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xﬂM: TO
wsydnonimine- N-ethylcarbamide (SIN-1) on

study effects of 3-morpholi-
iypoxia-induced mechanical and electric activi-
fes of the isolated pig coronary artery.
METHODS: Mechanical tension and mem-
brane potential were measured simultaneous-
‘Iy. RESULTS: Hypoxia initially caused a
mnsient vascular smooth muscle cell mem-
trane hyperpolarization followed by a mem-
bane depolarization in isolated pig coronary
atery.  Subsequent addition of SIN-1 100
mol*L. ™" or verapamil (Ver) 10 pmol+L™" led
o membrane repolarization and relaxation of
e vascular smooth muscle. Nitro-L-
aginine (NLA) 0.2 mmol « L7 and KCIl 40
mmol +L.™! also induced membrane depolariza-
ion and vasoconstriction, which were similar-
lysuppressed by SIN-1 or Ver.

(ONCLUSION : Hypoxic contractile response
nisolated pig coronary artery is mediated by
mincreased Ca®' influx via suppression of ni-

fric oxide release.

EEY WORDS nitric oxide; verapamil ; mem-
mne potentials; coronary vessels; vascular

mooth muscle; anoxia

Hypoxic contractile response of the isolat-
dpig coronary artery might be related to the
uppression of basal release of nitric oxide
NO) by endothelium™.. NO released by en-
othelial cells can permanently hyperpolarizes
be membrane of rat aorta smooth muscle cells
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and thereby may decrease the opening of volt-

age-dependent Ca*' channels™.

Severe hy-
poxia induced a depolarizétion and contraction
of the human coronary artery®. It remains
unclear whether hypoxia via inhibition of NO
release can influence the membrane potential
There-

fore, we observed effect of hypoxia on the

of the isolated pig coronary artery.

electrical and mechanical activities of the iso-
lated pig coronary artery, and roles of 3-mor-
pholinosydnonimine-N-ethylcarbamide (SIN-
1, an active metabolite of molsidomine)™" %,

NO donor in these processes.
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MATERIALS AND METHODS

Coronary artery strip  The right coronary arter-
ies were taken from freshly slaughtered pig hearts.
The he[ica!z[ly cut strips of vessel (0. 3—0. 4 mm wide,
12—15 mm long) were mounted in a 2-mL bath that
was continuously perfused with Krebs-Henseleit

(K-H) solution 5 ml-L~"') (36.0 £ 0.5 C, pH 7.3

—7.4) gassed with 95 % O;45 % CO,. The func-
tional endothelium was tested’.
Mechanical and electric recording’ One end of
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the strip was firmly pinned on ihe silicon rubber in the
bottom of the chamber with ire inritnal side upward.
and another end was connected to a force transducer
for 2 h at a resting tenswon of 1.2—2.u g A glass
microelectrodettip resistance 40— 8% M2 ), filled with
KECl 3 mol+*L ™' was inserted into a smoorh muscle cell
from the intitnal side. Successlul impalements charac-
terized by a sudden negative shiit m wvoltage followed
by a stable negative voltage, were maintained for 2 h
of continucus recording.  The elecrric signal was am-
plified by an amplifier tMEZ-8§201). The tension and
membrane potential were recorded simulraneously on &
paper recorder.

Protocol Hypoxia was induced by 35 °; N
+ 5 % CO, for 40 min. Oxygenation was restored by
K-H solution aerated with 85 %; O,+5 & CU),. The
hypoxic challenge was repeated twice at a 40-min in-
terval of controlled oxygenation. In some experi-
ments, after préirearment with NLA for 30 min hy-
poxic challenge was performed. To study the effects
of SIN-1 and Ver, after maximal response induced by
hypoxia or NLA or KCl had reached. SIN-1 or Ver
was injected 1nto bath. Staustical significance be-
tween responses was evaluated by ¢ test.

Drugs SIN-1 was irom Casella AG (Frankfurt.
Germany ), NLA from Sigtna and ¥Ver from Tianjin He
Ping Pharmaceurical Factory., All the drpgs were pre-

pared with freshly distilled water.
RESULTS

Effect of hypoxia on membrane potential
and tension The resting membrane potential
was 53 &+ 4 mV (=36 .
caused a transient membrane hyperpolar-
ization (4.1 = 2.0 mV, lasting 3.2 + 0. 6

min 7.

Hypoxia initially

but tension had no change. As
hypoxia remained vascular smooth muscle cell
developed sustained membrane depolarization
and contraction. After hypoxia was remained
for 7—8 min. it showed a maximal depolariza-
tion ¥ —40 *+ 3 mV., n=21) and a maximal
contraction (502 X 91 mg, n=21) (Fig 1",
Effects of SIN-1 and Ver on hypoxia

As membrane depolarization and contraction
induced by hypoxia had reached stable value.

Hypoxia Chygenauon
IR 1

0.5

Membrane
patential
SIN-—1
Membrane
pocential
—_—
5 min
Fig 1. Effects of 3morphollnosydnonimlne-N-ethyl-

carbamide (SIN-1, 100 pmol-L™’) on hypoxla-induced
depolarization and vaseconstriction of Isolated pig
coronary artery.

subsequent addition of SIN-1 100 pmeol » L~
led 1o a repolarization of the cell membrane to
its resting level and wasorelaxation below
Addition of Ver 10 pmol L™
to the bath. the contractile response evoked

basal tension.

by hypoxia was remarkably inhibited concomi-
tant with membrane repolarization (Fig 1,
Tab 11.

Effects of NLA and KCl on membrane
potential and tension NLA 0.2 mmol - L'
induced a sustained membrane depolarization
and contraction of the isolated pig coronary
artery. and steady values were obtained about
15 min afrer the onset of response. Subse-
quent addition of SIN-1 100 pmol*L."" or Ver
10 pumol-1.7" developed a membrane repolariz-
ing and relaxing response (Fig 2, Tab 1),
KCl 40 mmol +L™'evoked an obvious depolar-
ization and contraction of the pig coronary
The depolanization induced by KCI
was almost entirely repolarized by SIN-1 100
pmol *L™' or Ver 10 gmol « L' accompaning

artery.

vasorelaxation (Fig 2, Tab 1).

Elfect of NLA on hypoxia Pretreatment
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Tab 1.

Effects of 3-morpholinosydnonimine-¥-ethylcarbamide ¢SIN-1) and verapamil on membrane depolariza-

tion and vasoconstriction induced by hypoxia. nitro-Z-arginine (0. 2 mmol -L™ "1 and KCI 140 mmol -L™') in

isolated pig coronary artery.
P>0.05, “P<0.05, "P<10. 01 vs belore.

n=6.Xts 'P=>0.05. "P<I0. 05, “P<D. 0l vs resting membrane potetial ;

Drug/ Resting membrane Membrane potential /mV Contraction/mg
pmol Lt potential /mV Before drugs After drugs Before drugs  After drugs
Hypoxia
Control —55.0x1. 8 —42. 8=3. —42. 032 5504114 548 — gy
SIN-1 (100 —53.8-27 —41. 7427 —54. 1£2. ¢ 51049¢ 112430
Verapamil (10) —53.5+3.8 —41.94+3. 5 —51. 644, 0! 526= 78 52421
Nitro-f.-arginine
Control —54.8+2.2 —45.543. 2 —44. 042 5¢ 448193 450601
SIN-1 t1pm —6d.54+3.1 —46. 141-7 —52.84+3. 0" 465168 55425
Verapamil (10} —53.8x+2. 9 —44. 3. 4 —51. 0+ 3. 6° 187+ 89 240454
KCl1
Conrro] —54.0%2.0 —22.543. % —23. 5= 2. 11174193 1 100t217¢
SIN-1 (100) —5h4-1%2.8 —2l.8%x1. ¥ —48.5+3. 5 10824178 67 £ 3¢
Verapamil ¢10» —h62.34+3.2 — 284, 042, 6 —53.0x3.0 1 2104216 Q
(@ indicates relaxation below baseline.
N1 with NLA 0.2 mmol + L™! eliminated the
4 [0-55 mechanical and electric responses induced by
—f——’\/ hypoxia (Tab 2.
Tension
Pt oy DISCUSSION
' Results indicated that hypoxic vasocon-
KO SIN—1 striction in pig coronaty artery was mediated
+ I 0s5g by membrane depolarization at the smooth
Teosion o~ muscle cell.  This is consistant with the action
Membrace [w v of severe hypoxia on the human corcnary
. -1} -
|W_ artery’. Tt is generally accepted that higher
x —_— K~ open voltage-dependent Ca®' channel and
5 mi ]
NLA m mncrease Ca®* influx, and NLA (NO synthase
inhibitor} reduce production of NO, The re-
Fig 2. Effects of 3-morpholinosydnonimine-¥-ethyi- P € e

carbamide (SIN-1, 100 pmel-L !} on KCI (40 mmol
-L™") and nitro-L-arginine (0.2 mmol -L ™" -induced
depolarization and vasoconstriction of isolated pig
COronary artery.

sults that NLA induced depolarization and
contraction, and can also abolish depolariza-
tion and vasoconstriction induced by hypoxia

Tab 2. Effect of nltro-L-arginine on bypoxin-induced depolarization and vasoconstriction of isolated plg coronary

RrLery.
‘P>0. 05, 'P<C0. 01 vs before hypoxla.

n==8. XTts. "P>0.05. “P<0. 01 vs resting membrane potetial ;

Crug/ Resting membrane Membrane potential /mV Contraction/mg
pmol-1.7! porential 'mV Before drugs After drugs Before drugs  After drugs
Control —52.6+2.9 —53.6L2 4 —41.5+3.1' 0 550+118
Nutro-L-arginioe (0. 23  —54.042, 7 —45. 223, 0° —42. 712, 8% 510=101 SRy
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indicated that responses evoked by hypoxia ratic coronary arteries 1o hypoxia.
J Cardiovase Pharmacol 1992 200 Suppl 12: 321720

would be relative to suppression of NO
Noack E, Feelisch M. Molecular aspects underlymg the

release. It had been reported that the smooth ) i
vasadilator action of molsidomine.

muscle cell membrane dEPOIHrization and I Cardiovasc Pharmacol 1989, 14 Suppl 11: 51—5.
basal *Ca’' influx induced by NLA in rat 5 schror K, Forster S, Wodwsch 1. Schroder H.

aorta were consistently inhibited by SIN-1, Generaron of NO from molsidammne (SIN-12 én vrro and
NO donor or nisoldipine™. Qur observations 1ts relationship to changes in coronary vessel rone,

that SIN-1 and Ver induced membrane repo- /%_ jcéardm““ Pharmacol 1989, 14 Suppl 11, S29—34.
3-M)7

larizations and smooth muscle relaxations in . .
orpheolinosydnonimine-N-ethylcarbamide

hypoxia, NLA and high K*t-stimulated pig e 2, i35 5 B 4 BE L BB MR A0E 5 Ko 1) B

coronary artery strongly suggested that the v

membrane depolarization and vasoconstriction $.F, FiEK, i,

induced by hypoxia might be due to Ca®* in ég"?—
induced by hypoxia mig ue to - 235,888, 8.1 .

flux increased. whereas increased Ca?t influx AL R RS . B AL 050017, R
would be results of inhibition of NO release by }

endothelium. B 1: # * 3-Morpholinosydnonimine-N-
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