BIBLID: ISSN 0253-97356

Acts Pharmacologica Sinica & B 5 22 448

1998 Sep; 19 (5) - 485 -

FASEB ] 1991; 5: 331 -7,

6 Lin QY, Wang XL. 'The Hlocking effects of six
antiarhythmic drugs on ransient outward currert in rat
ventricular myocytes. Acta Pharm Sin 1997; 32: 183 -7,

7 Mewes T, Ravens U.

L-type calcium cuments of human myocytes from ventricle of
J Mol Cell Cardiol 1994; 26: 1307 - 20.

£ Hamill OP, Marty A, Neher E, Sakmann B, Sigworth FJ.
Improved petch-clamp technique for high-resclution current
recording from cells and cell-free membeane paiches.
Plligers Arch 1981; 391: 85~ 100.

9 Liu QY, Weng XI.. Imipramine blocks the transient outward
currert. Acta Pharmaccl Sin 1997; 18: 351 - 5.

10 Wetiwer E, Amos G, Geath J, Zerkowski H-R, Reidemeister
J-C, Ravens U. Transient outward currert in human and rat
ventricular myocytes. Cardiovasc Res 19933 27: 16G2 - 9.

11  Castle NA, Slawsky MT.

Characterization of 4-aminopyridine block of the transient
outward K* cument in adult rat ventricular myocytes.
J Pharmacol Exp Ther 1993; 264: 1450-9.

12 Beuckelmann DJ, Nabauer M, Erdmamn E.

Alterations of K* in isolated human vemricular myocytes from
patients with terminal heart failure.
Circ Res 1993; 73: 379 - 85,

e ay my my oy e A hw mr v v Ar oy my e e Ay Ay e~ e Ay Ay Ay S A ey Ay A s s

BIBLID: ISSN Q253-9756

Acia Pharmacologica Sinica  F [ 34 2 41t

k1= EFL-
)\:L\ﬁﬂﬂ.ﬂﬂﬂﬂfﬁlébﬁﬂ HE 7 A A

B, W) EEX2, TRE
(PR ES R ¥ RAPEGMER K% BEFRT,

‘RS ERE, B 100050, FH)
XERiE FEE; BEEEAR: OF; 0
4-F AR

RI22-2

HY: I ANCHENARRE SRR,
R, A% REABAHSHRCREREMN
CHRILEEBR RN, A CICL 0.1 mmol-L-!
FEL M7 45 e, 3 RO T T, 40 IR R R 4L 5| B R @) Sb
AP (L), M. [ OVEERK#EAER, B
HEMIE, RAETE. 4-AP (4-F XM LE) 10 momol -
L YGEEER 1,40 BT R ) BB 52 2 BH M7t R 3R
H ICo{E ¥ 0.67 mmwol*L~!. 4-AP1 mmol-L- 'S8
I AW £ 0E B m] IE B 88 30, fF 7 AMIER
ERE, BRI, SHig: EALCHENLSH
M, L RE—FEZTHPBET, TR % 4-AP RN,

s mi s e e e v my A Gy Gy my My P Pe e e e Br Av my my e Ay Ay Ay Ay Ay

1998 Sep; 19 (5): 485 488
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AIM: To study effects of captopril (Cap) and §-
nitrosocaptopril ( CapNO) on vascular tension.
METHODS: Tension of mabbit aortic rings and
perfusion pressure of rat renal artery (PP,} were
examined to evaluate the effects of CapNO.
RESULTS: CapNO (3 nmol *L™! — 10 gmol -
L-') produced concentration-dependent vaso-
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relaxation response in the rings of rabbit thoracic
aortas. [Endothelium denudation did not alter the
relaxations to CapNO. In contrast, Cap had no
vasorelaxing effect on the rings precontracted with
phenylephrine.  CapNO (10 nmol * L~} dec-
reased rat PP, in vivo (P < 0.01), and the
effect was  concentration-dependent  and
reversible. Cap showed a reduction in rat PP,
only at the concentration 1000 nmol L~ !( P <
0.05). The relaxing potency of CapNO was 100
times higher than that of Cap in this respect.
Pre-perfusion of rat renal arteries with ~N°-
monomethyl- L-arginine monoacetate { L-NMMA,
0.03 nmol*L~') or L-arginine (3 nmol+L"!)
did not significantly blocked the relaxing effect
induced by CapNO. CONCLUSION: CapNO
had a direct vasodilatory effect.
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Endothelium-derived relaxing factor is
generally considered to be a labile NO-containing
precursor, most  likely  S-nitrosothiols.
Decomposition of the S-nitrosothiols by homolytic
cleavage of the S — N bond leads to nitric oxide
(NO) release and the cormresponding biological
effects’’ "3, Due to a growing appreciation for
NO-related responses that are not mediated
directly by NO itself, there is increasing interest
in compounds which generate NO in a controlled
manner. Captopril (Cap) is an inhibiter of
angiotensin converting enzyme {ACEI) containing
a free sulfhydryl group that is not necessary for
ACEI properties™~%. Dr JIA Li recently deve-
loped synthetic techmques capable of producing
crystals of an S-nitrosylated Cap, S-nitrosoca-
ptopril ( CapNO, 1-[(2s )-3-nitrosomercapto-2-
melhyl—l—oxopmpyl] L-proline ) that manifests
both nitro-vasodilatory effect and ACEI activity.
This study was to investigate effects of CapNQ on
vascular tension in comparison with that of Cap.

[ 1 rre
HOOC: N—C—CH—CH,—5—R

Captopril
S-Nitrosocaptopril

R=H
R=NO

MATERIALS AND METHODS

Rabbit sortic rings”)?  New Zealand
rabbit ($, =5, 1.5-2.0 kg, Charles River
Breeding Laboratories, Wilmington MA, USA)
were exsanguinaled at common carotid arteries.
The thoracic aortic rings (2.5 mm in length)
were mounted in Krebs’ selution (bubbled with
95 % 0, +5 % CO, 37 C) in 20 mL of organ
chambers. Some experiments were performed
using aortic rings in which the endothelium was
removed by rubbing the lumen with a wooden
applicator stick for 30 — 60 s. The ahsence of
endothelium in these rings was confirmed by the
lack of relaxation to acetylcholine (0.1 — 1.0
nmol - L™!) after submaxmal contraction to an
agonist .

Tension was measured isometrically, using
Grass FTO3C transducers, and was displayed on
model 7 Grass Polygraph. Rings were allowed to

equilibrate for at least 1 h before experiments.
Basal tension was maintained at approximately

2 g. Each ring was precontracted submaximally
{30 % —70 % of maximal tone) by phenyl-
ephrine (Phe) 100 — 200 nmol<L~'. Results
were expressed in % of relaxation of Phe-induced
tone .

Perfusion pressure of the rat renal
artery[“] Sprague-Dawley rats ( 3, n = 32,
210 + s 10 g, cenificate of Grade Clean issued
by Shanghai Medical Experimental Animal
Management Committee ) were pumhased by
Shanghai SPIPPR-PK  Lab Animal and
anesthetized by ip urethan 1 g-kg™'. Recta.l
temperature was maintained at 37 C. The left
renal artery was cannulated with PE 50 at its
origin from aorta and perfused with Krebs’
solution ( bubbled with 95 % O, + 5 % CO,,
37 °C) by a perstaltic pump (DDB-300) at a
rate of 0.8 mL - min~!. Perfusion fluid was
drained from a PE 50 tubing cannulated in the
left renal vein.

The perﬁlsmg pressure of renal artery {PP,)
was measured using YM-3A pressure transducer
and displayed on RM-6200 Polygraph ( Nihon
Kohden, Japan)}. Basal PP, was maintained at
approximately 80 % of carotid artery blood
pressure. CapNO and Cap at the same
concentration were seperately perfused into the
renal artery at the same rate. The perfusion of
one drug started 10 — 20 min after the effect of
another drug dissapeared and PP, recovered to the
baseline.

Drugs CapNO synthesized by Dr JIA Li
was in red crystalline powder that had no
particular odor from sulthydryl group. [Its purity
was >97 9% and mp was 49 — 52 C when the
red color of CapNO faded. The compound was
soluble in water, acetone, ethanol, and when
solubilized, produced a rose-colored solution.
Infrared spectral ( IR ) analysis showed the
presence of absorptions band corresponding to the
S§-NO band. 'H nuclear magnetic resonance
(NMR) spectrum of CapNO showed a loss
absorption band at 6.1 -6.3 pmol<L~! corres-
ponding to the sulfur proton of Cap.

Phenylephrine,  L-arginine,  ANC-mono-
methyl- L-arginine  monoacetate ( L-NMMA,
Alexis, USA). [Unless otherwise noted, all
drugs were purchased from Sipma Chemical Co,
USA and dissolved in Krebs’ solution when

using.
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Analysis of data Data were expressed as

% x 5, and compared using paired ¢ test and
ANOVA.

RESULTS

Effects of CapNO and Cap on
endothelium-intact and endothelium-denuded
rabbit aortic rings In Phe-precontracted rabbit
aortic rings with intact endothelium, cummulative
addition of CapNO from 3 nmol-L~! - 10 pmol
L™! produced concentration-dependent relaxa-
tion. The threshold concentration for CapNO in
reducing tension was about 30 nmol-L™'(n =35,
P<0.05), EDs value was (200 + 27) nmol *
L~'. In contrast, Cap at the same concentration
had no effects (n =35, Fig 1).
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Fig 1. Inhibition of CapNO end Cap on tension of rabbit
aortic rings preconiracted with pheoylephrine 100 — 200
mmol-L-!. m=5 rabbits. ®:xs. "P<0.05, ‘P<0.01
vs control value {2.4+0.1) g before drugs.

The aortic rings denuded of endothelium still
kept the same degree of relaxation induced by
CapNO as endothelium-intact rings did ( data not

Effects of CapNO and Cap on the rat
PP, When PP, induced by perfusion of the rat
renal artery with Krebs’ solution reached steady
stable level, perfusion with progressive
concentration of CapNO (10 - 1000 nmol - L~!)
produced concentration-dependent decrease in
PP.(n=6, P<0.05, Tabl). However, Cap
perfusion showed a reduction in PP, only at
concentration of 1000 nmol *L~'{n =6, P <
0.05, Tab 1), Cap at concentration of 10 and
100 nmol*L~! had no effects (n =6, P>0.05,
Tab 1). The magnitude and duration of
relaxation in PP, correlated well with perfusion

luhibition in tension /% of contral
E 3
£
%
"

concentration. The duration of reduction in PP,
induced by CapNO 10 — 1000 nmol * L~" lasted
for (24 +7), (33 £+ 10), and (47 £ 20) min
respectively. The duration of Cap at the same
concentration was (16 £ 5), {19+ 3), and (22
+4) min respectively.

Tab 1. Effects of CapNO end Cap on perfusion presaure in
rat renal arteries. »# = G mats, ¥ = 5. "P>0.05,
bp < 0.05, ‘P <0.01 vs control. P <0.01 v Cap.

Concentration  Renal perfusion pressure (kPa} % Decrease
(nmol-L"!)  Before After Change of PPr
Cap 0 9.9x1.1 9.6x1.0 0.3:0.2* 2.722.9
100 10.7+1.0 10.2+1.5 0.5:0.8* 57
1000 11.5+2.4 10.5+2.2 1.0+0.7* 96
CapNO 10 10.9%1.2 B89x0.6 1.9x1.1° 17z
100 11.83+1.9 8.23x1.2 3p0x1.1° 257
1000 11.3+21.5 7.2+1.2 3.7:1.3 22310f

Effects of L-NMMA and L-arginine on
PP, induced by CapNO The rate of increments
in PP, induced by preperfusion of renal artery
with L-NMMA 0.03 nmol-L"! for 5 min was (17
+6) % (n=7, P<0.01, Tab2). The rate
of reductions on PP, induced by preperfusion with
L-arginine 3 nmol*L~! was (6+2) % (n=7,
P <0.01, Tab 2). There was no significant
difference in reductions of PP, evoked by CapNO
100 nmol - L', between non-treatment and pre-
treatment with L-NMMA or L-arginine (n = 7,
P>0.05, Tab 2).

Tab2. Effects of L-NMMA and L-arginine on PP, evoked
by CapND. m=7 rats, ¥z s. “P<0.01 vs belfore PP,.
1P > 0.05 vs before change of PP, by CapliO.
L-NMMA 0.03 L-arginine 3
nmol L} nmoi-L~!
PP,(kPa)
Before 11.3x1.5 120x1.6
After 14.0x2.0¢ 11.2+2.0¢
Change % 17+ 6 6x2
Change of PP, evoked by CapNO { % coutrol)
Before 195 M6
Afier 05 209
DISCUSSION

The result of present study demonstrated
that CapNO produced significantly concentration-
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dependent (30 nmol - L™! = 10 pmol - L™1)
vasorelaxation in isolated rabbit aortic rings with
intact endotheium. Denudation of endothelium
did not alter the vasorelaxation to CapNO.
Thissuggested that vasorelaxation of CapNO was
endothelium-independent. On the other hand,
we also found that a regional infusion of CapNO
into renal artery produced relaxations on PP, in a
concentration  dependent  manner. The
magnitude and duration of relaxation correlated
well with the graded increases in perfusion
concentration.  Pretreatment with L-NMMA, a
competitive inhibitor of the NO synthase or L-
arginine, a endogenous precursor for NO
synthesis®®%) did not significantly block the
relaxing effect on PP, evoked by CapNO 100 nmol-
L-!'. This suggests CapNO is an exogenous NO
donor. NO released by cleavage of S — N bond
of CapNO induced relaxation of smooth muscle
via activation of soluble guanylate cyclase and
stimulation of ¢cGMP production''?'1!7

The relaxing potency of CapNO on both PP,
and tension of aortic rings was 100 times higher
than that of Cap. Inhibitory rate of 98 % -
100 % induced by CapNO for ACE of rat lung
tissue was similar to that of CapEG'TJ . Thus, the
results indicated CapNO is a unique compound
that inhibits vascular reactivity through activation
of soluble guanylate cyclase and intubition of
ACE.

Increments of angiotensin ]I and reductions
in NO production and release from impaired or
repaired endothelial cells are two unfarvourable
factors for blood pressure and can contribute the
development of hypertension[ﬁ'm . CapNO
corrected these two unfavourable factors and may
have clinical implication for anthypertension.
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