitrate tolerance during transdermal
nitroglycerin therapy. These results suggest that increased oxidative stress induced by
activation of angiotensin Il may play an important role in the development of nitrate

tolerance.
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BDETED T2 (F 1), EFZWTHOBIZE VTS 3 HHORERRI=tas Uk
Vo (F7ER) B ERi% CTME., RAEOFELREITRD o1 (F 2),

R B . BRSO LHEBRO M ERII3HEBMTEEEIE DL 2D
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17.5+2.0% at 0.01, 0.1, and 1.0 pg/Kg, p=NS by ANOVA) (X 3A), LA L., B
=baZYeV (77R)HE 3 B AD GTN HORIGIHfho 2 #LtE4 5L
HEIETFL T (Control B: 2.4 +£0.7. 11.1 £ 1.3, and 19.7 + 1.1%; GTN &#:
0.1+£0.7,4.6+ 1.1}, and 11.9  1.5%t}; GTN+ARB #£: 1.9+0.8, 10.0 + 1.4, and
19.2 £ 1.9% at 0.01, 0.1, and 1.0 pg/Kg. 1p<0.0! vs. Control, $p<0.01 vs.
GTN+ARB by ANOVA) (X 3B),

3 BMOBRERA =tV R D%E, =tV SEETRECHTSE
BEBIIRD K Control #° GTN+ARB B L L TGTN B TIIAEIETL
TV 7= (Control #: 20.5 + 1.8 (before) vs. 21.0 + 2.1% (after), GTN E: 22.0 + 2.0
vs. 17.7+£2.7, p<0.05; GTN+ARB £:21.6 £2.2 vs. 22.6 +2.4%) (X 4),
MEEFAVRFUBEIX GTN BIZBWTHRERL 3 B &ML,

Control 835V X GTN+ARB BETHIZE{LL7Z2h>o7= (Control Bf: 32.2 + 54 vs.

18



33.2+£6.3, GTN £f:36.9 £ 7.8 vs. 59.2 + 9.9+}; GTN+ARB #%:30.9 £ 3.9 vs. 26.6
+ 4.6 ng/ml, respectively, 1p<0.01 vs. Control £, £p<0.01 vs. GTN+ARB £ by
ANOVA) (K 5),
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K1 AREOER

Control&f GTNE* GTN+ARB®£

AE 18 19 21
Bt/ &t 8/10 11/8 9/12
F# % 62.3+2.8 61.3+2.4 66.5+1.6
Body mass index kg/m? 23.240.8 23.8+0.9 22.8+0.8
AV AFo—N mg/dl 197.145.4 187.8+7.4 196.747.1
HDL-aVA7u—  mg/dl 52.5+4.0 52.9+4.1 58.3£3.0
LDL-2VA7E—  mg/dl 126.9+6.1 111.1£7.9 99.1+7.0
hYERERS mg/dl 123.6+20.4 110.317.1 122.316.4
WL 7 (39%) 6 (32%) 6 (29%)

ARB: angiotensin Il type 1 receptor antagonist, GTN: nitroglycerin, HDL: high-density
lipoprotein, LDL: low-density lipoprotein.

BB ERERETRLUL
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Table2 MmITEIIREAL

Control GTN GTN+ARB
8 3HH 18 3B 718 3B B
DA bpm 673125 662122 64.7+2.3 65.6%1.8 69.442.3 69.1+2.6

INFERAIME mmHg 115.3+42 116.7+3.7 114.1£3.4  113.244.0

PLEHAM/E mmHg 704422  68.2+3.0 71.3£1.8  71.9+3.2

118.243.9  117.243.7

69.2+1.8  66.9t1.4

ARB: angiotensin II type 1 receptor blocker, GTN: nitroglycerin.
BIEIX Y AR ERETRLT,



-O- Control&#

—A GTNE}

A -8 GTN+ARBE#

25
;9% 20 -
5 .
B 15 -
% 1
D 10 A
% 0

> 0.01 0.1 1.0

‘ ' ' ng’kg
=

B

25 -
L)) ' $
g 15 ~ N
D 10 - p
% : AT+
it 5 -
= J
% O _

N 0.01 0.1 1.0

' ' ' ng/kg
38H

R’ 3: =haZ Ve BIRNEERE TN ERNOE(L(FH ;X3A. 38 B ;[M3B)

t p<0.01 vs. Control group, 1 p<0.01 vs. GTN+ARB group, * p<0.01 by ANOVA; GTN:

nitroglycerin, ARB: angiotensin II receptor blocker
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30 p<0.05
25 7
20 7

15 7

HeMORREF

10 7
(

X
e’
1

#1858 3HB +#¥\8 388 #8 388

Control #% GTNE GTN+ARB#

B4: =ba/VEIrETREICHTHMERNENL

GTN: nitroglycerin, ARB: angiotensin II receptor blocker
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-O-~ Control &
—— GTN#

80 - - GTN+ARB#

70 -
60 A
50 4

40 J;[) i

30 -

20 -

S AN AW AN P =

(ng/ml) 10 -
0

18 3B H

®5: MEFALRF L DE(L
T p<0.01 vs. Control group, $ p<0.01 vs. GTN+ARB group, * p<0.05 by ANOVA; GTN:

nitroglycerin, ARB: angiotensin II receptor blocker
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BIRABREBLOE TR S5 LEBAREOEMBA GTNBEHETIETL, £/—
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