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1) American Heart Association Scientific Sessions 2003,
November 9-12, 2003, Orlando, Florida

Decreases in intracellular H202 cause contraction of the rabbit ductus arteriosus.
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Oxygen causes contraction of the ductus arteriosus by decreasing intraceliutar H202

generation.
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Abstract

The ductus arteriosus (DA) constricts after birth when blood O2 lebels increase in mature
newborns. Its mechanism is unknown. As an O2 sensor of DA, O2-sensitive Kv and KATP
have been implicated. The purpose of the present study was to investigate the role of 02—
sensitive Kv and KATP in the contraction of the smooth muscle cells of the DA. DA was
isolated from the fetal rat at 19 or 21 days of gestation (term: 22 days). The force of isometric
contraction of intact rings was measured. Kv and KATP currents were measured using
single smooth muscle cells and patch clamp techniques. The vessel contraction and K
currents were measured by changing solution from an anoxic (PO2 35 mmHg) to an
oxygenated solution (PO2 150 mmHg) or to a solution containing Kv channel inhibitor 4-
aminopyridine (4AP, 5mM), KATP channel opener pinacidil (300uM), or the KATP blocker
glybenclamide (Glyb, 4 uM). In the DA, O2, 4AP, and Glyb caused significant contraction in
the mature (21 day) fetus. In the DA of the premature (19 day) fetus, O2 and Glyb did not
induce significant contraction and only 4AP caused contraction. KATP, which was activated
by pinacidil and inhibited by Glyb, was detected in the DA. KATP was present in the DA of
mature fetus and the value was greater than in the DA of premature fetus. The data suggest
that 1) In the DA, both O2-sensitive K channels, which close with O2, and KATP are
underdeveloped in the premature fetus, 2) in addition to O2-sensitive Kv, KATP may also be

important as an O2-sensor in the DA.
Key Words Ductus arteriosus, K channel, Oxygen, Ductal contraction
Introduction:
The ductus arteriosus (DA) normally closes after birth. The rise in arterial Po, that occurs

after birth following initiation of respiration is important in causing ductal constriction.

Oxygen has been shown to cause ductal constriction in the isolated ductal preparation. The
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mechanisms of the O,-induced ductal constriction remain unclear. We showed previously
that glybenclamide, an inhibitor of the ATP-dependent K channel (K.p), caused ductal
contraction and that cromakalim, an opener of K, antagonized the O,-induced ductal
contraction (1). We hypothesized that O, might close the K,p, resulting in the membrane
depolarization. Tristani-Firouzi et al ( 2 ), however, showed that there was a voltage-
dependent K channel in the DA, which closed with O,, and they hypothesized that the
voltage-dependent K channel might be an O, sensor. Physiological importance of ATP-
sensitive K channel ( K rp) and voltage-dependent K channel (Kv) in the constriction of the
ductus arteriosus (DA) remains unclear. In the present study, we investigated developmental

changes in K,p in smooth muscle cells of the DA in the rat fetus.

Materials and methods:

Experiments were performed using rat fetuses at either 19 or 21 days of gestation.
Contractile force of the DA was examined, as described previously (3, 4). Voltage-clamp
experiments were performed in the whole-cell configuration of the patch-clamp techniques
using freshly isolated single cells. The pipette (internal) solution contained (in mM) KCl 20,
KOH 120, MgCl, 2, EGTA 10, HEPES 5, Mg-ATP 1, and aspartate 60 (pH 7.4). The holding
potential was set to -70 mV and K currents were evoked either by a series of voltage steps
ranging from -80 to +60 mV with a duration of 200 ms at a rate of 0.1 Hz or by a ramp pulse
from -120 mV to 60 mV with a duration of 225 ms. K currents activated by 1-10 mM
pinacidil, an opener of K, channels, and that inhibited by 4 mM glybenclamide were

considered to be Kupp currents (5).

Results:

Membrane depolarization caused by high KCl induced ductal contraction in all age groups
studied. In the 21-day fetuses, O2 did cause contraction and increases in [Calj. In the 19-
day fetus, however, O2 did not cause significant contraction nor changes in [Cal;. These data
suggested that in the premature fetus, the contractile system, including membrane
depolarization, [Cali increase and its activation of contractile proteins, is already functioning,
but the O2-sensing mechanism is underdeveloped. We then investigated developmental
changes in Kup in  smooth muscle cells of the DA in the rat fetus. Glybenclamide caused
significant contraction in the DA of the 21-day fetal rat, but not in the 19-day fetus.
Glybenclamide significantly decreased the membrane potential by 33 mV in the fetus at 21
days of gestation and the decrease was greater than in the fetus at 19 days of gestation (by 8

mV). Voltage-clamp experiments were performed in the whole—cell configuration of the
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patch-clamp techniques. Pinacidil, an opener of K. channels, and glybenclamide, an
inhibitor of K, channels, were used to detect Kypp currents. K currents activated by 10 uM
pinacidil in the fetus at 21 days of gestation was significantly greater than in the fetus at 19
- days of gestation. The glybenclamide-inhibited K current density after activation by 10 uM
pinacidil was similar to the pinacidil-activated K current. The glybenclamide-inhibited K
current density was significantly greater in the fetus at 21 days than in the fetus at 19 days
of gestation. These data support the hypothesis that K, is one of the O, sensors in the DA
and that O,~induced contraction of the DA may not occur because K, is underdeveloped in
the premature fetus.

We next studied voltage-gated, O2-sensitive K channels (Kv) in the DA. 4-aminopyridine
(4AP), a blocker of Kv, caused ductal contraction both in the 19-day and 21-day fetus.
Under hypoxic conditions (PO2 35 mmHg), K currents sensitive to 4-AP were present both
in the 19-day and 21-day fetus.

In the PA, Kv 1.2, Kvl.5, Kv2.1, and/or KV3.1 may open with O2. Beta-subunits may
modulate gating properties of the alpha~subunits. The DA and the main pulmonary artery
were isolated from the fetal rat at 21~ day of gestation. mRNA levels of Kv alpha-subunits
(Kv1.2, Kvl.5, Kv2.1, Kv9.3) and beta-subunits (Kvbetal.l, Kvbeta2, Kvbeta3) were
estimated using RT-PCR. No significant differences in the levels of mRNA of Kv 1.2, 1.3, 1.5

and 2.1, nor in the levels of beta~subunits among DA and PA were observed.

Discussion:

The present study showed that K, was underdeveloped in the DA of the premature fetus.
The data support the hypothesis that Kyrp is one of the O, sensors in the DA and that O,
induced contraction of the DA may not occur because Kup is underdeveloped in the
premature fetus. In the DA, Ky is an important O2 sensor in the DA. Kv is present in the
DA. Although alpha and beta units of Kv specifically expressed in the DA have not been

detected, Kv may be also important for ductal contraction.
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