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BB 3 1 . Developmental Changes in Contractile System of the Ductus
Arteriosus: Modulation by Retinoids.

Retinoic acid (RA) may play a role in inducing smooth muscle differentiation in the
ductus arteriosus (DA) and its process may be important for ductal closure after birth.
Oxygen (0O2) increases the intracellular Ca concentration ( [Ca]i) of the smooth
muscle cells and causes contraction of the DA in the mature fetus, but not in the
premature fetus. This study was designed to investigate developmental changes in the
contractile system of the ductus arteriosus and the effect of maternal administration of

RA on developmental changes in the contractile system of the ductus arteriosus.

Methods: Retinyl palmitate (1 mg /Kg) was injected into pregnant rats one or two
days before the experiment and the DA was isolated from the fetus at 19, 20 or 21
days of gestation (term 21 days). The fetus at 19 days of gestation served as a model
of premature fetus. The force of isometric contraction of the DA and |[Cali, using
fura-2, were measured. Contraction of the DA was induced by changing the anoxic
solution to an oxygenated solution. The size of the intracellular Ca pool was
examined using caffeine in the Ca- and Na-free solution. Maximal contraction by

membrane depolarization was induced by 120 mM KCI.

Results: In both the control fetus (CF) and the fetus treated with retinoids (RF), high
KCl caused significant contraction and increases in [Cali in all age groups (n=6) and
the maximal contraction and increases in [Cali in the RF were similar to those in the
CF. 02 caused DA contraction and increases in [Cali in the CF at 20 and 21 days,
but not at 19 days of gestation. In the RF, O2 caused contraction and increases in
[Cali in all age groups and the degree of contraction and increases in [Cali were
significantly greater than in the CF (n=12). The caffeine-induced contraction and

increases in [Ca]i were similar in the CF and RF, at 19 days of gestation.

These data suggest that 1) the contractile system, including membrane
depolarization, [Cali increase, and its activation of contractile proteins, is already
functioning in the premature fetus, but the O2-sensing mechanism is underdeveloped, 2)

RA accelerates the development of the O2-sensing mechanism of the DA.



BB BE B 2. Voltage dependent K Channels (KV) mRNA Expression and
02-sensitive K currents in the Ductus Arteriosus, Pulmonary Artery, and Aorta in the
Fetal Rat

Oxygen (O2) causes contraction of smooth muscle cells (SMC) in the ductus arteriosus
(DA) and relaxation in the pulmonary artery (PA).

The mechanism of this difference is not known, but voltage-gated, O2-sensitive K
channels have been implicated. In the PA, Kv 1.2, Kv1.5, Kv2.1, and/or KV3.1 may
open with O2. An alpha-subunit Kv9.3 enhances the O2-sensitivity of Kv2.1 and
beta-subunits may also modulate gating properties of the alpha-subunits. The present
study evaluated if the expression of mRNA and O2-sensitivity of the K channels in the
DA are different from those in the PA.

Methods:

The DA, main PA, and aorta (AO) were islated from the fetal rat at 21-days of
gestation (term: 22 days). mRNA lebels of Kv alpha-subunits (Kv1.2, Kv1.5, KvZ2.1,
Kv9.3) and beta-subunits (Kvbetal.l, Kvbeta2, Kvbeta3) were estimated, using RT-PCR
and by quantifying the PCR produets. O2-sensitive K currents were measured, using
1solated SMC and patch-clamp techniques.

Results:

Under hypoxic conditions (PO2 35 mmhg), K currents sensitive to 4-aminopyridine, a
blocker of Kv, were present in all vessels studied. O2 (PO2 150 mmHg) caused
increases in the K currents in the PA (n=6), but not in the DA and AO (n=6). 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, PA, and AO (n=7) were observed. However, mRNA
lebels of Kv9.3 in the DA and Ao were significantly lower (46=4% and 66°8% of that
in PA, respectively) than in the PA.

Conclusion:

There 1s no significant diffrences in the mRNA expression of Kv beta-subunits among
the fetal vessels. Decreased expression of Kv 9.3 in the DA may reduce the
02-sensitivity of Kv 2.1, which in turn may contribute to the response of the DA to
02, which is diffrent from that in the PA.



B, Bt %= 3 . Developmental Changes in Voltage-gated K Channels and
ATP-dependent K Channels in the Ductus Arteriosus of Fetal Rat

The ductus arteriosus (DA) constricts after birth when blood O2 lebels increase in
mature newborns. However, constriction does not often occcur in premature newborns.
Its mechanism is unknown. As an O2 sensor of DA, O2-sensitive Kv and KATP have
been implicated and these ion channels may be underdeveloped in premature newborns.
The purpose of the present study was to investigate development of these ion channels
in the smooth muscle cells of the DA.

Methods:

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 DA 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).

Results:

02, 4AP, and Glyb caused significant contraction in the mature (21 day) fetus. In the
premature (19 day) fetus, O2 and Glyb did not induce significant contraction and only
4 AP caused contraction.

In the DA, O2 and Glyb caused contraction in the mature fetus, but not in the
premature fetus. In the PA, O2 and Glyb did not cause contraction. KATP, activated by
pinacidil and inhibited by Glyb, was detected only in the DA, but not in the PA. KATP
in the DA of mature fetus (7.5+0.9 pA/pF at 0 mV, n=7) was greater than in the DA
of premature fetus (4.7+1.0 pA/pF, n=17).

Conclusions:

1) O2-sensitive K channels, which closes with O2, and KATP are underdeveloped in
the premature F, 2) in addition to O2-sensitive Kv, KATP may also be important as an
O2-sensor in the DA, 3) Kv, which is not inhibited by O2, is present in the DA both

in the premature and mature fetus.
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